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Background: Gut microbiota comprises various microbes, including bacteria and viruses. Although the 

gut bacteriome has been associated with several diseases, including multiple sclerosis (MS), the gut 

virome has not been well-characterized in both health and disease conditions. This could be due to the 

methodology used to determine the microbiome: although principal component/coordinate analysis 

(PCA/PCoA) is a gold standard method for bacteriome analyses, it has failed to characterize virome 

profiles. Exploratory factor analysis (EFA) is a statistical method frequently used in the psychological 

field, as it can identify the latent factors/causes among the variables. Previously, using human gut virome 

data from patients with inflammatory bowel disease (IBD) (n = 12) and controls (n = 12), we successfully 

applied EFA to characterize the virome. EFA clearly separated the viruses/bacteriophages (phages) into 

three groups: Group 1, phages infecting Klebsiella, which have been associated with IBD; Group 2, 

phages infecting enterobacteria; and Group 3, viruses infecting mammalian cells (Omura and Tsunoda, 

The 4th Annual Meeting of the Japanese Society for Phage Therapy, 2024). In this study, we applied EFA to 

characterize large gut virome data from the database, which contained larger-sized data (average: 382,271 

reads/sample) from a greater number of samples (n = 96) than the IBD data (34,956 reads/sample, n = 24) 

that we previously used.

Methods: We used shotgun metagenome data from the fecal DNA of patients with MS (n = 45) and 

controls (n = 51) from a public database (Accession no. PRJNA1084182). We extracted virome data and 

analyzed them with PCA and EFA.

Results: In both the MS and control metagenome data, 1,525 species of DNA viruses/phages were 

included. Although PCA of virome data was unable to distinguish between patients and controls, EFA 

extracted six factors from the virome data. Factor 1 contained 269 phages infecting Gram-positive 

bacteria, including the genus Propionibacterium. Factor 2 contained 117 phages infecting Gram-negative 

bacteria, including the genera Escherichia and Pseudomonas. Factor 3 contained 332 phages, whose host 

bacteria included the genera Enterococcus and Salmonella. All viruses in Factor 4 were 113 

Streptococcus phages belonging to the family Aliceevansviridae. Factor 5 contained 61 phages infecting 

the genus Staphylococcus and some Gram-negative bacteria. Factor 6 was composed of nine 

Lactobacillus phages and 36 Lactococcus phages. Comparing the factor scores between the MS and 

control groups, Factors 1 and 5 were lower and higher in MS patients, respectively, than in controls (P < 

0.01, chi-squared test). Although the other factors didn’t show differences between the groups, Factor 6 

may be associated with dairy food consumption or commensal lactic acid bacteria. Unclassified viruses 

included viruses infecting mammalian cells.

Conclusions: We demonstrated that EFA could be applied to large-sized virome data, classifying the 

virome into six distinct viral groups based on unique sets of host bacteria that phages can infect. Among 

the Factors, Factors 1 and 5 were strongly associated with MS; phages in Factors 1 and 5 may regulate 

unique sets of bacteria, contributing to changes in gut bacteriome, or can be useful as a biomarker of MS. 

EFA can be used as a novel standard method for virome analyses.

Abstract

Introduction

Dendrogram of MS patients and controls based on the factor scores

Factor scores indicate the positive (■) or negative (■) association between the 

patients and factors.

Conclusions
⚫  PCA didn’t distinguish the virome between MS patients and controls.

⚫  Factor analysis could identify the latent factors that were associated 

with unique sets of bacteriophages.

• In IBD, factor analysis identified viral group 3, which contains 

Klebsiella phages in genus Drulisvirus, that might be associated 

with disease pathogenesis.

• In MS, bacteriophages in Factors 1 and 5 might contribute to the 

disease conditions of MS. 

• A dendrogram of factor scores may result in the identification of  

distinct subpopulations in IBD and MS.

Virome is dominantly composed of bacteriophages (phages)
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 Lactococcus phage CHPC781, complete genome

