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EVASIEVASIÓÓN DE LA RESPUESTA INMUNEN DE LA RESPUESTA INMUNE

Respuesta inmune Respuesta inmune 
frente a bacteriasfrente a bacterias





InteracciInteraccióón Patn Patóógenogeno--HuHuééspedsped

ComensalismoComensalismo

ColonizaciColonizacióónn

InfecciInfeccióónn

EnfermedadEnfermedad





El cuerpo humano es un ECOSISTEMA para El cuerpo humano es un ECOSISTEMA para 
mmáás de 500 especies microbianass de 500 especies microbianas



Postulados de koch: establecen la relaciPostulados de koch: establecen la relacióón entre el n entre el 
agente infeccioso y el huagente infeccioso y el huééspedsped

Los Postulados de Koch fueron formulados por Robert 

Koch y tratan de los principios que rigen la etiología de 

las enfermedades infecciosas. 

• El microorganismo debe estar presente en todos los 
individuos con la misma enfermedad.

• El microorganismo debe ser recuperado del individuo 
enfermo y poder ser aislado en medio de cultivo en 
forma pura (cultivo axénico).

• El microorganismo proveniente de ese cultivo debe 
causar la misma enfermedad cuando se lo inocula a 
otro huésped.

• El individuo experimentalmente infectado debe 
contener el micoorganismo.

• La mayoría de las bacterias que causan enfermedad en 

el humano se ajustan a los postulados con excepciones, 

a saber: Mycobacterium Leprae no cumple con el 

segundo enunciado de Koch.



¿¿CCÓÓMO PRODUCEN ENFERMEDAD LOS MO PRODUCEN ENFERMEDAD LOS 
MICROORGANISMOS?MICROORGANISMOS?



FACTORES DE VIRULENCIAFACTORES DE VIRULENCIA

MolMolééculas culas úútiles para la supervivencia y tiles para la supervivencia y 
la proliferacila proliferacióón en el hun en el huéésped.sped.



ASPECTOS GENASPECTOS GENÉÉTICOS DE LOS FACTORES TICOS DE LOS FACTORES 
DE VIRULENCIADE VIRULENCIA

Los factores de virulencia pueden estar codificados por: 

• Plásmidos

• Transposones

• Islas de patogenicidad



FACTORES DE VIRULENCIAFACTORES DE VIRULENCIA

• Promueven colonización, permanencia y funciones 
de la bacteria infectante…

• Dañan al huésped….



MECANISMOS DE MECANISMOS DE ADHERENCIA ADHERENCIA DEL DEL 

PATPATÓÓGENO A LA CGENO A LA CÉÉLULA HULULA HUÉÉSPEDSPED



• Four mechanisms of bacterial adherence where anti-adhesin vaccines could potentially block colonization 

and infection. 

A. shows pili or fibrillae protruding from the bacterial surface. These proteinaceous appendages bind to host 

cell surface molecules, usually carbohydrates, by adhesin proteins located at the distal tip of the 

pilus/fibrillar organelle. Antibodies targeting the adhesin protein block the bacterial/host interaction. 

B demonstrates a similar process of bacterial/epithelial cell interactions mediated by afimbrial adhesin 

proteins. In this case, antibodies directed against the bacterial surface proteins should also block 

attachment and colonization by impeding the ability of the bacteria to associate with mucosal tissues. 

C illustrates that some bacteria establish intimate associations with eukaryotic cells by intimin proteins, 

resulting in cytoskeletal rearrangements, host cell signaling, possible internalization of the bacteria, and in 

many cases systemic disease. Blocking the intimate association/adherence may also be another strategy 

to prevent bacterial infections.

D shows a novel mechanism whereby bacteria secrete their own receptor protein, which is internalized by 

the target host cell, phosphorylated, and embedded in the eukaryotic cell as a new receptor for tight 

binding by the bacterium. Theoretically, blocking the secreted receptor (Hp90) before it is internalized by 

the host cell could provide another mechanism to block bacterial adherence and infection.



Algunos microorganismos producen Algunos microorganismos producen 
infecciones persistentesinfecciones persistentes……....





¿¿CCÓÓMO PUEDEN LAS BACTERIAS EVADIR AL MO PUEDEN LAS BACTERIAS EVADIR AL 
SISTEMA INMUNE?SISTEMA INMUNE?





BACTERIAS EXTRACELULARESBACTERIAS EXTRACELULARES







RESPUESTA INMEDIATA RESPUESTA INMEDIATA 
FRENTE A BACTERIAS FRENTE A BACTERIAS 

EXTRACELULARESEXTRACELULARES



OPSONIZACIOPSONIZACIÓÓN Y FAGOCITOSISN Y FAGOCITOSIS

Las bacterias que expresan Las bacterias que expresan manosamanosa en su superficie se unen a MBLen su superficie se unen a MBL



PEPTIDOGLICANO PEPTIDOGLICANO 
de la pared de la pared 
bacteriana es bacteriana es 
capaz de activar el capaz de activar el 
complemento por complemento por 
la Vla VÍÍA A 
ALTERNATIVAALTERNATIVA



EL LPS de la pared EL LPS de la pared 
bacteriana es bacteriana es 
capaz de activar el capaz de activar el 
complemento por complemento por 
la Vla VÍÍA A 
ALTERNATIVAALTERNATIVA



CONSECUENCIAS DE LA  ACTIVACICONSECUENCIAS DE LA  ACTIVACIÓÓN DEL COMPLEMENTON DEL COMPLEMENTO……..



