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The diverse outcomes of host–microbe interactions. Bacteria, viruses, fungi and eukaryotic parasites occupy various niches within the 
host. During colonization of mucosal tissues by commensal organisms (left), immune quiescence is actively maintained by both host and 
microbial factors. Conversely, the host immune system is activated during invasive infections (centre), although pathogenic microbes 
attempt to suppress immune activation. Some non-lethal invasive infections are resolved by the elimination of the infectious agent 
through (often adaptive) immune responses (centre right). Alternatively, some microbes can deflect the immune response through 
immune suppression or activation, enabling them to establish chronic infections (right). B, B cell; CXC, CXC chemokines; DC, dendritic cell; 
γHSV68, γ-herpes simplex virus 68; IFNγ, interferon-γ; IL, interleukin; Mo, macrophage; PMN, polymorphonuclear cell or neutrophil; T, T 
cell; TGFβ, transforming growth factor-β.

EMBO reports 9, 1, 27–32 (2008)



Relaciones entre los microorganismos y el hospedador Relaciones entre los microorganismos y el hospedador 

SIMBIOSIS

Comensalismo Mutualismo Parasitismo

Un organismo se beneficia
y el otro no se perjudica

Ambos organismos se benefician
Un organismo se beneficia

a expensas del otro

Ej.: Bacterias de la microflora que 
viven a expensas de secreciones  
en ojos, oídos o genitales  
externos.

Ej.: E. coli en el intestino humano, 
sintetiza vitamina K – obtiene 
nutrientes y protección

Ej.: Giardia lamblia se adhiere a 
las paredes intestinales y dificulta 
la absorción de nutrientes.

Relaciones entre los microorganismosRelaciones entre los microorganismos

Exclusión competitiva o 
antagonismo microbiano

Además de las anteriores, entre 
microorganismos ocurre

Importante entre la flora 
normal y los patógenos 



¿¿QuQuéé son las enfermedades infecciosas?son las enfermedades infecciosas?

• Enfermedades producidas 
por agentes tales como 
bacterias, protozoos, 
hongos, virus y otros 
parásitos denominados 
PATPATÓÓGENOS GENOS ( pero no 
todos los microorganismos 
son patógenos)

• Las fuentes más 
importantes de patógenos 
son el suelo, agua 
contaminada, animales 
infectados, incluso otras 
personas….





Enfermedades infecciosasEnfermedades infecciosas

Definiciones
� Enfermedades infecciosas

� Causadas por un agente infeccioso

� Enfermedades comunicables
� Transmisión – directa o indirecta – a partir de una persona infectada

� Enfermedades transmisibles
� Transmisión– a través de rutas no convencionales – a partir de una 

persona infectada

TTéétano tano Paperas Paperas vCJDvCJD



Microorganismos patMicroorganismos patóógenosgenos

InfecciInfeccióónn: Invasi: Invasióón o colonizacin o colonizacióón de una parte o la totalidad del n de una parte o la totalidad del 
cuerpo por microorganismos patcuerpo por microorganismos patóógenosgenos

Enfermedad infecciosaEnfermedad infecciosa: estado en el que la infecci: estado en el que la infeccióón produce n produce 

un daun dañño en el cuerpo (po en el cuerpo (péérdida de la salud)rdida de la salud)
EtiologEtiologííaa: causa de la enfermedad : causa de la enfermedad –– Ej: Ej: ““etiologetiologíía infecciosaa infecciosa””, , 
““etiologetiologíía bacterianaa bacteriana”” ““etiologetiologíía virala viral””



RUTAS DE RUTAS DE 
INFECCIINFECCIÓÓNN



VVíías de TRANSMISIas de TRANSMISIÓÓNN
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MODOS DE TRANSMISIMODOS DE TRANSMISIÓÓN de las enfermedades N de las enfermedades 



Modos de transmisiModos de transmisióón , vehn , vehíículos y vectores culos y vectores 
de las enfermedadesde las enfermedades……....



RESERVORIOSRESERVORIOS
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Microorganismos normalmente saprófitos (benignos) que en 
ciertas condiciones causan enfermedad

Ej. : Escherichia coli es microflora  normal del intestino, pero si 
llega a vías urinarias puede causar infección (enfermedad) 
urinaria.                             

Ej. 2: Neisseria meningitidis puede residir como habitante 
normal de vías respiratorias  y causar meningitis (infección con 
inflamación de meninges- membranas- del encéfalo y la 
médula).

Microorganismos oportunistas Microorganismos oportunistas 



Enfermedades infecciosasEnfermedades infecciosas

Etapas
•Período de incubación
•Período prodrómico
•Período de 
enfermedad
•Período de declinación
•Período de 
convalescencia

Gravedad  según duración
•Enfermedad aguda
•Enfermedad subaguda
•Enfermedad crónica
•Enfermedad latente

Gravedad según compromiso del 
hospedador
•Infección localizada
•Infección sistémica o generalizada -
Sepsis
•Infección focalizada



Fases de la enfermedadFases de la enfermedad

Figure 14.5







La enfermedadenfermedad es el 
resultado de fuerzas en 
un sistema dinámico, 
constituído por :

Agente  infeccioso

Huésped

Microambiente 

TrTrííada epidemiolada epidemiolóógicagica



AgenteAgente

HuHuééspedsped

Microambiente Microambiente 

• Edad     

• Sexo

• Genotipo

• Comportamiento 

• Estado nutricional

• Estado de salud

• Infectividad

• Patogenicidad

• Virulencia

• Inmunogenicidad

• Estabilidad antigénica

• Sobrevida  

• Tiempo

•Geografía 

• Alojamiento 

• Ocupación

• Calidad del aire

• Alimentos

Factores que influyen en la trasmisiFactores que influyen en la trasmisióón de la enfermedadn de la enfermedad



Horton & Parker: Informed Infection Control Practice

Cadena de infección



Enfermedades nuevas o conocidas pero cambiantes,  que están aumentando o pueden 
aumentar en el futuro.  Se detectan por:
�Síntomas  claramente diferentes
�Nuevos métodos de diagnóstico 
�Aparición en áreas nuevas o reaparición en zonas donde habían sido controladas

Factores contribuyentes:Factores contribuyentes:
� Cambios genéticos en los microorganismos – Nuevas cepas 
� Uso indiscriminado de antibióticos – Selección de cepas resistentes  y más virulentas
� Uso indiscriminado de pesticidas – Selección de vectores resistentes/Eliminación 
competidores
� Cambio climático y ecológico
� Aumento del transporte y el turismo
� Avance de las actividades humanas sobre zonas  silvestres  (deforestación, construcción)
� Desastres naturales y guerras
� Cambios de hábitos o costumbres
� Pobreza, desnutrición y malas condiciones higiénico –sanitarias
� Fallas en los sistemas de vigilancia y prevención (vacunación)

