The Gut Virome of Multiple Sclerosis Changes in Distinct Phage
Groups ldentified by Exploratory Factor Analysis ...

lkuo Tsunoda, Seiichi Omura

Department of Microbiology, Kindai University Faculty of Medicine, Osaka, Japan ikuo Tsunoda, M.D., Ph.D.

itsunoda@hotmail.com

Abstract Aim Factor analysis of gut virome in MS

Background: Bacteria and viruses are the major microbes in gut microbiota; dysbiosis, an . i i Gutt_ vi:omeddg:a of ‘:5 I:IIS * 1,525 viral species (total 36,698,054 reads)
imbalance in the bacterial populations, has been demonstrated in various diseases, including TO CharaCterlze the virome data Of MS and Othel‘ patients an controls were identified.

multiple sclerosis (MS), by standard methods, such as relative abundance of bacteria and . SRT o _ _
principal component/coordinate analysis (PCA/PCoA). These methodologies failed to diseases by factor anaIySlS Determination of the Sample information

character. number of latent factors Criteria RR-MS (n = 45) HCs (n = 51)

Objective: We aimed to establish a bioinformatics method to analyse the virome and Age (mean * SD) 41.8 + 8.87 40.71 £ 14.69 P=0.65
characterize the gut virome of MS, using exploratory factor analysis (EFA). EFA has been
widely used in the psychological field; EFA can identify the nature and number of common S Age (<40y: >40y) 20:25 26:25 P=0.54
. k=) | oint of inflection
factors among the variables. " .|\ g Factor number =6 Sex (Male:Female) 11: 34 8:43 P=0.31
Methods: We used shotgun metagenome data of fecal DNA samples from relapsing-remitting | The virome data were obtained as follows: - Treatment (Yes:No) 35 - 10 0: 51
MS (n=45) and controls (n=51) from a database (Accession no. PRUNA1084182, Ghimire, 2025), * Virome analysis of 22 lacrimal fluid samples using MinlON device P mow e
where we extracted virome data. Using R, we found that PCA did not distinguish MS and - Virome data extracted from shotgun metagenome data (PRJNA391511, || Factor analysis
control virome data. Thus, we analysed the data by EFA using the same method as we Fernandes et al., J Pediatr Gastroenterol Nutr, 2019) from 12 IBD patients and Viruses / phages, e Species Genus Viral group 1
published in Guillain-Barré syndrome research; previously, we classified 55 anti-glycolipid 12 healthy controls whose factor loadings [ : Acanthamoea pelphaga mimvirs Vimvios
= L] = u gu = = = = 0.95 Cotonvirus japonicus Cotonvirus
;3;'§)°d'es by EFA and identified five latent factors associated with pathogenesis (Omura, - Virome data extracted from shotgun metagenome data (PRJNA1084182, || were > 0.5, were clustered || :- CoremEel e R
= - 0.96 Enterobacteria phage UAB_Phi87 Felixounavirus
. . : Ghimire et al., Proc Natl Acad Sci USA, 2025) from 45 MS patients and 51 || Into six groups i e e
Results: Using both MS and control virome data, we extracted 1,525 species of DNA health trol ‘ Human aiphanerpesvirus e
. . . . 0.96 Klebsiella phage KP-Rio/2015 Drulisvirus
viruses/bacteriophages (phages). EFA extracted six factors from the virome data. Factor 1 ealthy controis o3 Kiobslola phags 0ca Fraondorns
: : . rgs H = = Latent factor 0.96 Klebsiella phage vB_KpnM_BIS47 Mydovirus Phages for
contained 269 phages infecting Gram-positive bacteria, including the genus dentificati oss Lomovsayairus 31 Lomovsayaius - commensal Gram-
Propionibacterium. Factor 2 contained 117 phages infecting Gram-negative bacteria, including Virome data analysis \dentitication o e et negative bacteria
the genera Escherichia and Pseudomonas. Factor 3 contained 332 phages, whose host = Mapping to RefSeq viral reference genome and counting read fragments Factor 1 (320 species) oo roudnoa:phage odeat o
. . N . - e — = & seudomonas phage Iraecavirus
bacteria included the genera Enterococcus and Salmonella. All viruses in Factor 4 were 113 = Factor analysis " oss Samonell phage P01 T Fobaunains
- - - . = - - - 0.97 Salmonella phage SenASZ3 Kuttenn.rus -
Streptoc?ccus_ phages belonging to the family Aliceevansviridae. F_actor 5 c_ontalned 61 — Determining factor number by scree plot osr Suphecocausphage 3 Pricams
- - 0.97 Staphylococcus phage 80alpha Dubowvirus
phages infecting the genus Staphylococus and some Gram-negative bacteria. Factor 6 — Exploratory factor analysis by an R package “Psych” i S =
con al_ne nlr_le ac_: opacliiius p ages_ an acC OCOCCUS-p ages, (o) . OoT wnich cou e s Grouping by factor |Oadings ou ::z:z::zzzz:::::s:g;:f :j:::t:\\::xz
associated with dairy food consumption or commensal lactic acid bacteria. We compared the _, Latent factor identification 257 Staphyiococeus phage phIETAS P
0.95 Staphylococcus phage philPLA-C1C Sepunavirus
factor scores between the MS and controls. We found that Factor 1 was lower, and Factor 5 o5 Stphyloccccus phage pHIMRZS Dubovens | Staphylococcus
. - - PRy ) taphylosoceus phage phinm bowiie h
was hlgher In MS than In ContrOIS, Slgnlflcantly (P < 0-01)- ﬂg; gta:::g:ncoccus z:age::iSa:wa_sﬂMmssa Eri:wrus p ages
Conclusion: EFA can be a novel approach to classify gut viruses/phages regulating unique osr Spocseous e P25 Db
sets of bacteria in general virome analyses. EFA could also help in discovering gut phages 0% Stophylococeus phage SIB20
- - - - - 0.96 Staphylococcus phage vB_SauS_JS02 Triavirus
that contribute to bacterial dysbiosis in MS. o7 Suphecocos plage B_SISPHPLA  Dibonns
- - - - FaCtOI" 2 (1 37 s g:: _Sr:r::;c;c::::: ::iavgse"‘:-WAM2 Cymopoleiavirus
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\ NY NY N\ fb f» Factor 1 Factor 2 Factor 3 Factor 4 Fac:turﬁ Factor 6 Organism_Name Genus Viral group 5