LOS MACRLOS MACRÓÓFAGOS TISULARES Y FAGOS TISULARES Y 
CCÉÉLULAS DENDRLULAS DENDRÍÍTICAS CON LOS TICAS CON LOS 

PRIMEROS EN ENCONTRAR A LOS PRIMEROS EN ENCONTRAR A LOS 
PATPATÓÓGENOS EXTRACELULARESGENOS EXTRACELULARES……..



ACTIVACIACTIVACIÓÓN DE LOS TLR POR LAS BACTERIASN DE LOS TLR POR LAS BACTERIAS



MEDIADORES INFLAMATORIOS RECLUTAN LEUCOCITOS DEL MEDIADORES INFLAMATORIOS RECLUTAN LEUCOCITOS DEL 
LECHO VASCULAR A LOS TEJIDOSLECHO VASCULAR A LOS TEJIDOS……....



LAS BACTERIAS SON DESTRUIDAS EN EL LAS BACTERIAS SON DESTRUIDAS EN EL 
INTERIOR DEL MACRINTERIOR DEL MACRÓÓFAGOFAGO





FUNCIONES DE LOS ANTICUERPOSFUNCIONES DE LOS ANTICUERPOS



RemociRemoci óón de bacterias n de bacterias 
extracelularesextracelulares



••Se  dividen Se  dividen fuerafuera de las cde las céélulas del hululas del huéésped:sped:
••VVíías aas aééreas, Tracto genitourinario, Luz Intestinal, Tejido conectivo,reas, Tracto genitourinario, Luz Intestinal, Tejido conectivo, CirculaciCirculacióón n 

sangusanguíínea.nea.

•Estas bacterias crecen rápido y producen toxinas por lo 

que es necesaria una respuesta muy rápida. Suelen provocar reacciones tisulares

purulentas y formación de abcesos.

••Cocos Cocos GramGram ++
••EstafilococosEstafilococos
••EstreptococosEstreptococos

••Cocos Cocos GramGram --
••MeningococosMeningococos
••GonococosGonococos

••Bacilos Bacilos GramGram ++
(Anaerobios)(Anaerobios)

••ClostridiumClostridium

••Bacilos Bacilos GramGram --
••E. E. colicoli

Bacterias ExtracelularesBacterias Extracelulares



� Inflamación y destrucción tisular

• Formación de pus: Cocos piógenos

� Producción de toxinas

• Exotoxinas:
1. Citotóxicas: Shigella, B. Anthracis

2. Interfieren con las funciones celulares

•Cólera, difteria, tétanos

3. Estimulan la producción de citoquinas

•TSST-1 

• Endotoxinas:

•Gram -. LPS

Mecanismos de enfermedadMecanismos de enfermedad



¿¿Por quPor quéé ciertas ciertas 
bacterias ocasionan bacterias ocasionan 

ENFERMEDAD?ENFERMEDAD?

LOS FACTORES DE 
VIRULENCIA LES 

PERMITEN INVADIR 
OTROS TEJIDOS



LOS MICROORGANISMOS SON CAPACES DE LOS MICROORGANISMOS SON CAPACES DE 
ADAPTARSE A HABITATS DIFERENTESADAPTARSE A HABITATS DIFERENTES……



CADA MICROORGANISMO ESTCADA MICROORGANISMO ESTÁÁ EXPUESTO A EXPUESTO A 
CONDICIONES EXTREMASCONDICIONES EXTREMAS



SIN EMBARGO……..

EXISTE UNA EXPOSICIEXISTE UNA EXPOSICIÓÓN PERMANENTE A N PERMANENTE A 
FACTORES DE VIRULENCIAFACTORES DE VIRULENCIA



FACTORES DE VIRULENCIAFACTORES DE VIRULENCIA

•• …….CONFIEREN LA HABILIDAD PARA INVADIR Y .CONFIEREN LA HABILIDAD PARA INVADIR Y 
MULTIPLICARSE EN LOS TEJIDOS DEL HUMULTIPLICARSE EN LOS TEJIDOS DEL HUÉÉSPEDSPED

•• …….SON MUY DIVERSOS EN SU ORIGEN Y FUNCI.SON MUY DIVERSOS EN SU ORIGEN Y FUNCIÓÓNN

•• ……..SON FRECUENTEMENTE PRODUCIDOS POR LA ..SON FRECUENTEMENTE PRODUCIDOS POR LA 
FLORA MICROBIANAFLORA MICROBIANA



Factores de virulenciaFactores de virulencia



Important pneumococcal virulence factors 
include: 

the capsulethe capsule; 
the cell wall; 
choline-binding proteins; 
pneumococcal surface proteins A and C 
(PspA and PspC); 
the LPXTG-anchored neuraminidase 
proteins; 
hyaluronate lyase (Hyl);
pneumococcal adhesion and virulence A 

(PavA); 
enolase (Eno); 
pneumolysin;
autolysin A (LytA); 
the metal-binding proteins 

pneumococcal surface antigen A (PsaA), 
pneumococcal iron acquisition A (PiaA) 
and pneumococcal iron uptake A (PiuA).

