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ABSTRACT

Background: Respiratory microbiome studies have fostered our understanding of various
phenotypes and endotypekheterogeneous asthmdowever,the relationship between the
respiratory microbior and clinical phenotypes in children with asthm@aairs unclear We
aimed to identify microbiomedriven clustergeflecing the clinical fatures of asthma and
their domirantmicrobiotas in children with asthma.

Methods: Induced sputurwas collectedrom children with asthmaandmicrobiomeprofiles
were generated via geencing ofthe V3 V4 region ofthe 16S rRNAgene Clusteranalysis
was performedusing the partitioning around medoidclustering method The dominant
microbiota in each clustevasdeterninedusingtheLinear Discriminant Effect Size analysis
Each cluster wsanalyzedor associatioramongthe dominanmicrobiota, clinical phenotype,
and inflammatory cytokie.

Results: Eighty-threechildren diagnosed with asthma were evaluadedongfour clusters
reflecing the clinical characteristics of asthpwhusterl, dominated byHaemophilusand
Neisseriademonstratetbwer postbronchodilator BD) forced expiratorywolume in 1

second FEV1)/forced vital capacityRVC) thanthat inthe other cluglrs and more mixed
granulocytic asthmaleisserianegativéy correlatedwith preBD and pos8D FEV1/FVC.
HaemophilusandNeisserigpositivey correlated withprogrammed deb-ligand (PD-L)1.
Conclusion: To our knowledgethis study is the first to analyzbe relationship between an
unbiagd microbiomedriven cluster and clinical phenotype in children with asthiitze
cluster dominad by Haemophilusand Neisseriashowed fixed airflow obstructionand
mixed granulocytic asthmavhich correlated withPD-L1 levels Thus, microbiomedriven
unbia®gd clustering can helgdentify new asthma phenotypes related to endotyipes

childhood asthma.
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RESUMEN

Antecedentes:Los estudios del miobioma respiratorio han favorecido nuestra comprension

de diversos fenotipos y endotipos del asma. Sin embargo, la relacion entre el microbioma
respiratorio y los fertgpos clinicos en nifios con asma sigue sin estar clara. Nuestro objetivo
fue identificar en nifios con asma, agrupaciones (cluster) de microbiomas que identifiquen

las caracteristicas clinicas del asma y sus microbiotas dominantes.

Métodos: Se recogié espo inducido de nifios con asma y se generaron perfiles de
microbioma mediante secuendiat de la region V3/4 del gen 16S rRNA. El andlisis de

cluster se realiz6 usando el algoritmo PAM (Partitioning Around Medoids). EI microbiota
dominante en cada clustse determind mediante el andlisis lineal discriminante. En cada
conglomerado se anatiza asociacion entre el microbiota dominante, el fenotipo clinico y la

citocina inflamatoria.

Resultados: Se evaluaron 83 nifios diagnosticados de asma. Entre lo® alasteres

que reflejaban las caracteristicas clinicas del asma, el cluster 1, éalmipor Haemophilus

y Neisseria, se cacgerizaba por tener un volumen espiratorio forzado en 1 segundo (FEV1) y
la capacidad vital forzada (FVCposbroncodilatadoBD) inferior al de los demas cluster y

un asma granulocitica mas mixta. Neisseria seelamion6 negativamente con el VEF1/CVF
pre y postBD. Haemophilus y Neisseria se correlacionaron positivamente con el ligando de

muerte programada (RD1.

Conclusiores: Hasta donde sabemos, este estudio es el primero en analizar la relacion entre
un clister no sesgado de microbioma y el fenotipo clinico en nifios con asma. El clister
dominado por Haemophilus y Neisseria mostré obstruccion fija del flujo aéreo y asma
granulocitica mixta, que se correlacioné con los niveles de PBsi pues, la agrupaciém
sesgada derivada del andlisis del microbioma puede ayudar a identificar nuevos fenotipos de

asma relacionados con los endotipos en el asma infantil.

Palabras clave Asma Nifios Andlisiscluster Citocinas Microbiota Fenotipo.
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SUMMARY BOX

T What dowe know about this topic?

The microbiomedriven unbiased clustering analysis in childhood asthma suggested that a
cluster primarily composed éfaemophilusandNeis®ria displayed a fixed airflow
obstruction and mixed granulocytic asthma. This observatiggested a possible connection
to programmed deatligand 1.