Escherichia phage vB_Eco_mar004NP2 Tequintavirus
Salmonella phage Akira Akiravirus
Salmonella phage Seszw_1 Skatevirus

contributing to anti-microbial immunity.
We determined the virome in human lacrimal fluid and found that

virome was mostly composed of phages shown in hatched bars. Fa°‘°rﬂ4 Q?“Pemes) 2

Salmonella phage Vi II-E1 Macdonaldcampvirus
Salmonella virus KFS-SE2 Skatevirus
Staphylococcus phage 3 AJ-2017 Peeveelvirus
Staphylococcus phage 3MRA Phietavirus
Staphylococcus phage 52A Phietavirus
Staphylococcus phage 55 Phietavirus
Staphylococcus phage 80 Phietavirus
Staphylococcus phage B166 Phietavirus
Staphylococcus phage B236 Phietavirus
Staphylococcus phage Henu2 Phietavirus
Staphylococcus phage IME1361_01 Biseptimavirus
Staphylococcus phage JS01 Peeveelvirus
Staphylococcus phage P282 Biseptimavirus
Staphylococcus phage phi 13 Peeveelvirus
Staphylococcus phage phiETA Phietavirus

 Uncontrolled excessive immune responses cause immune-
mediated tissue damage in remote organs.

Factor {_Factor2_Factor

= autoimmune diseases and/or MS ] _ o
Factor analysis of gut virome in inflammatory bowel

« Gut bacteriome modulation may suppress MS. disease (IBD o S e . ' Staphylococcus
0.38 Staphylococcus phage phiPVL-CN125 Peeveelvirus phages
0.31 Staphylococcus phage PVL Peeveelvirus

Staphylococcus phage SA12 Dubowvirus
Staphylococcus phage SA345ruMSSASTSE Biseptimavirus
Staphylococcus phage SAP33 Dubowvirus
Staphylococcus phage StauST398-1 Phietavirus
Staphylococcus phage StauST398-4 Biseptimavirus
Staphylococcus phage StauST398-5 Phietavirus

* Role of gut virome in MS has not been clarified.

« 119 viral species (total 831,496 reads) were identified.
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- % Hellco.v.erpa zea nudivirus 2 Betam.ld_lwrus L H = - g m - - - - -
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] i i i ; cnoiemuntese  amortom promotion, respectively (MS vs. factor 1 or 5, P < 0.01, chi-square test).
« Factor analysis has been used in the psychology field but not in Al g
) ] i : rasspraceVS s Corenirs « Factors 2 and 4 appeared to be commensal bacteria; Factors 3 and 6
biomedical field. A e seemed to be food
N Viral group 3 N i .
« Factor analysis can identify the latent factors/causes among the s e [](19 species) * Factors 1 and 2 might suppress viral groups 3 and 6, respectively.
A Klebsiellaphage Kp2 Drulisvirus
variables. 2 foe o :
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GBS patinets and 30 controls was conducted by an infecting (animal viruses, 7/8 = 88% 11/17 = 65% 7/9=78%  0/12=0% 2/6 =33% 9/9=100% 0/6 = 0% 0/8 = 0%

R program “prcomp.” enterobacteria etc.) .+ When a group composed of six or more people is defined as “Cluster,” a
oo . PCA did not separate between GBS patients and | | © Factor analysis identified three latent factors that were associated with total of 96 samples of MS and HCs were divided into eight clusters and

PC2

controls. bacteriophages (phages)/viruses infecting distinct hosts. others. Several clusters included a high proportion of MS patients.
« Factor 1 appeared to be the phages infecting the Family || * Clusters 4,7, and 8 contained no MS patients

Enterobacteriaceae.

