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& J DEFENSE AGAINST INFEGTIOUS DISEASE Disesse savsng orgmions]
IMMUNE SYSTEM — Network of organs that protect your body from infections. pd PATHOGENS N
PATHOGENS are disease-causing organisms. They include viruses, parasites, Non-living lemg\
bacteria, fungi... \l/ -

Viruses Bacteria Parasite

Our bodies have various “barriers” in place to prevent such pathogens from -
infecting us including first, second and third line of defense (see below). Fungi

The best way to prevent an infection would theoretically be CUARANTINE, however, that is no

INNATE IMMUNITY ( NON-SPECIFIC)
| | SECOND LINE OF DEFENSE

)

FIRST LINE OF DLFENSE

Skin
Mucous membranes

Leukocyte
(white blood cell)

FIRST LINE OF DEFENSE

The SKIN and MUCOUS MEMBRANE are the
first line of defense. The SKIN, with its
thick layer of dead epithelial cells,
forms a physical barrier against
pathogenic invaders.

SKIN

MUCOUS MEMBRANES are found at body
openings such as the trachea, the
nose, urethra, vagina; they produce
secretions to trap pathogens and use
their cilia, hair-like extensions, to
sweep the pathogens out of the body.

Mucous
MEMBRANE

SECOND LINE OF DEFENSE
BLOOD CLOTTING

Phagocytes (macrophages)

4

4

way of living — therefore our body has its own way of dealing with infectious pathogens.

ADAPTIVE IMMUNITY ( SPECIFIC)
| | THIRD LINE OF pEFENSE

Lymphocytes (T-cells & B-cells)
Antibodies
Memory B-cells

Blood clotting

LEUKOCYTES (white blood cells) are important cells which
play a role in our immune system. It is important to
notice that leukocytes are just a GENERAL NAME for
many different types of cells. Some of which you learn
about in this chapter such as B-CELLS, T-CELLS AND
MACROPHAGES.
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u&u&&uﬁ Mucous Membrane
’~ r_ Live cells with cilia
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—> Dermis

If the skin or mucous membrane barrier is disrupted (for example by a cut), the
pathogen now has a gateway to enter your body tissues or bloodstream. To
prevent this from occurring, as part of the second line of defense, the body can
make a blood clot to close the wound created by a cut (on PAGE 2).
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. ' RED BLOOD CELL
@ A normal intact small blood vessel. When a small blood vessel gets damaged, blood escapes.

PLATELET
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ENDOTHELIAL CELL ‘ .
@ The damaged vessel cells release molecules which w
stimulate platelets to adhere to the damaged area and

form what is called a PLATELET PLUG (or platelet clot).

This increases the risk of pathogens entering our body.

Clotting factors released --- convert PROTHROMBIN to THROMBIN.
PLATELET PLUG This newly activated enzyme catalyzes the conversion of the
soluble FIBRINOGEN into the soluble FIBRIN. Fibrin (a fibrous
protein) forms a mesh-like network to stabilize the platelet clot.
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This mesh-work also allows cellular debris and red blood cells
circulating to get trapped in the clot, rendering it more stable.
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PHAGOGYTOSIS

Some pathogens may have made their way into the bloodstream regardless of blood clotting process. To help combat
these pathogens from causing further replication and damage, special cells in our bloodstream will get involved.

vt ) -

°
" .(_.J Some leucocytes (white blood cells) such as MACROPHAGLS are
:.viu'{ »\ capable of capturing pathogens through a mechanism called
~\ ' — phagocytosis. Such leucocytes are therefore considered as
$ E ) PHAGOCYTES.
& ’ \) o( 4
-
"
& \) [JSOSOMe PUAGOCYTOSIS is the action by which the cell, due to its

amoeboid movement, extends its cytoplasm around a
pathogen until it is engulphed through endocytosis. The

MAGRUPHAGE pathogen is trapped inside the phagocyte within a vesicle
which can join to a LYSOSOME, full of enzymatic enzymes, to
digest the pathogen.