Enfermedades emergentes y Enfermedades emergentes y reemergentesreemergentes



En el Mundo
•SIDA
•Síndrome Urémico Hemolítico
•Enfermedad de la vaca loca
•Gripe aviar
•SARS

En Argentina
•SIDA
•Síndrome Urémico Hemolítico
•Síndrome Pulmonar por Hantavirus
•Tuberculosis  (reemergente)
•Leishmaniasis (reemergente)

Algunos ejemplosAlgunos ejemplos

Síndrome Urémico Hemolítico (SUH)

•E. coli O157-H7, cepa productora de toxina Shiga
•Adquirida por carne poco cocida, lácteos, jugos y verduras crudas
•Muerte
•Daño renal crónico
•1º causa de transplante renal en niños en Argentina
•Secuelas con diálisis y/o tratamientos prolongados

Río Negro tiene el mayor % de incidencia del país (sobre todo la zona 
atlántica, pero también la andina).

E. coli O157-H7 sobre células del 
epitelio intestinal deformadas



Virulencia: capacidad relativa de un m.o. para causar enfermedad

Dosis infectiva y dosis letal

DI50 :dosis del m.o. capaz de infectar al 50 % de la población de prueba 

DL50 : dosis del m.o. capaz de matar al 50 % de la población de prueba 

La virulencia depende del m.o., pero también de la vía de entrada. Ejemplo:

Bacillus anthracis
- vía cutánea – DI50 = 10 - 50 esporas
- vía respiratoria - DI50 = 10.000 – 20.000 esporas
- vía oral - DI50 = 250.000 – 1.000.000 esporas

Mecanismos de Mecanismos de patogenicidadpatogenicidad y factores de virulenciay factores de virulencia



1- Adherencia a células
•Adhesinas
superficiales
•Fimbrias /pilis

Factores de virulenciaFactores de virulencia

3- Evasión de las 
defensas del huésped
•Cápsulas
•Proteínas de pared
•Acido micólico (TB)
•Variación antigénica

2- Invasión de los tejidos
Enzimas
•Hialuronidasa
•Colagenasa
•Coagulasa
•IgA proteasa
•Fibrinolisina

4- Invasión a la célula
•Invasinas y cambios por 
modificación de la actina
del citoesqueleto

5- Daño celular y tisular
•Uso de nutrientes del 
hospedador
•Daño directo (invasión – lisis)
•Daño a distancia (toxinas)
•Reacciones de hipersensibilidad



Factores de virulencia: Factores de virulencia: exotoxinasexotoxinas y y endotoxinasendotoxinas
PROPIEDAD EXOTOXINA ENDOTOXINA

Fuente bacteriana Gram +  (principalmente) Gram -

Relación con el m.o. Producto metabólico
Parte de los LPS de ME de pared Liberada 
por lisis celular

Composición química Proteínas Lípido A de los LPS

Efecto
Específica sobre distintos tipos celulares (nervios, 
tracto GI)

General: dolores, debilidad, fiebre, shock

Estabilidad al calor Termosensibles (60 – 80 ºC) salvo la enterotoxina de S. aureus
Termoestables (121 ºC-1 h)

Toxicidad Alta Baja

Fiebre No Si

Relación con Ac
Se pueden convertir en toxoides para inmunización –
Se neutraliza con la antitoxina

No se convierte fácilmente en toxoide –
No se neutraliza con Ac

Dosis letal Pequeña Mayor

Enfermedades

Botulismo – Clostridium botulinum – Toxina botulínica en alimentos 
Tétanos – C. tetani – Heridas profundas, sucias
Gangrena Gaseosa – C. perfringens – Heridas quirírgicas/necrosis
Gastroenteritis – S. aureus – Enterotoxina en alimentos
Difteria – Corynebacterium difteriae – Membrana en vías aereas altas
Cólera- Vibrio cholerae –Toxina colérica (Verotoxina) Enteritis aguda 
Escarlatina – S. pyogenes – Toxina eritrogénica 

Salmonella typhi – Fiebre tifopidea
S. enteritidis – Enteritis
E. coli entero patógena
Proteus sp. Infecciones urinarias
Klebsiella neumoniae – neumonía – inf. Urin.
Neisseria meningitidis – meningitis



LA COLONIZACIÓN DEL CUERPO HUMANO 
INVOLUCRA UN CONSTANTE “DAR Y TOMAR”….

El cuerpo humano existe en un estado de 
equilibrio dinámico……



Nature Reviews Immunology 7, 379-390 (May 2007)

Ambiente estAmbiente estééril: ril: 
VIDA FETALVIDA FETAL



TRANSMISITRANSMISIÓÓN DE PATN DE PATÓÓGENOSGENOS……....
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Algunos patAlgunos patóógenos atraviesan la placentagenos atraviesan la placenta



TORCH TORCH 

• T=toxoplasmosis

• O=other (syphilis)

• R=rubella

• C=cytomegalovirus (CMV)

• H=herpes simplex (HSV)

syphilissyphilis

HSVHSV



COMIENZA LA COLONIZACICOMIENZA LA COLONIZACIÓÓNN



Nature Reviews Immunology 7, 379-390 (May 2007)



High concentrations of adenosine, an endogenous immunomodulatory purine metabolite, in neonatal 
blood plasma act through adenosine A3 receptors on neonatal mononuclear cells to induce high (  20-
fold greater than adult levels) intracellular concentrations of cyclic AMP (cAMP). cAMP is a secondary
messenger that, through both protein kinase A (PKA)-dependent and PKA–independent pathways, can 
inhibit Toll-like receptor 2 (TLR2)-mediated tumour-necrosis factor (TNF) production while preserving 
production of interleukin-6 (IL-6). 

Nature Reviews Immunology 7, 379-390 (May 2007)



• Shortly after birth the newborn is colonized by microbial flora. a | Neonatal skin is colonized by Gram-
positive bacteria (for example, coagulase-negative staphylococci) that often gain access to the skin 
through hair follicles and induce a benign rash known as erythema toxicum. At sites of eythema toxicum 
rash, neonatal macrophages produce interleukin-1 (IL-1) and IL-6. 

• b | IL-1 and IL-6, through activation of the transcription factor CCAAT/enhancer-binding protein-
α(C/EBPα), can contribute to the acute-phase response, triggering hepatocyte production of plasma 
proteins, such as C-reactive protein (CRP), lipopolysaccharide (LPS)-binding protein (LBP), soluble CD14 
and mannose-binding lectin (MBL), which have roles in the clearance and detoxification of microbes and 
microbial toxins. 

