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A dysbiotic microbial community
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Dysbiosis typically features one or more of the following non-mutually exclusive 
characteristics.

1. Bloom of pathobionts. 
• Members of the commensal microbiota that have the potential 

to cause pathology.
• Such bacteria are typically present at low relative abundances 

but proliferate when aberrations occur in the intestinal 
ecosystem. 

• A prototypical example of such population expansion is the 
outgrowth of the bacterial family Enterobacteriaceae, which is 
frequently observed in enteric infection and inflammation. 

• This bloom of Enterobacteriaceae is consistently observed in 
both patients with IBD and mouse models of IBD, which 
suggests that conserved and robust mechanisms underlie this 
phenomenon. However, the bloom of Enterobacteriaceae may 
represent a consequence rather than a cause of the 
inflammation-induced remodelling of the intestinal ecosystem.

Chow & Mazmanian (2010)., Cell Host Microbe, 7, pages 265–276.
Stecher, Maier. & Hardt. (2013)., Nat. Rev. Microbiol. 11, pages 277–284.

Frank et al. (2007)., Proc. Natl Acad. Sci. USA, 104, pages 13780–13785.; Garrett et al. (2007)., Cell, 131, pages 33–45. 
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2. Loss of commensals. 
• Dysbiosis frequently features the reduction or 

complete loss of normally residing members 
of the microbiota, which can be the 
consequence of microbial killing or diminished 
bacterial proliferation. 

• Such a loss of commensals can be functionally 
important, and restoration of the abolished 
bacteria or their metabolites has the potential 
to reverse dysbiosis-associated phenotypes. 

• Replenishment of diminished commensal 
bacteria has also proved effective against 
enteric infection, as in the case of Clostridium 
difficile-induced inflammation, which was 
ameliorated by colonization with Clostridium 
scindens. 

Korem et al. (2015)., Science, 349, pages 1101–1106.
Buffington et al. (2016)., Cell, 165, pages 1762–1775.

Hsiao et al. (2013)., Cell, 155, pages 1451–1463.
Buffie, et al. (2015)., Nature, 517, pages 205–208. 
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3. Loss of diversity. 
• A recurrent characteristic of disease-

associated dysbiosis is a reduction in 
alpha diversity. 

• The richness of the intestinal 
microbiota increases during the first 
years of life, can be influenced by 
dietary patterns and is associated 
with metabolic health.

• Low bacterial diversity has been 
documented in the context of 
dysbiosis induced by abnormal 
dietary composition, IBD, AIDS and 
type 1 diabetes (T1D), among many 
other conditions.

Cotillard et al. (2013). Nature, 500, pages 585–588.
Le Chatelier et al. (2013). Nature, 500, pages 541–546. 

Mosca, Leclerc, & Hugot. (2016)., Front. Microbiol. 7, 455.

GIT microbiota and inflammation



Nagao-Kitamoto et al. (2016) Intest Res. 14: 127–138
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Irritable bowel disease: confirmed using mouse models

It is believed that the intestinal microbiota plays a key role in driving inflammatory 
responses during disease development and progression (Abraham and Cho, 2009; Gevers
et al., 2014; Knights et al., 2013). 
This is clearly illustrated in mouse models of IBD, where the effects of the composition of 
the intestinal microbiota on disease have been examined in detail (Saleh and Elson, 2011). 

For example:
Palm and colleagues (2014) isolated IBD-associated gut microbiota culture collections

Palm et al. (2014) Cell 158: 1000-1010
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Irritable bowel disease: confirmed using mouse models

They then selected individual bacterial isolates comprising of IgA+ and IgA− bacteria 
and colonized germ free mice. 
IgA coating defines a subset of bacteria that selectively stimulates intestinal immunity
High IgA coating are thought to mark colitogenic bacteria in inflammatory bowel disease
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Irritable bowel disease: confirmed using mouse models

Bar plots depicting relative abundance of bacterial taxa in IgA+ and IgA− consortia prior 
to oral administration (D0) and in the feces of IgA+ and IgA− colonized mice 2 weeks 
post-colonization. 
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Irritable bowel disease: confirmed using mouse models

Microbiota localization as visualized by 16S rRNA FISH (red) and DAPI (blue) staining. 
The mucus layer is demarked by two dotted lines.
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Irritable bowel disease: confirmed using mouse models

IBD-Associated IgA+ Bacteria Exacerbate DSS-Induced Colitis in Gnotobiotic Mice

Timeline of colonization and 2% Dextran Sodium Sulfate (DSS) treatment to induce colitis 
in germ-free mice colonized with IgA+ and IgA− consortia.
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Gross pathology of large bowels after DSS. Note the 
extensive bleeding and diarrhea in the IgA+ 
colonized mice.