Streptococcus Streptococcus 
pneumoniaepneumoniae

Nature Reviews Microbiology 6, 288-301 (April 2008)







Commensal bacteria 
are tolerated in the 
lumen because 
epithelial cells do not 
have receptors 
recognizing their 
associated PAMPs 
(peptidoglycan (PG), 
GM-tri-DAP 
muropeptide (GM), 
LPS and flagellin) on 
their apical surface. 

Nature Immunology 5, 1099 - 1100 (2004) 



Helicobacter pyloriHelicobacter pylori





Modo de infección de 
H. pylori:
1. H. pylori penetra la 
capa mucosa del 
estómago y se adhiere 
a la superficie de la 
capa mucosa epitelial
gástrica.
2. Produce amoníaco a 
partir de la urea, para 
neutralizar la acidez 
gástrica.
3. Migración y 
proliferación de H. 
pylori al foco de 
infección.
4. Se desarrolla la 
ulceración gástrica con 
destrucción de la 
mucosa, inflamación y 
muerte de las células 
mucosas.



Nature Reviews Cancer 4, 688-694 (September 2004)

Helicobacter pylori that is positive for the cytotoxin-associated antigen A (cagA) gene adheres to 

gastric epithelial cells of the gastric pit through an interaction between bacterial adhesin and the host-

cell receptor. Following attachment of H. pylori to the cell, CagA is translocated into the 

intracellular region of host cells through the type IV secretion system, 

which is encoded by the cag pathogenicity island. The translocated CagA protein 

localizes to the plasma membrane and then undergoes tyrosine phosphorylation at EPIYA sites, 

mediated by the SRC-family tyrosine kinases. Phosphorylated CagA interacts with intracellular signal 

transducers, deregulates their activities and elicits pathobiological actions.



The type IV secretion type IV secretion pathway 

[Finlay and Falkow 1997] comprises a comprises a 

group of sogroup of so--called called autoauto--
transporterstransporters, including gonococcal including gonococcal 

immunoglobulin A and other immunoglobulin A and other 
proteases, the vacuolating cytotoxin of proteases, the vacuolating cytotoxin of 
Helicobacter pyloriHelicobacter pylori, a family of outer , a family of outer 
membrane proteins in membrane proteins in B. pertussisB. pertussis, and , and 
the secreted proteins SepA and EspC the secreted proteins SepA and EspC 
from from S. flexneriS. flexneri and EPEC, respectivelyand EPEC, respectively.

Apparently, these auto-transporters 
form a pore in the outer membrane 
through which they pass, and 
autoproteolytic cleavage releases the 
proteins into the supernatant.



- Rapid development in the bacterial population of h igh-level 
resistance to commonly used antibiotics
- High competence for uptake of DNA from other H. pylori
strains (Sansonetti and Di Santo, 2007)

High mutational and 
recombinational 
frequency, high 
diversity

- Neutralizing pH around the organism with urease en zyme
- Interaction between adhesins and local cell recepto rs
- Expressing mucolytic molecules
- Relative absence of immune cells in gastric mucosa  and rare 
competition with commensal bacteria

Ability to colonize 
gastric environment

- Enzymes involved in ROI scavenging, such as catala se and 
superoxide dismutase
- Arginase regulates NO synthesis (Baldari et al., 2 005)

Avoidance of attack by 
ROIs and RNIs

- Blocking the proliferation of T cell through VacA a nd B cell 
proliferation through CagA-induced supression- Interf erence 
with phagocytosis (Baldari et al., 2005)

Downregulation of
immune effectors

- Upregulation of specific inflammatory and immune mediato rs
including β-defensin, protease inhibitor, chemokine receptor, 
interleukin-1 β, tumor necrosis factor- α-inducible protein…
(Israel and Peek, 2006)

Host gene expression
modulation

CagY (Aras et al., 2003)Antigenic variation

- Lewis expression (O antigen region of H. pylori LPS) (Wirth et 
al., 1997)

Mimicry of host
antigens

- Modification of LPS (long 3-hydroxy fatty acids of  lipid A, 
unusual phosphorylation pattern…) (Moran et al., 19 97, 1998)

Minimization of innate
immunity

- Flagellin fails to activate TLR5 (Gewirtz et al., 2 004)
- Tetraacylated LPS poorly activates TLR4 and may ac tually 
work as an antagonist (Moran and Aspinall, 1998)
- DNA is rich in A/T nucleotides and frequently methy lated, 
making TLR9 response more unprobable (Blaser and At herton, 
2004)

Bypassing the TLR 
system

EXAMPLEMECHANISM



Pathogenic Neisserria

N. gonorrhoeae • Antigenically variable surface antigens, no capsul

• Colonizes the genital tract

• Does not form acid from maltose 

N. meningitidis •Presence of a carbohydrate capsule 

•Colonizes the respiratory tract

•Forms acid from maltose

Non-Pathogenic Neisserria

All colonize the human respiratory tract



Es un comensal de la mucosa rinofaríngea. Su 

capacidad de evadir al sistema inmune le permite 

atravesar la BHE y causar MENINGITIS…..