 Lactococcus phage LP9207, complete genome

 Stx2-converting phage Stx2a_WGPS2 proviral DNA, complete genome

 Lactococcus phage P1532, complete genome

 Lactococcus phage 936 group phage PhiB1127, complete genome

 Lactococcus phage jm3, complete genome

 Bovine herpesvirus 5 strain SV507/99, complete genome

 Rheinheimera phage vB_RspM_Barba5S, complete genome

 Lactococcus phage jj50, complete genome

 Bacteriophage phi1026b, complete genome

 Emiliania huxleyi virus 86, complete genome

 Escherichia phage Lambda_ev099 genome assembly, chromosome: 1

 Escherichia virus Lambda_2G7b genome assembly, chromosome: 1

 Akhmeta virus isolate Akhmeta_2013-88, complete genome

 Ateline herpesvirus 3 complete genome

 Escherichia phage 500465-1, complete genome

 Rhodoferax phage P26218, complete genome

 Flavobacterium phage 11b, complete genome

 Lactococcus phage 936 group phage PhiL.6, complete genome

 Lactococcus phage LP0903, complete genome

 Lactococcus phage phi145, complete genome

 Lactococcus phage 50902, complete genome

 Cercopithecine herpesvirus 2, complete genome

 Lactococcus phage LP9908, complete genome

 Lactococcus phage LP9903, complete genome

 Propionibacterium phage PHL071N05, complete genome

 Propionibacterium phage PHL116M00, complete genome

 Propionibacterium phage Stormborn, complete genome

 Rabbit fibroma virus, complete genome

 Enterobacteria phage O276, complete genome

 Ateline alphaherpesvirus 1 isolate Lennette, complete genome

 Flavobacterium phage vB_FspS_mumin9-1, complete genome

 Flavobacterium phage Fpv2, complete genome

 Flavobacterium phage Fpv1, complete genome

 Staphylococcus phage MSA6, complete genome

 Flavobacterium phage vB_FspS_tooticki6-1, complete genome

 Escherichia virus Lambda_2H10 genome assembly, chromosome: 1

 Flavobacterium phage Fpv20, complete genome

 Bacteriophage r1t integrase, repressor protein (rro), dUTPase, holin and lysin genes, complete cds

 Duck adenovirus 2 strain GR, complete genome

 Lactococcus phage MP1, complete genome

 Lactococcus phage 63301, complete genome

 Lactococcus phage P1045, complete genome

 Lactococcus phage BM13, complete genome

 Lactococcus phage 62503, complete genome

 Enterobacteria phage HK629, complete genome

 Enterobacteria phage VT2phi_272, complete sequence

 Enterobacteria phage If1, complete genome

 Human betaherpesvirus 6A, variant A DNA, complete virion genome, isolate U1102

 Enterobacteria phage HK630, complete genome

 Propionibacterium phage P100_A, complete genome

 Staphylococcus phage Twort, complete genome

 Lactococcus phage 98201, complete genome

 Bubaline alphaherpesvirus 1 strain b6, complete genome

 Oryctes rhinoceros virus, complete genome

 Lactococcus phage BK5-T, complete genome

 Streptococcus virus 9873, complete genome

 Lactococcus phage 50101, complete genome

 Lactococcus phage Tuc2009, complete genome

 Flavobacterium phage vB_FspS_filifjonk9-1, complete genome

 Eggerthella phage PMBT5, complete genome

 Lactococcus prophage bIL309, complete genome

 Lactococcus prophage bIL286, complete genome

 Staphylococcus phage IME-SA2, complete genome

 Cyprinid herpesvirus 1 strain NG-J1, complete genome

 Enterobacteria phage phi80, complete genome

 Lactococcus lactis phage BK5-T complete genome

 Enterobacteria phage IME10, complete genome

 Enterobacteria phage Sf6, complete genome

 Genome of phage G4 (coliphage)

 Enterobacteria phage HK620, complete genome

 Lactococcus phage phiLC3, complete genome

 Lactococcus phage ul36, complete genome

 Lactococcus phage 4268, complete genome

 Enterobacteria phage HK633, complete genome

 Baboon cytomegalovirus OCOM4-37, complete genome, *** SEQUENCING IN PROGRESS ***, 22 unordered pieces

