Host immune system

(Cell-microbes interaction /
Cell recognition)
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Learning objectives

1. Microbe - host interaction

2. Host - microbe recognition

3. Microbial evasion



Microbe - host interaction

Microbe Host

> Adherence H » Skin, mucus, pH, excretion, etc.
% » Growing lifestyle

VY 9V Mutualism

vY ..

Commensalism

o © o’ = o o
ﬁ, Parasite / Pathogenic



Microbe - host interaction

(D Defend airways against pathogens Lungs

(as competitors and as production
of bacteriocins)

2 Production of defensive anti- Skin
microbial peptides

Wound healing
Inflammation control
Immune system development

o Protective functions
° Structural functions
@ Metabolic functions

Indirect roles through:

- Activation of the vagus nerve

- Activation of the immune system
- Secretion of neurotransmitters

866686 000 ©0O

Pathogen displacement
Antimicrobial factors

Barrier fortification
Tightening of junctions
Immune system development

Vitamins synthesis

Metabolize carcinogens

Ferment non-digestible residues
IEC differentiation & proliferation
Metabolite transformation and
absorption

Mutualism
+

Commensalism



IFunction Virulence factors
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IAttachment Adhesins (fimbriae, afimbrial surface proteins) Pat h oge n I C b a Cte rl a

Exopolysaccharides
Lipoteichoicacid

Outer membrane proteins — > Vi r u I e n Ce fa Cto rs
Outer membrane vesicles
[nvasion Flagella

Enzymes (collagenase, hyaluronidase, chondroitin NYIPS Lumen of small intestine
sulfatase, fibrinolysin, acid phosphatase, and Dnase) "f"' "’J
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of nutrients) Flagella

_Exotoxins -> TOXln
Heat—shock proteins => TOXln * * 0

Metabolic end-products

Direct damage Exotoxins I

Enzymes (collagenase, hyaluronidase, chondroitin Su r\li\la I
sulfatase, gingipains, aminopeptidases, phospholipase, .
neuraminidase, and acid phosphatase) (Copyl ng)
Metabolic end-products (short-chain fatty acids, | dd4
polyamines, volatile sulfur compounds, indole, ammonia)
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Invasion®

* Microvilli

E:rern:u: yie

. . . o : Coypt
Indirect damage Lipopolysaccharide (mainly lipid A portion)

Peptidoglycan
Lipoteichoic acid
Fimbriae
Exopolysaccharides

Outer membrane proteins (porins)

Lipoproteins * Survival
DNA

Heat-shock proteins (Copylng)
Ref: Siqueira JF, Jr, Rocas IN. Bacterial pathogenesis and mediators in apical periodontitis. Braz Dent J. 2007;18(4):267-80.
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Pathogenic virus
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Kranslation
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HBV virion

> NTCP receptor it
Cataen L ™ W
¥ Protein-free '\ /‘@
mRNA  \wwwww rcDNA ) -— ‘
transcription  WWAWWWA <DNA
VWM
» HBV DNA Recycling of
‘ \ nucl)éo'ca?asid Viral secretion

3
L

transcription

\VAVAY: AVANEEE—= S C/, —_— ‘ g ‘ e Viral protein secretion

AV VAVAV, JAVAN Encapsidation  Negative Positive

\VAVAVAVAVAVA V] strand strand ° EY
synthesis synthesis E x I t ®

HBYV RNA virion-like

particle secretion

Ref: Seto WK, Lo YR, Pawlotsky JM, Yuen MF. Chronic hepatitis B virus infection. Lancet. 2018;392(10161):2313-24.



Microbe - host interaction

Microbe Host

> Adherence H » Skin, mucus, pH, excretion, etc.

» Growing lifestyle (survival factors to colonize)
% Mutualism (+/+)
Commensalism (+/0)

Parasite / Pathogenic (+/-)
-> Virulence factors
-> toxin w / wo invasion



oi b e~ DIGCOVERING THE

NUTRICIA

GUT MICR05|0TA’

—— (@) THE ESSENTIALY —
HOST-MICROBIOTA SYMBIOSIS 3

A REALLY CLOSE RELATIONSHIP

WHAT ARE WE TALKING ABOUT?

