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Gut microbiota, health and disease

• “All disease begins in the gut” (Hippocrates, 
460-370 BC)

• “A lot of diseases begins in the gut” (Dennis 
S. Nielsen, 1977-?)

• In his 1910 book “The prolongation of life. 
Optimistic studies”  Metchnikoff suggested 
that aging is related to the influence of “bad” 
bacteria in the gut

• And that ingestion of lactic acid bacteria 
could alleviate this effect

• The “invention” of                                
the concept of                               
probiotic bacteria 
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What do we know today

• We know that the gut is densely populated! 

• We also know that a (very) long list of diseases are connected 
(correlation, sometimes also causal link) to gut microbiome 
(GM) dysbiosis/imbalance

• Obesity, type 2 diabetes, asthma, eczema, type 1 
diabetes, metabolic syndrome, inflammatory bowel 
disease, colon cancer, cardiovascular disease, autism, 
liver disease, behaviour/depression etc. etc. 
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Gut microbiota and obesity

• The fuzz about GM started with some obese mice 16 years ago

• Then it was shown that the obese GM has an increased capacity 
for energy harvest

• And that the obese phenotype is transferable with the GM
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My gut microbiome got virus-infected…

• There is more to the gut microbiota than ”just” 
bacteria

• Parasites, fungi, archea…

• And viruses!
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My gut microbiome got virus-infected…
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My gut microbiome got virus-infected…

• There is more to the gut microbiota than ”just” 
bacteria

• Parasites, fungi, archea…

• And viruses!

• In short (bacterio)phages are viruses attacking 
bacteria

• Phages are probably the most ”numerous” 
biological entity on Earth

• Estimate: 1031 phages on the planet

• Rather under-studied in the gut

• Ratio prokaryotes:phages ≈ 1:1 in the 
adult gut

• (Most likely) they play important roles in:

• Shaping/maintaining the gut microbiota

• Gut microbiota dysbiosis leading to 
certain disases
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Phages and phage life cycles
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Phages attack specific bacteria
Can we use phages for GM modulation?
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Phages for hitting specific GM members

• Can we use phages for knocking out/reducing 
specific GM members?

• Yes

• And no…

• To “correct” dysbiosis one would have to hit 
many obligate anaerobes

• Hard to cultivate the hosts (low throughput)

• And even harder to plaque/isolate relevant 
phages
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Faecal transplant has become pretty hot shit…

• Now standard treatment for recurrent Clostridium difficile 
infections in Denmark and numerous other countries

• If antibiotics does not work FMT has a success rate of 
≈90-95%
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Faecal transplant – without bacteria

The positive of faecal transplant on C. difficile can also 
be achieved without bacteria

• Fecal filtrate (0.45 μm filter)

• Contains bacteriophages + metabolites etc.

• Proof of principle study. 5/5 cured. 
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Saving mice from obesity and type 2 diabetes 
(T2D) by fecal virome transfer (FVT)
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Obese
mouse

Lean
mouse

Alter GM with 
FVT from 

lean donor
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Choice of donor?

• Mice from 3 different vendors

• 13 weeks of high fat or low fat (normal chow) diet

• Large vendor differences – also                           
after 13 weeks on HF/LF diet
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Effect of FVT on DIO mice 6 weeks post treatment

• FVT treated high fat fed mice gained ≈15% less 
weight than sham-treated high fat fed mice

• And their blood sugar metabolism is normalised

• Gut bacterial and gut virome composition, blood 
metabolome, liver gene expression etc. changed with 
HF+FVT mice becoming ≈ LF (control) mice
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At 6 weeks post-treatment:
HF-FVT vs. LF: 
adj. p-value = 0.9648
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One example: Altered gene expression after FVT

• qPCR-based in house gene expression array focussing 
on obesity, metabolic syndrome and T2D

• Liver and ileum
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HF+FVT
HF

Free fatty acid receptor (Ffar2): 
Ffar2 → leptin production

Ffar2 → GLP-1 → glucose homeostasis →
GLP-1 enhance insulin production

Ffar2 → regulate whole-body homeostasis →
adipogenesis + lipid storage

Ffar2 → reacts on SCFA levels (metabolome+ 
levels of SCFA producers)



Tekst starter uden 

dato og ”Enhedens 

Preterm birth (week 26-30ish) and gastrointestinal 
tract challenges

• Immature GI tract, immature organs

• Often limited access to mothers milk

• Extensive use of antibiotics etc.

• ≈5% of VLBW infants develop NEC
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Fecal microbiota transplant to preterms

• Faecal microbiota transplant (FMT) has proven very 
efficient for treating Clostridium difficile associated 
diarrhoea in adults

• Here we tested the efficacy of FMT to prevent NEC in 
preterm piglets
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But what about FVT?

• Fecal filtrate (Deng et al., 2019) of colon content 
from healthy, term piglet – compared to FMT 
(same donor) and Control (no treatment)

• Lowered NEC incidence

• Lowered pathological severity

• Improved intestinal permeability
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And what about the challenges?

• FVT virome transplant is indeed a promising tool 

• And (likely) safer than FMT as bacterial 
pathogens are removed

• Much reduced risk of sepsis in very 
vulnerable host (preterm infants, cancer 
etc.)

• But there are also challenges
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Eukaryotic viruses

• Not only dsDNA but also ssDNA and RNA viruses
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Early life gut microbiota/virome establishment

• The eukaryotic virome is simple at birth and increases
in complexity from there

• Environmental exposure
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Many viruses of unknown function. Implications for 
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Detected in 32 out of 
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Phages and the immune system

Not only specific bacteria are recognised by phages

• Toll like receptor (TLR) 
3 and 9 recognise 
phages/phage DNA

• => IFNγ production

• Prophage induction?

• => (Unwanted) GM 
community shulfing/
changes?
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To sum up

• Gut microbiome dysbiosis is associated with 
numerous diseases

• Fecal virome transfer is (at least in the 3 cases 
investigated here) able to reverse a “negative” 
phenotype

• E.g. by reducing weight gain and normalising blood 
glucose metabolism 

• Lowering NEC

• And curing C. difficile infections

• But some (many) questions remain:

• By doing FVT, we do not run the risk of transferring 
pathogenic bacteria 

• But what about the eukaryotic viruses (we carry a 
lot – and for most we do not know what they do…)

• (Unintended) immune system stimulation
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