Patogénese Bacteriana —
Respostas imunologicas do
hospedeiro contra infeccoes
bacterianas
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Os microrganismos podem entrar de 4 formas
distinta e causar doenca :

-microrganismos com mecanismos especificos de
aderéncia e invasao das superficies corporais do
hospedeiro

-microrganismos introduzidos em hospedeiros
saudaveis por picadas de artropodes

- Microrganismos introduzidos em hospedeiros
saudaveis, através de feridas na pele ou mordidas
de animais

- Microrganismos capazes de infectar hospedeiro
saudavel apenas quando os mecanismos de
defesa estao comprometidos
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Entrada

Barreiras:
pele:

- Camada rigida formada por células mortas e queratinizadas g s £

- Entrada pelos foliculos pilosos e ductos sudoriparos E T

- Cortes via parenteral = através de perfuracdes, injecdes, mordidas .... - Contunt
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- Superficies revestidas com epitélio ciliado e/ou muco
- Alta concentracdes de lisozima
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- Bactérias podem produzir proteinas que modulam as func¢bes do epitélio S 218 4 /iiropode
\ 7 | An Capilar
) ) , .. Trato Pele
Via preferencial = pré-requisito para causar a doenca uregerifel "=
rato

Ex. estreptocococos devem ser inalados para causar doenca. alimentar



Numero de microrganismos invasores:

DI, = dose infectante para 50% de uma amostra da populagao

- varia conforme a porta de entrada

DL., = dose infectante letal para 50% de uma amostra da populagdo (termo geralmente utilizado para toxinas)
0,03 ng/Kg para a toxina botulinica



Uma vez dentro do nosso corpo.....







Sistema imune



Respostas inatas — sao mecanismos de reconhecimento molecular
gue realizam uma rapida e efetiva defesa do hospedeiro e nao requer
uma exposicao prévia ao patogeno

Resposto adaptativa — habilidade ADQUIRADA de reconhecer e
destruir um patogeno em particular.






The big picture...Integration of innate and adaptive immunity
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% Innate immunity Adaptive immunity
(ﬁ) Epithelial B lymphocytes ) Antibodies
. barriers N

IC

Phagocytes
o
© @
£ %
Complement cells
Hours ,/‘/ i Days
0 6 12 1 3 5

Time after infection s>

Courtesy: Abbas and Litchman; Basic Immunology



Adaptive Immunity
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CELLS OF THE IMMUNE SYSTEM
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ANTIGEN-PRESENTING CELLS

Lysosome partially Fragment
digest the pathogen of the antigen

The vesicle fuses with
the cell membrane

Vesicle with

Antigen MHC molecules

Digestive
products

Antigen-MHC
complex

Lysosome

Expressam moléculas
classe Il do complexo
principal de
histocompatibilidade
(MHC 11)

-células dendriticas
-macrofagos
-linfocitos B



Células natural killer — destroem células revestidas por anticorpos e
células infectadas por virus

Neutrofilos — fagocitam e matam bactérias

Eosinofilos — defesa de parasitas e resposta alérgica

Monocitos — liberacao de citocinas

Células dendriticas = apresentacao de antigenos

Macrofagos — respostas inflamatorias

Basofilo/mastdcito — producao de anticorpos

Linfocito B — producao de anticorpos

Linfocito T — controle de resposta imune e matar células infectadas
por virus e tumores



A B-cellis triggered when it encounters its
matching antigen

\ The B-cell engulfs the antigen and
' digests it

“3‘ then it displays antigen fragments
bound to its unigue MHC molecules

This combination of antigen and
MHC attracts the help of a mature
matching T-cell.
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Released into the blood, *
antibodies lock onto matching antigens. The

antigen-antibody complexes are then cleared by the
complement cascade or by the liver and spleen.



Resposta inata

Innate Immunity
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Células da resposta imune

Peripheral myeloid cell subsets
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O sistema complemento é formado por um conjunto de proteinas sanguineas que marcam de maneira mais
permanente patégenos, principalmente bactérias aumentando a capacidade de ligacao de anticorpos e células
fagociticas

ACTIVATION OF THE COMPLEMENT SYSTEM
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COMPLEMENT ACTIVATION
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RECRUITMENT OF OPSONIZATION OF DIRECT KILLING OF
INFLAMMATORY CELLS PATHOGENS PATHOGENS
FACILITATING
PHAGOCYTOSIS
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Three Pathways of the Complement System
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A ativacao do complemento pode ocorrer por acido
teicoico, peptidoglicano e LPS

EFFECTOR FUNCTIONS
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Fatores quimiotaticos (C5a) — atrai
neutrofilos e macrofagos para a
infeccao

Anafilatoxinas (C3a e C5a) —
estimula liberacdo de histamina
pelos mastdcitos aumentando a
permeabilidade celular
Opsoninas (C3b) — ligam as
bactérias e promovem sua
fagocitose

Ativador de célula B (C3d)



A MBL
Mannose-binding lectin Ficolin
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Respostas mediadas por células Detectam

microorganismos e
liberam citocinas

.

