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Interacao patogeno/hospedeiro

Imunidade inata e adaptativa

Resposta é diterenciada dependo do patdégeno (resposta

imune protetora)
Infeccao aguda ou crénica (laténcia, evasao)

Lesdo tecidual como dano direto do patégeno MAS tbm

como resposta “exagerada” as infecgbes

2 estratégias de resposta: resisténcia/eliminacao ou limitagao

do dano/tolerancia

Imunocompetencia vs imunodeficiéncia do hospedeiro



Interacao patogeno/hospedeiro
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Infeccao por bactérias extracel

* Replicam fora das células do hospedeiro (sangue, tecidos conjuntivos, espagos
teciduais como lumen do tratos respiratério e gastrointestinal)

« 2 principais mecanismos de patogenicidade

- Inflamacdo = destruicado tecidual no sitio da infeccao (ex. Streptococcus,
Staphylococcus)

- Toxinas (ex. Clostridium tetani,Vibrio cholerae)

- exotoxinas = citotdxicas, interferéncia nas funcoes cel, inducdo CK

- endotoxinas (ex:LPS)-> potente ativador de Mg e DC (elevada producédo de CK inflamatdrias)

- Super Ag (ex. Staphylococcus)

- exotoxinas > ativagao DIRETA de linfécitos Th = produgao sistémica de CK = shock

» Pequeno inoculo e baixa viruléncia —> resposta inata é suficiente
* Maior inoculo e/ou elevada viruléncia —> resposta adaptativa € induzida



Infeccao por bactérias extracel

Microbe

Examples of Human Diseases

Mechanisms of Pathogenicity

Extracellular bacteria

Staphylococcus aureus

Streptococcus pyogenes
(group A)

Skin and soft tissue infections, lung abscess
Systemic: toxic shock syndrome, food
poisoning

Pharyngitis
Skin infections: impetigo, erysipelas; cellulitis
Systemic: scarlet fever

Skin infections: acute inflammation induced by toxins; cell death
caused by pore-forming toxins

Systemic: enterotoxin (“superantigen”)-induced cytokine
production by T cells causing skin necrosis, shock, diarrhea

Acute inflammation induced by various toxins, e.g., streptolysin 0
damages cell membranes

Streptococcus pyogenes
(pneumococcus)

Escherichia coli

Vibrio cholerae

Pneumonia, meningitis

Urinary tract infections, gastroenteritis, septic
shock

Diarrhea (cholera)

Acute inflammation induced by cell wall constituents; pneumolysin
Is similar to streptolysin 0

Toxins act on intestinal epithelium chloride and water secretion,
endotoxin (LPS) stimulates cytokine secretion by macrophages

Cholera toxin ADP ribosylates G protein subunit, which leads to
increased cyclic AMP in intestinal epithelial cells and results in
chloride secretion and water loss

Clostridium tetani Tetanus Tetanus toxin binds to the motor end plate at neuromuscular
junctions and causes irreversible muscle contraction
Neisseria meningitidis Meningitis Acute inflammation and systemic disease caused by potent
{meningococcus) endotoxin
Corynebacterium diphtheriae Diphtheria Diphtheria toxin ADP ribosylates elongation factor 2 and inhibits

protein synthesis



Resposta a bactérias extracel
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Resposta a bactérias extracel
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Resposta a bactérias extracel
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Resposta a bactérias extracel

Superantigen — |

Endogenous 3
supcrantigen is ——— ||

|

membrane bound

Es are a major cause of food poisoning, which typically occurs
after ingestion of different foods, particularly processed meat
and dairy products, contaminated with S. aureus by improper
handling and subsequent storage at elevated temperatures.
Symptoms are of rapid onset and include nausea and violent
vomiting, with or without diarrhea. The illness is usually self-
limiting and only occasionally it is severe enough to warrant
hospitalization.