T How does this study impact our current understanding and/or clinical management of this
topic?

Thenew asthma endotyping driven by airway microbiome provides valuable information for
an eldorate classification of clinically heterogenous asthma. It could enable us to determine
precise management modalities and predict prognosis in children with asthma.

J Investig Allergol Clin Immunol 20%/ol. 3\(4) © 2023 Esmon Publicidad
doi: 10.18176/jiaci.918



INTRODUCTION

Identifying various asthma phenotygs and endotyps facilitates a more sysmic and

differentiatedapproachfor efficient and personalizetreatmentof asthma which exhibits

heterogeneity and representhe fisyndrom@ instead of a singlesimple diseasgl].

Phenotype characterizes thatwardclinical featuresincluding the inflammatory cell type

and airwg obstruction or reversibility; itan be applied intuitively in clinid?]. Conversely

endotypeprovidesa comprehensive understandinfithe underlying biologicaimechanisms

at the molecular levelincluding gitokine or micobiome profiling which can be usedo

identify diseasespecific markes [3]. Identifying the relationshigbetweenphenotype and

endotype helps predithe prognosiof heterogeeous asthma and determine tt@urse of

treatmenfl].

The sputuminflammatoly marker a charactestic of asthma phenotypean be used

as a representative toab understand and explain the diversity aneterogeneityof

asthmg4]. Eosinophilic inflammation induced by heightene@ helper 2 Th2) immune

response has been suggdstes aclassical hypothesis of asthmawhereasneutrophil

inflammationis characteristic of no@atopic asthmawhich is resistant to steroifs,6]. The

respiratory ncrobiome is an important ool for determining asthma endotypéo help

understand the undging mechanism oasthma development and exacerbatiwhich may
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be related tothe sputum inflammatory phenotypé,8]. Early asymptomatiStreptococcus

colonization was suggested as a strong predictor of asthma developdpefithe gram

negative microb& or airway microbiome composition and diversity could be related to

asthma exacerbatigfhO]. Respiratory microbiomediversity is reducedin neutrophilic

asthma,and opportunistic microbessuch asthe genusHaemophilus are replaced, which

could be relagd to severe asthnjil]. An unbia®d clustering ofthe microbiomemay reflect

theclinical charaatristics and severitgf asthmg12].

Unlike adult asthma, heldhood asthma shows a distinct feature of allergic

comorbidities including atopic dermatitior food allergy relatingto the allergic march,

presumablyrelatedto the Th2 immune response and eosinophilic inflammatiomast

caseg13]. However, neutrophilicasthmahas recently been reportedin majority of the

children which mightprimarily be due to bacterial and/or val infection[14]. Owing to the

limitation of samplingin children comparedvith those inadulss, limited studieshave

assessd the relationkip betweenthe respiratory microbiome and clinical phenotypes in

children with asthmél5].

Therefore, weaimed to classify and characterizéhe respiratory microbiome in

children with asthma using unbeclustering methods and evaluéte relationsip of these

microbiome featuresvith clinical phenotypesincluding sputum inflammatory phetype,
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bronchial hyperresponsiveness (BHR), bronchodilator resparess (BDR),and airway

obstruction. We alsaimed toevaluate inflammatory cytokindge elucidat the mechanisms

by whichmicrobiomedriven inflammation can affect distinct phenotypes.

METHODS

Participants

We screened¢ hi | dren who visited t hferw@leuperr ance

treatment of sthma from January 2015to December2018 The chidren underwent

spirometry, sputum induction, and blood sampling at the first, visitowed by the

provocation challenge test at the second visit.