 Flavobacterium phage Fpv3, complete genome

 Flavobacterium phage FpV4, complete genome

 Chrysochromulina ericina virus isolate CeV-01B, complete genome

 Mannheimia phage vB_MhM_3927AP2, complete genome

 Streptococcus virus 9872, complete genome

 Lactococcus phage TP901-1, complete genome

 Streptococcus virus 9871, complete genome

 Streptococcus virus 9874, complete genome

 Rhodobacter phage RcapNL, complete genome

 Escherichia phage Lambda_ev243 genome assembly, chromosome: 1

 Enterobacteria phage SfI, complete genome

 Campylobacter phage vB_CcoM-IBB_35 clone Contig3, complete sequence

 Glypta fumiferanae ichnovirus segment C4, complete sequence

 Proteus phage VB_PmiS-Isfahan, complete genome

 Staphylococcus phage P1105, complete genome

 Lactococcus prophage bIL285, complete genome

 Enterobacteria phage lambda, complete genome

 Enterobacteria phage P1, complete genome

 Bovine polyomavirus, complete genome

 Escherichia phage fd strain 478, complete genome

 Burkholderia phage KS10, complete genome

 Enterobacteria phage M13, complete genome

 Stx converting phage vB_EcoS_P27, complete genome

 Spodoptera littoralis NPV isolate AN1956, complete genome

 Enterobacteria phage alpha3, complete genome

 Diolcogaster facetosa bracovirus clone BAC 2A4, complete sequence

 Burkholderia phage phiE125, complete genome

 Choristoneura fumiferana granulovirus, complete genome

 Orpheovirus IHUMI-LCC2 genome assembly, complete genome: monopartite

 Enterobacteria phage St-1, complete genome

 Enterobacteria phage ID2 Moscow/ID/2001, complete genome

 Enterobacteria phage ID18, complete genome

 Vibrio phage henriette 12B8, complete genome

 Coliphage ID21, complete genome

 Coliphage ID62, complete genome

 Coliphage ID52, complete genome

 Ectromelia virus, complete genome

 Orthopoxvirus Abatino, complete genome

 Bacteriophage phiK complete genome

 Taterapox virus, complete genome

 Coliphage ID32, complete genome

 Coliphage WA45, complete genome

 Coliphage NC28, complete genome

 Coliphage NC29, complete genome

 Coliphage NC35, complete genome

 Variola virus, complete genome

 Enterobacteria phage WA13, complete genome

 Enterobacteria phage DE3, complete genome

 BeAn 58058 virus, complete genome

 Enterobacteria phage P7, complete genome

 Bathycoccus sp. RCC1105 virus BpV1, complete genome

 Escherichia phage phiX174, complete genome

 Squirrelpox virus Berlin_2015, complete genome
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We determined the virome in human lacrimal fluid and found that 

virome was mostly composed of phages shown in hatched bars.

Factor analysis of gut virome in inflammatory bowel 

disease (IBD)

• 119 viral species (total 831,496 reads) were identified.

• When a group composed of 3 or more people is defined as “Cluster,” a 

total of 12 samples of IBD and controls (HCs) were divided into three 

clusters and others. Five of six (83%) of samples in Cluster 2 were from 

IBD patients.   

• 1,525 viral species (total 36,698,054 reads) 

were identified.

Criteria RR-MS (n = 45) HCs (n = 51) P value

Age (mean ± SD) 41.8 ± 8.87 40.71 ± 14.69 P = 0.65

Age (<40 y: >40 y) 20 : 25 26 : 25 P = 0.54

Sex (Male:Female) 11 : 34 8 : 43 P = 0.31

Treatment (Yes:No) 35 : 10 0 : 51

Sample information
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Multiple sclerosis (MS) and microbiome

• Gut microbiota can activate systemic immune responses 

contributing to anti-microbial immunity.

• Uncontrolled excessive immune responses cause immune-

mediated tissue damage in remote organs.

    autoimmune diseases and/or MS

• Gut bacteriome modulation may suppress MS.

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

Gut microbiota

Activation of immune 

system

Infection 

immunity

Autoimmune diseases

Multiple sclerosis

Tissue damage
Elimination of microbes

Park A-M, Omura S et al., Clin Exp Neuroimmunol, 2017

● control

○ MS patients

ViromeBacteriome

● controls

○ MS model

Principal component analysis (PCA) of 

bacteriome and virome data

• PCA of gut bacteriome data from MS model clearly separated from 

control mice (Omura et al., 2020).

• PCA of gut virome data did not distinguish between the MS patients 

and healthy controls.

Methods
The virome data were obtained as follows:

• Virome analysis of 22 lacrimal fluid samples using MinION device

• Virome data extracted from shotgun metagenome data (PRJNA391511, 

Fernandes et al., J Pediatr Gastroenterol Nutr, 2019) from 12 IBD patients and 

12 healthy controls

• Virome data extracted from shotgun metagenome data (PRJNA1084182, 

Ghimire et al., Proc Natl Acad Sci USA, 2025) from 45 MS patients and 51 

healthy controls

Virome data analysis

 ⇒ Mapping to RefSeq viral reference genome and counting read fragments

 ⇒ Factor analysis

→ Determining factor number by scree plot

→ Exploratory factor analysis by an R package “Psych”

→ Grouping by factor loadings

→ Latent factor identification

Viral group  6

Lactococcus phages 

in the genus 

Ceduovirus

Viral group 1

Staphylococcus 

phages

Phages for 

commensal Gram-

negative bacteria

Viral group 3

Phages for 

commensal Gram-

negative bacteria

Lactococcus phages 

in the genera 

Skunavirus and 

Limdunavirus

Viral group 5

Staphylococcus 

phages

Factor 1 (320 species)