Kho et al,2018; Doreetal, 2017; Hooperetal, 2012 -
Heetal, 2016 Makkietal,, 2018

Thet are
our silent liflle
helpers:

Kho et al 2018

THE GUT MICROBIOTA:
THE RICHEST COMMUNITY IN OUR BODY

- 100000 S %%.@W
- 907 ' ALL ACTORS OF OUR OWN HEALTH

Biudes S 2006 Doietaf SAUA Tin scultindvidg Since our gut microbiota is our partner for life, we need to support each other!
Through our diet, we can take care of it so that it will take care of us.

Specific to each individual. just |
— = Senghor, 2018; Makki et al.,2018; Nie et al,, 2018




<4 Behavioural factors
* Smoking
* Alcohol consumption
* Exercise
» Acute physiological stress
* Chronic physiological
stress
» Sleep

Intrinsic host factors
= Age

* Sex

» Cenetics

» Comorbidities

Microbiome and immunity development

23

Environmental factors

# Rural versus urban
location

= Geographical location

» Season

* Family size

» Toxins

Nutritional factors
* Body mass index

= Nutritional status
* Micronutrients

* Enteropathy

Perinatal host factors

s Gestational age

+ Birth weight

# Breastfeeding

» Maternal antibodies

* Maternal infections during
pregnancy

| ¥

* Parasites

4 ¥

Vaccine factors
* Vaccine type .
» Adjuvants

* Daose

s Site and route of
administration

Baseline immunity
gl ® Pre-existing immunity
3= s Infections

* Trained immunity

* Co-administered

= Timing

i

Needle size

vaccines and
drugs

Microbiota

* Microbiota composition
* Microbial metabolites

+ Antibiotics

* Probiotics and prebiotics

Vaccine immunogenicity

ﬁ@ﬁmf
RANT

Ref: D. J. Lynn, S. C. Benson, M. A. Lynn, B. Pulendran, Modulation of immune responses to

vaccination by the microbiota: implications and potential mechanisms. Nat Rev Immunol, (2021).
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Microbiota
diversity

Immune

Vaccine

development

immunogenicity

Infancy Childhood Adulthood Old age
Ageing
Adult-like
composition
reached by
Unstable with age 2-3 years Stable with high levels of diversity Reduced

low levels of stability and
diversity ﬁ (=] @ 25 diversity
% DO &2
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Optimal immune function
Immune Immunosenescence

maturation
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Microbiome and immunity development
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Indigestible L, AP VDS
7
carbohydrates H " H
i H OH H OH H OH
1) I drolys! ICrop;
M\c(ob\a\ M Microbial o hydfO/ys,'s
! hydrolysis
Hexose Pentose Deoxy-hexose
Slyeo Pentose ;
Ves ]
Ysis Phosphate (‘,\\{CON ]
Pathway !
Pyruvate i
.
1,2-propanediol
Acetyl-CoA
S Propanediol
(7
A Pathway
6{@ o
Butyryl-CoA \)]\
o

Propionate

Acetate =
Butyrate
Kinase (@)

Butyryl coA:acetate
1 coA transferase

Acetate CoA

Butyrate

100%

Short-chain fatty acids (SCFAs)

Ref: S. Deleu, K. Machiels, J. Raes, K. Verbeke, S. Vermeire, Short chain fatty acids and its
producing organisms: An overlooked therapy for IBD? EBioMedicine 66, 103293 (2021).

SCFAs

Mainly butyrate

Intestinal barrier integrity

* Tight junctions T

*  Anti-microbial peptide production T
* Cell proliferation

%
=

[ f

1 V=
Macrophage

HDAC
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~ +IL10
TFs " - NFKB
UUU[][][]UU[]DU[][][][{> ‘x\_ TNF
l-IL6, 12
. -IFNy

© /-iNOS

Inflammation J

GPR= G-protein coupled receptor, HAT= histone acetyl transferase, HDAC= histone deacetylase,
HIF= hypoxia inducible factor, SLC= solute carrier, TCA= tricarboxylic acid cycle, TF= transcription factor 10



TOP 20 PREBIOTIC FOODS
FORAHEALTHY GUT

'

PREBIOTIC vs PROBIOTIC

What's the difference?

Both offer a wide range of health benefits.

; PREBIOTIC E=
oo

Plant-based fibers
Come from your diet
Act as a food source for
healthy gut bacteria
Found in bananas,
oats, onions, artichokes
and garlic

&

TJ\' "‘,‘;f%

PROBIOTIC T

e Live bacteria in the
digestive system

e Needed to support our
digestive and immune
systems.

e Can be found in
yogurt, miso and
kimchi

w -’

Sun

fiber’

11



Take a break...