Children with typical asthmatic symptomsuch asrecurrent cough or dyspnea,

shortness of breath, and chéightness underwent spirometry with bronchodilator (BD)

and the bronchoprovocation st. Asthma was diagnosdshsed on the Global Initiative for

Asthma guidelinesf a 20% reduction irthe forced expiratory volume in 1 second (FEV1)

occurredin respoise to a provocative concentration of inhaled provocholine (PC20 < 10

mg/mL) or BD responsewnhich was verifiecasa >12% increaseniFEV1 after inhaling 200

€ g al KB1e]t Wer eacluded children with the following symptonis: fever, myalgia,

purulent sptum, persistent wet coughnd runny and congested nose for 10 dayshich

J Investig Allergol Clin Immunol 20%/ol. 3\(4) © 2023 Esmon Publicidad
doi: 10.18176/jiaci.918



occur indifferential diagnoss of asthmaincluding acite respiratory infectigrand 2)cough
when feeding or vomitingasily which occur incardiac murmur or aspiratig6]. Chldren
with acute asthma exacerbation in the previlmus weeksrequiring systemic corticosteroid
administratioror increased usef inhaled corticosteroidwere also excluded [17]

Specific serumimmunoglobulin E IgE) levels for the following common nhalant
allergens in Koreavere measuredsingthe Pharmacia CAP ass@Jppsala, Sweden)two
types of dust mite@Dermatophagoide pteronyssinuandDermatophagoides farinacat and
dog epitheliumcockroach mold; and pollen allergensncluding Alternaria, birch, mugwort,
Japanese hgmndragweed At opy wa s0.38KUR/L of spécifialgEfoOmore

than one allergen.

Sputum induction and processing

After washng their mouths thoroughly with wateall childreninhaled 3% saline
solution nebulized in an ultrasonic nebulizer (NE2; Omron ®., Tokyo, Japan) at
maximum output at room temperatuaed wereencouraged to cougHdeeply at 3min
intervals thereafter-or cell count and microbiome analysis, sputum samples steredat
4 °C for no more than 2 h before further processing. A fracifoiine sample was diluted

with phosphatéuffered saline (PBS) containing 10 mmoldithiothreitol (WAKO Pure
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Chemical Industries Ltd, Osaka, Japan). For cytokine analysis, another fraction of the sample
was gently vortexed at room temperature for 20 aftar diluting with PBS containing 10
mmol/L dithiothreitol.Sputum aliquots for mrobiome and cytokine analysis were stoatd
20 °C immediately after collection and then &0 °C within 12 h to maintain acceptable
quality for microbiome analysi4.8].
Sputum samplesvere classified as eosinophilic (>2.5% eosinophils), neutrophilic
(>54% neutrophils) mixed granulocytic (>2.5% eosinophils, >54% neutrophiley
paucigranulocytic (02.5%19%osinophils, O54% n
This study was approved by the Institutional Review Board of Severance Hospital
(protocol no. 420040036). Written informed consentasobtained from the participants and

their parents.

DNA extraction, PCR amplification, and sequencing
DNA extraction, PCR amplification, and sequenciveye performed concurrentfgr
all samples stored af0 °C during the recruitmerperiodfrom 2015 2018.For microbiome
analysis, dtal DNA was extractettom a fraction of theputum sample using the FastDNA®
SPI'N Kit for Soil (MP Biomedicals, USA) in a

The ratioof absorbancevas calcudtedat 260 nm an@80nm (A260/A280)to assesshe
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purity of DNA. The A26@A280 values of all samples wer2.0,indicating that theurity of

DNA was acceptablR0]. PCR amplification was performed using fusion primers targeting

the V3 V4 regions of thel6S rRNA gene with the extracted DNA. For bacterial

amplification, fusionprimers of 341F (BPATGATACGGCGACCACCGAGATCTACAG

XXXXXXXX -TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG-

CCTACGGGNGGCWGCA&Nunderliredsequence indicates the target region primer) and

805R (N] CAAGCAGAAGACGGCATACGAGAT-XXXXXXXX -

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG-

GACTACHVGGGTATCTAATCC-3Njwereconstructed in the following orddP5 (P7) graft

binding, i5 (i7) index, Nextera consensus, Sequencing @daptd Target region sequence.

Amplifications wereperformedunderthe following conditions: initial denaturation at

95 °C for 3min, followed by 25 cycles of denaturation at 95 for 30 s primer annealing at

55 °C for 30 s extension at 72C for 30 s andfinal elongation at 72C for 5 min.

The PCR product was confirmed using 1% agarose gel electrophoresis and visualized

usinga Gé Doc system (BioRad, Hercules, CA, USA). The amplified products were purified

with CleanPCR (CleanNA). Equal concentrations of purified products were pooled tagether

and short fragments (ngarget productsyvere removedusing CleanPCR (CleanNA). The

guality and product size were assesssihga Bioanalyzer 2100 (Agilent, Palo Alto, CA,
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USA) with a DNA 7500chip. Mixed amplicons were pooled and seqeelat Chunlab, Inc.