Palm et al. (2014) Cell 158: 1000-1010



Irritable bowel disease: confirmed using mouse models

Representative histology pictures from hematoxylin and eosin stained colons after DSS. 

Note that IgA+ colonized mice exhibit extensive inflammation, crypt abscesses, epithelial loss, and ulceration, 
whereas all IgA− colonized mice showed either no inflammation or minimal/mild focal inflammation. Data are 
representative of three independent experiments.
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http://www.clasado.com/wellness/benefits/gut-microbiota-imbalance/

GIT microbiota and SYSTEMIC inflammation



Bridgman et al. (2016) Ann Allergy Asthma Immunol. 116:99-105
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GIT microbiota of 319 subjects showed that infants at risk of asthma exhibited transient 
gut microbial dysbiosis during the first 100 days of life. 
The relative abundance of the bacterial genera Lachnospira, Veillonella, Faecalibacterium, 
and Rothia (FLVR) was significantly decreased in children at risk of asthma. 

Inoculation of germ-free mice with these four bacterial taxa ameliorated airway 
inflammation in their adult progeny, demonstrating a causal role of these bacterial taxa in 
averting asthma development. 

GIT microbiota and SYSTEMIC inflammation

Asthma: confirmed using mouse models

Arrieta et al. (2016) Science Translational Medicine 7: 307ra152



Claassen-Weitz et al. (2016), Frontiers in Microbiology, doi: 10.3389/fmicb.2016.00838
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• Diversity (number and/or evenness, and types of taxa within a local community) is 
one of the most fundamental concepts in community ecology.

• With the discovery and excitement in microbial ecology about diversity, there often 
has been the assumption that HIGH diversity is implicitly a good and desirable 
outcome for communities
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• If higher diversity were universally better for communities, why devote resources to 
understanding ecological mechanisms?

• If it were true that higher diversity is always an improvement, we could manage 
microbial communities by simply making them more diverse..

Examples where ecosystems in which higher diversity is not more meritorious:
 Forests versus deserts

Shade (2016)., The ISME Journal, 2016, pages 1-6
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Examples where ecosystems in which 
higher diversity is not more meritorious:
 Vaginal microbiota communities

A range of diversities are seen across 
healthy women, for example: 
o Some women have communities 

dominated by lactobacilli
o Other women (20-30% of 

asymptomatic individuals) have 
less lactobacilli but a more diverse 
microbiota .

Shade (2016)., The ISME Journal, 2016, pages 1-6
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The question to consider should rather be:
What about the ECOLOGY of the more diverse community that is inhibitory towards the 
pathogen, and what about the less diverse community that is permissive?
Perhaps it is that there is a direct competitor of the pathogen in the more diverse 
community 
OR
Perhaps there is a mutualist of the pathogen in the low-diversity community that 
promotes its growth
OR 
Perhaps the higher-diversity community has lower pH, and the pathogen is sensitive 
to this specific abiotic driver
OR
Perhaps it is because a subset of community members has stimulated the host 
immune response in the higher-diversity community
OR 
Perhaps the higher-diversity community is at carrying capacity and there are no 
available niches for the invading pathogen
OR 
Perhaps the pathogen acquired a beneficial gene, via horizontal gene transfer, from a 
member of the lower-diversity community that improved its success.

Shade (2016)., The ISME Journal, 2016, pages 1-6
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“I’m so happy you tried 

the antibiotics I 

suggested. 

John won’t be able to keep 

his eyes off you!!”

Primary role players in shifts in microbial diversity



Prevailing categories of factors that influence the composition of the intestinal microbial 
community:

1. Infection and inflammation
• Dysbiosis caused by enteric infection was first observed in mouse models of infection 

with Citrobacter rodentium and Salmonella enterica subsp. enterica serovar
Typhimurium, in which inflammation compromises the microbiota's ability to provide 
colonization resistance against invading microorganisms. 

• Inflammation induced by dextran sodium sulfate or genetic deficiency of interleukin-
10 (Il10) in mice led to similar changes in the microbial community and favoured the 
growth of enteric pathogens. 

• In addition to intestinal infection, inflammation-induced outgrowth of members of the 
Enterobacteriaceae family can promote the development of colorectal cancer and 
sepsis. The molecular mechanisms leading to the establishment of Enterobacteriaceae
in the inflamed gut are manifold, and include the release of nutrients, the use of metal 
ions, intermicrobial competition and horizontal gene transfer, the exploitation of 
antimicrobial peptides, as well as the harnessing of aerobic and anaerobic cellular 
respiration.

