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Momusayua u yenv. Ilpumenenme wmetonoB cexkBeHupoBanus JHK B wuzyuenun
pa3HOOOpa3usi MHKPOOHWOTHI Pa3MMYHBIX OHMOTOIIOB YEJOBEYECKOTO OpTraHW3Ma,
co3zaHue 0a3 NAaHHBIX M MPOrpamMM Uil aHHOTHPOBAHMS MHOJIYYEHHBIX MPOYTCHHN
MO3BOJIMJIM OXapaKTEepPHU30BaTh pa3zHOOOpa3Hble MUKPOOHOIICHO3b! YCIOBHO 3/I0POBBIX
moneit [1]. Ilpm 3aboneBaHMM TPOUCXONAT HM3MEHEHHS B COCTaBE MHKPOOHOTO
coobmectBa. Jlns mamuenToB ¢ MykoBuciumosom (MB) nHambonee BakKHBIM
OTCJIEKHBAEMBIM OHOTOIIOM SIBIISIETCS PECIUPATOPHBIA TPakKT, TIaBHBIM O0pa3zoM
HIKHHE JpIxaTenbHble myTH. C 2016 1. B Tepanuu poccUiCKUX narueHToB ¢ MB Havamu
ucnons3oBaTh Moxyisitopel CFTR  (cystic fibrosis transmembrane conductance
regulator), cmocoOcTByOIIHE POIIUHTY U MONACPKAHUIO B AKTHBHOM COCTOSIHUH O€JIKa
XJIOPHOTO KaHaja, 4YTO HOpMalu3yeT (YHKIUU OSIUTSITHOUUTOB M TPHBOAUT K
YIIYYIIEHUIO OOIIETO COCTOSHUS ManueHToB [2]. s XpoHndeckun MHPHIIMPOBAHHBIX
NAlMEHTOB IyTh BOCCTAHOBJICHHUS MHKPOOHOTHI PECHUPATOPHOTO TpaKTa AOJIOT H
TpeOyeT mojdopa KOMIUIEKCHOW Tepamuu. B aHammze 3¢QeKkTuBHOCTH TpPOTOKONIA
JieueHWs T[IOMOraeT CpaBHEHHE MHKPOOMOMOB MOKpPOTHI Ha JTamax TeparuH.
KnroueBbIMH B CPaBHHMTEIBHOM HCCIEIOBAHUM OOpasloOB SIBIAIOTCS METOJBI
MOJIEKYJISIPHOH (PUIIOreHETHKH M OCHOBAHHBIE Ha HUX (DMIIOTEHETUYECKUE MTPOTOKOIIBI
[3]. MBI IpUMEHWIIN TaKOH TMPOTOKOJ JjIsi MHOTO()aKTOPHOTO HCCIIeIOBaHUS 00pa3IoB
B3pOCIBIX MamUMeHToB ¢ MB, XxpoHuueckn HHOUIUPOBAHHBIX KIMHUYECKUMHU
3HaunMbiMH  Pseudomonadota, mis ompexaeneHust 3(GQGEKTHBHOCTH KOMILIEKCHON
Teparnuy, BKIIYAIoIeH aHTHOaKTeprualibHble U TAPreTHBIE MpenapaThl.

Memoowr u ancopummot: Beibopka Brmovana 103 oOpasma MOKPOTHI OT 52 B3pOCIHBIX
nanueHToB ¢ MB, u3 kotopsix 56 % cocraBwin skeHIHbI U 44 % — my>xunnbl. OOpas-
1Ibl, COOpaHHbIC B TeYeHUE 11 MecsieB, IPYNIUPOBAIM M0 CIASAYIONIMM MapaMeTpam:
Bo3pacT manuentoB (18-23, 24-30, 31-56); myramuu B rene cftr (F508del/F508del,
F508del/neF508de, neF508del/neF508del); denornm (MATKui, TSOKENbIA); CTENEHb
TSHKECTH 00JIE3HH JIeTkuX: Jlerkoe Teuenne (mild lung disease, MiLD, O®B1 > 70 %),
cpennedi Tsoxkectd (moderate lung disease, MoLD, 40 % < O®B1 <70 %), Tsbkenoe
teuenne (severe lung disease, SLD, ODBI1 <40 %); xkauHHYECKOE COCTOSHUE (BHE
oboctpenus, baseline, B; oboctpenue, exacerbation, E; smusoauueckast aHTHOMOTHKO-
tepanus, treatment, AT), uapunupyromue mukpoopranm3mel (PCH — xponmuecku
UH(UIMPOBaHHBIE KIMHUYECKH 3HaYnMbIMH Pseudomonadota; P — ¢ mosisrommucs
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KIMHUYECKH 3HauuMbIMM Pseudomonadota; NP — 0e3 KIMHHYECKM 3HAYUMBIX
Pseudomonadota B mukpoOMOMe Jerkux); TapreTHas tepamnusi (Hammuame — 11T,
orcyrctBre — NTT).

