Meta-analysis of microbiome studies to identify disease-specific and shared responses
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Many studies report associations between the human gut microbiome and disease.
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However, results from individual studies can be inconsistent and are difficult to compare because of a lack of standard methods.

We reprocessed 28 case-control studies from 10 diseases with standard methods, compared results across studies, and developed a method
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to correct for batch effects. Data is available in MicrobiomeHD database on Zenodo.org.

Consistent direction and extent of microbiome shifts can inform

treatment strategies

Diarrhea comes with a
broad community re-

structuring. Fecal
transplants restore
community.

Percentile-normalization corrects for batch effects

Schubert Schubert Vincent Youngster
(CDI) (nonCDI) (CDI) (CDI)
154 154 25 4
93 89 25 19

Colorectal cancer is characterized
by enrichment of disease-

associated

antibiotics or develop diagnostic?
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Inflammatory bowel disease is
characterized by depletion of
health-associated bacteria: treat
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Many bacteria are non-specifically associated with health and
disease, suggesting shared response to disease

Methanobrevibacter
Subdivision5_genera_incertae_sedis
Saccharibacteria_genera_incertae_sedis
Porphyromonas
Dysgonomonas
Parabacteroides
Barnesiella
Bacteroides
Anaerorhabdus
Alistipes
Xylanibacter
Alloprevotella
Paraprevotella
Prevotella

Hallella
Butyricimonas
Odoribacter
Sediminibacterium
Campylobacter
Desulfovibrio
Desulfomicrobium
Acinetobacter
Pseudomonas
Yersinia

Serratia

Proteus
Xenorhabdus
Dickeya
Escherichia/Shigella
Raoultella
Citrobacter
Klebsiella
Kluyvera
Cronobacter
Buttiauxella
Salmonella
Enterobacter
Pantoea
Aeromonas
Haemophilus
Aggregatibacter
Eikenella
Neisseria
Parasutterella
Sutterella
Oxalobacter
Roseateles
Comamonas
Bordetella
Phenylobacterium
Pyramidobacter
Cloacibacillus
Asteroleplasma
Arthrobacter
Bifidobacterium
Mobiluncus
Varibaculum
Actinomyces
Corynebacterium
Collinsella
Atopobium
Olsenella
Enterorhabdus

More abundant More abundant

in controls .:‘ . in cases

g<005 gq=1 q<0.05

Non-specific bacteria Health Disease
2 1

Bacteroidetes
Firmicutes
Clostridia
Bacilli
Other
Proteobacteria
Fusobacteria
Other

HIV studies are confounded
with behavior.

bacteria: treat with Lachnospiraceae and

Ruminococcaceae are known
short-chain fatty acid
producers.

N

Lactobacillales are upper-gut
bacteria which may indicate
shorter stool transit times.
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Gordonibacter
Adlercreutzia
Slackia
Eggerthella
Clostridium_XI
Peptostreptococcus
Defluviitalea
Anaerovorax
Mogibacterium
Clostridium_IV
Clostridium_III
Anaerotruncus
Papillibacter
Ethanoligenens
Subdoligranulum
Fastidiosipila
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Gemmiger
Acetivibrio
Anaerofilum
Ruminococcus
Sporobacter
Acetanaerobacterium
Faecalibacterium
Pseudoflavonifractor
Howardella
Flavonifractor
Oscillibacter
Anaerofustis
Eubacterium
Ruminococcus2
Lachnospiracea_incertae_sedis
Clostridium_XIVb

Obesity has few clear biomarkers or
patterns of disease-associated shifts.
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Traditional batch correction methods
are not suitable for microbiome data.

NMDS axis 2
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relative abundances

ComBat-corrected
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Combining raw data across studies
leads to spurious hits.

g
< 600
(0] —_
© n=40 n=40 n=40 )
= o
Il
A control ‘ v
o) Z
2 — 400
N n=40 n=40 n=40 >
'_
o
€
— @
ks g
E) case <
° @ 200
© n=40 n=40 n=40 G
= [9)
bad Q
A control . . ‘ E
[0 c
% = = =40
= n=40 n=40 n= 0
0.0 0.5 1.0

fraction of control samples from another study

Duvallet et al.,

Nature Communications (2017); Gibbons et al.,

Zeller > titrate Baxter

Baxter > titrate Zeller

e non-normalized
percentile

= ® combat

== 1 limma

0.00 0.25 0.50 0.75

1.00 0.00

0.25 0.50 0.75 1.00

fraction of control samples from another study

Selenomonas
Erysipelotrichaceae_incertae_sedis
Clostridium_XVIII
Coprobacillus
Catenibacterium
Turicibacter
Holdemania
Gallicola
Finegoldia
Anaerococcus
Murdochiella
Peptoniphilus
Parvimonas
Akkermansia
Coraliomargarita
Oligosphaera
Victivallis
Cetobacterium
Fusobacterium

Combining data increases power and reduces false positives

Percentile normalization increases
power over other methods.

Pooling data after percentile normalization reduces false
positives and increases true positives.

Percentile normalization: OTU abundances
In case samples are converted to
percentiles of the equivalent OTU in control
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