Time for you to ask
questions




Learning objectives

1. Microbe - host interaction

2. Host - microbe recognition

3. Microbial evasion
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Host > microbe interaction

Non-invasive Microbe Host Innate immunity

> Adherence H » Skin, mucus, pH, excretion, etc.

% > Growing lifestyle (colonize)(“on'sPeCiﬁc barrier)

Mutualism (+/+) . i
Commensalism (+/0) } Microbiome

VS (competitively growth)
Parasite / Pathogenic (+/-)
Non-invasive pathogens

X X X X XNeutra/ize / prevent attachment

Adaptive immunity
(specific secretory IgA) 14




Host > microbe interaction

Invasive Microbes

e

Cellular innate immunity
(less-specific barrier)

Pattern recognition receptor (PRR)

» Pathogen associated molecular patterns (PAMPs)

» Damage associated molecular patterns (DAMPs)

L Danger signals (cytokines and chemokines)

15



General characteristic of

normal immune responses
Identifying vs Non-self

Self marker Antigen

3 LINES OF DEFENSE
SPECIFIC DEFENCES
(ADAPTIVE IMMUNITY)

First line of defense Second line of defense Third line of defense

+ Skin . Phe'zgc.)cytic: Ieukocy.ltes  Lymohociss

* Mucous membranes » Antimicrobial proteins Gane

: . » Antibodies
+ Secretions of skin and * Inflammatory response
* Memory cells
mucous membranes * Fever

Humoral immune response
+ B cells >> plasma cells >>
antibodies

Cellular immmune response

« Th>>cytokines

« Tc or CTLs >> perforin +
granzymes 16



General characteristic of
normal immune responses

(pattern recognition receptors)

o9 eodporoeheo

29 Qoodpooochpea
N-Formyl

Tol-ike§ methionyl Mannose Scavenger

receptor receptor  receptor

receptor

somatic recombination of gene
segments; greater diversity

’ % #
\éf 1£TCR °¥
2 o3 el @
o Q9
[ eodea @

Recognition molecules

Ilnnate immunity

IAdaptive immunity

| <100 different types of invariant receptors

Nonclonal: Identical receptors on all cells of
the same lineage

Germline encoded, in all cells

(Feature [ Innate immunity | Adaptive immunity IFeature
' Specifici | For structures shared by classes ' For structural detail of microbial |
P y of microbes (pathogen-associated molecules (antigens); may recognize Number and types
molecular patterns) = nonmicrobial antigens of receptors
Antigens
: ‘ Different Distribution
Different
microbes\[ : ""°'°°° ﬂ of receptors
Identical 4 5 /{ S
Toll-like istinct :
receptors antigen-specific Genes enCOdmg
antibodies receptors
Number of microbial | About 1000 molecular patterns (estimated) = >107 antigens e
molecules recognized Discrimination of self
Receptors Encoded in germline; limited diversity Encoded by genes produced by and nonself

Yes; healthy host cells are not recognized
or they may express molecules that prevent
innate immune reactions

Only 2 types of receptors (Ig and
TCR), with millions of variations
of each

Clonal: clones of lymphocytes with
distinct specificities express
different receptors

Formed by somatic recombination
of gene segments only in B
and T cells

Yes; based on elimination or
inactivation of self-reactive
lymphocytes; may be imperfect
(hence the possibility

of autoimmunity)