(Seoul, Korea), with lllumina MiSeq Sequencing system (lllumina, Y&égording ¢ the

manufacturer s instructions.

Microbiome data analysis

Raw readswere processed by performingqgaality check and filtering lovguality

(<Q25) readsusing Trimmomatic ver. 0.3221]. After completingthe quality check, paired

end sequence dateere merged usinghe fastq_mergepairs command of VSEARCH version

2.13.4[22] with default parameters. Primers were trimnusthgthe alignment algorithm of

Myers & Miller [23] at a similarity cuioff of 0.8. Non-specific amplicons that didot encode

the 16S rRNA were detectedisingnhmmer{24] in the HMMER software package ver. 3.2.1

with hmm profiles. Unique reads were extractedd redundant reads were clustered with

unigue readsising thederep full length command of VSEARCE22]. The EzBioCloud 16S

rRNA daabasg25] was used forthe taxonomic assignment usinthe usearch_global

command of VSEARCHR?2], followed by more precise pairwise alignmgg8]. Chimeric

reads were filteredasedon <97% similarity by refereneeased chimeric detection usitige

UCHIME algorithm[26] and the norchimeric 16S rRNA database from EzBioCloud. After

chimeric fitering, reads that weret identified to the species level (with <97% similarity) in
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the EzBioCloud database were compjladd de-novo clustering was perfored usng the
cluster_fast comman@2] to generate additionaperationattaxonomicunits (OTUs). OTUs

with single reads (singletongjereomitted from further analysis.

Cytokine analysis

Cytokine analysis of sputum was performed using a human fixed immuapyher
discovery magnetic panéi plex kit Magnetic Luminex® Performance Assay multiplex kit,
R&D Systems, Minneapolis, MN, USA)This kit was used toanalyze cluster of
differentiation (cdy0, granulocytemacrophage colongtimulating factor granzyme B,
interferonU, i n todntefleekin@ly-1 U, -1 B L-1Rk,UL-2, IL-4, IL-6, IL-8, IL-10,
IL-12p70, IL-13, IL-15, IL-17A, IL-33, C-X-C motif chemokine 10, monocyte
chemoattractant proteih, macrophage inflammatory proteinsMIP)-Li, MIP-1 b ,

programmedleathligand PD-L)1, andtumornecrosis factet .

Microbiome data analysisfor the clustered groups
Samples were clustered using speté®®l abundance data with partitioning around
medoid (PAM) clustering basl on Jenséitshannon divergend@7]. The Calinski Harabasz

(CH) index was calculated according to the number of clustersuaadto determinethe
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optimal numberof clusterd28]. The resulting clusters were visualized using R with package

fiade for principal coordinate analys{®CoA) basd onJensenShannon divergendg9].

Linear Discriminant Effect Size (LEfSe) analysigas performed a discover

microbiota as a biomarkeelated to edt cluster The clustershoweda significant difference

in the analysisisingthe Kruskal Wallis H test Significant biomarkerswere obtainedvith

linear discriminant analys{€ DA) score>4.0 andP-value< 0.05in the pairwise comparison

using ManigWhitney test and Bonferro@ method$30]. The resulting biomarkers were

visualized using GraPhlAn for cladogramdR statistical package (R version 3.2.5.; Institute

for Statistics and Mathematics, Vienna, Austwayw.R-project.org with packageiggplot

for boxplotusingthe Kruskai Wallis H test{31].