• c | At (or soon after) birth the intestinal tract of the newborn is first exposed to LPS that is derived from 
Gram-negative flora. Fetal (and pre-term neonatal) intestinal epithelial cells have markedly enhanced 
inflammatory responses to LPS. Mouse studies indicate that in full-term newborns, potentially harmful 
inflammatory responses to LPS are usually dampened by internalization of LPS by intestinal epithelial 
cells that induces downregulation of IL-1-receptor-associated kinase 1 (IRAK 1), thereby contributing to 
intestinal endotoxin tolerance. Such adaptations are central to the development of commensal 
relationships. CXCL2, CXC-chemokine ligand 2; IκB, inhibitor of nuclear factorκ-B; MyD88, myeloid 
differentiation primary-response gene 88.
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Flora indFlora indíígena en regiones especgena en regiones especííficasficas



DESARROLLO DE LA INFECCIDESARROLLO DE LA INFECCIÓÓNN



FASES DE LA RESPUESTA INMUNEFASES DE LA RESPUESTA INMUNE







ETAPAS DE LA INFECCIETAPAS DE LA INFECCIÓÓNN

�Exposición
���� Adherencia
���� Invasión

���� Colonización y    
crecimiento 

���� Invasividad 
y/o toxicidad

���� Daño tisular
���� Enfermedad



BARRERAS NATURALES A  LA INFECCIBARRERAS NATURALES A  LA INFECCIÓÓNN



Mecanismos InespecMecanismos Inespecííficos en piel y mucosas ficos en piel y mucosas 

Factores antimicrobianos
de la saliva (lisozima, 
peroxidasa, lactoferrina)

Factores 
antimicrobianos de 
las lágrimas 
(lisozima)

Remoción de 
partículas por el 
aire a través de los 
huesos y pelos

Acidez del jugo gástrico

Microflora normal

Peristaltismo

Barrido por orina

Microflora normal

Piel intacta
Acidos grasos
Microflora normal

Cambio brusco de pH

Acidez y microflora 
normal de la vagina

Mucus, cilias



Flora microbiana normalFlora microbiana normal

Crosstalk between intestinal bacteria and the host 
epithelium. Colonization by indigenous microflora induces 
the expression of fucosylated glycoconjugates on the host 
intestinal epithelium. The expression of the glycoconjugates 
provides lectin-like receptors for the attachment of luminal 
pathogens and eventually confers susceptibility to pathogen 
colonization and disease.



Nature Immunology 8, 479 - 481 (2007)

(a) During gut homeostasis, while 
maintaining a polarized configuration 
(with intact tight junctions), enterocytes 
are tolerant to TLR stimulation by normal 
microflora, and NF-κB activation is low. 
Secretion of α-defensin by Paneth cells 
helps control the amount of intestinal 
microflora. PGN, peptidoglycan; CpG, 
CpG oligo deoxynucleotides; DC, 
dendritic cell.

(b) Activation of IKK and NF-κB in response 
to trichuris infection results in TSLP secretion, 
which 'instructs' dendritic cells to induce a TH2 
response with eosinophils and immunoglobulin 
E (IgE)–secreting B cells, thus eradicating the 
parasite. The α-defensins and β-defensins 
secreted by Paneth cells and enterocytes, 
respectively, control the microflora. p50 and 
p65, NF-B subunits. 

Thymic Stromal LymphoPoietin: TSLP



(c) Deficiency in IKK or NEMO (possibly 
representing ectodermal dysplasia with immune 
deficiency) leads to a lack of TSLP and α–
defensin production, causing dendritic cells to 
secrete IL-12 and IL-23, which induces a TH1 
and IL-17-secreting T helper (TH-17) response 
and, consequently, a chronic inflammatory 
reaction. Tissue damage ensues, due to the 
accumulation of neutrophils and other 
inflammatory cells and the secretion of 
proapoptotic cytokines such as TNF. MΦ, 
macrophage; G-CSF, granulocyte colony-
stimulating factor.

(d) In Paneth cells, gain-of-function mutations 
in the gene encoding Nod2 (mNod2) with 
hypersensitivity to muramyl dipeptide (MDP) 
result in excessive NF-κB activation, with 
secretion of a hypothetical cytokine that forces 
DCs to release IL-12 and IL-23. The outcome 
is induction of a T H1 and an IL-17-secreting 
T helper response that promotes tissue 
damage and Crohn's colitis. Alternatively, 
loss-of-function mutations in the gene encoding 
Nod2 compromise NF-B activation and the 
production of a TSLP-like factor, also resulting 
in TH1-driven colitis. IFN-γ, interferon-γ.



A reasonable interpretation of these results is that PGN-mediated 
activation of TLR2 signalling is negatively regulated by MDP-
mediated activation of NOD2 signalling and that, in the absence of 
NOD2, the negative regulation is released.

Flora normal y enfermedad de Flora normal y enfermedad de CrohnCrohn



Nature Reviews Immunology 6, 9-20 (January 2006)

Flora normal y enfermedad de Flora normal y enfermedad de CrohnCrohn



Elementos tElementos tíípicos de la INMUNIMIDAD INNATA involucrados en el picos de la INMUNIMIDAD INNATA involucrados en el 
control de las distintas infeccionescontrol de las distintas infecciones









La infecciLa infeccióón  y los n  y los 
aspectos claspectos clíínicosnicos……



The balance between the immune 
response and infection during 
persistent infections is important for 
both the host and the pathogen, with 
the host switching off the immune 
response when it becomes more 
harmful than the presence of the 
pathogen.

PERSISTENCIA PERSISTENCIA 
MICROBIANAMICROBIANA



Nature Reviews Microbiology 2, 747-765 (September 2004)

In most persistent mycobacterial infections, the bacteria In most persistent mycobacterial infections, the bacteria 
are initially contained in granulomas. are initially contained in granulomas. Tuberculous 
granulomas are thought to arise from aggregates of 
phagocytic cells that surround individual infected 
macrophages. These structures contain many T and B 
lymphocytes, dendritic cells, neutrophils, fibroblasts and 
extracellular matrix components (for simplicity, only T 
cells are shown here). Another striking feature of certain 
tuberculous granulomas is the presence of caseous 
necrosis in the centre of the granuloma. Some of the 
genes that are specifically expressed by mycobacteria in 
granulomas encode the following proteins: isocitrate 
lyase (ICL), an enzyme essential for the metabolism of 
fatty acids; outer-membrane proteins of the PE/PGRS 
family that might have a role in antigenic variation; the 
transcriptional regulator MprA, which is involved in the 
regulation of unidentified genes during adaptations that 
are required for persistence; and PcaA, which encodes a 
cyclopropane synthase. Mycobacteria that lack PcaA have 
reduced levels of persistence in the chronic mouse 
model.

