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Viral host explains much of viral CRC 
association

Discover bioBakery software and tutorials via:
http://huttenhower.sph.harvard.edu/biobakery

Colorectal cancer (CRC) is the third most common cancer world-
wide and has been strongly linked to alterations in the gut micro-
biome. While bacterial components of the CRC microbiome have 
been extensively characterized, the human gut virome — com-
prising diverse viruses including bacteriophages that shape mi-
crobial community dynamics and influence host health — remains 
comparatively underexplored, particularly with respect to interac-
tions with gut bacteria and progression along the adenoma–carci-
noma sequence. Here, we systematically profiled the gut virome 
using BAQLaVA across eighteen publicly available gut metage-
nomic studies from around the world (n = 3,740), including 
healthy, adenoma, and CRC samples. We subsequently charac-
terized global virome compositional changes across disease 
states, identified CRC-associated viral biomarkers, examined vi-
rus–host associations, and evaluated the predictive capacity of 
the gut virome for CRC classification.

Several VGBs, including known viruses like Lambdavirus lambda and the 
classic crAssphage Carjivirus communis were found in all cohorts of our 
database. PERMANOVA analysis reveals that the distinction between CRC 
and Control samples exerts significant influence on the dataset variance.

Gut virome can predict CRC status
We checked viral-feature random forest performance for CRC versus control 
using pairwise cross-cohort prediction (each cell: model trained in the row 
cohort, tested in the column cohort) and leave-one-dataset-out (LODO) testing.

Meta-analytic viral biomarkers of CRC & EOCRC

We tested whether viral traits co-vary with CRC associations. Strong hits 
include tail fiber proteins and a DNA adenine methyltransferase, which are 
associated with host-sensing and defense, suggesting that CRC-associated 
changes in the gut virome are enriched for genes involved in recognizing or 
persisting with bacterial hosts.

Adjusting for host effect explains CRC 
association for most, but not all VGBs
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Overview of the dataset
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We see heterogeneous transferability: many cohort pairs achieve 
moderate-to-high AUC when training and testing contexts align, but a subset of 
off-diagonal cells fall toward chance-level performance, indicating that viral 
signal for CRC is not uniformly portable across studies and that cohort-specific 
biology/batch effects likely contribute to the weakest cells in the matrix.
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COLOBIOME

FengQ_2015

GuptaA_2019

IIGM_TU

LiuNN_2022

ONCOBIOME_IIGM_CZ

ONCOBIOME_IIGM_IT

ObonSantacanaM_2022

PRESCIENT

ThomasAM_2018b

VogtmannE_2016

WirbelJ_2018

YachidaS_2019

YangJ_2020

YangY_2021

YuJ_2015

ZellerG_2014

Differentially abundant viral biomarkers associated with CRC and EOCRC 
were identified using the MMUPHin meta-analysis framework integrated with 
MaAsLin3, enabling study-specific modeling followed by pooled meta-analytic 
effect estimation across cohorts. We found several biomarkers for CRC and 
EOCRC. 

Abundance (cohort, open) Abundance (meta, filled)
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Persistent after host adjustment Host−mediated / host−explained

We linked VGBs to their predicted bacterial hosts and fit mixed models with 
and without host abundance to test how much CRC–virus signal tracks the 
host. Host adjustment explained CRC association significance for a majority 
of VGBs (48/67, including CRC biomarker VGBs), yet several VGBs also 
showed CRC associations that persisted after adjustment.