Statistical analyses

The clusterswvere defined using PAM clusring andthe CH index. For evaluating clinical

characteriscs across the clustersve comparedthe participarg édemographics,the

pulmonary function parametersuch asirway obstructionndex FEV1, FEV1/forced vital

capacity (FVC), fixed airway obsuctionindex postBD FEV1, postBD FEV1/FVC), AHR

and BD response, andputum inflammgory phenotype across the cluste8st u d etast, 6 s

Manri Whitney test, onevay analysis of variance, or Krusk@allis test was used for

J Investig Allergol Clin Immunol 20%/ol. 3\(4) © 2023 Esmon Publicidad
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continuous variables. Gldquar ed or Fi sher 6s exact test was

Posthoc analysis with Bonferroni correction was performed if a significant difference was

observed between the four clusteBpear mands r ank ¢ooassesgsleat i on

relationship betweenthe microbiota as a bomarker for the clusterss. inflammatory

cytokinesand pulmonary function parameteRsvalues €.05 were considered statistically

significant. SPSS version 23 statistical softwa®$S, Inc., Chicago, JLUSA) and R

statistcal package (R version 3.2.5.; Institute for Statistics and Mathematics, Vienna,

Austria; www.R-project.org wereusedfor analysis

RESULTS

Clinical characteristics across the clusters

Eighty-three children diagnosed with asthmémedian age7.5 years 31.3% boy9 were

evaluatedThe majority of thechildren,approximately83% were atop.

According to the number dflustes, defined usingthe PAM clusteringmethod,a

higher CH indexwas obtainedn two and fourclustes thanin othernumbers ofclustes

(Figure 1A), which wersavell-separatedh the PCoA plots (FiguselBi D).

We comparedhe clinical characteristics of the participardasrossthe two and the

four clustes. The four dustes showed some significantly different clinical characteristics

J Investig Allergol Clin Immunol 20%/ol. 3\(4) © 2023 Esmon Publicidad
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including inflammatory phenotyg@ = 0.007)and pulmonary function parametéi@ble 1,

whereasthe two clustersdid not show any significantly different clinical characteristics

(Supplementary Tabl&). PostBD FEV1/FVCs(p = 0.020)differed significanty across the

four clustes, however the differencan preBD FEV1/FVC (p = 0.060)was not statistically

significant Therefore, we comprehensiMg evaluaed the clinical charetenstics and

microbiome profile in the four clustes to identify microbiotas a meaningful biomarksr

relaed to clinical characteristicssuch asnflammatory phenotype angulmonary function

parameters.

Sputum inflammatory phenotype and plmonary function parameters across the

clusters

Posthoc analysis was performed tdentify the significantly differentclusters in

inflammatory phenotypeOnly clusters 1 and 2 exhibited a significant difference with

multiple corrections (Figure 2A). Pelbc analysis was also performed to identify which

inflammatory phenotype differed signifiotly in clusters 1 and 2. Since there was no

significantly different inflammatory phenotype, which could explain the difference between

clusters 1 and 2, the difference in inflammatory phenotype among these two clusters was

evaluated without Bonferroni a@ction (Figure 2B). This explorative investigation revealed

J Investig Allergol Clin Immunol 20%/ol. 3\(4) © 2023 Esmon Publicidad
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differences in the mixed granulocytic and paucigranulocytic types in clusters 1 and 2 (Figure

2B).

Cluster 1 lad alower postBD FEV1/F\VC than tlosein the other clusterg=igure2C).

In a paiwise comparison between two clustepostBD FEV1/FVC of cluster 1 was

significantly lower than thtof cluster2p= 0. 03 1) after Bonferroni 0c¢

In summary cluster 1 hada lower postBD FEV1/FVC indicaing fixed airflow

obstructiomrand moremixedgranulocyticand paucigranulocytiasthma

Dominant microbiotas in the clusters

Since the 16S rRNA analytic method has limitat®mn identifying an individual

microbeat the species levethen applied with only partial amplicof§, the abundare of

themicrobiotaswasanalyzed up to the genlevel (Supplementary Fig. 1), armbmparedt the

genus levelamongthe clustergFigure 3 at p < 0.05 using the Kruskal Wallis H testto

identify the dominant microbiotas related to each cludfBcrobiotas were selectedat the

genus levelwith anLDA score>4.0, as seein theLDA histogramand cladogrann Figure 4

The predominance was as followNeisseriaand Haemophilusin cluster 1 Prevotellg

Veillonella, andActinomycesn cluster 2 Streptococuas and Granulicatellain cluster 3 and

Ralstoniain cluster 4.