The ability of mycobacteria to inhibit the secretion of
IL-12 by infected macrophages might contribute to
bacterial survival, as this cytokine normally functions to
induce the production of IFN- γ.  

Persistencia de bacteriasPersistencia de bacterias……
MicobateriasMicobaterias……..



....…… Salmonella sppSalmonella spp

Schematic representation of persistent infection with Salmonella enterica serovar Typhi in humans. Bacteria enter the Peyer's 
patches of the intestinal tract mucosal surface by invading M cells — specialized epithelial cells that take up and transcytose luminal 
antigens for uptake by phagocytic immune cells. This is followed by inflammation and phagocytosis of bacteria by neutrophils and
macrophages and recruitment of T and B cells. In systemic salmonellosis, such as typhoid fever, Salmonella may target specific types 
of host cells, such as dendritic cells and/or macrophages that favour dissemination through the lymphatics and blood stream to the 
mesenteric lymph nodes (MLNs) and to deeper tissues. This then leads to transport to the spleen, bone marrow, liver and gall 
bladder. Bacteria can persist in the MLNs, bone marrow and gall bladder for life, and periodic reseeding of the mucosal surface via 

the bile ducts and/or the MLNs of the small intestine occur, and shedding can take place from the mucosal surface. Interferon-γ
(IFN-γ), which can be secreted by T cells, has a role in maintaining persistence by controlling intracellular 
Salmonella replication. Interleukin IL-12, which can increase IFN-γ production and the proinflammatory 
cytokine tumour-necrosis factor- α (TNF-α) also contribute to the control of persistent Salmonella.



Infecciones viralesInfecciones virales……..
Persistencia del virus de Persistencia del virus de 

Hepatitis CHepatitis C



Infecciones viralesInfecciones virales……
persistencia viral y diabetespersistencia viral y diabetes……



Infecciones por parInfecciones por paráásitossitos…….Toxoplasma gondii.Toxoplasma gondii

Nature Reviews Immunology 5, 162-170 (February 2005)



RESPUESTA  INMUNE ANTIVIRALRESPUESTA  INMUNE ANTIVIRAL
Y MECANISMOS DE EVASIY MECANISMOS DE EVASIÓÓN DE LA RESPUESTA N DE LA RESPUESTA 
ANTIVIRALANTIVIRAL



EL TAMAEL TAMAÑÑO DE LOS MICROORGANISMOSO DE LOS MICROORGANISMOS

Eukaryotic cells
(10–100 µm)

Prokaryotic cells
(0.2–10 µm)

Cyanobacterium

Viruses 
(0.05–0.2 µm)

Escherichia coli

Staphylococcus



Espectro de Espectro de 
virulenciavirulencia

Poliomielitis  en un niño

0.1-1% de las infecciones son
clínicamente aparentes

Rubeola 

50% de las infecciones
son clínicamente aparentes

Rabia 
100% de las infecciones
son clínicamente aparentes

El concepto de iceberg en la infecciEl concepto de iceberg en la infeccióón viraln viral

Infección  asintomática

Enfermedad 
clínica clásica

Enfermedad 
menos servera





Viral Life Cycle

1.  Breach barriers

2.  Disseminate via lymph 
nodes

3.  Viremia to seed target 
organs

4.  Shedding to new hosts



CTLs

1        2        3        4        5        6        7        8 9        10      11      12    

Days after viral infection    

Virus titer

NK cells

IFN-αααα + IFN-ββββ





INMUNIDAD INNATAINMUNIDAD INNATA

1.1. DefensinasDefensinas

2.2. Interferones de tipo IInterferones de tipo I

3.3. CCéélulas NK, NKT, Tlulas NK, NKT, Tγγγγγγγγδδ

4.4. Anticuerpos naturalesAnticuerpos naturales





Ingreso del virus a la cIngreso del virus a la céélula hulula huééspedsped……..

Nature Reviews Microbiology 6, 143-155 (February 2008)



Receptores virales expresados en Receptores virales expresados en 
ccéélulas del sistema inmunelulas del sistema inmune



ReconcimientoReconcimiento de los virus de los virus 
por molpor molééculas de superficieculas de superficie

Receptores virales expresadosReceptores virales expresados
en cen céélulas del sistema inmunelulas del sistema inmune



Influenza virus 
initiates host cell
contact and
entry by binding
to cell-surface
sialic acid
receptors
through its
surface
glycoprotein
hemagglutinin. 
After
intracellular
replication, a 
cell-surface
neuraminidase
cleaves sialic
acid from the
cell membrane
allowing viral 
escape.

Herpes simplex virus (HSV) engages host cells first through
a low-affinity engagement of heparan sulfate proteoglycans
via its surface glycoproteins gB and gC. Subsequently, a 
higher-affinity binding of viral protein gD to a member of the
tumor necrosis factor–nerve growth factor (TNF/NGF) 
receptor family promotes membrane fusion. 

Human 
immunodeficien
cy virus (HIV) 
surface
glycoprotein
gp120 binds
sequentially to
the CD4 
receptor on T 
cells and then to
a coreceptor
such as 
chemokine
receptor CCR4. 
The latter
interaction
triggers a 
conformational
change in 
gp120, which
exposes gp41, 
the HIV factor 
capable of
initiating
membrane
fusion.



VCP, vaccinia virus complement control protein

The genome sequencing
of vaccinia virus (VV), 
herpesvirus saimiri
(HVS), and Kaposi's
sarcoma-associated
herpesvirus
(KSHV/HHV-8) have
shown that these viruses
encode for complementcomplement
control control proteinprotein
homologshomologs (CCPHs)



Nature Reviews Microbiology 6, 132-142 (February 2008)

Epstein–Barr virus (EBV) expresses the glycoprotein gp350/220, which specifically 
interacts with CR2 on B cells and immature T cells, ultimately causing infectious 
mononucleosis (Pfeiffer's disease). In addition, surface-bound complement 
regulators serve as targets for the measles virus (haemagglutinin binds to 
membrane cofactor protein (MCP)), human herpesvirus 6 (glycoprotein H binds to 
MCP) and some enteroviruses (coxsackievirus and echovirus bind to decay-
accelerating factor (DAF).



Anticuerpos naturalesAnticuerpos naturales



Nature Structural & Molecular Biology 16, 233 - 234 (2009)

Virus influenzaVirus influenza

Neutralizing antibodies 
inhibit either binding to the 
host cell or fusion to the 
endosome.



VariaciVariacióón antign antigéénicanica
Mutations can cause small changes in the 
hemagglutinin and neuraminidase antigens 
on the surface of the virus. This is called 
antigenic drifts , which creates an 
increasing variety of strains over time until 
one of the variants eventually achieves 
higher fitness, becomes dominant, and 
rapidly sweeps through the human 
population—often causing an 

epidemic.epidemic.