0.70 0.58 0.32 0.60 0.54 0.49 0.69 0.65 0.53 0.55 0.53 0.52 0.61 0.57 0.58

0.66 0.94 0.48 0.57 0.55 0.62 0.66 0.65 0.49 0.66 0.52 0.64 0.59 0.54 0.62

0.45 0.39 0.76 0.59 0.55 0.57 0.50 0.38 0.62 0.55 0.52 0.67 0.58 0.63 0.57

0.67 0.57 0.78 0.87 0.56 0.46 0.70 0.53 0.60 0.69 0.52 0.68 0.64 0.70 0.69

0.57 0.50 0.66 0.59 0.72 0.49 0.60 0.59 0.54 0.51 0.54 0.59 0.60 0.56 0.65

0.57 0.62 0.69 0.54 0.53 0.67 0.64 0.58 0.57 0.68 0.54 0.60 0.63 0.71 0.66

0.65 0.74 0.45 0.70 0.61 0.50 0.65 0.72 0.54 0.65 0.53 0.57 0.62 0.58 0.70

0.60 0.73 0.36 0.55 0.60 0.46 0.64 0.71 0.48 0.61 0.54 0.57 0.56 0.57 0.57

0.57 0.74 0.73 0.65 0.57 0.65 0.58 0.58 0.66 0.64 0.49 0.57 0.59 0.57 0.65

0.56 0.70 0.61 0.56 0.50 0.59 0.60 0.63 0.51 0.77 0.56 0.66 0.69 0.73 0.65

0.61 0.60 0.68 0.61 0.62 0.50 0.58 0.65 0.48 0.71 0.56 0.63 0.63 0.73 0.71

0.60 0.74 0.68 0.65 0.59 0.59 0.65 0.61 0.55 0.68 0.51 0.77 0.70 0.77 0.68

0.66 0.70 0.57 0.60 0.58 0.62 0.58 0.70 0.56 0.76 0.54 0.74 0.85 0.71 0.64

0.59 0.67 0.69 0.64 0.60 0.64 0.60 0.56 0.58 0.70 0.56 0.74 0.68 0.70 0.73

0.59 0.68 0.69 0.71 0.63 0.53 0.71 0.69 0.59 0.69 0.56 0.74 0.66 0.76 0.75

0.57

0.61

0.56

0.64

0.58

0.62

0.61

0.57

0.62

0.62

0.62

0.65

0.65

0.65

0.67

0.60 0.66 0.61 0.63 0.58 0.56 0.63 0.62 0.55 0.66 0.53 0.65 0.64 0.66 0.66 0.62

0.67 0.79 0.74 0.67 0.62 0.64 0.62 0.75 0.61 0.72 0.58 0.74 0.71 0.74 0.71 0.69

Testing

Tr
ai

ni
ng

FengQ_2015

GuptaA_2019

IIGM_TU

LiuNN_2022

ONCOBIOME_IIGM_CZ

ONCOBIOME_IIGM_IT

ObonSantacanaM_2022

ThomasAM_2018b

VogtmannE_2016

WirbelJ_2018

YachidaS_2019

YangJ_2020

YangY_2021

YuJ_2015

ZellerG_2014

Average

LODO

Fen
gQ

_2
01

5

Gup
taA

_2
01

9

IIG
M_T

U

Liu
NN_2

02
2

ONCOBIOME_II
GM_C

Z

ONCOBIOME_II
GM_IT

Obo
nS

an
tac

an
aM

_2
02

2

Tho
masA

M_2
01

8b

Vog
tm

an
nE

_2
01

6

Wirb
elJ

_2
01

8

Ya
chi

da
S_2

01
9

Ya
ng

J_2
02

0

Ya
ng

Y_2
02

1

Yu
J_2

01
5

Zelle
rG

_2
01

4

Ave
rag

e

N samples

AUC

0.1

0.3

0.5

0.7

0.9

N samples

100
200
300
400
500
600

Coefficient (CRC vs control)

AbVGB_2613__unknown

−1 0 1

Coefficient (EOCRC vs control)

Ab

Ab

Ab

Ab

Ab

Ab

Ab

Pr

Pr

Pr

Pr
Pr

Pr

Pr

Pr

Pr

Pr

Pr

Pr

Pr

Pr

VGB_36521__unknown

VGB_84755__unknown

VGB_30834__unknown

VGB_82993__unknown

VGB_99620__Caudoviricetes(Class)

VGB_67942__unknown

VGB_112803__unknown

VGB_115263__unknown

VGB_16055__Toutatisvirus_toutatis

VGB_113129__unknown

VGB_31782__unknown

VGB_12357__unknown

VGB_4011__Caudoviricetes(Class)

VGB_11418__Caudoviricetes(Class)

VGB_19572__unknown

VGB_34046__unknown

VGB_45199__unknown

VGB_41447__unknown

VGB_72643__Caudoviricetes(Class)

VGB_49250__unknown

VGB_1088__unknown

0 2 4

GuptaA_2019
ONCOBIOME_IIGM_CZ
VogtmannE_2016
YuJ_2015

FengQ_2015
ObonSantacanaM_2022
ThomasAM_2018b
YangJ_2020

IIGM_TU
ONCOBIOME_IIGM_IT
WirbelJ_2018
ZellerG_2014
LiuNN_2022
PRESCIENT
YachidaS_2019