J Investig Allergol Clin Immunol 20%/ol. 3\(4) © 2023 Esmon Publicidad
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Correlation between microbiota vs. inflammatory cytokines and pulmonary function

The correlation between the prominent genera and inflammatory cytokmesanalyzed

(Supplementary Table )2 Among the 83 participants samples from63 participantswere

available for analyzing inflammatory cytokines.Since cluster 1 hach more mixed

granulocytic type and fixed airway obstructioand Neisseria and Haemophiluswere

predominant in cluster 1, wedosed on the cytokinthat showed a significant correlation

with these two gener@®nly PDL1 had a meaningful correlatiorwith both microbes(r =

0.445,p = 0.016 forNeisseriar = 0.450p = 0.014 forHaemophiluk

The correlabn between the predominah genus, including Neisseria and

Haemophilusand theless abundant genuscluding Streptococcusn cluster 1vs. preBD

and posBD FEV1/FVC indices were analyzed(Figure 5). Only Neisseria correlated

negatively with preBD FEV1/FVC (r =- 0.227,p = 0.039) and posBD FEV1/FVC (r =-

0.227, p = 0.039)whereaghe other microbiotashowedno significant correlation wittthe

pre-BD and postBD FEV1/FVCindices

DISCUSSION

An unbiagd microbiome profile clustering method used in children with asthma

revealed thathe clusterwith abundantNeisseriaand Haemophilusexhibitedfixed airflow

obstructionbased orthe postBD FEV1/FVCindexand moremixed granulocytigphenotype.

J Investig Allergol Clin Immunol 20%/ol. 3\(4) © 2023 Esmon Publicidad
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The preBD and posBD FEV1/FVC indices decreasedvith an increase irthe relaive

abundance oNeisseria indicaing that Neisseriacould be related to airway obstruction

childhood asthmaNeisseriaand Haemophiluscorrelated positivelywith PD-L1 levels

suggestinghat they could affect fixed airflow obstruction and mixgenuocytic phenotype

in relation to PBL1 in childhood asthma.

Microbiome study isusedfor asthma endotypingwhich defines the subtypes of

heterogenouasthma based dheunderlying pathologic mechanisi{¥]. Previousstudies on

microbiome dataarelimited to a supervised approach uskigpwn clinical phenotypes and

could notaddressndependent microbiomeriven subtypind11,32,33] A recent microbiome

study in adult asthma suggested the clinical significance of unbiased clustering based on

microbiome pofiles alone[12]. We applied tis unbiased clustering method children with

asthma, and the clusteshowed a significant association with clinical characteristics

including fixed airflow obstruction and mixed granulocytic typéus,the unbiased clust

analysis of airway microbiome was clinically meaningful in childhood asthma.

Haemophilusa pathogenic microb®und inairway dysbiosisis considerec major

pathogenic microbiota in #sna attack[10]. It is highly abundantin the neutrophilc

phenaype of severe asthnj&l] and isprominent in eosinophilic #sma[33]. The relevance

of Neisseria in eosinophilic asthmais debatabl¢32,33] As both neutrophilic and

J Investig Allergol Clin Immunol 20%/ol. 3\(4) © 2023 Esmon Publicidad
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eosinophilic inflammatory processes play a role in asthmaecklatThl and Th2 immua

response, and amy debatableesults hae been reportefiLl3,14] it is reasonablyacceptable

that cluster 1 has more mixed granulocytic asthma.

PD-L1, showing a significant positive correlation witteisseriaandHaemophilugn

our study, may strengtherh2 inflammation and increasg®HR in asthma however,it can

suppress CD8 TEell immunity, preventing the clearance of infected pathogens from the

perspective of acute infectiggd4,35] The dual rol es o fincluéiriy L 1

strengthening Th2 inflamation and weakening innate immunity from infected pathqgens

can explain its conbution to asthma exacerbatifi0]. These dual roles can also contribute

to the eosinophilic inflammation througfh2 immune response and the neutrophilic

inflammation thraigh recurrent infection. It can cause a more mixed phenotype in the cluster

in which NeisseriaandHaemophilusvere dominanin our study

There are few studies on fixed airflow obstruction in child@mcharacteristic of

chronic obstructive pulmonary skase(COPD) which can be an index of severe asthma

when accompanied by asthma in adyB§-38]. It generally develos owing to airway

remodelingdriven by chronic inflammatiof86,39] Frequent asthma exacerbation can be a

risk factorfor fixed airflow obstructionin children with asthm§0], and infectios arethe

leading cause of asthma exacerbation in chil{4é,42] In this study, clustefi showed a
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mixed granulocytic phenotype, caung fixed airflow obstructionowing to increased

inflammation reations triggered by eosinophilic and neutrogie inflammation

responseft3]. This finding is supported byrevious reportgevealing that overlapping

inflammatory pathwag, presenting aselevated eosinophils and neutrophilmight be

detrimentako lung function losq44].