N. MENINGITIDISN. MENINGITIDIS



Primary anchorage of Neisseria spp. to the apical surface 

of mucosal epithelial cells is mediated by type IV pili (a), 

which retract to allow a tight secondary adherence 

through the bacterial colony opacity-associated (Opa) 

proteins binding to carcinoembryonic-antigen-related 

cell-adhesion molecule 1 (CEACAM1), CEACAM5 and 

CEACAM6 (b). This interaction leads to the transcellular 

transcytosis of bacteria through the epithelial cells to 

emerge in the subepithelial spaces (c). Rarely, Neisseria 

spp. enter the blood and cause a systemic infection (d). 

Although entering the subepithelial spaces allows the 

Neisseria spp. access to abundant nutrients, this also 

exposes the bacteria to cells involved in immune 

surveillance. 

Opa binding to CEACAM1 impairs normal 
maturation of immature dendritic cells (e), and 

suppresses lymphocyte responses to activating stimuli 

(f). 

CEACAM1 binding should also impair phagocytic 

engulfment of the bacteria, however neutrophil 

expression of the decoy receptor CEACAM3 provides a 

potent activation signal that allows the rapid engulfment 

and killing of Opa-expressing bacteria (g). 

bacterial colony opacity-associated (Opa) 

Nature Reviews Immunology 6, 433-446 (June 2006) ProteProteíína  Opa se une a receptor inhibitorio CECAM1 na  Opa se une a receptor inhibitorio CECAM1 
de LTCD4 y DCde LTCD4 y DC……..



(a) Electron micrograph showing paired bacteria 
(arrow) within a splenic macrophage. Approximate 
magnification = X10 000. (b) Schematic 
representation showing the major adhesins. 
Pathogenic N. meningitidis possesses several 
surface-expressed adhesins. The type IV pilus 
mediates initial interactions with host cells. The 
opacity proteins Opa and Opc are phase-variable 
outer membrane proteins believed to play a role in 
later stages of adhesion and invasion, and enable 

adhesion in the absence of pili. The 
lipopolysaccharide (LPS) molecules 
display variation in side chains; the 
unsialylated forms of LPS might 
contribute to adhesion by binding 
to asialoglycoprotein receptors. The 
polysaccharide capsule is believed to inhibit 
adhesion to cells, possibly due to negatively 
charged molecules such as sialic acid that repel 
host cells or by masking the exposure of other 
surface adhesins.



In the case of the meningococcus, the 
presence on its surface of a sialylated 
lipo-oligosaccharide and a capsule is 
known to play an important role against 
the bactericidal activity of serum (Vogel 
and Frosch, 1999; Wetzler et al., 1992) 
and to protect the bacteria against 
phagocytosis by macrophages and 
monocytes (McNeil et al., 1994; Read et 
al., 1996).

Adhesion  of N. meningitidis on 

endothelial cells interferes with interferes with 
the transendothelial the transendothelial 
migration of leukocytes by migration of leukocytes by 
preventing the formation of preventing the formation of 
the endothelial docking the endothelial docking 
structures required for proper structures required for proper 
leukocyte diapedesis. leukocyte diapedesis. 





Cytoskeletal rearrangements
induced during Shigella

invasion of epithelial cells. 
Shigella secretes the
effector proteins, such as 
IpaB, IpaC, IpaA and VirA, 
into host cells. 

Sistema de secreciSistema de secrecióón n 
tipo IIItipo III

SHIGELLASHIGELLA



Fascinatingly, while the type III secretion 

apparatus is conserved in pathogens as distantly 

related as Yersinia and Erwinia, the secreted 

proteins differ entirely; illustrating how one 

bacterial pathogenicity mechanism can give rise to 

a multitude of diseases that range from bubonic 

plague in humans to fire blight in fruit trees.

Secretion of bacterial pathogenicity proteins by 

the type III pathway and their injection into the 

cytosol of animal or plant cells initiates a 

sophisticated “biochemical cross-talk” between 

pathogen and host. The injected proteins often 

resemble eukaryotic factors with signal 

transduction functions and are capable of 

interfering with eukaryotic signalling pathways. 

Redirection of cellular signal transduction may 

result in disarmament of host immune responses 

or in cytoskeletal reorganization, establishing 

subcellular niches for bacterial colonization and 

facilitating a highly adapted pathogenic strategy of 

“stealth and interdiction” of host defense 

communication lines.

As in type I secretion, the proteins secreted via 
the type III pathway are not subjected to amino-
terminal processing during secretion. T

Type III secretion enables gramType III secretion enables gram--negative negative 
bacteria to secrete and inject bacteria to secrete and inject 
pathogenicity proteins into the cytosol of pathogenicity proteins into the cytosol of 
eukaryotic host cells.eukaryotic host cells.



Nature 449, 827-834(18 October 2007)

GeneraciGeneracióón de PEDESTALES por n de PEDESTALES por 
la EPEC Y EHEC (la EPEC Y EHEC (O157:H7 )

During infection with the 
extracellular bacterium EPEC, the 
intimin receptor (Tir) translocates 
into the host cell and inserts itself 
into the host-cell plasma 
membrane (a process mediated by 
the T3SS). This receptor interacts 
with intimin on the bacterial 
surface, thereby firmly anchoring 
the bacterium to the host cell.



• During infection with the extracellular bacterium EPEC, the intimin receptor (Tir) translocates 

into the host cell and inserts itself into the host-cell plasma membrane (a process mediated 

by the T3SS). This receptor interacts with intimin on the bacterial surface, thereby firmly 

anchoring the bacterium to the host cell. The carboxy terminus of EPEC Tir becomes 

phosphorylated on the tyrosine residue at position 474 by at least two host protein kinases, 

Fyn and Abl, resulting in host adaptor protein Nck being recruited and binding directly to Tir. 