UESICIE]

MACROPHAGE PHAGOCY&
Big Eater Eater Cell

Bear in mind. This process is NON=SPECIFIC (part of innate immunity), meaning ANY pathogen that enters the body
is targeted by this process. BUT, because it is NON=SPECIFIC, the attack is NOT as EFFICIENT at killing the Teach Me
particular cell. This bring us to adaptive immunity (see pAGL 3), which is part of the third line of defense. )
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. THIRD LINE OF DEFENSE
Q.

‘ When pathogens infect you, your innate immune system (like a macrophage) will start to St
attack them non-specifically, in the meanwhile, your adaptive immune system will start
taking action (slower) to make antibodies which target that one specific pathogen that
has entered your body. We call this ADAPTIVE IMMUNITY as your body adapts to SPECIFICALLY
target that ONE pathogen (killing it more effectively than the innate system).

9. \eorragif

Any cell will present molecules on their
surface called ANTIGENS. The immune
system is specialized in detecting these
antigens, targetting them to be
destroyed. The cells of your own body

ADAPTIVE IMMUNITY ( SPECIFIC/ ACQUIRED IMMUNITY) (e.g. your liver cells, heart cells, skin

cells etc-- ) also present antigens BUT
The leukocytes contributing to adaptive immunity are B-=LYMPHOCYTES and T-LYMPHOCYTES, ~ your own immune system considers those
( B-CELL) (T-cCILL) as “self”, and will therefore not attack

ls.
We have a multitude of B-cells in our body, each with a unique type of B-cell your own ceis

receptor, which can recognize ONE antigen (see image to the right). When we SELF ANTIGENS : on your own cells
get infected, only the B-CLLL with a receptor that matches the antigen on
the pathogen will bind to it and initiate the immune response.

Gotcha! > Receptors N
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Liver cells,
heart cells,
red blood
cells---
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NON-SELF ANTIGENS : Not on your own cells

. : 'Y
\ / 9
\\ ’ Pathogens or
' \\ o other
~ people’s cells
th Ve
The antigen (‘) on the ’ (pathogen)

pathogen is recognised as '_/

“non-self” by a B-cell Q) The B-CELL presents the LY Bod L eratingr UbEtances
antigen on its surface B- 4

lymphocyte receptor ().

receptor ( 9&) on the

surface of a B-CELL. M&

/

A T-cell controls the process

by confirming the antigen is
non-self. It then releases
signal molecules called
CYTOKINES ( ©2) which go and
activate the B-CELL.

—) The activated B-cell now undergoes \
replication (by mitosis) to produce
multiple copies of itself (CLONES) LoV WEE S O]
forming PLASMA CELLS and MEMORY B—CELLS. LU UN GONEUSION

ANTIGEN — molecule recognized by

the B-cell (belongs to the pathogen)

ANTIBODY — molecule produced by the

B-cell (targetting the antigen)

Some of the B-cells become MEMORY CELLS which are
LONG-LIVED CELLS, they remain in the body after the
infection is cleared. They allow us to “remember”
the antigen, enabling a faster and stronger immune
response if the same pathogen infects again.

=
- W
If you get INFECTED AGAIN by the same pathogen, .
the memory B-cells become plasma cells FAST
PLASMA GELLS are specialized to produce large to start producing antibodies. .

amounts of ANTIBODIES* (=), which are SPECIFIC '
to the antigen. These antibodies are released of See page 4 Teach Me

into the bloodstream. (,DM%W W 0{/ AN‘"BON[S?}‘O (5
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. ANMTISODYSTRUGTURE PURPOSE OF ANTIBODIES

] The antibodies produced by the plasma cells are released into the bloodstream to efficiently
BINDING SITES (for the antigen) target the SPECIFIC pathogen they recognise and destroy it!

?
a7 afp
4 Made by B-cells e oo E AGGLUTINATION
4 Protein ? QF&

Antibodies can bind multiple
4 Y-shaped

4 SPECIFIC to one antigen
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? pathogens it recognizes,

o

? R\ﬁ&‘.’ creating a large clump, making
\" i it easier for phagocytes to

'S E
=9 g\"E engulf.
> 9

2
2 Y
= ot DESTRUCTION
¢ d ¥ Antibodies can hel
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X he g, e N other cells target the
P g, 505 © pathogen to destroy it.