Immunoglobulin
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from inhibitory and aclivation receptors
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Células dendriticas
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pathogen-associated
molecular patterns
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PAMPS

PAMPS recognized by the innate immune system:
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Cell wall constituents or microbial nucleic acids
Lipopolysaccharide (LPS) from the gram -ve cell wall.

Peptidoglycan found abundantly in the gram-positive cell walland to a
lesser degree in the gram-negative cell wall .

Lipoteichoic acids in the gram +ve bacterial cell walls
Lipoarabinomannum (LAM) in mycobacterial wall

Mannose-rich glycans (common in microbial glycoproteins and
glycolipids but rare in those of humans).

Flagellin found in bacterial flagella.
Pilin from bacterial pili.

Bacterial and viral nucleic acid. Bacterial and viral genomes contain a
high frequency of unmethylated cytosine-guanine dinucleotide
sequences (a cytosine lacking a methyl or CH3 group and located
adjacent to a guanine). Mammalian DNA has a low frequency of
cytosine-guanine dinucleotides and most are methylated.

Double-stranded RNA unique to most viruses.
Lipoteichoic acids, glycolipids, and zymosan from yeast cell walls.



Cell-associated Pattern Recognition
Receptors (PRRs)

TLR Ligand Source
TLR1/2 lipoarabinomannan mycobacteria
TLR2+6 Zymosan Fungi
HSP70 Host
TLR3 DS RNA Viruses
TLR4 lipopolysaccharide Gr- bacteria
RSV fusion protein RSV
HSP70 Host
TLRS Flagellin Flagelated bacteria
TLR6/2 Diacyl lipopeptides Mycoplasma
TLR7and 8 |SS RNA Viruses
Imidazoquinolones Synthetic
TLRS Unmethylated CpG motifs Bacteria and DNA viruses
_ TLR10 Unknown
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Foreign microbe
with antigens
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Macrophage

Dendritic cell
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AS células do sistema imune se comunhicam

por interacoes de receptores especificos
com moléculas soluveis

Citocinas — proteinas produzidas por células linfoides que estimulam e
regulam outras células durante a resposta imune

Interferons — proteinas produzidas em resposta a infeccdes virais

Quimiocinas — proteinas associadas a resposta inflamatoria



Citocinas Importantes na Inflamacao

Interleucinas
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PHAGOCYTOSIS

PRR Degradation
o ACTIVATION
Bacterium .. “D:> Ill]l:">
°.° ®
Phagocyte Uptake Intracellular killing
0.5 -1 hours

The amount of internalized

Antigen + Antibody particles is limited

ACQUIRED IMMUNITY

Antigen presentation
T cell
ACQUIRED IMMUNITY

Trés etapas: fixacao: ativacao e digestao



O fagossomo mata pela liberacao de espécies reativas de oxigénio

Abnormal antigen

presentation? Abnormal ionic

environment?

v IL-122

Autophagosome



Inibicao do fagossomo:

Staphylococcus aureus

www.bacteriainphotos.com

Staphylococcus aureus

Phagocytosis of Staphylococcus aureus
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Leucocidinas

Toxin binds cell surface receptor, forms pores,
and kills the phagocyte through cytolysis
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After phagocytosis, toxin binds to receptor on the
inner surface of the phagosome membrane, forms
pores, and kills the phagocyte from within

Opsoﬁic and antitoxin bic;logics
would neutralize bacterium
from outside and from within

Intraceliular

S. aureus
destroyed

Phagocyte preserved

Trends in Pharmacological Sciences



Innate Immunity Adaptive Immunity

Dendritic Natu};aICKiIII'er
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Receptores de peptidoglicano citoplasmaticos NOD1, NOD?2 e criopirina ativa a liberacao de IL-1, IL6 e TNF



Respostas imunes aos agentes infecciosos
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