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Definition Explanation

Microbiota All the microbes that are found in a 
particular region or habitat; the term 
“microflora” is no longer used

Microbiome The totality of the microbes with their genes 
that are harbored by the microbiota and the 
milieu in which they interact

Operational taxonomic unit (OTU) Specific sequences based on sequence 
similarity (typically threshold is 97%) to 
reference genes. This is taken as a proxy for 
species-level 

Taxon A group of phylogenetically related microbes 
that belong to the same taxonomic group, 
such as order, family, or genus

Richness Number of different taxa within a single 
population

α Diversity How many types of sequences in a sample

β Diversity How many different types of sequences are 
shared among samples

Glossary of terms (2)



 Humans are viewed as composites of human and 
microbial cells.

 Human microbiota are complex and dynamic 
microbial communities composed mainly of 
bacteria, but also includes protozoa, archaea, 
viruses, and fungi that resides in and on different 
body niches (oral cavity, throat, esophagus, 
stomach, colon, urogenital tract, respiratory tract, 
and skin).

 The colonic microbiota constitutes the most 
abundant microbial domain within the human body, 
with the vast majority belonging to the bacterial 
phyla of Firmicutes and Bacteroidetes.



A non-exhaustive overview of human gut microorganisms 
among bacterial, Archaea, viral, and Eukaryota domains















• “all happy families look alike; each 
unhappy family is unhappy in its own 
way”

• “Tutte le famiglie felici sono simili le 
une alle altre; ogni famiglia infelice è 
infelice a modo suo”



“all healthy microbiomes are similar; each dysbiotic
microbiome is dysbiotic in its own way”

• Typically, healthy hosts possess relatively 
stable microbiomes that form tight clusters 
in ordination space. 

• In contrast to movement of these clusters to 
a new place in ordination space a variety of 
external stressors have been shown to 
disrupt this stability, resulting in more 
dispersed microbiomes. 

• More dispersed microbiomes have been 
associated with a variety of negative 
outcomes for the host, including increased 
invasibility and altered clinical parameters 
(for example, endotoxaemia in alcoholics).

• In principle, these disruptions may act 
indirectly by affecting host immunity (as in 
HIV and SIVcpz), indirectly by altering the 
microbiome (for example, by displacing 
protective mutualists like antibiotic 
producers), or through a combination of 
both mechanisms.

Anna Karenina principle of perturbations 
inducing microbiome destabilization

From: Zaneveld et al, Nat. Microbiol., 2017











HOW WE CAN STUDY THE 
MICROBIOTA AND HOW WE CAN 

ANALYSE THE OBTAINED RESULTS?



• The effect of collection media and delayed freezing up to 7 days on 
microbial composition were evaluated. 

• Ten participants collected triplicate stool samples each into no 
media as well as RNAlater® with and without kanamycin or 
ciprofloxacin. For each set of conditions, triplicate samples were 
frozen on dry ice immediately (time = 0) or frozen at −80 °C after 
3-days and 7-days incubation at 25 °C. 

• Microbiota metrics were estimated from Illumina MiSeq sequences 
of 16S rRNA gene fragments (V3–V4 region). Intraclass correlation 
coefficients (ICC) across triplicates, collection media, and 
incubation time were estimated for taxonomy and alpha and beta 
diversity metrics.



• Results showed that the bacterial community composition was 
stable for 7 days at room temperature in RNAlater® alone. 

• RNAlater® provides some stability for beta diversity analyses, but 
analyses of rare taxa will be inaccurate if specimens are not 
frozen immediately. 

• RNAlater® could be used as collection media with minimal 
change in the microbiota composition.



Storage up to 24 hours (at +4°C or room 
temperature) or freezing at -20°C did not 

significantly alter the fecal microbial 
community structure compared to direct 
freezing of samples from healthy subjects 

and patients with gastrointestinal disorders.



• Molecular methods detected bacteria present at 
concentrations greater than approximately 106 and neglected 
minority populations. 

• Among these neglected populations are potentially 
pathogenic bacteria such as S. typhi, Yersinia enterocolitica, 
and Tropheryma whipplei, which may be present in human 
stools at concentrations below 105 cfu per ml, the current 
threshold of the latest next-generation sequencing (NGS) 
method.

• The depth is directly correlated with the number of generated 
sequences, and no plateau was obtained in the number of 
phylotypes observed, although close to 1,000,000 16S rRNA 
gene amplicons have been sequenced by Turnbaugh et al. 
(2010). 

METAGENOMICS AND PYROSEQUNECING





• This diagram shows a protein nanopore set in an electrically resistant 
membrane bilayer. An ionic current is passed through the nanopore by 
setting a voltage across this membrane.

• If an analyte passes through the pore or near its aperture, this event 
creates a characteristic disruption in current. Measurement of that current 
makes it possible to identify the molecule in question. 

• For example, this system can be used to distinguish between the four 
standard DNA bases G, A, T and C. 

• It can be used to identify target proteins and small molecules, or to gain 
rich molecular information, for example to distinguish between the 
enantiomers of ibuprofen or study molecular binding dynamics.



The MinION system:
the future for deep sequencing?

• The MinION™ system is a disposable
device that contains the sensor chip,
Application-Specific Integrated Circuit
(ASIC) and nanopores that are needed to
perform a complete single-molecule
sensing experiment.

• Plugging directly into a laptop or desktop
computer through a USB port, it is a self-
contained device to deliver real-time
experimental data.

• The MinION device is adaptable for DNA
sequencing, protein sensing and other
nanopore sensing techniques.