17



Host > microbe interaction

Cellular PRRs Soluble PRRs

Pattern Recognition Location Specific PAMP/DAMP Ligands Pattern Recognition Location Specific PAMP/DAMP Ligands
Receptors Examples Receptors Examples
ez 0 Toll-like receptors (TLRs) Plasma TLRs 1-9 Various microbial Pentraxins Plasma C-reactive Microbial
Pattern recognition receptor (PRR T oiacties ol B i g otoe ma
'c Y 3 3 g
and bacterial LPS and phosphatidylethanolamine
° 'c L ad s a
I fI t endosomal peptidoglycans, viral
O n a l I I l I I a I O n membranes of nucleic acids Collectins Plasma Mannose-binding  Carbohydrates with
dendritic cells, lectin terminal mannose and
] T L R S phagocytes, B fructose
cells, ) Alveoli Surfactant Various microbial
endothelial proteins SP-A structures
] N L R cells, and and SP-D
S many other
cell types Ficolins Plasma Ficolin N-Acetylglucosamine and
- ” 5 lipoteichoic acid
C D S S NOD-like receptors (NLRs)  Cytosol of NOD1/2 Bact.erlal cell wall components of the cell
ph'agoc'ytes, peptidoglycans walls of gram-positive
P h t . ep:he:al celllls, NLRP family Intracellular crystals bacteria
and othercells ~ ; i) :
O a g O Cy O S I S (inflammasomes) | (urate, slhca), changes in Complement Plasma Various Microbial surfaces
cytosolic ATP and ion complement
concentrations; lysosomal :
roteins
" CLRs A :
RIG-like receptors (RLRs) Cytosol of RIG-1, MDA-5 Viral RNA
O h
[} S t phagocytes
cavenger receptors il et colls
. Cytosolic DNA sensors Cytosol of AIM2; STING- Bacterial and viral DNA
| F | t d t CDSs, many cell associated CDSs
ormyi peptide receptors (e i '
F P R C-type lectin-like Plasma Mannose Microbial surface
receptors (CLRs) membranes of  receptor carbohydrates with
phagocytes terminal mannose and
o Antiviral state
Dectin Glucans present in fungal
cell walls
u T L R S Scavenger receptors Plasma CD36 Microbial diacylglycerides
membranes of
- R L R 3 phagocytes
S N-Formyl met-leu-phe Plasma FPR and FPRL1 Peptides containing N-
receptors membranes of formylmethionyl residues
phagocytes

= CDSs

18



Host > microbe interaction

Invasive Microbes

e

Cellular innate immunity
(less-specific barrier)

Pattern recognition receptor (PRR)
> PAMPs
> DAMPs r Defense mechanisms

b Danger signals (cytokines and chemokines)

Communication Cell migration

19



Cytokines - Cell-to-cell communication

a. Endocrine signaling CVtO kine

. Signaling
\ molecule

Cytokine

¢. Autocrine signaling

Signal travels
through the
circulatory system.

Receptor
protein

“Chemical language”

b. Paracrine signaling

Cytokine

20



Chemokines > chemoattractant cytokines

Leukocyte chemotaxis

Leadin

- o %
edge @) 0

00
o ®°%°° 408

®_ o0
® 0,00
Chemokine © o %°
receptors Chem@;)kine
gradient

Chemotaxis - directional

21



Host > microbe interaction

o
° (J
CE-)
Se®e)oe
-]
) ° o
° °
o 0

©,
Granulocyte

B ) 8 . Derrr!al pogt-capillary venu!g ;
[elelelele[eleleleleal

Tissue resident immune cells
» Minimal infection control (macrophages / T-cells)
» Danger signal provider (mast cells / ILCs / T-cells)

Blood / circulating / systemic immune cells
» Very effective infection control

22



Innate lymphoid cells (ILCs)

e
=
| 5
ILC1 ILC2
Activation :H g :tgg
IL-5
IFN-y IL-13
- ' Defense against veiense
Effe9t0r intracellular hea|?nai|:t?1ts-
functions pathogens alleralc
of ILCs (bac + virus) inflammgation

Ref: Abbas, A. K., Lichtman, A. H., & Pillai, S. (2007). Cellular and molecular immunology 10th ed.

A

ILC3

IL-1B
IL-23

IL-17
IL-22

Intestinal + Defense
barrier against
function; extracellular
lymphoid pathogens
organogenesis (bac + fungi)

23



Host > microbe interaction

Antibodies J¢ 9 I
A Y r

Tylcells
Ty2 cells

V Ty17 cells
/‘—"1 Ty17 cells Ty cells
s Yer! — (D) —— o
A A J IL-17

IFN-y

- oj’q; Helper T cells : Help to
° provide an appropriate

Ex:racellularo = Intracellular

bacteria J. Neutrophil IL-4 Macrophage bacteria and res ponses to pathoge ns
IL-S Ty2 cells protozoa
IL-13

Mast cell
Basaphil
Eosinophil

¢ Helminth

Recommended Ref: Medzhitov R. Recognition of microorganisms and activation of the immune response. Nature. 2007;449(7164):819-26. 24



Host > microbe interaction

Defense mechanisms : Size, location and number are matter!!!!

Too small (virus)
Anti-viral state

NK-cell or CTL

(natural killer cell)  (Cytotoxic T lymphocyte)

25



Host > microbe interaction

Defense mechanisms : Size, location and number are matter!!!!