Super Ag

Peptide for which
TCR is not specific

Superantigen Disease’
Staphylococcal enterotoxins

SEA Food poisoning

SEB Food poisoning

SEC] Food poisoning

SEC2 Food poisoning

SEC3 Food poisoning

SED Food poisoning

SEE Food poisoning
Toxic shock syndrome toxin (TSST1) Toxic shock syndrome
Exfoliative dermatitis toxin (ExFT) Scalded skin syndrome
Mycoplasma arthritidis supernatant (MAS) Arthritis, shock

Streptococcal pyrogenic exotoxins
(SPE-A, B, C, D)

Rheumatic fever, shock



Imunodeficiéncias

defeito em 1 ou mais @

componentes do sistema ——
Imune

defeito na (1) maturacéo
ou (2) ativacao das
células ou no (3)
mecanismo efetor da
iImunidade inata ou
adaptativa.

resposta imune
comprometida

classificadas em

> primarias ou congénitas
(PID)

» secundarias ou adquiridas




PID e bactérias extracel

IMMUNITY: SPECIFIC IMMUNITY NON-SPECIFIC IMMUNITY

Antibody Cellular Immunity Complement Phagocytes

DEFENCE: Bacteria+Protozoa Bacteriss fundi > vi t
> fungi + viruses acteria+fungi > viruses+protozoa

INFECTIOUS Pyogenic bacteria:

Stspphylococei
WHEN Streplococet
IMPAIRED: Hesmophitus
USUAL Pyogenic bacteria: Bacteria:
MICRO - Stappiylococst
ORGANISMS Neisseria Gram -ve

ISOLATED:




Genes & susceptibilidade a Bactérias extracel

Pathogen Phenotype Probable mechanism Gene or genes
Streptococcus pneumoniae Susceptibility toinvasive  Impaired TLR-IL-1R signalling IRAK4

disease MYDS8
Neisseria meningitidis Susceptibility toinvasive =~ Membrane attack complex deficiency C5-CO

tices Properdin deficiency CFP

Factor D deficiency CFD

Encapsulated bacteria (forexample, Susceptibilitytoinvasive  Classical complement pathway C2.C1Q.C1R.C15.C4
S. pneumoniae, N. meningitidis disease deficiency

and Haemophilus influenzae)

Pneumococci

<

<«

2 6o
SN Chapman and Hill, 2012
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Infeccao por bactérias intracel

Sobrevivem e replicam dentro de fagocitos
- Nao sao citoliticos

- Nicho no qual sao inacessiveis a mecanismos extraceluares (AC)

- Patogenicidade:

ativacao de M@—> inflamacao granulomatosa e destruicao tecidual (Mycobacteria)

- toxinas citoliticas e/ou inflamatorias (Listeria monpcytogenes, Legionella pneumophila)

Microbe | Human Diseases ____| Pathogenicity

Mycobacteria species Tuberculosis, Leprosy Macrophage activation,
granulomatous
inflammation, tissue
destruction

Listeria monocytogenes Listeriosis Listeriolysin damages cell
membrane

Legionella pneumophila Legionnaires’ disease Cytotoxin lyses cells



Resposta a bactérias intracel
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Resposta a bactérias intracel

- células NK 2 IFN-y ajuda os Mg a matar

ATIVACAO NK
Secrecao de IFN-y—>

potencializa ativacao Mg

Celulas infectadas expressam

ligantes ativadores para NK

Mg ativado produz IL-12

Macrophage with

Killing of

hagocytosed

P m%crgbes phagocytosed
microbes




Resposta a bactérias intracel
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Resposta a bactérias intracel
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PID e bactérias intracel

IMMUNITY: SPECIFIC IMMUNITY NON-SPECIFIC IMMUNITY

Antibody Cellular Immunity Complement Phagocytes

DEFENCE: Bacteria+Protozoa |Intracellular

— ) . Bacteria+fungi > viruses+protozoa
»fungl + viruses  Micro-organisms ‘ P

Bacteria;

Mycobacteria
Listeria

INFECTIOUS
LOMPLICATIONS
HEN
IMPAIRED:

X

USUAL " Bacteria:

MICRO- Mycobacteria
ORGANISMS Listeria

ISOLATED: L y




Genes & susceptibilidade a Bactérias intracel

Mycobacteria

Susceptibility (MSMD) Impaired IFNy response
Impaired IFNy production

Impaired macrophage respiratory burst

Impaired differentiation of dendritic
cell subgroups

Natural killer
cell or T cell

a2

L-12Rp1

¥ GPO1PHOX

I
L P40,

Mycobacteria
=3 010
Monocyte, macrophage
or dendritic cell IL-23

IFNGR1.IFNGR2,5TAT1

IL12B.IL12RB1, NEMO
CYBB

IRF8

Chapman and Hill, 2012



Infeccao por parasitas

v' Protozoarios (Leishmania, Plasmodium, Trypanossoma)

v Helmintas (Schistossoma, Tenia)

v

Adaptados para conviver o hospedeiro (estratégias de evasdo da
resposta imunoldgica)

Resposta Imunes Variaveis — dependendo do tipo do parasita, e de sua
localizacao.