Neisseriaand Haemophiluswere predominant in cluster vhich showedfixed

airflow obstruction in contrastPrevotellg Veillonella, andActinomycesvere predominant in

cluster 2 which showedavorablelung function This finding isin line with that of previous

reports showing that airway microbial dysbiosisvith the overgrowth of opportunistic

pathogens and lemsnormal airway micrbes cansimultaneouslydevelopand aggravate

asthmd11]. Neisseriacorrelated independently withrhlow limitation parameterssimilar to

previous findingsthe increasedprevalence oNeisseriaowing to rhinovirus infection can

induce the immunomodulatory properties of dendri cells and proinflammatory

cytokines[45,46] which might affect pulmonarfunction. This possible explanatiois

justifiedin children who are increasinglyx@osed torespiratory vial infectiors [47].

Cluster 2, showing favorable lung function, predominantly incluéeevotella,

Veillonella, and Actinomycesn our study.Prevotellais more predominant in controls and

infants without wheezing than in patients and infants with asthma or COPD and wheezing
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[48]. Prevotella was suggested to reduce pathologiaemophilusinfluenzainduced I

12p70[49] and neutrophilic airway inflamation[50]. However, the presence Bfevotella

andVeillonellaat one month of age was associated with the incidence of asthma at six years

of age[51]. Actinomyceswere less abundant in acute asthma exacerbation than in stable

asthmd10]. It is also &ss abundant in neutrophilic asthma, which is considered a severe type

of asthmg11].

Cluster 3 included older patients amérewomen than the other clusters.

StreptococcuandGranulocatellawere predominant in cluster 3. As reported previously,

Strept@occuswas most abundant in our stuf2], and it is an early marker for predicting

asthma development during later childhood in inf§@jsin contrast, cluster 4 included

younger patients, arfdlalstoniawas predominant in cluster Ralstonia consideed a

pathologic Pseudomonas until recently, was reported to be positively correlated with pyruvic

acid, which has a crucial protective role in IgE production in response to all§sg¢ns

Airway microbiomes exhibit distinct features according to age arndh®wever, this finding

has not been adequately addreg§5€¢b4,55]

This studyhas several limitationgsirst, the number of patients for evaluation of the

four clusters wasmall Second, w could notevaluate the two clusters with the most optimal

CH index agthese clustersould not explain the clinical characteristid$ird, we could not
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collect detailed clinical information, includinthe degree of controin asthma,asthma

duration, drug usage, and the frequency of acute exacerb@tspite tlese limitationsto

the best of our knowledgehis study is the first to analyze the relationship betwaen

unbiagd microbiomedriven cluster and clinical phenotype in children with asthina.

addition, it is meaningful that the characteristics of fix@dlow obstruction and mixed

granulocytic asthma in children, which wesgoradically reportedvere assessed through the

relationship between the microbiome and inflammatory cytokifles.findings of this study

provide insights into the effect of thenamay microbiome on lung function, which has not

been addressdd?].

In conclusion, the microbiomériven unbiasd clustering method in childhood

asthma can help find neandotyperelatedasthma phenotype8ur findingssuggested that

the cluster domated byHaemophilusandNeisseriafound through this method shevixed

airflow obstructionand mixed granulocytic asthmwhich can be related t&®D-L1. Thus,

new asthma endotyping driven by airway microbiome can provide valuable infornf@tion

determning precise management modalities and predicting prognosis in children with asthma.
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TABLES

Table 1 Patient characteristics across thedur clustered groups (N = 83)

30

Total (n = 83) Clusterl (n = 15) Cluster 2 (n = 39) Cluster 3 (n = 16) Cluster 4 (n = 13) p