• We analysed a cohort of 2045 non-IBD and IBD faecal samples from four 
countries (Spain, Belgium, the UK and Germany), applied a 16S rRNA
sequencing approach and analysed a total dataset of 115 million sequences.

• In the Spanish cohort, dysbiosis was found significantly greater in patients with 
CD than with UC, as shown by a more reduced diversity, a less stable microbial 
community and eight microbial groups were proposed as a specific microbial 
signature for CD. 

• Tested against the whole cohort, the signature achieved an overall sensitivity of 
80% and a specificity of 94%, 94%, 89% and 91% for the detection of CD versus 
healthy controls, patients with anorexia, IBS and UC, respectively.

• Although UC and CD share many epidemiologic, immunologic, therapeutic and 
clinical features, these results showed that they are two distinct subtypes of 
IBD at the microbiome level. 

• For the first time, microbiomarkers were proposed to discriminate between CD 
and non-CD independently of geographical regions.





Signature of CRC-associated gut microbial species. Relative abundances of 22 gut microbial species,
collectively associated with CRC, are displayed as heatmap in the left panel as fold change over the median
relative abundance observed in controls (indicated to the right); the control group included neoplasia-free and
small adenoma patients. Below, the classification score of the microbial signature (from cross-validation) is
shown as gray scale (see key) with the decision boundary and resulting false positives and true positives
indicated in red (using colonoscopy results as a ground truth). Displayed alongside are the results of the
standard Hemoccult FOBT routinely applied for CRC screening and an experimental CRC screening test
based on methylation of the wif-1 gene, a Wnt pathway member.





JAMA Oncol. 2017 Jan 26. doi: 10.1001/jamaoncol.2016.6374. 
Association of Dietary Patterns With Risk of Colorectal Cancer 
Subtypes Classified by Fusobacterium Nucleatum in Tumor Tissue

Question Does the association between prudent diets (rich in whole grains 
and dietary fiber) and risk of colorectal cancer vary by presence of the 
bacterial species Fusobacterium nucleatum in tumor tissue?
Findings In this cohort study of 137 217 adults, the association of a prudent 
diet with colorectal cancer was more evident for a cancer subgroup enriched 
with tumor F nucleatum than a subgroup without detectable tumor F 
nucleatum.
Meaning There may be a potential role for intestinal microbiota, such as F 
nucleatum, in mediating the complex association between diet and the 
development of colorectal cancer.
Importance Fusobacterium nucleatum appears to play a role in colorectal 
carcinogenesis through suppression of the hosts’ immune response to tumor. 
Evidence also suggests that diet influences intestinal F nucleatum. However, 
the role of F nucleatum in mediating the relationship between diet and the risk 
of colorectal cancer is unknown.
Objective To test the hypothesis that the associations of prudent diets (rich 
in whole grains and dietary fiber) and Western diets (rich in red and 
processed meat, refined grains, and desserts) with colorectal cancer risk may 
differ according to the presence of F nucleatum in tumor tissue.



Results Of the 173 229 individuals considered for the study, 137 217 were 
included in the analysis, 47 449 were male (34.6%), and mean (SD) baseline age 
for men was 54.0 (9.8) years and for women, 46.3 (7.2) years. A total of 1019 
incident colon and rectal cancer cases with available F nucleatum data were 
documented over 26 to 32 years of follow-up, encompassing 3 643 562 person-
years. The association of prudent diet with colorectal cancer significantly differed 
by tissue F nucleatum status (P = .01 for heterogeneity); prudent diet score was 
associated with a lower risk of F nucleatum–positive cancers (P = .003 for trend; 
multivariable hazard ratio of 0.43; 95% CI, 0.25-0.72, for the highest vs the lowest 
prudent score quartile) but not with F nucleatum–negative cancers (P = .47 for 
trend, the corresponding multivariable hazard ratio of 0.95; 95% CI, 0.77-1.17). 
There was no significant heterogeneity between the subgroups in relation to 
Western dietary pattern scores.
Conclusions and Relevance Prudent diets rich in whole grains and dietary fiber 
are associated with a lower risk for F nucleatum–positive colorectal cancer but 
not F nucleatum–negative cancer, supporting a potential role for intestinal 
microbiota in mediating the association between diet and colorectal neoplasms.

JAMA Oncol. 2017 Jan 26. doi: 10.1001/jamaoncol.2016.6374. 
Association of Dietary Patterns With Risk of Colorectal Cancer Subtypes 
Classified by Fusobacterium Nucleatum in Tumor Tissue





• The fecal microbiota of the group of patients with cirrhosis 
showed higher abundance of Enterobacteriaceae and 
Streptococcus and a reduction in Akkermansia. 

• Bacteroides and Ruminococcaceae were increased in the HCC 
group, while Bifidobacterium was reduced. 

• The results suggest that in patients with cirrhosis and NAFLD the 
gut microbiota profile and systemic inflammation are significantly 
correlated and can concur in the process of hepatocarcinogenesis.



LEfSe analysis between patients with cirrhosis with HCC (group 1) and patients with cirrhosis 
without HCC (group 2). Cladogram displays the taxonomic tree of differentially abundant 
taxa. Histogram represents the LDA scores of bacteria with significant differential abundance 
between the compared groups, identified by different colors. *Features with LDA score >4.









Conclusions

• Human microbioma study is one of the most intriguing and 

exciting research topics of the last years

• In the near future the association of specific microbioma 

types with specific disease will permit to make treatment 

able to restore the “good microbioma” modified by 

therapeutic approaches

• The challenge for Clinical Microbiology will be to set up and 

validate sensitive, specific, and cheap diagnostic tests that 

could be used in the diagnostic routine
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