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The immune system is one of the most
important organ systems in the body, right
at the forefront of our health!

With more than 30 years of expertise in
immunology, Danone Nutricia Research
has been conducting pioneering research
and innovation in that field, with a specific
interest in the interplay between nutrition
and the immune system.

This alphabetical book has been designed as
acomprehensive and accessible guide tothe
remarkable science that governs our body’s
defense system. Each letter represents a
unique facet of its complex mechanisms
and can be read and used independently.

Understanding the science behind the
immune system is not just a matter of
knowledge. It empowers us to make
informed decisions about our health, which
is at the core of Danone’s mission.

Thus, whether you are a seasoned
immunologist, a science enthusiast, or
simply someone looking to demystify the
workings of their own body, this collection
offers knowledge for all.

What is the immune system?

How does it function and adapt
to countless challenges?

Where in the body is it located?
How can we measure it?

How do life stages and choices impact
the immune system?

What do concepts such as herd immunity,
immune memory or tolerance mean?

Discover the answers to all these question,
and much more!
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Antibodies are our invaluable allies, the special weapons produced

by immune cells called B-lymphocytes to fight intruders.

‘immunoglobulins’!



Between fighting off harmful agents & tolerating
the harmless ones : immunity is all about balance!

HYPORESPONSIVENESS
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HYPERRESPONSIVENESS

should not be
too weak to fight against diseases
should not loose control either



is an emergency response to an attack. Generally
localized and easily observable when you get an infection, it acts
as a crisis unit.

But how and why?
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Pathogen

allow immune cells and fluids to move
quickly from the blood stream to the site of infection, to fight off pathogens.



Sometimes, the immune system does not work the
way it should. This disruption can lead to disorders.

IMMUNODEFICIENCY

When the immune

system is deeply

weakened, making you

prone to sicknesses.

This condition can exist from
birth or be caused by a disease

(e.g. AIDS, cancer). ‘

AUTOIMMUNE
DISEASES

When the immune
system mistakenly
attacks healthy body

cells and tissues
in the body

(e.g. arthritis,
lupus)




EFFICACY

We cannot directly feel our immune system the way we feel sensations
in our digestive or respiratory systems. So how do we know that our
immune system is healthy and working effectively?

Symptoms like fever, inflammation or swollen lymph nodes are not signs
of an unhealthy immune system. On the contrary, they precisely show
that it is currently working hard to protect you!

The efficacy of your immune system can be perceived through: the frequency
of illnesses, their duration and how quickly you recover, the severity of symptoms
and even the impact those sicknesses have on your daily life and activities.
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The human body temperature is usually set around 37°C.

But when faced with an infection, our immune system can send
signals to our brain’s thermostat (the hypothalamus)

to raise our body temperature.

40°C

37°C

35°C

« It creates a hostile environment that inhibits pathogen growth

« It stimulates the activity of both innate and adaptive
immunecells to fight the infection



A well functioning immune defense
in the gut is an essential gatekeeper
to keep intruders at bay.

exposure to external pathogens
getting in our body through food ingestion.



Being immune to a contagious disease
can help others stay healthy.
But how?

when enough people become immune, the disease
spreads less easily in the community.

This is called Community Immunity or Herd Immunity!



IMMUNE RESPONSE

To fight a pathogen, the immune system has two levels of defense!

The INNATE
IMMUNE SYSTEM

TARGETING
Non-specific identification
of the pathogen

TIMING

Quick

(hours after pathogen
contamination)

INNATE

Memory Non-specific
and short/mid-term
(months/year)

ACTORS

Immune cells & active
anti-pathogens
molecules

ROLE
18t immune reaction
against the pathogen

ROLE

2" immune reaction
against the pathogen

TARGETING
Specific identification
of the pathogen

TIMING

Slower

(days after pathogen
contamination)

ADAPTATIVE

Memory Specific

for each encountered
pathogen and long term
(decades)

ACTORS

Neutralizing molecules
(Antibodies) & killer
cells (Lymphocytes)

Both subsystems are closely linked and work together
when an immune response is required to protect

us against infection!

© Danone Nutricia Research 2023



Our immune cells are traveling, embarked on a continuous
journey around our body, through BLOOD & LYMPH, two
parallel and connected routes!
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Together, these two fluids transport all the elements composing our
immune system



KILLERS

Our body'’s 2 star executioners: the Natural Killer cell & the Killer T cell.
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KILLERT CELL
ALSO CALLED

@ .) CYTOTOXIC T CELL

NATURAL
KILLER CELL
ALSO CALLED
NK CELL

These chemicals can poke tiny holes in infected or cancer cells,
causing them to leak, burst open and eventually die!

There are other types of cells which role is to eliminate intruders. For instance,
phagocytes can directly ingest and destroy pathogenic bacteria & viruses.
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LINES OF DEFENSE

The immune system is the cornerstone of health.
But it does not work alone to ward off pathogens.
In fact, our body possesses 2 other lines of defense!
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They form a first level of
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’ Community of microorganisms that
reside in and on our body.

defense, which can be exerted They can notably limit the overgrowth
through: of pathogens by:
The cell-layers for resources
covering all body surfaces, like %
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skin externally and mucosae

+ Producing
» Modulating the
internally (i.e. in lungs, gut...).
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exchanges (like coughing)
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or antimicrobial molecules
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The immune system, body barriers and
microbiota are our 3 lines of defense
against intruders!