Small and can be ate (bacteria and yeast)

. X
MG (N
- ‘:.‘vs?o.} % ,7
Phagocytosis Te

(Low number)

(Too many in number)

26



Host > microbe interaction

Defense mechanisms : Size, location and number are matter!!!!

4

Too big (parasite and mold) "'

Antibody-dependent cell-mediated cytotoxicity (ADCC)

27



Host > microbe interaction

Defense mechanisms : Size, location and number are matter!!!!

Too small (virus) Small and can be ate (bacteria and yeast)

> 0
vy (7
Phagocytosis TRee .

NK-cell or CTL (Low number) (Too many in number)

(natural killer cell)  (Cytotoxic T lymphocyte)

Too big (parasite and mold) % | @
P <

Antibody-dependent cell-mediated cytotoxicity (ADCC) 28

Anti-viral state




Learning objectives

1. Microbe - host interaction

2. Host - microbe recognition

3. Microbial evasion

29



Table 1. Anti-lImmune Strategies of Viruses and Bacteria

=W =[N

Strategy Viral Examplas Bacterial Examplas

(1) Secreted modulators or toxins - ligand mimics (virokinas) = many toxins
= receptor mimics (viroceptors) - proteases

(2) Modulators on the - complemant inhibitors = Lipid A of LPS

pathogen surface - coagulation regulators - carbohydrates such as capsules

= immune receptors = outer membrane proteins
= adhesion molecules - adhesins and invasins

(3) Hide from immune surveillance - latency = avoid phagolysosomal fusion
- infect immunopriviledged tissues = inhibit phagocytosis

(4) Antigenic hypervariability - BN[WESS Brmor-prone raplicase = vary many surface structures

(5) Subvert or kill immune

hagocytes
4

(6) Block acquired immunity
(7} Inhibit complemant

(8) Inhibit cytokines’
interferonfchemokines

TLMTHE apoptosis/autophagy
3

2

Recommended Ref: Finlay BB, McFadden G. Anti-immunology: evasion of the host immune system by bacterial and viral pathogens. Cell. 2006;124(4):767-82.

(10) Interfere with TLRs

(11) Block antimicrobial
small molecules

{12) Block intrinsic celiutar
pathways

- escape from antibody recognition = pili, outer membrane proteins, LPS
= "outrun™ T cell recognition = strain to strain variation

= infect and kill immune cells (DCs, APCs, - suparantigens

lymphocytes, macrophage, etc.) = avoid phagolysosomal fusion
= imhibit CTL/MK cell killing pathways - block inflammatory pathways by
= alter immune cell signaling, effector injecting effectors
functions, or differentiation = replicate within and overrun immune cells
- express superantigens
- downregulate MHC-1 or I = lgA proteases

= block antigen presentation/protecsoms = block antigen presentation
= prevant induction of immune responss
genes

= soluble inhibitors of complamant - proteases to degrade complament

cascade = produce capsules and long chain LPS
= wiral Fc receptors to avoid complemeant deposition and
MAC attack
= inhibit ligand gene axpression = block inflammatory pathways
= ligand/receptor signaling inhibitors - activate alternate pathways

- block secondary antiviral gene induction - secrete proteases to degrade

= interfere with effector proteins

= inhibit or accelerate call death = inhibit apoptosis

= block death signaling pathways - activate death signaling pathways
- scavenge free radicals - alter apoptotic sigaling pathways
- downregulate death receptors or ligands
- inactivate death sensor pathways

- block or hijack TLR signaling

- prevent TLR recognition

= alter TLR ligands to decreasa recognition

= bind to TLR to dampen inflammation

- inject effectors to inhibit downstream
inflammation signaling

- secrete proteases to degrada

= alter ceall surface to avoid peplide
insertion

= usa pumps to transport paptide

= directly sense small molacules to trigger
deferse mechanisms

= inhibit RNA editing = alter ubiquitin pathway
= regulate ubiquitin/ISGylation pathways = alter transcriptional programs

= preveant iNOS induction
= inhibit antiviral RMA, silencing

block pathways

1. Antigenic variation :
Avoid antibodies and PRR

enzymes

3. Hindrance / covering :

Live in somewhere that protecting themselves from
immunity (inside cell / capsule / biofilm / fibrous / granule)

4. Killing the immune cells :

Microbial evasion

2. Inhibition or degradation of immunity :

30



Recognition of microorganisms and
activation of the immune response

Ruslan Medzhitov'

The mammalian immune system has innate and adaptive components, which cooperate to protect the host
against microbial infections. The innate immune system consists of functionally distinct ‘modules’ that
evolved to provide different forms of protection against pathogens. It senses pathogens through pattern-
recognition receptors, which trigger the activation of antimicrobial defences and stimulate the adaptive
immune response. The adaptive immune system, in turn, activates innate effector mechanisms in an antigen-
specific manner. The connections between the various immune components are not fully understood, but
recent progress brings us closer to an integrated view of the immune system and its function in host defence.