Toraneuyto JIHK u3 obpasios Beigensuin ¢ nomornsio MagAttract HMW DNA Kit
(QIAGEN, CHIA). OHK ananu3upoBajdd C TOMOLIBIO 3KCIPECC-ANarHOCTUKH,
BKJTIOYAONICH aMIUTH(HUKAIINIO U CeKBEHHpoBaHue 10 CrHTepy CIEAYIOINX MHUIICHEH:
16S rDNA, trpE — P. aeruginosa, gltB, gyrB — Burkholderia, nrdA — Achromobacter,
adkA — E. coli, rpoB — K. pneumonia, a Taxke ¢ TOMOIIBIO MaCCOBOTO MapalIEIEHOTO
cekBeHupoBaHus aMiuMkoHoB 16S rDNA (V1-VS5). PesynbraThl AenoHHpOBaiM B
GenBank (6mompoexkt PRINA717158). [lns amanmsa TPOUYTCHUH HCIIOIH30BATH
Microbial Genomics Module makera CLC Genomic Workbench v.21.0.1. (QIAGEN,
CHIA), mns ompezaesieHHs ONEPAlMOHHBIX TakcoHoMmuueckux emunuil (Operational
Taxonomic Unit, OTU) — 6a3y nauubix Greengenes V13 8 ¢ ypoBuewm cxomctsa 97 %.
s omenku ambha-pasHooOpasus MPUMEHSIM HHAEKCH Shannon entropy wu
KO3 GUIMeHT (uIoreHeTnyeckoro pasnoobpasus (PD). JloctoBepHOCTh OTIHYUS
anbda-pazHooOpasus Mo rpynnaM o0pas3ioB PacCUUTHIBAIN ¢ MOMOIILI0 H-kputepus
Kpyckana—Yomnuca u U-kputepust MaHHa—YUTHH, a TaKKe€ MOATBEPKIATN aHAIU30M
PERMANOVA (p-Value < 0.05). Bera-pa3znoo0pasue OIeHUBAIN ¢ TIOMOIIBIO HHIEKCA
Euclidean distance, a Tarke merpuk UniFrac. [y moapoOHOro aHamu3a CXOJCTBA
Mexay oOpasmamu uctonb3oBanu Principal Coordinate Analysis (PCoA) u cratuctu-
yeckue Qyaknun MS Exel. [{nst oOHapy>KeHUs] TaKCOHOB, SIBISIONIMXCS MapKepaMu
pa3nuunui MEXy aHATM3UPYEMbIMU IPyTIaMHe, ncnonb3oBany anroput™m LEfSe (Linear
discriminant analysis Effect Size) [4]. B pacder Opanu TONBKO TOCTOBEPHBIE 3HAUCHUS
LDA Score (log 10) >4-5.