MEMORY

The immune system keeps a record of every
microbe it has ever encountered!

When a microbe first infects our body, it is identified by specific immune cells
called lymphocytes. After this initial encounter, some of those lymphocytes

will become memory cells! When exposed to the same microbe for the second
time, our immune system will recognize it instantly thanks to these memory
cells and will fight it off more quickly & more efficiently.
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NON-SELF VS SELF

All cells are coated with protein molecules that act as a sort of ID card.
Thanks to them, our immune cells can recognize friend from foe,
meaning the self from the non-self!

This cells' ID card is different for each individual.

Indeed, in each of us, our immune system has been educated

to identify our own body's cells as friends (i.e. self).

But this ID card can be altered. Such is the case with cancer cells or cells infected
by pathogens. The alteration betrays their ‘trespasser’ status as non-self,
allowing the immune system to identify them as foes to be eliminated.
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The immune system is an organ system.
It depends on a whole network of cells, tissues and organs.

PRIMARY ORGANS
Where all immune
cells originate

SECONDARY ORGANS
Where immune
cells go into action...

BONE MARROW 6/
cells are produced S fieh
P ...to fight

intruders
travelling in
the blood

) LYMPH
),4% NODES
..to fight
intruders

travelling in

the lymph

THYMUS
Where specific
immune cells, the “T PEYER'S PATCHES
lymphocytes”, mature and APPENDIX
...to fight intruders
entering through the gut

TONSILS
...to fight intruders
entering through the
mouth and the nose

Together with a large circuit of lymphatic vessels,
they form the lymphatic system!



PATHOGENS

One of the immune system's main mission is fighting pathogens.
But who are they?

Viruses
E.g. Coronavirus
causes COVID

Parasites
E.g. Plasmodium
falciparum causes

Malaria
e : Bacteria
ungi E.g. Salmonella
E.g. Candida .

: causes gastro-enteritis
causes mycosis

Pathogens are microscopic organisms that cause infectious diseases.
They can spread from one person to another through contact,
body fluids or aerosol transmission.

The small world of pathogens is incredibly diverse, and includes
many types of viruses, bacteria, fungi and parasites.
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While it is difficult to quantify immunity as a whole, it is possible
to quantify some immune parameters through biological tests!

hemogram.

counts of the different types of immune cells present in our
body at a given moment, which provides essential insights into our health!

blood cells counts work as a sort of ‘quality control’ of our
body’s immune system.



The immune system’s cells are continuously regenerated
by our body in order to replenish and replace the ones
that are damaged, aged or dead.

4 MILLION/SECOND

20% (800 000)

The cells that need to be eliminated are scavenged by the immune
system itself
Regeneration takes place in the bone marrow, where new cells are born.

a functional immune system is a delicate balance
between the production and the loss of immune cells.



SENTINEL

Can you believe that the inside of our body is in
permanent contact with the outside environment?

Simple and sometimes vital acts like breathing, eating, touching
are bringing in outside elements into our respiratory,
digestive, urinary or sexual tracts every day!

It is the immune system's job to act as a sentinel to check all
elements coming in from the outside, in order to identify the
harmful ones and react appropriately. To do so, immune cells are standing
guard at multiple checkpoints all along each of our body's tract.

© Danone Nutricia Research 2023



TOLERANCE

TOLERANCE is a state of unresponsiveness of the
immune system that suppresses immune reactions.
This feature, set up by the immune system itself
proves essential in many situations.

Q
Tolerance to the gut
microbiota's good bacteria

Tolerance to
ingested food

7

Tolerance to a donor’s
organ after a transplant

Tolerance to the foetus
during pregnancy

f®

Tolerance to
the body's own cells

In these cases, when tolerance is lost, it can lead to disorders like
autoimmune disease against one's own body tissues, food allergy,
inflammatory bowel disease, miscarriage or transplant rejection.
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When it comes to our immune system, we may owe some
of it to our parents!

LA

Babies inherit a number of IMMUNE-RELATED GENES from their parents,
that allow them to build their own immunity.

Mothers can transfer elements like antibodies to their babies
through the placenta and breastfeeding
PASSIVE IMMUNITY!



Vaccination is an effective strategy to protect against infectious
diseases based on the adaptive immune system's memory.

If the real pathogen enters the body, the immune system is already
trained to recognize it and can counterattack



You can positively act on your immune
system through lifestyle choices! .

A healthy way of life can make a serious
difference



Keeping healthy doesn't necessarily rime with avoiding germs
altogether by going overboard with hygiene. Some level of
exposure to micro-organisms can actually be beneficial!

good hygiene is essential in situations where harmful
pathogens are prevalent in order to limit infections

a controlled exposure to germs can also help, notably to educate the
immune system in early life



Our immune system changes over the years!

ADULTHOOD &

THE EXPERIENCED
INFANCY & IMMUNE SYSTEM
THE IMMATURE
IMMUNE SYSTEM
reaches
maturity and continues to
matures acquire experience

and acquires memory

OLD-AGE & IMMUNOSENESCENCE

natural deterioration



ZILLIONS

Immunity in numbers
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What is the immune system?

How does it function and adapt to countless
challenges?

Where in the body is it located?
How can we measure it?

How do life stages and choices impact
the immune system?

What do concepts such as herd immunity,
immune memory or tolerance mean?

A riveting - and accessible to all - alphabetical
journey through the wonders and complex
mechanisms of the immune system!
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