Levy et al. (2017) Nature Reviews Immunology, 17, pages 219–232
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Prevailing categories of factors that influence the composition of the intestinal microbial 
community:

2. Diet and xenobiotics 
• Diet has a considerable short-term and long-term influence on the composition of the 

intestinal microbiota. 
• In mice fed a low-fibre diet, microbial diversity is progressively reduced across 

consecutive generations. Similarly, a high-fat diet reduces microbial diversity in mice. 
• In addition to the nutritional content of food, dietary xenobiotics have the potential to 

alter homeostatic commensal colonization. This is most intuitive in the case of 
antibiotics, but has also been described for non-caloric artificial sweeteners and 
dietary emulsifiers, although the mechanisms by which the latter two examples shape 
the microbiome remain to be determined. 

• Diet-induced and xenobiotic-induced dysbiosis may be strong drivers of disease 
manifestations, as has been documented in mice and, in certain cases, even in humans.

Primary role players in shifts in microbial diversity

Levy et al. (2017) Nature Reviews Immunology, 17, pages 219–232



• For example: 
Changes in the developing infant microbiota profile during antibiotic administration

https://www.ted.com/talks/rob_knight_how_our_microbes_make_us_who_we_are?language=en#t-617423
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• Metabolites: final result of the action of the microbiota independently of its 
community composition, gene expression and protein synthesis, growth 
characteristics, gene mutations and protein structures. 

• Metabolite profiling: constitutes the next logical step beyond descriptive studies of 
community composition, gene composition (metagenomics), gene expression 
(meta-transcriptomics) and protein expression (meta-proteomics), as it may 
provide greater insights into the metabolic changes in the active fraction of the 
microbiota under any conditions.

• Treatment with the aminoglycoside streptomycin has been shown to affect the 
abundance level of over 87% of all fecal metabolites detected. 

• Treatment with clindamycin, piperacillin or tazobactam caused changes in 30% of 
all fecal metabolites detected. 

• Studies examining the impact of perinatal antibiotics on premature babies found 
that antibiotic intervention mostly caused differential abundance of short-chain 
fatty acids, particularly, acetate, propionate and butyrate.

• An influence on acetate production was also associated to the treatment of healthy 
individuals with the aminoglycoside gentamicin and the b-lactam ampicillin. 

M. Ferrer et al. (2017) Biochemical Pharmacology 134:114–126

Antibiotics also alter microbial metabolite content
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Other impacts of antibiotic use on our health

Clostridium difficile infection (CDI):
A significant public health problem, associated with increasing morbidity, mortality, and 
health care-related costs in the United States and around the globe.
Current treatment for patients with CDI includes the antibiotics vancomycin and 
metronidazole; however, even after successful treatment, this therapy is associated with 
more than 20% of cases relapsing. 
Even though antibiotics are the first line of treatment, they are also key risk factors in the 
pathogenesis of CDI. 
Antibiotics alter the resident gut microbiota, decreasing resistance against C. difficile 
colonization. 



Therapeutic modulation of CDI and GIT disorders



Therapeutic modulation of CDI and GIT disorders



Therapeutic modulation of liver cirrhosis



The human microbiota interacts across different body sites

Althani et al. (2015) J. Cell. Physiol. 231: 1688–1694,
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Denny et al. (2016) Frontiers in Cellular and Infection Microbiology 6, Article 41



• Although recent insight into gut microbiome-dependent control of extra-GI tract 
infections have come to light, much is unknown. 

• One of the biggest obstacles facing the field is the lack of specific mechanisms that have 
been elucidated. 

• With the identification of each mechanism, the potential for future therapeutics 
increases drastically. 
 For example, it has been observed that in mice, SCFAs can circulate to the bone 

marrow and induce generation of antigen presenting cells (APCs) that induce 
diminished Th2 response and thus ablates allergic airway disease. 

 An excellent source of SCFAs is fermentation of dietary fiber by the gut microbiome, 
particularly members of Bacteroidetes and Bifidobacteria.

 Thus, uncovering mechanistic interactions between the gut microbiome and the host 
in the context of extra-GI tract infections should be a top priority.

• It is also becoming increasingly clear that systemic infections can also alter the 
composition of the gut microbiota.

• Collectively, these observations point toward novel therapeutic interventions for 
pathogens, such as Plasmodium, that have evaded the development of effective vaccines. 

The human microbiota interacts across different body sites

Denny et al. (2016) Frontiers in Cellular and Infection Microbiology 6, Article 41
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In summary

The GIT microbiota plays an important role in health and disease

Shifts in GIT microbiota profiles may result in intra- and extra-intestinal 
inflammatory conditions

Exposures such as antibiotics have been shown to modulate GIT bacterial 
profiles, functions and metabolites

Antibiotic use have resulted in superbugs

Shifts in bacterial profiles caused by antibiotics are associated with 
intestinal infection, however therapeutic interventions are investigated 

Shifts in bacterial profiles may also affect the virome and mycobiome (within 
and outside the GIT)

Host-microbiota interplay needs to be investigated more closely


