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The intestinal mycobiome 
 Fungi represent a relative small amount of the whole 

intestinal microbiota, accounting for about 0.1% of the 
total load of microorganisms  

 The majority of fungi colonizing the intestinal tract 
include the Candida (i.e. C. albicans) and 
Saccharomyces genus (i.e. S. cerevisiae) 

 Studies support the occurrence of a competitive 
relationship between fungi and bacteria in the gut 

 The composition of the intestinal mycobiome can be 
influenced by different factors, such as diet, age, sex 
and genetic factors, and it is much less stable over the 
time compared to the bacterial population 

Sartor and Wu, Gastroenterology 2017, 152:327-39 
Hallen-Adams and Mallory, Virulence 2017, 8:352-8 



Research on gut mycobiome is only at the beginning 

Forbes et al., Frontiers Microbiol 2019, in press 

BACTERIA            vs              FUNGI 



INTESTINAL MYCOBIOME IN IBDs 



Role of gut mycobiome in the pathophysiology of IBDs 

McKenzie et al., Gut 1990, 31:536-8  

 Circulating antibodies directed 

against specific constituents of 

the fungal cell wall (anti-S. 

Cerevisiae antibodies, ASCA) 

are increased in patients with 

Crohn’s disease (50-60% CD vs 

8-20% healthy subjects) 
 

These findings suggest the 

occurrence of an inappropriate 

immune response against 

fungal antigens colonizing the 

human gut 



Signal transduction pathways activated by the immune response towards fungal 
antigens: genetic polymorphisms associated to IBDs 

Richard et al., Inflamm Bowel Dis 2015, 21:656-65   



Intestinal fungal dysbiosis is frequently observed in IBDs 

Li et al., J Clin Gastroenterol 2014, 48:513–523 
Sokol et al., Gut 2017, 66:1039–1048 
Liguori et al., Crohns Colitis 2015, 10:296–305 
Hoarau et al., Mbio 2016, 7:e01250–e01216 

C. albicans 

Normal INFLAMMATION 

S. cerevisiae 



Opposite actions of C. albicans and S. boulardii in the 
pathophysiology of IBDs 

Richard et al., Inflamm Bowel Dis 2015, 21:656-65   



INTESTINAL MYCOBIOME IN IBS 



The pathophysiology of IBS 
 
 

Enck et al., Nat Rev Dis Primers 2016, 2:16014  

Although the etiology of 
IBS is not completely 
understood, several 
factors are likely to be 
involved, including: 
 
1) Changes in the 

composition of 
intestinal microbiota 

2) Alterations of intestinal 
epithelial permeability 



IBS and visceral pain: the model of visceral hypersensitivity in 
maternal separated rats 

 
• IBS is characterized by a strong 

stress-related component, which is 
likely to account for the development 
of visceral hypersensitivity  

• Rats subjected to post natal maternal 
separation develop visceral 
hypersensitivity similar to that 
observed in IBS patients, which 
becomes evident when subjected to 
water avoidance (WA) stress 

• In addition, these animals display 
changes in the gut microbiota 
composition and enhanced 
permeability of intestinal epithelium  

O’Mahony et al., Psychopharmacology 2011, 214:71-88 



IBS patients display alterations of the intestinal mycobiome 
composition, as compared with healthy subjects 

Botschuijver S, Fornai M et al., Gastroenterology 2017, 153:1026-39 

Shannon index: combines richness 
(number) and evenness (relative 
abundance) of species. 



Visceral hypersensitivity is counteracted by antifungal treatment 
and can be transferred through fecal transplantation 

 

• Group 1: animals receiving fecal material from antifungal-treated maternal separated rats 
• Group 2: animals receiving fecal material from non-treated maternal separated rats 
• Group 3: control 

Botschuijver S, Fornai M et al., Gastroenterology 2017, 153:1026-39 

WA: Water Avoidance test (induces visceral hypersensitivity in maternal separated rats) 



Fungal antigens trigger the release of histamine from mesenteric 
mast cells in ex vivo experiments 

 
Specific staining for degranulating mast cells (texas red) 

Vehicle Beta-glucan 

The fungal antigen beta-glucan stimulates the degranulation of peritoneal 
mast cells in rat 

Rat mesenteric windows 

Botschuijver S, Fornai M et al., Gastroenterology 2017, 153:1026-39 



Fungal antigens trigger the release of histamine from HMC-1 cultured 
human mast cell line 

 

D: a subpopulation of HMC-1 cells express the beta-glucan fungal receptor dectin-1 

E: the incubation with C. albicans stimulates the histamine release from HMC-1 cells 
(C48/80: positive control) 

Botschuijver S, Fornai M et al., Gastroenterology 2017, 153:1026-39 



Role of mycobiome in visceral hypersensitivity associated with IBS 
 
 • Phase 1: the 

corticotrophin releasing 
factor (CRF), released in 
response to stress, 
activates mast cells and 
triggers an increase in 
mucosal permeability 

• Phase 2: fungi penetrate 
through the epithelium 
and activate mast cells 
through dectin-1/Syk 
pathway to release 
histamine, which in turn 
stimulates afferent 
sensory fibers 

Botschuijver S, Fornai M et al., Gastroenterology 2017, 153:1026-39 



CONCLUSIONS 

 The research on the role of fungal microbiota in the 
pathophysiology of digestive diseases is still at the 
beginning 

 However, pre-clinical and clinical evidence suggest 
an involvement of gut mycobiome in the 
pathogenesis of IBDs, as well as in visceral pain 
associated with IBS 

 Further research could allow to establish putative 
therapeutic strategies targeting gut mycobiome for 
the prevention and treatment of such diseases (i.e. 
fungal probiotics, such as S. boulardii) 
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