During infection with EHEC, by contrast, the tyrosine-phosphorylation event is subverted by 

the EHEC effector EspFu, so Nck is not required. During EPEC or EHEC infection, N-WASP and 

the Arp2/3 complex (which consists of seven host proteins) are recruited downstream of the 

Tir-interacting protein (Nck or EspFu), leading to the generation of actin filaments beneath 

the attached bacteria and the formation of the pedestal structure. Numerous proteins are 

found in EPEC pedestals (some of which are listed in the shaded box); however, the precise 

organization of these proteins in EPEC- and EHEC-induced pedestal generation has not been 

clearly shown. It has been demonstrated that the tight-junction-associated protein ZO1 

localizes to the distal portion of the actin filaments of the EPEC pedestal. In addition, the 

actin-disassembly protein cofilin has been shown to localize to pedestals and presumably, 

together with the actin-assembly protein profilin, regulates the actin-filament dynamics in 

pedestals. Also, the amino terminus of Tir has been shown to bind directly to -actinin, but the 

effect of this interaction is unknown.



Nature Reviews Microbiology 4, 358-370 (May 2006)



EIEC: LISA EL FAGOSOMAEIEC: LISA EL FAGOSOMA



LAS BACTERIAS EVADEN AL SISTEMA INMUNE INNATOLAS BACTERIAS EVADEN AL SISTEMA INMUNE INNATO









LAS BACTERIAS EVADEN A LOS AMPLAS BACTERIAS EVADEN A LOS AMP





CIERTAS MOLCIERTAS MOLÉÉCULAS BACTERIANAS, ACTIVAN AL SISTEMA CULAS BACTERIANAS, ACTIVAN AL SISTEMA 
INMUNE INNATO Y CAUSAN INFLAMACIINMUNE INNATO Y CAUSAN INFLAMACIÓÓNN……....



LA RESPUESTA INFLAMATORIA INLCUYE ACTIVACILA RESPUESTA INFLAMATORIA INLCUYE ACTIVACIÓÓN N 
DE DIFERENTES TIPOS CELULARESDE DIFERENTES TIPOS CELULARES…………



Helicobacter pyloriHelicobacter pylori



HELICOBACTER PYLORIHELICOBACTER PYLORI

HelicobacterHelicobacter
PiloriPilori

Incorpora HC a sus LPS y le 
confieren propiedades 
similares a los antígenos 
Lewis de los grupos 
sanguíneos humanos

Pili (Fimbria)Pili (Fimbria)





ESTREPTOCOCOSESTREPTOCOCOS



Streptococcus: estructura antigStreptococcus: estructura antigéénicanica

•• AntAntíígenos de la pared especgenos de la pared especíífico del grupofico del grupo: Se trata de un 
carbohidrato que ha permitido clasificarlos serológicamente 
en los grupos de Lancefield. El grupo viene determinado por 
el aminoazúcar y los grupos son A, B, C, D y F

•• ProteProteíína Mna M: Pertenece a la pared celular y : Pertenece a la pared celular y 
forman los llamados pilis (aparece como forman los llamados pilis (aparece como 
pelos). Constituye el principal factor de pelos). Constituye el principal factor de 
virulencia para el S. pyogenes y resisten la virulencia para el S. pyogenes y resisten la 
acciaccióón fagocn fagocíítica y esttica y estáá implicada en los implicada en los 
procesos de adherencia a cprocesos de adherencia a céélulas epiteliales.lulas epiteliales.











Mutations in the two-component 
regulatory locus CovRS shift 
expression of virulent genes from a 
pharyngeal transcriptome (PTP) to an 
invasive transcriptome (ITP), which 
can result in more disseminated, 
severe disease in human and mice. 
The ITP phenotype is recognized by 
the highly mucoid nature of colonies.

Enfermedades post-estreptocócicas

•• Group A Group A StreptococcusStreptococcus (GAS) (GAS) is a gram-positive bacterial pathogen that is responsible 

for human morbidity and mortality globally. 

•• The organism causes infections such as pharyngitis, cellulitis, The organism causes infections such as pharyngitis, cellulitis, bacteremia, necrotizing fasciitis bacteremia, necrotizing fasciitis 
and postand post--infectious sequelae such as acute rheumatic fever (ARF) and acutinfectious sequelae such as acute rheumatic fever (ARF) and acute e 
glomerulonephritis. glomerulonephritis. 

•• The success of GAS as a pathogen is dependent on its ability The success of GAS as a pathogen is dependent on its ability 
to avoid phagocytosis and killing by PMNs, and complementto avoid phagocytosis and killing by PMNs, and complement--
mediated effects.mediated effects.



Based on recent observations the ββββ-propeller domain (red oval labeled -pp) may serve to modulate 
the binding of C3bi with the I-domain of CD11b. Therefore, in our model, the C3bi binding site on the 
I-domain is sequestered by the -propeller domain until a conformation shift allows binding (left

panel). On human PMNs, CD16 is associated with CD11b/CD18On human PMNs, CD16 is associated with CD11b/CD18 and upon antibody 

binding transduces host-response signals through CD11b/CD18 (left panel). It is possible that a 
conformational shift in the ββββ-propeller domain provides an additional link between CD16 and human 
Mac-1, thus permitting 'outside-in' signal transduction (left panel). Streptococcal Mac binds to CD16, 
sequestering its Fc-binding region and blocking its ability to interact with antibody (right panel). Mac 
may also block binding of C3bi with the I-domain by associating with the I-domain of CD11b and 
mimicking (through its homology) the function of the ββββ -propeller domain (right panel).