In contrast, when influenza viruses 
reassort, they may acquire new antigens—
for example by reassortment between avian 
strains and human strains; this is called 
antigenic shift . If a human influenza virus 
is produced with entirely novel antigens, 
everybody will be susceptible, and the 
novel influenza will spread uncontrollably, 

causing a pandemic.pandemic.

Los virus pueden modificar sus Los virus pueden modificar sus 
antantíígenos mediante mutaciones genos mediante mutaciones 
puntuales, o en el caso de los RNA puntuales, o en el caso de los RNA 
virus, mediante reordenamientos virus, mediante reordenamientos 
de sus genomas de RNA.de sus genomas de RNA.



Virus de la influenza: Virus de la influenza: ““deriva antigderiva antigéénicanica””



Virus de la influenza: “cambio antigénico”



““Antigenic shiftAntigenic shift””



SSííntesis de ntesis de defensinasdefensinas tras la infeccitras la infeccióón viraln viral



In the absence of serum 
(such as at mucosal 
surfaces), defensins 
inactivate enveloped virus 
particles by disrupting viral 
envelopes or by interacting 
with viral glycoproteins, 
such as HIV gp120. 

Virus HIVVirus HIV

Inhiben la uniInhiben la unióón a los n a los 
receptores celularesreceptores celulares……..

Induce Induce virviróólisislisis……..



Actividades antivirales de Actividades antivirales de 
las las defensinasdefensinas y otros y otros 

ppééptidosptidos antimicrobianosantimicrobianos



VIRUS Y TLRVIRUS Y TLR



Pathways involved in activation of type I IFN production. 
Recognition of viral and bacterial components by host pattern
recognition receptors (PRR) trigger signaling pathways that
induce production of type I IFN. Viruses enter cells either by 
fusion at the plasma membrane or by endocytosis followed by 
fusion with the endosomal membrane, and entry into the
cytoplasm. Viruses that reach the cytoplasmic compartment
produce dsRNA during replication, which is recognized by the
PRRs retinoic acid inducible gene-1 (RIG-1) and dsRNA-
dependent protein kinase (PKR). Viruses that enter endocytic
compartments are recognized by Toll-like receptors (TLR), 
TLR3, TLR7, TLR8, and TLR9. TLR9 recognizes CpG motifs of
DNA viruses including murine cytomegalovirus (MCMV), 
herpes simplex virus (HSV) -1, and HSV-2. TLR7 and TLR8 
recognize ssRNA from RNA viruses including vesicular 
stomatitis virus (VSV), and influenza virus. TLR3 recognizes
dsRNA motifs of both types of viruses including MCMV. TLR4 
is able to recognize the LPS component of Gram-negative
bacteria, viral glycolipids, and the F protein of respiratory
syncytial virus (RSV). Listeria monocytogenes (L. mono) 
enters cells by phagocytosis, and subsequently lyses the
phagosomal membrane to escape into the cytoplasm. An
unknown PRR recognizes intracellular L. mono. All of these
PRRs can activate production of type I IFNs, likely through
activation of the kinases TANK-binding kinase-1 (TBK1) and/or
the inducible IκB kinase (IKK-i,). TLR9 and TLR7 utilize the 
adaptor protein myeloid differentiation factor-88 (MyD88), while 
TLR3 and TLR4 utilize Toll/IL-1 receptor domain-containing 
adaptor inducing IFN β (TRIF) to transmit signals to TBK1/IKK-
i. TBK1 and IKK-i activate the transcription factors interferon 
regulatory factor (IRF)-3 and IRF7, which induce the 
transcription of type I IFNs. Type I IFNs have pleiotropic effects 
and activate multiple components of host innate and adaptive 
immune responses. 

retinoic acid inducible gene-1 
(RIG-1) and dsRNA-dependent
protein kinase (PKR)



SeSeññalizacializacióón a travn a travéés de TLRs de TLR

Nature Reviews Immunology 8, 594-606 (August 2008)



IFNAR1,interferon-α receptor; IPS1, IFNB-promoter stimulator 1;
ISG15, IFN-stimulated protein of 15 kDa;  MD2, myeloiddifferentiation protein 2; 

PPP, 5′ triphosphate;  ssRNA, single-stranded RNA; 
STAT, signal transducer and activator of transcription; TLR, Toll-like receptor.

Nature Reviews Immnulogy  VoL8 . 2008

IFN-stimulated genes (ISGs).

RIG-I (retinoic-acid-inducible gene I), MDA5 
(melanoma differentiation-associated gene 5), 
DAI (DNA-dependent activator of IRFs), 
microRNAs; the TRIM (tripartite motif-
containing); 2′5′-oligoadenylate synthetase 
(OAS), ribonuclease L (RNaseL), IFN-inducible 
dsRNA-dependent protein kinase
(PKR), myxovirus resistance (Mx) protein, 
adenosine deaminase RNA-specific (ADAR), 
apolipoprotein B
mRNA-editing enzyme, catalytic polypeptide 3 
(APOBEC3).



SECRECISECRECIÓÓN DE INTERFERONESN DE INTERFERONES



Agente Agente antivantivííricorico sintetizado por csintetizado por céélulas vivas como resultado lulas vivas como resultado 
de una infeccide una infeccióón vn víírica, bacteriana, parasitaria o por contacto rica, bacteriana, parasitaria o por contacto 
de esas cde esas céélulas con ciertos compuestos inductores.lulas con ciertos compuestos inductores.



INTERFERINTERFERÓÓNN

• Glicoproteínas (15– 30.000 daltons)

• Resistencia moderada al calor.

• Estables a pH ácido.

• Degradables por tripsina.



INDUCCIINDUCCIÓÓN DE INTERFERN DE INTERFERÓÓNN

•• IFN IFN αααααααα--ββββββββ
– Infección vírica, ARN doble cadena, ciertos 

componentes bacterianos.

– Fuertes propiedades antivíricas.

•• IFN IFN γγγγγγγγ
– Antígenos bacterianos,  virales, 

tumorales.