Pezynomamur: Ananus Bcell BBIOOpKM 00pa3loB MOKa3ajl OTCYTCTBHE 3aBHCHMOCTH
¢unoreneruueckoro paznooopasus (PD) oT heHoTHIIA MyTAIIMU U HATTUYHUS/OTCYTCTBHS
TapretHor Tepanmuu. Bmecte ¢ Tem PD mocroBepHo cHmkamock B obpasmax PCH
nanueHToB 1o cpaBHeHuto ¢ P 1 NP rpynmamu, yTo ObUT0 XapaKTepHO Kak AJisi HanboJee
MacCOBOW MOATPYINIbl MHPUIMPOBaHHBIX P. @eruginosa, tak u Ui MOATPYNI C
Burkholderia spp., Achromobacter spp. u E. coli. Hau6onee nuskne mokaszaremu PD
HaOmogamu B obpasnax SLD marmeHToB, JOCTOBEPHO OTIMYABIIMECS OT OOpa3lloB
MoLD u MiILD rpymnn. CpaBaenue PD 00pa3siioB B pa3HbIX COCTOSHHUSX IMAIUCHTOB
BBISIBUJIO HanOoJIee BBICOKUE MOKA3aTe I BHE 000CTPEHHS M JJOCTOBEPHO OoJiee HU3KHE
B cocrostHusAx E m AT. Ouenka Oera-pazHooOpasus ¢ momolipio uHaekca Euclidean
distance mpojeMOHCTpHUPOBAJIA TPYIITUPOBKY 00Pa3IOB MO OCHOBHBIM BO30YAMTEISIM
uHpekuu ¢ murpaieii B Hanpasinenuu rpymn P u NP o6pasuos PCH P. aeruginosa
npu none Staphylococcus 9-48 %. Mcmonb3oBaHHe METPHUKH «B3BELICHHBIA HE
HopMasn3oBaHHbIi UniFracy, yunteiBarorieil 3Ha4MMOCTb PEAKHX TAKCOHOB, TI03BOJIH-
JIO BBIABUTH Oosbie murpupyroomux PCH o0pa3io, B TOM uuciie TeX, B KOTOPBIX
Hapacraia joiis Streptococcus (45 %) wu Capnocytophaga (41 %) Ha sTanax Teparum.
Anroput™v LEfSe mpumensim At BBISBICHHS MapKEpPHBIX MHUKPOOPTaHU3MOB IS
TPyl MHOTO(aKTOpPHOro aHanmu3a. Tak, oOpasusl SLD mnanueHTOB oOTiIMYanu
Burkholderiales, a rpynnet MoLD u MiLD — npencraButenun Actinomycetota u
Bacillota coorBercTBeHHO. Mapkepamu 00pa3IOB, CrPYHIIUPOBAHHBIX 110 MYTALHSM
marenToB, Ostm Bacillota mpu myrammum F508del/F508del, Pseudomonas mpwu
F508del/neF508del u Enterobacteriaceae mnpu ueF508del/neF508del. Mapkepamu
00pa3IoB B COCTOSIHUM BHE obocTpeHus Obun Streptococcus u Bacteroidota (mpexzae
Bcero, Prevotella), B obGoctpenun — Flavobacteriia u Capnocytophaga, mnocie
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snm3oandeckoit antnonorukorepanuu — Bacilli (Staphylococcus) u Achromobacter. B
rpynmnax o0OpasloB MO BpeMEHH INpuema TapretHoro mpenapara Burkholderia 6puia
MapKepoM IBYX JIeT Tepanun, a Achromobacter — 5-yieTHero jedeHus: MOy ISITOpaMu
CFTR. Takmm o6Opasom, cokpamenue monu Burkholderiales mpomcxomur ouens
MEJUICHHO JTaKe MPH JUTMTENILHOM TapreTHOH Tepanuu Ha (OHE MOJepKUBAIOLICH U
AMU30ANIECCKON aHTHOMOTHKOTEpanwy. TapreTHas Tepans He HCKITIoYaeT 000CTpEHHH,
nociie kotopbix fosst Burkholderiales Bospacraer. CHikeHre 10U APYTOrO MpeicTa-
sutens Pseudomonadota, P. aeruginosa, mpuBoauT K Apyroi mpobieme — pocTy J0TH
Staphylococcus, konkypenta P. aeruginosa [5]. Anamu3 o6pasiioB mokasai, uto PD
COXpaHsieTcsi Ha BbICOKOM ypoBHe mpu 4-29 % Staphylococcus B mukpobuome u
JIOCTOBEPHO CHIDKAeTCs B 00pasiiax Kak ¢ Hu3kou goneit Staphylococcus (<4 %), Tak u
¢ Beicoko# (>30 %). [Ipu BOoCCTaHOBICHUH MUKPOOHMOMA HAOIIIOIACTCS TUCOATIAHC TS
MHOTHX KOMMEHCAJIOB POTOBO# MOJOCTH, TIOCTYIMAONINX B HUKHHUE JbIXaTEIBbHbIC ITyTH
IIOCPENCTBOM MHKpOacIupanuy, Hampumep, Streptococcus, Prevotella, Rothia.
[Ipenmonaraercs pojib 3TUX OAKTEPHI U MX METAOOJIUTOB B BOCIIAJIUTEIILHBIX IIPOIIECCax
B JIeTKUX [6].