Streptococcal Mac: Streptococcal Mac: 
inhibe inhibe 
opsonofagocitosis opsonofagocitosis 

Streptococcus grupo A (GAS)Streptococcus grupo A (GAS)



ESTAFILOCOCOSESTAFILOCOCOS



StaphylococcusStaphylococcus : estructura antig: estructura antigéénica nica 

•• PeptidoglicanoPeptidoglicano:: Polímero polisacárido de N-acetilmurámico y N-

acetilglucosamina del que cuelgan cadenas de pentapéptido. Estas cadenas cortas 

están a su vez unidas entre sí por puentes que se establecen entre el residuo L-

lisina de una cadena y el de D-alanina de la siguiente. El peptidoglicano induce la 

producción de IL-1 y anticuerpos opsonizantes, atrae leucocitos 

polimorfonucleares, activa el complemento y posee actividad endotóxica.

•• ÁÁcidos cidos teicoicosteicoicos: Polímeros de fosfato glicerol y ribitol. En algunos procesos 

infecciosos se desarrollan anticuerpos frente a estos ácidos.

•• Factor de aglutinaciFactor de aglutinacióónn: También conocido como "coagulasa unida" (en la pared 

externa) en los S. aureus y fija el fibrinógeno.

•• PolisacPolisacááridorido:

S. aureus: poseen una cápsula polisacarídica capaz de inhibir la fagocitosis

S. epidermidis: produce un exopolisacárido llamado Slime responsable de la 

adherencia a las superficies, de la resistencia a la fagocitosis y del fracaso de la 

terapéutica antimicrobiana.





Nature Reviews Microbiology 3, 948-958 (December 2005)

STAPHYLOCOCCUS AUREUS: ProteSTAPHYLOCOCCUS AUREUS: Proteíína A previene la na A previene la 
correcta opsonizacicorrecta opsonizacióón por IgGn por IgG



Fibrinogen-binding protein (Efb), which binds 
complement factor C3 and blocks its deposition on 
the bacterial cell surface. Complement activation 
beyond C3b attachment is prevented, thereby 
inhibiting opsonization. 

The capsular polysaccharide, which 
can compromise neutrophil access to 
bound complement and antibody

The extracellular staphylokinase The extracellular staphylokinase 
(Sak), which activates cell(Sak), which activates cell--bound bound 
plasminogen and cleaves IgG and plasminogen and cleaves IgG and 
C3bC3b

Clumping factor A (ClfA), 
which binds the γ-chain of 
fibrinogen.

Nature Reviews Microbiology 3, 948-958 (December 2005)



• A range of S. aureus proteins that 
interact with targets from the 
complement system have been 
structurally analysed. 

• a | The immunoglobulin G (IgG)-
binding module of staphylococcal 
protein A (SpA), the C3-binding 
domain of the extracellular 
fibrinogen-binding protein (Efb) and 
staphylococcal complement inhibitor 
(SCIN) share similar structural motifs, 
but show differential functionality. 

• b | Both staphylococcal superantigen-
like protein-7 (SSL-7) and the 
chemotaxis inhibitory protein of S. 
aureus (CHIPS) attenuate 
complement on the level of C5, but 
bind to unrelated targets (C5 protein 
and C5a receptor, respectively). All 
protein-structure representations are 
coloured according to their secondary 
structure (α-helices in red and ββββ-
sheets in yellow).

S aureus y sistema del S aureus y sistema del 
complementocomplemento

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



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



LOS PLOS PÉÉPTIDOS FORMILADOS INDUCEN PTIDOS FORMILADOS INDUCEN 
QUIMIOTAXIS DE LOS PMNsQUIMIOTAXIS DE LOS PMNs……..



a | The chemotaxis inhibitory protein of staphylococci 
(CHIPS) and the extracellular adherence protein (Eap) 
interfere with neutrophil chemotaxis and 
extravasation. 
Resistance to killing by antimicrobial peptides in the 
neutrophil phagosome is promoted by D-alanine and L-
lysine modifications to cell-wall components (indicated 
by +), by secretion of staphylokinase (Sak) and 
aureolysin (Aur), and by the creation of 'spacious' 
phagosomes in which bacteria can survive. The pore-
forming leukotoxins are shown by the mushroom-
shaped insertion in the neutrophil membrane.

b | Model for interactions between CHIPS and the 
formyl peptide receptor (FPR) and C5a receptor. Two 
distinct but closely linked binding domains in CHIPS are 
indicated, one for the extreme N terminus of FPR 
involving residues F1 and F3, the second for a domain 
located between residues 10–20 of the C5a receptor. F-
MP, N-formyl-methionyl peptide; ICAM-1, intercellular 
adhesion molecule-1; LFA-1, lymphocyte-function-
associated antigen.