– Fuertes propiedades antitumoral



Size ~ 18 kDa 21 kDa

Cell Source Most Nucleated cells Activated T Cells, NK Cells

Target Cells All Monocytic Cells and others

Effect Mainly Antiviral Antiviral and Antitumor

Receptor IFNAR IFNGR

Type I (αααα1111, α, α, α, α2222.., β, δ, ε, τ, κ.., β, δ, ε, τ, κ.., β, δ, ε, τ, κ.., β, δ, ε, τ, κ) Type II (γγγγ) 

INTERFERONESINTERFERONESIFN-α,leucocitos
IFN-β,fibroblastos
IFN-ω,leucocitos
IFN-κ,keratinocitos
IFN-λ,leucocitos



Virus e Virus e 
interferonesinterferones

Nature Medicine 11, 929 - 930 (2005) 



ActivaciActivacióón de n de PRRsPRRs por los viruspor los virus

Interferones tipo IInterferones tipo I
� Producidos fundamentalmente por pDC; 

actúan como un factor de supervivencia de 
dichas células,

� utilizan el mismo receptor e interactúan 
con éste en la superficie de las células 
infectadas y en las células vecinas,

� inhiben la replicación viral,

� modulan la función de diferentes 
células: activación de NK, 
diferenciación de TCD4+ en un 
perfil Th1, activación de TCD8+, 
incremento de la expresión de 
MHC I/II.



AcciAccióón antiviral de los interferones(IFNs)n antiviral de los interferones(IFNs)





Nature Reviews Immunology 8, 559-568 (July 2008)

ISG15, IFN-stimulated protein of 15 kDa; Mx, 
myxovirus resistance; OAS, 2',5'-oligoadenylate
synthetase; PKR, protein kinase R.



PROTEPROTEÍÍNAS ANTIVIRALES INDUCIDAS POR EL VIRUSNAS ANTIVIRALES INDUCIDAS POR EL VIRUS

Activated PKR regulates several cell signalling pathways through mechanisms 
that have not been fully explained, but a crucial function of PKR in viral 
defence is the inhibition of translation by phosphorylation of eukaryotic 
translation initiation factor 2α (EIF2α).



InterferInterfer óónn--αααααααα, Interfer, Interfer óónn--ββββββββ

InterferInterfer óón receptor n receptor 

Induction  of Induction  of 
22’’55’’oligo A synthaseoligo A synthase

Induction  of aInduction  of a
protein kinase protein kinase 

22’’55’’oligo Aoligo A

Induction  of Induction  of 
ribonuclease L ribonuclease L 

Activated  Activated  
ribonuclease L ribonuclease L 

ATPATP

ds RNAds RNA ds RNAds RNA

Activated Activated 
protein kinase protein kinase 

Activated Activated 
22’’55’’oligo A synthaseoligo A synthase

ATPATP

22’’55’’oligo Aoligo A

mRNA degraded mRNA degraded 

Phosphorylated   Phosphorylated   
initiation factor (eIFinitiation factor (eIF --2)2)

Inhibition of protein synthesis Inhibition of protein synthesis 



ProteProteíínas virales que interfieren con las vnas virales que interfieren con las víías de seas de seññalizacializacióón a travn a travéés de PRRs de PRR





RIG-I (retinoic-acid-inducible gene I) 
and MDA5 (melanoma differentiation-
associated gene 5), termed RIG-I-like 
receptors (RLRs), are activated by 
cytoplasmic RNA during viral infection.





Influenza virus e Influenza virus e 
interferonesinterferones

Type I interferons (IFNs) are a group of antiviral cytokines that are 
induced during viral infection by viral-replication products, such as 
double-stranded (ds)RNA. IFNs exert their biological functions by 
binding to specific cell-surface receptors. In turn, this triggers the 
intracellular IFN signalling pathway — mainly the JAK–STAT pathway—
which eventually induces the expression of a large number of IFN-

stimulated genes (ISGs). The ISGs, the workhorses of the IFN The ISGs, the workhorses of the IFN 

response, response, set up an antiviral, antiproliferative and set up an antiviral, antiproliferative and 
immunoregulatory state in the host cellsimmunoregulatory state in the host cells. However, 

most, if not all, viruses have evolved a broad spectrum of strategies to 
block and interfere with the IFN pathway. 
ADAR, RNA-specific adenosine deaminase; IRF, IFN-regulatory factor; 
JAK, Janus kinase; Mx, myxovirus-resistance proteins; OAS, 
oligoadenylate synthetase; PKR, protein kinase; STAT, signal 
transducer and activator of transcription.
IFN-stimulated genes (ISGs).

Nature Reviews Immunology 2, 675-687 (September 2002)

Blocking of IFN induction/expression Blocking of IFN induction/expression 

Intercepting receptor binding of IFNs through Intercepting receptor binding of IFNs through 
viral decoy IFN receptors viral decoy IFN receptors 

Perturbation of the Perturbation of the 
intracellular IFN intracellular IFN 
signalling pathwaysignalling pathway

Directly downregulating the level of expression of ISGsDirectly downregulating the level of expression of ISGs



Virus de HEPATITIS C y Virus de HEPATITIS C y 
HERPES SIMPLEHERPES SIMPLE



Virus Virus VacciniaVaccinia y otros y otros 
poxviruspoxvirus

Soluble Soluble interferoninterferon receptorsreceptors

InhibitInhibit activationactivation ofof
thethe proteinprotein kinasekinase
PKR PKR 

BlockBlock thethe IFNIFN--inducedinduced 2',5'2',5'--oligoadenylateoligoadenylate
synthetasesynthetase (OAS) antiviral (OAS) antiviral pathwaypathway

TheThe vacciniavaccinia virus VH1 virus VH1 phosphatasephosphatase, a , a virionvirion
componentcomponent, , interceptsintercepts thethe IFN IFN signallingsignalling
pathwaypathway throughthrough dephosphorylationdephosphorylation ofof signalsignal
transducertransducer andand activatoractivator ofof transcriptiontranscription 1 1 
(STAT1)(STAT1)

TheThe vacciniavaccinia virus E3L gene virus E3L gene productproduct isis a a doubledouble--
strandedstranded ((dsds) RNA) RNA--bindingbinding proteinprotein thatthat inhibitsinhibits
activationactivation ofof thethe proteinprotein kinasekinase PKR PKR andand blocksblocks
IFN responses by IFN responses by sequesteringsequestering dsRNAdsRNA moleculesmolecules



USO TERAPEUSO TERAPEÚÚTICO DE LOS TICO DE LOS 
INTERFERONESINTERFERONES



• ANTI-VíRICO 
– e.j. interferón-α uso aprobado para algunos casos de VHC y 

VHB agudos y crónicos.

– Herpes, HPV, Rinovirus, VIH.

• ACTIVACIÓN MACRÓFAGOS
– interferón-γ se ha usado en e.j. lepra lepromatosa, 

leishmaniasis, toxoplasmosis.

• ANTI-TUMORAL
– e.j. melanoma, Sarcoma de Kaposi, CML

• ESCLEROSIS MÚLTIPLE
– interferón-β



Virus de DNA largos 

(herpesviruses, 

poxviruses) codifican 

proteínas adicionales 

para “distraer” al sistema 

inmune del huésped….