DID-YOY- KN Ulis
If you get infected with the flu, a
certain antibody will be produced.?g Y
If you get infected with measles, a
DIFFERENT antibody will be produced.

OPSONIZATION ( MARKING)

Placing an antibody on a pathogen
allows it to become “marked” for easier
recognition by phagocytes.

THE IMMUNE RESPONSE
= After getting infected for the first time by a
) pathogen, the initial primary immune response
= is SLOW, allowing time for SYMPTOMS to appear.
S
< g
S PRIMARY immune regponge y
s 7=
-
t
3 SECONDARY immune regponge
s o ¥y
°© “" b ] (D After getting infected for the second time by the
3 o=l s same pathogen, the secondary immune response is
3 much FASTER (due to the memory B-cells), NO SYMPTOMS
=] may therefore have the time to appear.
<
I -
> Time

HUMAN IMMUNODEFICIE v (HIV) - a disease of the immune system

S %{Z 0w is HIV Transmilled,?
ap, 'y, . . . . .
:'-'ié 5 &—— HWV is a virus which targets CD4+ T-CLLLS, leading to &
3545 their destruction. Without T-cells, we cannot o ‘r A
J;"{:‘ o complete STEP (PAG[ 3) in the immune response. < Unprotected Breast Milk
T-cell :3;&""& Over time, the amount of T-cells decreases so Sex
cbar drastically, that we get infected by pathogens which
normally aren’t strong enough to infect us:

ay OPPORTINISTIC INFECTIONS. C

BloodXSemen,
Rectal & Vaginal fluids

opportinistic

) o ’ _
o 2 pathogens Pregnancy e ‘?‘;. 4
- ) \ & —_ \ O@ Sh ;g\N di .
<7
& e AIDS , O

)! [' T \ [ \
DIGRDIVATN J
When infected by this virus we are said to be infected with HIV, )J ﬂlV)—I\ﬂ'XuJa ijlru{:J e
but after the T-cells humber decreases below a certain threshold, Teach Me

! AIDS — the disease
we are said to have AIDS: Acquired ImmunoDeficiency Syndrome. &

CD4* is a type of T-cell (you don’t need to know more detail for the IB)
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Vaccines do not prevent you from
4

mnung

VACCINES  Vaccines have been developed to act as the “first exposure” to a pathogen

(in a safe way). Different types of vaccines have been created;
getting infected by a pathogen, but

it reduces the immune response
time and may prevent symptoms.

FIGAITIONA L AEENIE (Inactivated)

Pathogen minus the disease-causing parts.

The ANTIGEN OF A VIRUS is isolated and injected into a person. This person’s B-cell will
identify it as foreign and will initiate an immune response (PAGL 3) leading to the
production of SPICIFIC antibodies (state of immunity). But they have never actually been
infected by the disease-causing virus (the disease-causing parts were removed).

Antigen

ADVANCEDVAGGI N E
- Pathogen DNA & RNA coding for antigens.
The DNA OR RNA OF A VIRUS which codes for its antigen is isolated and
injected into a person. This person’s own cells will use this DNA to
create the antigen. B-cell will identify it as foreign and will initiate an
immune response (PAGL 3) leading to the production of specific antibodies
(state of immunity). But they also have never actually been infected by
the disease-causing virus.

Own cell Antigen

=L 4
3 Vaccines lead to the same immune
S response graph as when actually
Q . oy o
= infected by a pathogen. Therefore, it is y
< usually beneficial to get a second (or 7=
® more) dose to improve your immunity.
~
= » r
S 2
§ }J” e /u) The doses after the
> [ (UL US4 first one are
S ‘ times called
2|l ¢ o .
B BOOSTERS
<
> Time

LERD IMMUNITY  Herd immunity occurs when a significant proportion of a population becomes IMMUNE to a disease (either
through vaccination or prior infection). This reduces the likelihood of disease transmission, protecting

individuals who are

KEY!

w Contageous

Susceptible
(non immunized)

ﬂ Immunized

In a population with no immunity,
CONTAGIOUS INDIVIDUALS can easily
spread the disease to
leading to outbreaks.