Maioria das infecgoes & cronica (fraca imunidade inata; parasita escapa
da imunidade adaptativa)

P. intracelulares, podendo estar hospedados no citoplasma da célula
ou em vesiculas especializadas

Coincidentemente, nao existem vacinas atualmente que apresentem
boa eficacia no combate a NENHUM parasita.



Resposta a helmintos

Inflammation

/

Mediators

/

Chemotaxis

Figure 18-13
Kuby IMMUNOLOGY, Sixth Edition
© 2007 W.H.Freeman and Company




Resposta a helmintos
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Resposta a protozoarios

P. falciparum




Resposta a Pfalciparum
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Resposta a protozoarios

| Leishmania spp
Fase sanguinea
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Resposta a Leishmania spp

Parasitas intracelulares: imunidade celular (TH1)

Macrofagos infectados
com L. Donovani L. Donovani em meio
e tratados com IFN-y sem IFN-y



Resposta a patogenos intracel

Destecho depende da cepa mas tbm do hospedeiro!!

Infection Response Outcome
Leishmania  |Most mouse strains: TH1 =>Recovery
major BALB/c mice: TH2 — Disseminated infection
Mycobacterium | Some patients: TH1 =» Tuberculoid leprosy
leprae Some patients: Defective =) Lepromatous leprosy
TH1 or dominant TH2 (high bacterial count)
. ™
TH1 cell Ativacao do Mg:
=>> | IFN-y, TNF| - > Imunidade mediada
Naiye por celulas )
CD4
T cell Inibicao da

ativacao “classica”

\ do Mg
I
e ||| -10, [L-4, IL-13
TH2 cell




PID e Protozoario

IMMUNITY: SPECIFIC IMMUNITY
Antibody Cellular Immunity
DEFENCE: Bacteria+Protozoa Intracellular
> Tungi + vi‘r uses  Micro-organisms

INFECTIOUS Pyogenic bacteria:

COMPLICATIONS éaphyiococci

WHEN S?repfmz

IMPAIRED: Haemophiius

USUAL Some Yiruses: Yiruses:

MICRD - Enteroviruses, eq. Cytomegalovirus

ORGANISMS poliovirus Yaccinia

ISOLATED: ECHO viruses Her pes
Measles
Fungi:
Candida
Asperqillus
Bacteria:
Muycobacteria
Listeria
Protozoa:

P ]

NON-SPECIFIC IMMUNITY

Complement

Phagocytes

Bacteria+fungi > viruses+protozoa

Pyogenic bacteria:
Neisseria

Some viruses

Bacteria:
Stappiylococet
Gram -ve

Fungi:
Candida
Asperqgillus



Infeccao por Virus

* Intracelulares obrigatorios que utilizam componentes do hospedeiro para

replicar e disseminar-se
» Utilizam receptores celulares para infetar (geralmente celula-especificos)

Patogenicidade:
-Citoliticos 2 lesao
tecidual (...)
-Subversao da funcao
celular (...)

Examples of Human
icrobe Diseases Mechanisms of Pathogenicity
Viruses
Polio Poliomyelitis Inhibits host cell protein synthesis (tropism for
motor neurons in the antenor homn of the
spinal cord)
Influenza Influenza pneumonia Inhibits host cell protein synthesis (tropism for
peripheral nerves)
Rabies Rabies encephalitis Inhibits host cell protein synthesis (tropism for
ciliated penpheral nerves)
Herpes simplex Vanious hermpes Inhibits host cell protein synthesis; functional
infections (skin, impairment of immune cells
systemic)
Hepatitis B Viral hepatitis Host CTL response to infected hepatocytes
Epstein-Barr virus Infectious Acute infection: cell lysis (tropism for B
mononucleosis; B cell | lymphocytes)
proliferation, Latent infection: simulates B cell proliferation
lymphomas
Human _ Acquired Muitiple: killing of CD4* T cells, functional
immunodeficiency immunodeficiency impairment of immune cells (see Chapter 20)
virus (HIV) syndrome (AIDS)




Resposta a Virus
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Magnitude of response/infection

Resposta a Virus
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Virus e vacina

Quase sempre a imunidade protetora € humoral

Doen¢a Vacina Mecanismo de imunidade
protetora

Polio Poliovirus atenuado oral Neutralizacao do virus por IgA
de mucosa
Hepatite A ou B Proteinas recombinantes do Neutralizacao do virus por I1gG
envelope viral sistemicos
Influenza Virus inativado Neutralizacao do virus por IgA
HPV-16/18/45 DNA recombinante Neutralizacao do virus por IgA
HIV-1 ?P7?7?7?7? Humoral e celulo-mediado

(CTL)?