Age, years 7.5(6.59.7) 8.2 (6.5 10.4) 7.5(6.39.7) 8.9 (7.510.7) 6.5 (5.717.9) 0.020
Male sex, n (%) 26 (31.3) 14 (93.3) 24 (61.5) 9 (56.3) 10 (76.9) 0.081
Atopy, n (%) 29 (82.9) 10 (66.7) 31 (79.5) 15 (93.8) 11 (84.6) 0.282
Sputum inflammatory phenotype, n (%)

Eosinophilic 27 (32.5) 3 (20.0) 18 (46.2) 1 (6.3) 5 (38.5)

Neutrophilic 32 (38.6) 2 (13.3) 15 (38.5) 10 (62.5) 5 (38.5)

Mixed 13 (15.7) 6 (40.0) 4 (10.3) 2(12.9 1(7.7) 0007

Paucigranulocytic 11 (13.3) 4 (26.7) 2(5.1) 3(18.8) 2 (15.4)
Pulmonary function parameters

FEV1, % predicted 96.8+ 16.2 92.4+16.0 98.4+16.2 98.5+ 155 94.8+17.8 0.610

FEVUFVC 81.4 (74.185.5) 0.76 (0.700.81) 0.83(0.740.86) 0.84 (0.800.88) 0.80 (0.710.84) 0.060

Post BD FE\L, % predicted 105.7+ 15.8 101.3+ 18.5 108.1 £ 15.1 105.1 + 14.6 104.3 £ 16.2 0.540

Post BD FEM/FVC 85.3 (80.891.1) 80.5 (75.886.3) 88.0 (83.091.3) 86.5(83.091.8) 84.5 (77.389.0) 0.020

BDR assessig 1 F EV 29 (34.9) 7 (46.7) 14 (35.9) 4 (25.0) 4 (30.8) 0.633

BHR assessing challenge test 62 (74.7) 8 (57.1) 32 (84.2) 12 (75.0) 10 (83.3) 0.204
FEV1, forced expiratory volume in one secort¥.C, forced vital capacity; BD, bronchodilator; BDR, broncHatbr responsegp, t he change of b

bronchodilator; BHR, bronchial hyperresponsiveness response.
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FIGURE LEGENDS

Fig. 1. (A) Calinski Harabasz(CH) index according t@lusternumber usig partitioning
around medoid clustering method basedlJensenShannon divergencat thespecies level.
(B) Two-dimensional (2D)principal coordinate analysis (PCoA) plfatr cluster2. (C) 2D

PCoA plotfor cluster4. (D) ThreedimensionaPCoA plotfor cluster4.
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Fig. 2 (A) Comparison ofthe gutum inflammadry phenotype across the cluste(B)
Comparison of the sputum inflammatory phenotype in clusters 1 and 2.Pd¢&)
bronchodilator (BD)forced expiratory volume in 1 secon&HV1)/forceal vital capacity
(FVC) across the clustersThe P value was calculatedusing posthoc analysis with

Bonferroni correction. *P was calculategsing posthoc analysis witbut Bonferroni

correction for exploration.
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Fig. 3 Comparison othe microbiotasat the genus leveamongthe clusters witlp<0.001in
the Kruskal Walllis H test The red lines represent p<0.05 in the pairwise comparison using

Manri Whitney test and Bonferroni correction
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Fig. 4 (A) Linear discriminant analysis (LDA) effect sizeadysis across théur clusters

with p<0.05 and an LDA score >4.0 (B) Cladogramwimy differentially abundant taxa
according to each clusteHaemophilus parainfluenzagroup Haemophilus influenza
Haemophilus aegyptiusand unclassified microbes),Streptococcus salivariusgroup

(Streptococcus salivariusubsp. salivarius Streptococas thermophiles Streptococcus
vestibularis andunclassified microbeshtreptococcus sinensysoup (Streptococcus sinensis
and unclassified microbes)Streptococcus pnewmiae group Streptococcus pneumonia
Streptococcus oralisubsporalis, Streptocacus oralissubsptigurinus Streptococcus oralis
subsp. dentisanj Streptococcus mitis Streptococcus infantis Streptococcus
pseudopneumoniaeStreptococcus timonensiand unclassified microbes)Streptococcus
sanguinisgroup Streptococcus sanguiniand unclassified microbes)and Granulicatella

adiacengyroup Granulicatella adiacenandunclassified microbes).
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