Medzhitov R. Recognition of microorganisms and activation of the
immune response. Nature. 2007;449(7164):819-26.

Recommended articles

Leading Edge

Anti-immunology: Evasion of the Host
Immune System by Bacterial
and Viral Pathogens

B. Brett Finlay"* and Grant McFadden®*

! Michael Smith Laboratories, University of British Columbia, Vancouver, B.C. VBT 124 Canada
?Robarts Research Institute and University of Western Ontario, London, Ontario, N6G 2V4 Canada
‘Contact: bfinlay@interchange.ubc.ca (B.B.F.); mcfadden@robarts.ca (G.M.)

DOl 10.1016/j.cell.2006.01.034

Multicellular organisms possess very sophisticated defense mechanisms that are designed
to effectively counter the continual microbial insult of the environment within the vertebrate
host. However, successful microbial pathogens have in turn evolved complex and efficient
methods to overcome innate and adaptive immune mechanisms, which can result in disease
or chronic infections. Although the various virulence strategies used by viral and bacterial
pathogens are numerous, there are several general mechanisms that are used to subvert
and exploit immune systems that are shared between these diverse microbial pathogens.
The success of each pathogen is directly dependant on its ability to mount an effective
anti-immune response within the infected host, which can ultimately result in acute disease,
chronic infection, or pathogen clearance. In this review, we highlight and compare some of
the many molecular mechanisms that bacterial and viral pathogens use to evade host im-
mune defenses.

Finlay BB, McFadden G. Anti-immunology: evasion of the host immune system by
bacterial and viral pathogens. Cell. 2006;124(4):767-82.

Asst.Prof.Dr.Arnone Nithichanon

Department of Microbiology, Faculty of Medicine, Khon Kaen University

E-mail: arnoni@kku.ac.th
Tel./Line: 096-810-5800
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Time for you to ask
questions

Asst.Prof.Dr.Arnone Nithichanon E-m il NG SR

Department of Microbiology, Faculty of Medicine, Khon Kaen University Tel./Line: 096-810-5800
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Take home message

Microbe Host

3¢ Adherence H » Skin, mucus, pH, excretion, etc.

% ~-1 Growing lifestyle (survival factors to colonize)

Mutualism (+/+)

Commensalism (+/0) Quorum Sensing:

The Social Network of Bacteria

Parasite / Pathogenic (+/-)
-> Virulence factors
-> toxin w / wo invasion

33



Take home message

Microbe Host Innate immunity

> Adherence H » Skin, mucus, pH, excretion, etc.

% > Growing lifestyle (colonize)("on'sPeCiﬁc barrier)

Mutualism (+/+) . i
Commensalism (+/0) } Microbiome

VS (competitively growth)
Parasite / Pathogenic (+/-)
Non-invasive pathogens

X X X X XNeutra/ize / prevent attachment

Adaptive immunity
(specific secretory IgA) 34




Take home message

Invasive Microbes

e

Cellular innate immunity
(less-specific barrier)

Pattern recognition receptor (PRR)
> PAMPs
> DAMPs r Defense mechanisms

b Danger signals (cytokines and chemokines)

Communication Cell migration

35



Take home message

Defense mechanisms : Size, location and number are matter!!!!

Too small (virus) Small and can be ate (bacteria and yeast)

> S
ey
Phagocytosis TR 4

NK-cell or CTL (Low number) (Too many in number)

(natural killer cell)  (Cytotoxic T lymphocyte)

Too big (parasite and mold) % | @
P <

Antibody-dependent cell-mediated cytotoxicity (ADCC) 36

Anti-viral state




Take home message

Microbial
evasion

1. Antigenic variation :
Avoid antibodies and PRR

2. Inhibition or degradation of immunity :

block pathways enzymes

3. Hindrance / covering :

Live in somewhere that protecting themselves from
immunity (inside cell / capsule / biofilm / fibrous / granule)

4. Killing the immune cells :

37
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