Buisoowi: MccnenoBanus mokasaiu, 9YTO BO3BpalleHne cOaTaHCHpOBaHHOTO pa3HOoOpa-
3Ms1 MUKpOOHOMa JIETKUX Y XpOHHYECKH MH(PUIIUPOBAHHBIX B3POCIBIX MalueHToB ¢ MB
BO3MOKHO IIpH I[JIHTCHBHOﬁ KOMIIUIEKCHOM TEpari U BHUMAaHHUU K HNPCACTAaBUTCIIAM
BCEX TAKCOHOB, COCTABJIAIOIIMX OHOTON HIKHUX JbIXaTebHBIX IyTEH, BBISIBUTH
KOTOPBIC MTO3BOJISIFOT METOIbI MOJIEKYJISIPHOM (DHUITOTCHETHKH.

Qunancuposanue. UccnenoBanue nojaep:xano ['ocynapcreennsiM 3ananuem HULIDM
um. H.®. Tamanen (Ne 056-00066-23-00).
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Motivation and Aim: The use of DNA sequencing methods in studying the diversity of
the microbiota of various biotopes of the human body, the creation of databases and
programs for annotating the obtained reads made it possible to characterize the various
microbiocenoses of relatively healthy people [1]. During disease, changes occur in the
composition of the microbial community. For patients with cystic fibrosis (CF), the most
important biotope monitored is the respiratory tract, mainly the lower respiratory tract.
Since 2016, CFTR (cystic fibrosis transmembrane conductance regulator) modulators
have been used in the treatment of Russian patients with CF, which promote the folding
and maintenance of the chloride channel protein in an active state, which normalizes the
functions of epithelial cells and leads to an improvement in the general condition of
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patients [2]. For chronically infected patients, the path to restoring the microbiota of the
respiratory tract is long and requires the selection of complex therapy. Comparison of
sputum microbiomes at therapy stages helps in analyzing the effectiveness of a treatment
protocol. The key to the comparative study of samples are the methods of molecular
phylogenetics and phylogenetic protocols based on them [3]. We applied such a protocol
to a multifactorial study of samples from adult CF patients chronically infected with
clinically significant Pseudomonadota to determine the effectiveness of combination
therapy, including antibacterial and targeted drugs.

Methods and Algorithms: 103 sputum samples from 52 adult patients with CF, of whom
56 % were women and 44 % were men, were included in the analysis. Samples collected
over 11 months were grouped according to the following parameters: patient age (18—
23, 24-30, 31-56); mutations in the cftr gene (F508del/F508del, F508del/non-F508del,
non-F508del/non-F508del); phenotype (mild, severe); severity of lung disease: mild
(mild lung disease, MiLD, FEV1 > 70 %), moderate (moderate lung disease, MoLD,
40 % <FEV1 < 70 %), severe (severe lung disease, SLD, FEV1 <40 %); clinical
condition (out of exacerbation, baseline, B; exacerbation, E; episodic antibiotic therapy,
treatment, AT), infecting microorganisms (PCH — chronically infected with clinically
significant Pseudomonadota; P — with emerging clinically significant Pseudomonadota;
NP — without clinically significant Pseudomonadota in lung microbiome); targeted
therapy (presence — TT, absence — NTT). Total DNA from the samples was isolated
using MagAttract HMW DNA Kit (QIAGEN, USA). DNA was analyzed using express
diagnostics, including amplification and Sanger sequencing of the following targets:
16S rDNA, trpE — P. aeruginosa, gltB, gyrB — Burkholderia, nrdA — Achromobacter,
adkA — E. coli, rpoB — K. pneumonia, and using massively parallel sequencing of
16S rDNA amplicons (V1-V5).