LAS BACTERIAS EVADEN AL SISTEMA INMUNE LAS BACTERIAS EVADEN AL SISTEMA INMUNE 
ADAPTATIVOADAPTATIVO



Neisseria meningitidis serin proteasa
Neisseria gonorrhoeae serin proteasa
Haemophilus spp. serin proteasa
Streptococcus spp. Zinc-proteasa

LAS BACTERIAS PRODUCEN IGA PROTEASASLAS BACTERIAS PRODUCEN IGA PROTEASAS……....











BACTERIAS INTRACELULARESBACTERIAS INTRACELULARES







Respuesta a infecciones por bacterias intracelularesRespuesta a infecciones por bacterias intracelulares



RegulaciRegulacióón de balance Tn de balance TH1H1/T/TH2H2

IgG1, IgG3,

IgG2
IgG4



ActivaciActivacióón de macrn de macróófagos en la respuesta Tfagos en la respuesta TH1H1



La activación 
de los 
macrófagos 
permite 
eliminar los 
patógenos 
intracelulares.

Las células TH1 
se denominan 
también células 
T inflamatorias

cytokines

ActivaciActivacióón de macrn de macróófagos en la respuesta Tfagos en la respuesta TH1H1



Desarrollo de granulomas Desarrollo de granulomas 





Commensal bacteria 
are tolerated in the 
lumen because 
epithelial cells do not 
have receptors 
recognizing their 
associated PAMPs 
(peptidoglycan (PG), 
GM-tri-DAP 
muropeptide (GM), 
LPS and flagellin) on 
their apical surface. 

Nature Immunology 5, 1099 - 1100 (2004) 



• (b) Intracellular Gram-negative bacteria replicating in vesicles are recognized by 

TLR4-LPS interaction. Intracytoplasmic Gram-negative bacteria release GM-tri-DAP 

muropeptide and activate Nod1. (c) Extracellular pathogens with a type IV 

secretion system translocate virulence factors and GM-tri-DAP muropeptide in the 

cytoplasm of epithelial cells, activating Nod1. Other Gram-negative pathogens 

with a type III secretion system might translocate GM-tri-DAP muropeptide or 

other PAMPs in the host cell. The detection mechanism for other extracellular 

Gram-negative and Gram-positive pathogens that lack a secretion system is 

unknown. Engagement of TLR4 and Nod1 leads to NF-B activation and 

inflammation. (d) All bacteria that cross the epithelium and establish a systemic 

infection are recognized by immune cells such as macrophages, which express 

both intracellular and plasma membrane−associated TLRs. LRR, leucine-rich repeat 

recognition domain; TIR, Toll−interleukin 1 receptor domain; CARD, caspase 

activation and recruitment domain.



LA RESPUESTA INFLAMATORIA INLCUYE ACTIVACILA RESPUESTA INFLAMATORIA INLCUYE ACTIVACIÓÓN N 
DE DIFERENTES TIPOS CELULARESDE DIFERENTES TIPOS CELULARES…………



LA CHLAMYDIA PRODUCE LPS DE MUY BAJA LA CHLAMYDIA PRODUCE LPS DE MUY BAJA 
ACTIVIDAD INFLAMATORIAACTIVIDAD INFLAMATORIA……



Pseudomonas aeruginosa 
decrease TLR4-mediated 
signalling 
Yersinia pestis produces 
the virulence protein LcrV 
that increases TLR2-
mediated signalling and 
secretion of the anti-
inflammatory cytokine IL-
10.



S. flexneri effector OspG

YopP/JYersinia spp effector

INTERFERENCIA CON EL INTERFERENCIA CON EL 
FACTOR NFFACTOR NF--κκκκκκκκBB



ACTIVIDAD ENZIMACTIVIDAD ENZIMÁÁTICA DE PROTETICA DE PROTEÍÍNAS BACTERIANAS:NAS BACTERIANAS:
INTERFERENCIA EN LA FUNCIINTERFERENCIA EN LA FUNCIÓÓN DEL MACRN DEL MACRÓÓFAGOFAGO





ListeriaListeria
monocytogenesmonocytogenes



In 90–95% of individuals, the infection remains latent, which is probably reflected by the Mycobacterium tuberculosis 

DNA that can be detected using in situ PCR (shown as blue intracytoplasmic material) in tissue with little cellular infiltrate. 

In a minority of individuals, there is progressive disease development, most often in the lung apex, where the 

ratio of ventilation to blood perfusion is highest. However, in most infected people, the disease remains latent for decades, 

although it can be reactivated when an individual is immunosuppressed, particularly through infection with HIV. Progressive 

disease is characterized by weight loss, toxicity of tumour-necrosis factor, cavitation and fibrosis, even though interferon-γ

produced by TH1 cells can decrease the amount of fibrosis. The cavities eventually open into the bronchi, which allows the 

spread of TB by aerosols during coughing.

MicobacteriumMicobacterium tuberculosistuberculosis



Nature Medicine 13, 282 - 284 (2007)

Most microbes and nonpathogenic mycobacteria quickly find 

themselves in lysosomes, where they are killed. By contrast, M. 

tuberculosis stays within phagosomes; the bacterium releases PknG 

to block phagosome-lysosome fusion. Bacteria lacking pknG are 

rapidly transferred to lysosomes and eliminated. 