« Factor 2 seemed to be general viruses, including animal viruses. CO"CI usions
PC1 Glycoarray data of 55 glycolipid  Since Factor 3 was strongly associated with some IBD patients, bacteria

antibody titers from 100 GBS patients in the genus Klebsiella, which has been linked to IBD etiologically | ® PCA didn’t distinguish the virome between MS patients and controls.
: ¥ (Federici et al., 2022), seemed pathogenic for some patients. ® Factor analysis could identify the latent factors that were associated

Determination of the number of latent . . .
factors with unique sets of bacteriophages.
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S o3 om oo | LM1,GC,GA1, |\ Point of inflection Dendrogram of IBD patients and controls based on the factor scores « In IBD, factor analysis identified viral group 3, which contains

0.73 GD1a/Sulfa and their \ Factor number =5 . i . . . .

weaieots | complexes Klebsiella phages in genus Drulisvirus, that might be associated
e patients and factors. with disease |_oathogen<=:5|s. _ _

Ab group 2 Number offactors  In MS, bacteriophages in Factors 1 and 5 might contribute to the

oMiean Factor analysis of glycoarray data . g =
Q . GM1, GM1 B B | .
g::;ﬁ;l:lAc-GDh complexes, and GIyCO"pld antibOdies, whose factor IBD patlents dlsease CO"dItIOnS Of MS.

o a0 w2 s Factor analysis
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Eigenvalue

T Factor scores indicate the positive () or negative (l) association between the

GM1/GD1a

oo GD1b loadings for factors were > 0.5, A dendrogram of factor scores may result in the identification of
distinct subpopulations in IBD and MS.

GM2/GD1b

GD1bGAte were clustered into five groups
-55 glycolipids ‘ . ; —— L ‘

| g:ngj%”&z, | Latent factor identification . . Factor 3 Refe re n ces

0:22 : GD1a/LM1 GQ1 b, and thell'

0.17 GD1a/G-C comlexes
0.25 0.23 GQ1b/GalNAc-GD1a

0.50 GQ1b/LM1
0.56 GQ1b/G-C
0.66 GQ1b/Sulfa

L . Factor 1 ® Omura S, et al., (2020). Bioinformatics analysis of gut microbiota and CNS

) GD1b complexes transcriptome in virus-induced acute myelitis and chronic inflammatory
0.53 0.22 GD1b/LM1 ’ Factor 3 Factor 5 - - . - » . . . .
o84 Soiniouts GQ1b complexes, _ Paranoda Paranoda I Factor 2 demyelination; potential association of distinct bacteria with CNS IgA
052 023 LM1/GAI and LM1 comlexes CNn'IIHeII‘I?VI

0.65 0.22 | M1/Sulfa

5 38 § 7 z 2 iz 8§ = v 8 i3 g 2 8 % 5 8 8 B 8 upregulation. Front Immunol, 11:1138. doi: 10.3389/fimmu.2020.01138.

}gg,g;g;_ggw e i i ER e i ® Omura S, et al. (2022). Exploratory factor analysis determines latent
GalNie 5D and its comlexes Cluster 1 Cluster 2 Cluster 3 Others factors in Guillain-Barré syndrome. Scientific Reports, 12:21837. doi:

3/8 = 38% 5/6 = 83% 0/3 =0% 3I7T =43%

GD1b/GA1
GQ1b/GA1
Sulfa

s l ¥ ) ) 10.1038/541598-022-26422-5.
any ]ﬁ: N * When a group composed of 3 or more people is deflne.d as (.Iluster, 4| e Ahmad I, Omura S, et al. (2025). The safety of Alcaligenes lipid A in an
— total of 12 samples of IBD and controls (HCs) were divided into three immune-mediated disease model associated with IgA, Th17 cells, and gut

G-C/Sulfa
GA1/Sulfa

Ab group1

H H H LM1, G-C, GM1, GM2, GD1a, GD1b complexes, GalNAc-GD1a - - . - - - -
Five latent factors were identified and . 'uiir ot compioses, Gaib.and Gatbcompis,  and clusters and others. Five of six (83%) of samples in Cluster 2 were from microbiota. Int J Mol Sci. In review.
associated with distinct set of glycolipids COMPIEXes AN O es LM complexes oD e

IBD patients.
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