LOS VIRUS SECRETAN CITOCINAS Y LOS VIRUS SECRETAN CITOCINAS Y 
QUIMIOCINASQUIMIOCINAS……..



Nature Reviews Immunology 3, 36-50 (January 2003)



Nature Reviews Immunology 3, 36-50 (January 2003)





Bloqueo de la funciBloqueo de la funcióón n 
de las de las quimioquinasquimioquinas

por molpor molééculas solubles culas solubles 



LOS VIRUS EXPRESAN RECEPTORES DE LOS VIRUS EXPRESAN RECEPTORES DE 
CITOCINAS /QUIMIOCINASCITOCINAS /QUIMIOCINAS……..





NK, NKTNK, NKT……



CCéélulas NK y viruslulas NK y virus

Nature Reviews Immunology 8, 259-268 (April 2008)



Nature Immunology 3, 1006 - 1012 (2002) 

NK  y NK  y 
virusvirus



• The strategies by which viruses evade NK cells fall into five categories and are depicted in the interaction between a virus 
infected target cell (left) and an NK cell (right). 

• (a) NK cells can be inhibited by a viral MHC class I homolog with structural similarity to endogenous host class I that binds to 
inhibitory class I receptors on NK cells.

• (b) Viruses can inhibit expression of HLA-A and HLA-B, resulting in a relative increase in HLA-C and HLA-E on the surface of 
the target cell; these inhibit NK cells through the class I inhibitory receptors CD94-NKG2A and KIR, respectively. 
Alternatively, viral gene expression can result in selectively increased expression of HLA-E, which inhibits NK cells through 
CD94-NKG2A.

• (c) Virus-encoded proteins can function as cytokine binding proteins that block the action of NK cell activating cytokines. In 
addition, viruses can produce homologs, or increase host production of cytokines that inhibit NK cells.

• (d) NK cell activities can also be avoided by decreased expression of NK cell−activating ligands in virus-infected target cells, 
which prevent signal transduction via NK cell−activating receptors. To achieve the same end, viruses can encode antagonists 
of the activating receptor−ligand interaction. 

• (e) Viruses can also directly inhibit NK cells by infecting them or using envelope proteins to ligate NK cell inhibitory 
receptors. Proteins outlined in red are virally encoded. Each mechanism corresponds to the similarly numbered section of 
the text where additional details and examples are provided.



CitomegalovirusCitomegalovirus evade al sistema inmuneevade al sistema inmune……

Nature Reviews Immunology 8, 259-268 (April 2008)

The HCMV proteins US2, US3, US10 and US11 interact with the MHC class I heavy chains on their own or with
the heavy chains complexed with β2-microglobulin, ultimately resulting in their degradation, whereas US6 
blocks TAP (transporter associated with antigen processing) function and UL83 inhibits protein entry into the 
proteasome. UL40 provides a leader peptide that binds to HLA-E allowing its expression on the surface of HCMV-
infected cells, presumably for interactions with the inhibitory CD94–NKG2A (NK group 2, member A) receptor on 
NK cells. Both MCMV and HCMV inhibit expression of the NKG2D ligands in infected cells 



Nature Immunology 7, 795 - 797 (2006)

Newly synthesized CD1d heavy chains 
and β2-microglobulin (β2M) bind 
phospholipids in the lumen of the 
endoplasmic reticulum, with the 
assistance of lipid-transfer proteins 
(LTP). These CD1d-lipid complexes 
exit the endoplasmic reticulum and 
are transported to the cell surface by 
exocytosis. Cell surface CD1d 
molecules are then endocytosed by a 
clathrin-dependent mechanism into 
late endosomes, many of which 
contain intracellular vesicles. In this 
compartment, with the assistance of 
lipid-transfer proteins, CD1d 
molecules are loaded with antigenic 
glycolipids, after which they are 
displayed at the cell surface for 
presentation to CD1d-restricted NKT 
cells. This diagram shows the location 
where viruses and their products are 
thought to affect CD1d trafficking. 
TCR, T cell receptor; KSHV, Kaposi 
sarcoma–associated herpesvirus; HIV, 
human immunodeficiency virus.



RESPUESTA ADAPTATIVA EN LA INFECCIRESPUESTA ADAPTATIVA EN LA INFECCIÓÓN VIRALN VIRAL



INMUNIDAD ADAPTATIVAINMUNIDAD ADAPTATIVA

Linfocitos TCD8Linfocitos TCD8+:+:

� Destrucción de células infectadas,

� lesiones hísticas en el caso de virus no citopáticos

Anticuerpos neutralizantes:Anticuerpos neutralizantes:

� Bloqueo de la unión del virus al receptor en la 
célula diana,,

� bloqueo de la unión de la proteína de fusión al 
correceptor.



La respuesta La respuesta adaptativaadaptativa en la infeccien la infeccióón viraln viral



InhibiciInhibicióón del PROCESAMIENTO Y n del PROCESAMIENTO Y 
PRESENTACIPRESENTACIÓÓN ANTIGN ANTIGÉÉNICANICA





Nature Reviews Immunology 8, 607-618 (August 2008)



Nature Reviews Immunology 7, 942-953 (December 2007)





The proteasome is the central unit for the degradation of ubiquitylated proteins into 
peptides, which are then translocated into the endoplasmic reticulum (ER) by the 
transporter associated with antigen processing (TAP). A remarkable property of 
Epstein–Barr virus nuclear antigen 1 (EBNA1) is to evade proteasomal processing, 
such that no EBNA1-derived peptides are generated. The ability of EBNA1 to escape 
proteasomal processing is due to long repeats of glycine and alanine residues in the 
protein. How these repeats confer inhibitory properties to EBNA1 is unclear, but 
they do not prevent ubiquitylation of the protein. ICP47 from herpes simplex virus 
inhibits peptide binding to the cytoplasmic face of the TAP complex. By contrast, US6 
from human cytomegalovirus binds to the ER-luminal side of TAP but, remarkably, 
prevents ATP binding to TAP on the cytoplasmic side. The molecular mechanisms by 
which ICP47 and US6 block peptide transport are not completely defined, but they 
seem to exploit the conformational flexibility of TAP that is normally required to 
transport peptides. Ub, ubiquitin.

The ability of EBNA1 to escape 
proteasomal processing is due to long 
repeats of glycine and alanine residues 
in the protein. How these repeats 
confer inhibitory properties to EBNA1 
is unclear, but they do not prevent 
ubiquitylation of the protein. 



ModulaciModulacióón de la funcin de la funcióón de tapasina y retencin de tapasina y retencióón de moln de molééculas culas 
de MHC class I protede MHC class I proteíínas virales nas virales 

The US3 protein from human cytomegalovirus binds to tapasin and inhibits its ability 
to facilitate the binding of kinetically stable peptides to MHC class I molecules (known 

as peptide optimization), and E3-19K from adenovirus binds to transporter 

associated with antigen processing (TAP) and inhibits the ability of tapasin to recruit 
TAP to the PLC. The newly identified cowpox virus protein 203 (CPXV203) uses a 
retention strategy that is similar to that of E3-19K to suppress the presentation of viral 
peptides.



