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FMT – not so new after all
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Earliest written report of FMT:
Ge Hong (283-343 C.E.), China

• Used oral FMT for food poisoning 
and severe diarrhea with success



FMT in mice

Illustrations © R. Lundberg 2015
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• Effect of microbiome has been studied in germ-free mice since the late
1950’s

• Was mostly monoassociations, simplistic defined consortia, 
conventionalization (typically by co-housing with conventional mice) 



• Study host-microbiome interactions

• Phenotype transfer - prove
causative role of microbiome

• Generate mouse cohorts with a 
relevant microbiome (e.g. human) 
for drug testing

• Generate mice with disease-prone
microbiota for induction or 
acceleration of the model 

FMT in mice - applications
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http://www.procedureswithcare.org.uk/oral-gavage-in-the-mouse/

Oral gavage with fecal slurry



FMT in mice - procedures
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• Topical origin of transplant

• Fresh vs. frozen transplant

• Cryopreservation or not

• Anaerobic handling

• Administration (route, single vs. repeated dose)

• Recipient (health status, age)

• Housing and husbandry
May all affect FMT 
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Recipient
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Antibiotic-treated

Ampicillin 1 g/L DW
Vancomycin 0.5 g/L DW
Neomycin 1 g/L DW
Metronidazole 1 g/L DW

Germ-free



The case of antibiotics

• Complete germ-free state not obtained (even after up to 3-4 weeks on 
antibiotics)

• Individual variation in surviving species, thus variation in baseline 
immunology

• Observed effect may happen through other pathways than the microbiota
• Usually mainly targets bacteria
• Not targeting microbiome outside the gut
• Risk of favoring bacteria with antibiotic resistance genes
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The case of antibiotics

FMT success inconsistent with antibiotics 
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Front. Microbiol. Feb 2017



The case of antibiotics

FMT success inconsistent with antibiotics
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High richness donors
Low richness recipients 

Low richness donors
High richness recipients 

Pre-FMT

Pre-FMT 

Donors Donors 

Post-FMT ~ Pre-FMT Post-FMT = Donors 

Front. Microbiol. Feb 2017
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Gut, Nov 2015

Direct effect of antibiotics on host tissue
• Ampicillin/neomycin/vancomycin/metronidazole-cocktail
• Performed gene expression microarrays
• Detected toxic effect in antibiotic-treated germ-free mice

– Suppression of mitochondrial function
– Suppression of gene expression related to ribosomes
– Death of intestinal epithelium

The case of antibiotics



The case of antibiotics
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47 page table with information on
• Genes affected by the antibiotic cocktail
• Why they change (microbiota effect, direct effect, effect of surviving species)
• In which tissue the changes occur

Gut, Nov 2015



The case of antibiotics
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Gut Microbes, Jan 2016



Does age affect FMT?
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• FMT performed in 1 week (red balls) and 
3 week (yellow balls) old mice

• Closest microbiota resemblance to donor
(blue balls) when FMT done at 3 weeks

PLOS ONE, Mar 2012



Does age affect FMT?
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• FMT performed in 1 week (red balls) and 
3 week (yellow balls) old mice

• Closest microbiota resemblance to donor
(blue balls) when FMT done at 3 weeks

• FMT at 3 weeks→ proinflammatory
phenotype later in life (9 weeks of age)

PLOS ONE, Mar 2012



Does age affect FMT?
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Lundberg et al. 2017 Unpublished data

• No difference in immunological phenotype at 18 weeks of age 
between colonized mice and their offspring born with the 
microbiota

Ileum

Colon



Inoculation effect
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Lundberg et al. 2017 Unpublished data



Inoculation effect
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Lundberg et al. 2017 Unpublished data



Housing
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Isolator Housing
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http://hooperlab.org/gnotobiotics/index.htmlhttp://www.cbclean.com/isolator_starter_system.html
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• ISOCAGE P: Airtight cages with 
high positive pressure

• Weekly cage changes: Surgical 
approach 

• Germ-free for at least 12 weeks

IVCs for gnotobiotic mice

Gut Microbes, July/Aug 2015
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IVCs for gnotobiotic mice

Gut Microbes, July/Aug 2015

• ISOCAGE P: Airtight cages with 
high positive pressure

• Weekly cage changes: Surgical 
approach 

• Germ-free for at least 12 weeks



Does housing affect FMT?
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Sci Rep, Feb 2017

• Weekly cage changes in biosafety cabinet
• Breeding two offspring generations
• 5 months timeline



Does housing affect FMT?
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No difference in colonization efficiency 
between IVCs and isolator

Lowest resemblance 
with donor 1 week 
post-colonization and 
in offspring 
generations around 
weaning

Sci Rep, Feb 2017



Does housing affect FMT?
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No difference in colonization efficiency 
between IVCs and isolator

Highest resemblance 
with donor in audlt
offspring

Sci Rep, Feb 2017
Sci Rep, Feb 2017



Does housing affect FMT?
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IVC microbiota was not more diverse

Sci Rep, Feb 2017



Husbandry - water
Water treatment
• Chlorine and acid changes the gut 

microbiota
• Acidification (HCl) reported to 

increase and dicrease incidence of 
Type 1 diabetes in NOD mice –
possibly explained by different
baseline microbiotas

• Chlorination reported to affect
topical formation of colonic
tumours – possibly through
changes in gut microbiota
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J Histochem Cytochem, 2014

Diabetes, Feb 2014

PLOS ONE, July 2015



Husbandry - diet
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Diet
• Natural source vs. purified
• Composition (animal vs. vegetable sources, nutrient proportions)
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Diet
• Natural source vs. purified
• Composition (animal vs. vegetable sources, nutrient proportions)



Husbandry - diet
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Diet
• Natural source vs. purified
• Composition (animal vs. vegetable sources, nutrient proportions)

+ Fish meal

Free of fish/meat/animal fat

Free of fish/meat/animal fat

+ Fish/meat/animal fat 

+ Fish meal & porcine fat



Can diet improve FMT?
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Diet
• Natural source vs. purified
• Composition (animal vs. vegetable sources, nutrient proportions)

Chow
Standard rodent diet, 

grain-based, low fat, high 
carb

Human profile
Customized rodent diet, 
grain-based, medium fat, 

medium carb

Animal source
Customized rodent diet, 
animal and grain-based, 

low fat, high carb

Moreno-Indias, Lundberg et al. 2017 Unpublished data



Can diet improve FMT?
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Grain-based diet w/ medium fat 
improved human-mouse FMT

Animal source-diet w/ low fat 
improved mouse-mouse FMT

P generation

F1 generation

Moreno-Indias, Lundberg et al. 2017 Unpublished data



Husbandry - miscellaneous
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• Bedding type
• Enrichment items (nesting material, gnawing sticks, shelters etc.) 
• Cage density
• Temperature and air draft
• Noise
• Timing (latest meal?)
• Caretakers
• …

If a variable can affect the microbiome→ possible effect on FMT 

If a variable can affect stress level→ possible effect on FMT 



FMT in mice – procedures 
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• Topical origin of transplant

• Fresh vs. frozen transplant

• Cryopreservation or not

• Anaerobic handling

• Administration (route, single vs. repeated dose)

• Recipient (health status, age)

• Housing and husbandry
May all affect FMT 



Planning FMT in mice
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White paper
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