[This is because the immunized people have
quickly destroyed and not given the opport

(some people may not be able to get vaccinated — even if they wanted to).
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Herd Immunity achieved!

High levels of IMMUNITY prevent
widespread transmission, as
most people are IMMUNIZED,
indirectly protecting those who

are

With some IMMUNIZED INDIVIDUALS,
the spread slows, but
remain at risk.

lots of antibodies and therefor when they get infected the pathogen is ﬂ
unity to grow. Thereby reducing the risk of infecting susceptible people.] A
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ABO BI_OOD GROU PS Blood groups are determined by the presence of different ANTIGENS present on the surface of
red blood cells. The major blood groups are created by two antigens: ANTIGEN A and ANTIGEN B.

BLOOD GROUP A BLOOD GROUP B BLOOD GROUP AB BLOOD GROUP O
Presence of Presence of Coexistence of Absence of
antigen A antigen B antigen A and B antigen A or B

e
AR PIVRDRATISIATS.
v O — NO antigen

AAntigen A

() Antigen B

To prevent foreign blood from being present in our body, your immune system will produce antibodies against the antigens you do not
have (non-self antigens from other people). For example, a blood group A person will have anti-B antibodies.

BLOOD GROUP A BLOOD GROUP B BLOOD GROUP AB BLOOD GROUP O NOTE!

You will learn more

Presence of Presence of Coexistence of Absence of . .
2 antigen A antigen B antigen A and B antigen A or B about how we inherit
> blood groups in D3.
re}
& A () [b () NONE
5  Anti-B Antibody Anti-A Antibody Absence of Anti-A Anti-A AND Anti-B N
) . . S ,
£ % or Anti-B antibody antibodies &Anti-A antibody
b= . .
& a« o \ONE &f Wfé §\(7Ant|-8 antibody

An additional antigen, the RH ANTIGEN, may also be present. The presence of this antigen is indicated as “+” and its absence is
shown as “-”. This antigen may be present in conjunction with any of the above ABO blood groups.

AB+ AB-

H Rh Antigen

BLOOD TRANSFUSION *

The donation of blood from one person (donor) to another (recipient).

Our blood doesn’t only contain red blood cells, so after blood is collected from the donor,
the blood is treated in order to remove any component we do not need before it is given to
a recipient.

\/
Plasma O Q
Platelets » W —) ﬁ
White Blood Cells
/ Recipient
Red Blood Cells

* For the IB we consider only the event where ONLY red blood cells are 2‘
being donated (In reality plasma, platelets and WBCs can also be donated). a
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‘ (ommiting the presence of Rh antigen) (ommiting the presence of Rh antigen)

Donor: B Recipient: B Donor: AB Recipient: O

[C d
@
Recipient blood contains anti-A antibodies, donor’s blood does Recipient blood contains anti-A and anti-B antibodies, donor’s
not contain A antigens. Hence, the recipients’ antibodies will blood contains A and B antigens. Hence, the recipients’ antibodies
not reject the donors RBCs. The transfusion is /i UL will reject the donors RBCs. The transfusion is [URSILYH!
(ommiting the presence of Rh antigen) (with presence of Rh antigen)
Donor: O Recipient: AB Donor: O% Recipient: AB”

\J ) v
% |
\ | a
Recipient blood contains no antibodies, donor’s blood contains Recipient blood contains antibodies for Rh antigen, donor’s
neither A or B antigens. Hence, the recipient has no antibodies blood contains neither A or B antigens BUT does contain Rh
to reject the donors RBCs. The transfusion is A [0 antigens. Hence, the recipients' antibodies will reject the

donors RBCs. The transfusion is WURBIEH!]

GENERAL RULES TO BLOOD TRANSEUSION

A person cannot receive any of the three antigens (A, B, Rh) that they do not already have.

+ 0- is a universal donor (No antigens to be reacted with). Jé’f,g, ‘

+ AB+ is a universal recipient (No antibodies to react with donated blood).

+ All blood groups can accept from their own blood group. E.g. A, can accept A.