Factor 5 (67 species)

Factor 2 (137 species)

Factor 3 (369 species)

Factor 4 (113 species)

Factor 6 (50 species)

Aim

“To characterize the virome data of MS and other 

diseases by factor analysis”

Results
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(75 species)
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phages
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Stx2-converting 
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etc.)
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Genus 
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Gut virome data of 12 IBD 

patients and 12 controls

Determination of the 

number of latent factors

Factor analysis

 Viruses/phages, 

whose factor loadings 

were > 0.5, were clustered 

into three groups

Latent factor identification
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• When a group composed of six or more people is defined as “Cluster,” a 

total of 96 samples of MS and HCs were divided into 8 clusters and 

others. Several clusters included a high proportion of MS patients. 

• Clusters 4, 7, and 8 contained no MS patients

Gut virome data of 45 MS 

patients and 51 controls

Determination of the 

number of latent factors

Factor analysis

 Viruses / phages, 

whose factor loadings 

were > 0.5, were clustered 

into six groups

Latent factor 
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    Factor number = 6

Factor analysis

• Factor analysis has been used in the psychology field but not in 

biomedical field.

• Factor analysis can identify the latent factors/causes among the 

variables.

Dendrogram of IBD patients and controls based on the factor scores

Latent 

factor

Latent 

factor

Latent 

factor

Point of inflection

    Factor number = 3

Five latent factors were identified and 

associated with distinct set of glycolipids 
located in peripheral nervous system.

Glycoarray data of 55 glycolipid 

antibody titers from 100 GBS patients

Determination of the number of latent 

factors

Factor analysis of glycoarray data

Glycolipid antibodies, whose factor

loadings for factors were > 0.5, 

were clustered into five groups

Latent factor identification

Factor analysis

Ab group 4

GD1b complexes,  

GQ1b complexes , 

and LM1 comlexes
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GQ1b, and their 

comlexes

Ab group 5
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and its comlexes
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loading

PCA vs. factor analysis of glycoarray data from the 

patients with Guillain-Barre syndrome

• PCA of 55 anti-glycolipid antibody titer data from 100 

GBS patinets and 30 controls was conducted by an 

R program “prcomp.”

• PCA did not separate between GBS patients and 

controls.

55 glycolipids

Latent 

factor

Point of inflection

    Factor number = 5

Cluster 1

3/8 = 38%

Cluster 2

5/6 = 83%

Cluster 3

0/3 = 0%

Others

3/7 = 43%

■ IBD patients

• Factor scores of factors 1 and 5 were associated with MS patients 

negatively and positively, which may indicate disease suppression and 

promotion, respectively (MS vs. factor 1 or 5, P < 0.01, chi-square test).

• Factors 2 and 4 appeared to be commensal bacteria; Factors 3 and 6 

seemed to be food. 

• Factors 1 and 2 might suppress viral groups 3 and 6, respectively.

■ MS patients

Cluster 1

7/8 = 88%

Cluster 2

11/17 = 65%
Cluster 3

7/9 = 78%

Cluster 6

9/9 = 100%

Cluster 7

0/6 = 0%

Cluster 8

0/8 = 0%

Cluster 5

2/6 = 33%

Cluster 4

0/12 = 0%

• Factor analysis identified three latent factors that were associated with 

bacteriophages (phages)/viruses infecting distinct hosts.

• Factor 1 appeared to be the phages infecting the Family 

Enterobacteriaceae.

• Factor 2 seemed to be general viruses, including animal viruses. 

• Since Factor 3 was strongly associated with some IBD patients, bacteria 

in the genus Klebsiella, which has been linked to IBD etiologically 

(Federici et al., 2022), seemed pathogenic for some patients.

Multiple sclerosis (MS)

• MS is a chronic immune-mediated disease in 

the brain and spinal cord

• Distinct episode of neurologic attacks, 

separated in time, attributed to white matter 

lesions that are separated in space 

(“multiple”)

• Inflammation in the brain or spinal cord
Gliosis (firm scars, “sclerosis”)

• Anti-CNS autoimmune responses and/or 

virus infections are proposed to damage 

the nerve fibers, leading to neurological 

deficits, including motor paralysis
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Park A-M, Omura S et al., 

Clin Exp Neuroimmunol, 2017
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Sato et al., Neuroinflammation, 2018
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• MS patients show various clinical courses, including relapsing-

remitting (RR) MS and secondary progressive (SP) MS
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