Nature Reviews Immunology 9, 503-513 (July 2009)



• A | Mouse herpesvirus 68 protein mK3 ubiquitylates MHC class I molecules, which results in their degradation by the 
proteasome through the endoplasmic reticulum (ER)-associated degradation (ERAD) pathway. mK3 binds to its primary 
binding partner, transporter associated with antigen processing (TAP), which is associated with the MHC class I specific 
chaperone tapasin (a). After assembling with β2-microglobulin (β2m), the MHC class I heavy chain binds the TAP–tapasin 
complex to await a suitable peptide ligand. TAP orients the mK3 catalytic RING domain such that it is in proximity with the 
tail of MHC class I molecules (b). The association of mK3 with TAP–tapasin induces the recruitment of an E2 ligase, which 
results in the polyubiquitylation of the MHC class I tail. β2m also dissociates from the heavy chain (c), perhaps leading to the 
recruitment of the ER chaperone calnexin into the multimeric complex. Polyubiquitylation with lysine 48 linkages of the 
MHC class I heavy chain initiates partial denaturation of the heavy chain and the recruitment of the ATPase p97. p97 then 
facilitates the retro-translocation of the heavy chain to the cytoplasm by a putative dislocation channel that may include 
derlin 1 and mK3. The MHC class I heavy chain undergoes proteasome-mediated degradation in the cytoplasm mediated by 
the p97, resulting in the generation of ubiquitin (Ub) monomers and peptides (d). B | Kaposi's sarcoma-associated virus 
protein kK3 induces polyubiquitylation and internalization of MHC class I molecules. kK3 associates with MHC class I 
molecules in a post-ER compartment. Initially, kK3 induces the recruitment of the E2 ligase ubiquitin-conjugating enzyme H5 
(UBCH5), which adds the first ubiquitin moiety to the tail of the MHC class I heavy chain, and then induces the recruitment 
of UBC13, which elongates the ubiquitin chain with lysine 63 linkages. The modified MHC class I heavy chain is then 
endocytosed in an epsin 1-dependent manner. Epsin 1 recruits clathrin, promotes vesicle formation and binds polyubiquitin 
chains on substrates. The targeted MHC class I molecule is ultimately directed to multivesicular bodies and degraded in the 
lysosomes. This pathway establishes a paradigm for how MARCH (membrane-associated RING-CH) proteins regulate the 
expression of MHC class II molecules. Image is modified, with permission, from EMBO Journal Ref. 130 © (2006) Macmillan 
Publishers Ltd. All rights reserved.



CitomegalovirusCitomegalovirus bloquea la respuesta antiviralbloquea la respuesta antiviral……..



InhibiciInhibicióón de la n de la apoptosisapoptosis

a. Inhibición de receptores 
de muerte

b. Inhibición de caspasas
c. Homólogos de Bcl-2
d. Inhibidores de p53
e. Inhibidores de la 

apoptosis inducida por 
TNF

f. Inhibición del stress 
oxidativo



InducciInduccióón de n de 
APOPTOSISAPOPTOSIS

Nature Reviews Immunology 2, 401-409 (June 2002)



Once released into the cytoplasm, granzyme B 
can initiate apoptotic cell death through the 
direct cleavage of pro-caspase-3 or, indirectly, 
through caspase-8. In addition, cleavage of 
BID results in its translocation, with other 
members of the pro-apoptotic BCL2-family 
such as BAX, to the mitochondria. This 
prompts cytochrome c release and the 
activation of caspase-9 through interaction 
with the adaptor molecule apoptotic 
protease-activating factor 1 (APAF1). 
Alternatively, mitochondrial dysfunction can 
lead to necrotic death and the release of 
factors such as apoptosis-inducing factor (AIF) 
and endonuclease G (EndoG), which mediate 
caspase-independent cell death. Finally, 
studies have shown a direct activation of 
DFF40/CAD (DNA fragmentation 40/caspase-
activated deoxynuclease) — which damages 
DNA and leads to cell death — by granzyme-B-
mediated proteolysis of the inhibitor ICAD.



BLOQUEO de BLOQUEO de 
APOPTOSISAPOPTOSIS



Nature Reviews Immunology 2, 401-409 (June 2002)

Cowpox virus

hCMV, VV, 
Myxoma 
virus

adenovirus



• Viruses can inhibit CTL-mediated apoptosis and necrosis by interfering with the expression
of cell-surface MHC class I molecules. This can occur by means of the endocytosis of cell-
surface MHC class I, retention and degradation of MHC class I in the endoplasmic reticulum
(ER), or the modulation of the transporter for antigen processing that is necessary for the
transport of viral peptides into the ER. Virus-encoded caspase inhibitors, such as crmA and
P35, inhibit apoptosis by blocking caspase activity. In addition, virus-encoded BCL2-like
proteins (vBCL2) and novel mitochondria-localized proteins, such as M11L from myxoma
virus and the immediate-early glycoprotein UL37 (vMIA) from human cytomegalovirus, also
inhibit apoptosis by blocking the release of cytochrome c from the mitochondria. The L4-
100K protein of adenovirus inhibits granzyme B directly. CTL, cytotoxic T lymphocyte; TCR, T-
cell receptor.



ROL DE LOS ANTICUERPOS ROL DE LOS ANTICUERPOS 
NEUTRALIZANTESNEUTRALIZANTES



Nature Biotechnology 25, 1421 - 1434 (2007) 



EvasiEvasióón de la respuesta inmune n de la respuesta inmune 
frente a los anticuerpos frente a los anticuerpos 

neutralizantesneutralizantes



Mecanismos de evasiMecanismos de evasióón de la n de la 
respuesta inmune por respuesta inmune por VirusVirus

Mecanismo de Evasión Respuesta Inmune Ejemplo

Variación génica. Influenza, HIV, HVC

Inhibición del procesamiento del antígeno:
•Inhibición del transportador TAP
•Bloqueo de MHC-I

Herpes virus,
Citomegalovirus. 

Inhibición de la apoptosis. Poxvirus.

Producción de homólogos de citoquinas, 
quimioquinas o sus receptores.

Poxvirus (IL-1, INF-γ), herpesvirus, 
citomegalovirus (quimiocina)

Bloqueo de anticuerpos neutralizantes Dengue virus

Síntesis de citoquinas inmunosupresoras Virus de Epstein Barr (IL-10)

Infección de células inmunocompetentes HIV