@

W (el happens when The Transfusion. is NOT A MATCH?
r

Agglutination (Clumping)
') Agglutination happens when incompatible blood types mix. The recipient's antibodies bind to .
the donor's red blood cells via the antigens, causing them to clump. This phenomenon can lead

to blockage of blood vessels (stroke, heart attack etc) and death.

28
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Many infectious diseases are specific to one species, with the pathogens being

transmitted between organisms within the species. In the instance where a

pathogen successfully gets transmitted FROM ONE SPECIES TO ANOTHER, we call them \
LOONOTIC DISEASES — usually they are diseases transmitted from animals to humans.

N} S
" %
=9
Sourc Pathogen
,t’,’
/

\¢

& Eeie:

Vaccine

Target

Lo Y
ANTIBIOTICS V.S ANTIBODIES

These two terms sound and look very similar! But they are very different. We know antibodies are little weapons made by plasma
cells in response to an antigen from a pathogen encountered. On the contrary antibiotics:

& Are made ARTIFICIALLY in a lab or by other microorganisms (stolen from organisms which naturally make them).

@ Kill ONLY BACTERIA (not virus or other types of pathogens). BICTDRATIIP J
’Are NON-SPECIFIC, so can be used for more than one type of bacteria. % AntiBODIES - Made by the “BODY” \
AntiBIOTICS - Sounds like
® Don't bind antigens. They destroy CELL WALL ts cellul 2 » L
on’t bind antigens. They destroy ¢ and prevents cellular ROBOTIC” (made by a scientist).

functions (metabolism) of bacteria by targeting RIBOSOMES.

Capsule

Cytoplasm

Prokaryotes contain 70S ribosomes which are different from eukaryotic
80S ribosomes. Therefore ANTIBIOTICS DO NOT TARGET OUR ( EUKARYOTIC) CELLS.

L — Plasma Membrane
- Ribosomes+

-—y

Nucleoid of DNA
Plasmid BACGIERTA EUKARYA:

Dili Eukaryotes

Remember the
structure of
prokaryotic cells
in section ALl

Flagella
COMMON ANGESTOR
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<§\(]/\NTIBOI)I[S ANTIBIOTICS @

. Made ARTIFICIALLY in a lab or made by other microorganisms
Made NATURALLY by the immune system of the body. (and then scientists essentially stolen from the organism
that makes it).

Bind to antigen and kill the pathogen through Doesn’t bind antigen, destroys cell wall, and prevents
various mechanisms. cellular functions (metabolism) of bacteria.
For any type of pathogen (virus, bacteria etc). For bacteria ONLY.

They are NOT SPICIFIC to a pathogen. Can kill more than one

They are SPECIFIC to a pathogen. type of bacteria.

Examples: IgA, IgG, IgE - Examples: Penicillin, Ampicillin---

Antibiotic the bacteria are to
(can be killed by)

When placed in a petri dish,

the bacteria will grow freely. When placing different antibiotics

in the petri dish, bacteria SENSITIVE
to an antibiotic will die in the

region surrounding it, while
bacteria RESISTANT to an antibiotic
will survive in the region
surrounding it.

\> Antibiotic the bacteria are to

(can’t be killed by)

% are sensitive to@ antibiotic & resistant to& antibiotic.

HOW-CAN A BACTERTA"BECOM E"RESISTANTATO AN FANTIBIOTICY:

\ . YT 5
Mutatlons @ AntlblOtICS \\‘ "_/ ‘\\~ )
~~~~~~~~ ’,—"\
~ .- N
‘ \O (D

= Antibiotic Replication

KEy = @ Resistant
Antibiotic Resistant Bacteria ‘ 7 acterla
Antibiotic Susceptible Bacteria “' -

Example of antibiotic-resistant bacteria: MRSA (Methlcullm Resistant Staphylococcus Aureus)

Bacteria

Stopping antibiotics before a cure increases the
risk of creating antibiotic-resistant strains of
bacteria since with time mutations occur.

IFEGTION S SVMFTOHS S ANTIFIGTICS S G Mprons OURE

—_—— )

COURSE OF A DISEASE
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