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Science changes so rapidly that, in some fields, what
we teach today may be outmoded tomorrow…[This] 
reinforces the need to teach students how to think
like scientists and how to learn on their own.
Linda C. Hodges

Overarching Goal
• Learn critical and analytical thinking 
• Understand the scientific process
• Apply in work (regardless of sector) and life
• Build life-long support and mentorship network
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Microbiome science has 
revolutionized medicine

• As microbiome research has grown, more and more 
health conditions have been linked to having an 
unbalanced microbial composition

• In 2018 alone, over 2,400 clinical trials were 
testing therapies based on microbiome science.

• It will affect all aspects of medicine from
prevention, diagnosis, to treatment

• Microbiome is a major component personalised 
medicine. 3



Outline 
• Human microbiota
• Association of 

microbiome with 
disease

• Mechanistic approach 
to study the causal role 
of human microbiome
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Learning objectives
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Describe at least 3 ways in
which host and microbes
interact List 5 microbiome function

Give example of 5 
diseases associated
with microbiome
composition

Suggest an experimental approach
to established causal role of
microbiome in a disease



Human microbiota
• Collection of micro-organisms
found in and on the healthy human
body

• Human microbiota exist on the body
anatomical barriers:
– Skin
– Mucous membranes: 

• gastrointestinal tract
• Respiratory tract
• Genitourinary tract

• Some resident (inhabit 
sites for extended periods) 
and some transient (inhabit 
temporarily) 6



The Ratio of Bacteria to Human Cells

Age B:H ratio

Ref. man 20-30 y 1.3

Ref. woman 20-30 y 2.2

Neonate 4 w 2.3

Infant 1 y 1.7

Elder 66 y 1.8 Sender et al (2016). PLoS Biol 14(8): e1002533.7



Discuss with neighbor 
Given that the number of bacteria present in
human body is approximately equivalent to
the number of human cells, what do you
think about the number of bacterial genes
compared to human genes? 
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Thomas & Segata. BMC Biol 17, 48 (2019) 
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Can you think of examples for each type of research?



Harmful vs. harmless bacteria

Pathogen
(harmful)

Pathobiont
(opportunistic pathogen)

Symbiont
(beneficial)

Spectrum of pathogenicity (disease-causing potential)

Commensal
(harmless)

Mutualism Commensalism Parasitism

Relationship with the host
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What are the most common 
host/bacteria relationships in humans?



Discuss with neighbor 
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Applying what we have learned about
host/bacteria interaction, look at this diagram
and describe different bacteria/bacteria
interaction types.

Faust & Raes (2012) Nat Rev Microbiol;10(8):538-50



Functional roles of microbiota
• Protection against pathogens
– Covering of binding sites prevents attachment
– Consumption of available nutrients
– Production of compounds toxic to other bacteria 

• Educate the immune system and promote oral 
tolerance in early life

• Help with metabolism and digestion (e.g. fiber)
• Producing essential compounds such as vitamin K or 

beneficial compounds such as short chain fatty acids 
(SCFA)

• And others still being discovered  
12
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• What is an appropriate
method to study the
function of the
microbiome?
1. Amplicon sequencing
2. Metagenomics
3. High-throughput culture
4. Measuring outputs (e.g. 

SCFA)

5. Other?

Discuss with neighbors

Young (2017) BMJ 2017;356:j831



A major paradigm shift 
regarding the role of bacteria 
in disease

Time 
Single bacteria Multiple bacteria Human microbiota
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Germ theory of 
disease

Biofilm formation 
(e.g. cystic fibrosis)

Infectious Disease
Non-Infectious 
Disease

Robert Koch
1843-1910



Philosophy break
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What type of research is more important?
• Incrementally adds to knowledge
• Shifts paradigms
Could you think of an example for each type 
of research.

Paradigm is a set of concepts and practices that define a 
scientific discipline at any particular period of time.

Thomas Kuhn 



Microbiota and disease
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Nagpal et al. (2014) Front Med; 1: 15   

Vaginal 
microbiota

Bacterial 
vaginosis Risk of STI

Skin 
microbiota

Psoriasis Atopic 
dermatitis Eczema 



Microbiome alteration in disease: 
dysbiosis
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Hooks & O'Malley (2017) mBio ;8(5). pii: e01492-17.



Discuss with neighbors
Which one of the following scenarios are
correct about dysbiotic microbiome:
• It is the cause of disease
• It is the consequence of disease
• It is caused by a third factor.
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A B

C



Koch’s postulates
1. The microorganism must be

present in all diseased
individuals.

2. The microorganism must be
isolated from the diseased host
and be grown in a pure culture.

3. The re-inoculation of a naıve
host with this pure culture must
lead to the same disease as
in the original host.

4. The microorganism must be
recovered from the newly
diseased host.

Ecological Koch’s postulates
1. The dysbiotic microbiota is

found in similar composition
in all affected individuals.

2. The dysbiotic microbiota can
be retrieved from the affected
host.

3. Gavaging of germ-free hosts
with this retrieved microbiota
leads to similar symptoms
as in the affected individual.

4. The dysbiotic microbiota
composition remains fairly
stable in the newly affected
host.
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Experimental Design of human 
microbiota-associated Murine Models
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Walter et al. Cell. 2020;180(2):221-232.



Challenges
Microbiome-related
• Microbiome is complex &

highly individualized
• Composed of communities of

bacteria, archea, fungi, viruses, 
and protozoa, 

• Some microbiome components
may protect or mitigate disease

• Their influence may be context
specific

• The effect may not occur
directly but rather predispose
the host to disease

Experiment-dependent
• Germ-free animals immune

system is defective
• Human gut microbiome may fail

to colonize in the recipient
animals. 

• The ecological factors (such as
diet, lifestyle, disease phenotype, 
and human genotype) that have
driven the dysbiosis in humans in
the first place are absent in the
recipient rodents.

• Possible difficulties of crossing
host species.
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Walter et al. Cell. 2020;180(2):221-232.



Research proposal exercise 
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• What disease/microbiome will you
choose to study?

• What experiments do you include
to address causation?

Imagine that you are an assistant professor at a
university or a scientist in the R&D department of a
biomedical company and you intend to apply for
funding to do research on causative role of human
microbiome in disease. The objective is to develop new
treatment options (refer to the CMI2 description in the
handout).



Suggested additional reading
• Milestones in microbiome research: 
https://www.nature.com/immersive/d42859-019-00041-z/index.html

• Thomas, A.M., Segata, N. Multiple levels of the unknown in
microbiome research. BMC Biol 17, 48 (2019)

• The human microbiome: why our microbes could be key to our
health (https://www.theguardian.com/news/2018/mar/26/the-
human-microbiome-why-our-microbes-could-be-key-to-our-health
)

• Walter et al. Establishing or Exaggerating Causality for the Gut 
Microbiome: Lessons from Human Microbiota-Associated Rodents. 
Cell. 2020 Jan 23;180(2):221-232.

• Hooks & O'Malley (2017) mBio. Dysbiosis and its discontents;8(5). pii: 
e01492-17.
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https://www.nature.com/immersive/d42859-019-00041-z/index.html
https://www.theguardian.com/news/2018/mar/26/the-human-microbiome-why-our-microbes-could-be-key-to-our-health


Next session: mother-
infant bacterial 
transmission and 
infant microbiome 
development
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