The results were deposited in GenBank (bioproject PRINA717158). Microbial
Genomics Module of the CLC Genomic Workbench v.21.0.1 package (QIAGEN, USA)
was used for analysis of reads. Greengenes v13 8 database with a similarity level of
97 % was used for determination Operational Taxonomic Units (OTU). Shannon entropy
index and the coefficient of phylogenetic diversity (PD) were used to assess alpha
diversity. The significance of the difference in alpha diversity between groups of samples
was calculated using the Kruskal-Wallis H test and the Mann—-Whitney U test, and was
also confirmed by PERMANOVA analysis (p-Value < 0.05). Beta diversity was
assessed using the Euclidean distance index, as well as UniFrac metrics. For a detailed
analysis of the similarity between samples, Principal Coordinate Analysis (PCoA) and
MS Exel statistical functions were used. To detect taxa that are markers of differences
between the analyzed groups, the LEfSe (Linear discriminant analysis Effect Size)
algorithm was used [4]. Only reliable values of LDA Score (log 10) >4-5 were taken
into account.

Results: Analysis of the entire sample collection showed no dependence of phylogenetic
diversity (PD) on the phenotype of the mutation and the presence/absence of targeted
therapy. At the same time, PD significantly decreased in the samples of PCH patients
compared to the P and NP groups, which was typical both for the most widespread
subgroup of those infected with P. aeruginosa, and for the subgroups with Burkholderia
spp., Achromobacter spp. and E. coli. The lowest PD rates were observed in the samples
of SLD patients, which were significantly different from the samples of the MOLD and
MiLD groups. Comparison of PD samples in different patient states revealed the highest
rates outside of exacerbation and significantly lower ones in states E and AT.
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Assessment of beta diversity using the Euclidean distance index demonstrated grouping
of samples according to the main pathogens with migration towards the P and NP groups
of PCH P. aeruginosa samples with a proportion of Staphylococcus of 9-48 %. The use
of the “weighted non-normalized UniFrac” metric, which takes into account the
significance of rare taxa, made it possible to identify more migrating PCH samples,
including those in which the proportion of Streptococcus (45 %) or Capnocytophaga
(41 %) increased during the treatment stages. The LEfSe algorithm was used to identify
marker microorganisms for multivariate analysis groups. Thus, the SLD patient samples
were distinguished by Burkholderiales, and the MoLD and MiLD groups were
distinguished by representatives of Actinomycetota and Bacillota, respectively. Markers
for samples grouped by patient mutations were Bacillota for F508del/F508del mutation,
Pseudomonas for F508del/non-F508del, and Enterobacteriaceae for non-F508del/non-
F508del. The markers of the samples in the non-exacerbation state were Streptococcus
and Bacteroidota (primarily Prevotella), in the exacerbation — Flavobacteriia and
Capnocytophaga, after episodic antibiotic therapy — Bacilli (Staphylococcus) and
Achromobacter. In groups of samples based on the time of taking the targeted drug,
Burkholderia was a marker of two years of therapy, and Achromobacter was a marker
of 5 years of treatment with CFTR modulators. Thus, the reduction in the proportion of
Burkholderiales occurs very slowly even with long-term targeted therapy against the
background of maintenance and episodic antibiotic therapy. Targeted therapy does not
exclude exacerbations, after which the proportion of Burkholderiales increases. A
decrease in the share of another representative of Pseudomonadota, P. aeruginosa, leads
to another problem — an increase in the share of Staphylococcus, a competitor of
P. aeruginosa [5]. Analysis of the samples showed that PD remains at a high level with
4-29 % Staphylococcus in the microbiome and is significantly reduced in both samples
with a low proportion of Staphylococcus (<4 %) and high (>30 %). When the
microbiome is restored, an imbalance is observed for many oral commensals entering
the lower respiratory tract through microaspiration, for example, Streptococcus,
Prevotella, Rothia. The role of these bacteria and their metabolites in inflammatory
processes in the lungs is assumed [6].

Conclusion: Studies have shown that the return of balanced diversity of the lung
microbiome in chronically infected adult patients with CF is possible with long-term
complex therapy and attention to representatives of all taxa that make up the biotope of
the lower respiratory tract, which can be identified by molecular phylogenetics methods.
Funding: The study is supported by the State assignment of the N.F. Gamaleya National
Research Center for Epidemiology and Microbiology (No. 056-00066-23-00).
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