IMMUNITY:

DEFENCE:

INFECTIOUS

WHEN
IMPAIRED:

USUAL
MICRO-
ORGANISMS
ISOLATED:

Bacteria+Protozoa
»fungl + viruses  Micro-organisms

PID e Virus

SPECIFIC IMMUNITY

Antibody Cellular Immunity

Pyogenic bacteria:

Stspphiylococet
Streptocored
Hsemophilus

Gome Yiruses: N
Enteroviruses, e.q.
poliovirus

ECHO viruses

Intracellular

(?iruses: )
Cytomegalovirus
Yaccinia
Her pes

L /

KMeasles Y

Fungi:
Candida
Aspergillus

Bacteria:
Muycobacteria
Listeria

Protozoa:
Pneumocystis

NON-SPECIFIC IMMUNITY

Complement

Phagocytes

Bacteria+fungi > viruses+protozoa

Pyogenic bacteria:

Neisseria

Some viruses

Bacteria:
Stapphylococct
Gram -ve

Fungi:
Candida
Aspergillus



Genes & susceptibilidade a Virus

HIV-1 Resistance Absence of coreceptor for pathogen CCR5
HSV-1 Susceptibility to HSV Impaired production of IFNa, IFNB UNCO3B1
encephalitis and/or IFNA TIR3
TRAF3
Human herpesvirus-8 Classic Kaposissarcoma T celldeficiency STIM1
Human papillomaviruses Epidermodysplasia TMC6, TMCS

- - [ =
verruciformis

Herpes
: _ Herp
Norovirus Resistance e % FUT2

Cell

membrane

Chapman and Hill, 2012 > |FN tipo 1



Resolucao da resposta imune

Resolucao da
Imunidade inata
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Resolucao da resposta imune

Diferentes mecanismos contribuem pela resolucao da resposta imune

. Eliminacao do estimulo

. Supressao ativa atraves da producao de mediadores anti-

inflamatorios (p.ex.: IL-10, TGF-3, IL-4, NO) ou inibidores dos
mediadores pro-inflamatorios (p.ex.:ILRa; sTNFR)

. Ativacao e proliferacao de linfocitos Treg

. Variacao das moleculas co-estimul. (| CD28, 1 CTLA-4)
. Apoptose



Macrofagos M2 (anti-inflamatorio)

| Classically activated 'Alternatively activated
~ macrophage (M1) ~macrophage (M2)

Microbial

Eliminacao do

TLR- Ilgands
IFN-y | estimulo
P ) + mediadores

Y o ar—a anti-inflamatorios
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IL-14
M1>M2
ROS,NO, IL-1,1L-12, IL-23, IL-10 Proline
lysosomal enzymes chemokines TGF-B polyamines,
J TGF-B | |
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actions: ___|Anti-inflammatory|| Wound inflamatorios +
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and killing of fibrosis| do tecido e dos
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Linfocitos T reg
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Treg Treg ~
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Variacao de moleculas coestimulatorias

Antigen T cell
recognition response

DC presenting  Naive
self antigen /T cell

I I
Recognition of

self antigen
without

costimulation
| |

Ausencia de co-

j [

) = I Signaling block _ estl_mulagao ou
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Contracao clonal da imunidade adaptativa

ELIMINAGAO do Ag

Antigen Lymphocyte Antigen Contraction
reooggﬁion !lc'a‘:/atio!;nt elimin%?ion (homeostasis)| | Memory
: Effector T
Antibody-
producing &Iymphocyte Elimination
cell | of antigens
Differentiation TT

I Humoral

"“:j;‘,“' APOPTOSE

Cell-mediated memory

: . cells
immunity Apoptosis p

Antigen
presenting

Clonal
expansion

Days after antigen exposure
(@) Elsevier, Abbas et al: Callular and Molecular Immunology 62 - weww. studentconsult.com