MYCOBACTERIUM AVIUM MYCOBACTERIUM AVIUM 





Nature Reviews Immunology 3, 557-568 (July 2003)

RAFTS LIPRAFTS LIPÍÍDICOS E INFECCIONES: DICOS E INFECCIONES: 
evasievasióón de la fusin de la fusióón fagon fago--lisosomallisosomal

Many bacteria use Many bacteria use 
host raft components host raft components 
to avoid phagosome to avoid phagosome 
fusion with the fusion with the 
degradative degradative 
compartments of the compartments of the 
host cell. host cell. 
Some of these bacteria use 

raft-associated receptors to 

generate vacuoles that are 

enriched in raft components 

and have a defined 

intracellular trafficking 

pathway.

TACO (tryptophan-aspartate-containing coat protein)



Interferencia con la Interferencia con la 
degradacidegradacióón n fagolisosomalfagolisosomal

• Mycobacterium tuberculosis blocks acidification

and uses mannose-lipoarabinomannan (ManLAM) 

to prevent interactions with other endosomal

compartments. 

• Salmonella resides in an acidified compartment
that resembles late endosomes but blocks the
acquisition of NADPH oxidase, inducible nitric
oxide synthase (iNOS) and degradative lysosomal
enzymes, and uses the bacterial type III effector
proteins SifA and SseJ to modify the vacuolar
membrane composition.

• FimH+Escherichia coli engages alternative
receptors to enter macrophages using lipid rafts
and avoids the oxidative burst.

• Legionella pneumophila secretes proteins through
the Dot secretion system to establish a replicative
organelle resembling rough endoplasmic
reticulum. 

• Yersinia and enteropathogenic E. coli (EPEC) 
express virulence proteins (such as Yops) to inhibit
phagocytosis altogether.

• CD48, human leukocyte antigen/macrophage

receptor CD48; FimH, pilus adhesion subunit; TLR, 

Toll-like receptor.

FimH, pilus adhesion subunit;





Salmonella also secretes a protein known as SpiC
through its SPI2 secretion system; this protein 

blocks vesicle trafficking (depicted as a 
failure of fusion between lysosome and 
endosome). 

Shigella and Salmonella secrete 
related proteins known as IpaB
and SipB respectively via their 
type III secretion systems. Both 
proteins can bind to and 
presumably activate caspase-1, 
which cleaves pro-IL-1 to its 

mature form and induces 
apoptosis. 

Yersinia delivers a 
variety of Yops
through its type III 
secretion system into 

host cells to interfere 
with macrophage 
function.



•• YersiniaYersinia delivers a variety of Yops through its type III secretion system into host cells to 

interfere with macrophage function. Macrophages infected with Yersinia produce smaller 

quantities of tumour necrosis factor-α, and stimulation of anti-apoptotic pathways through 

the activation of NF-B and MAP kinase is inhibited..

• The effector molecule known as YopP in Y. enterocolitica and YopJ in Y. pseudotuberculosis

is targeted to the host cell cytoplasm and is required both for the inhibition of tumour 
necrosis factor- α production and for apoptosis.

• The YopH protein is a highly active tyrosine phosphatase that is directed to and disrupts 

focal adhesions, sites where actin stress fibres (light green) contact the cell membrane. 

Among its targets are the proteins focal adhesion kinase (FAK) and p130Cas (brown and 

orange). The result is an inhibition of bacterial uptake by epithelial cells and macrophages. 

• YopT, another protein targeted by the type III system to the host cell's cytoplasm, 

participates in inducing a loss of actin stress fibres in the cells. It was recently realized that 

the electrophoretic mobility of Rho (purple), one of the small GTPases that regulates the 

actin cytoskeleton, is altered in cells infected with Y. enterocolitica and that this altered 

mobility is dependent on YopT. Presumably this alteration of Rho affects its function, leading 

to the observed cytoskeletal changes. 

• The YopE protein is also targeted to the cytoplasm of host cells and, like YopT, disrupts the 

ac tin cytoskeleton. However, the mechanism of action of YopE is unknown.



Mecanismos de evasiMecanismos de evasióón inmunen inmune Ejemplos Ejemplos 

Bacterias intracelularesBacterias intracelulares
InhibiciInhibicióón de formacin de formacióón de n de 
fagolisosomasfagolisosomas

M tuberculosis, L penumophila, Chlamydia

EliminaciEliminacióón de IROsn de IROs

EliminaciEliminacióón de peroxinitrilosn de peroxinitrilos

M leprae (glucolípido fenólico)

M tuberculosis

PPéérdida de membrana del fagosomardida de membrana del fagosoma L monocytogenes (LLO)

TLR como mecanismo de escape TLR como mecanismo de escape 
bacterianobacteriano::

La Lp 19kD de M tuberculosis reconocida por La Lp 19kD de M tuberculosis reconocida por 

TLR2 inhibe la expresiTLR2 inhibe la expresióón de MHCn de MHC--II y de RFcII y de RFcγγγγγγγγI. I. 

El microorganismo utiliza el TLR2 para inducir la El microorganismo utiliza el TLR2 para inducir la 
liberaciliberacióón de ILn de IL--10.10.

M tuberculosis 

Y entercolítica 

ManipulaciManipulacióón de los ligandos de TLR: n de los ligandos de TLR: 
produce un lproduce un líípido A del LPS que induce una pido A del LPS que induce una 
reducida respuesta inflamatoriareducida respuesta inflamatoria

Chl trachomatis



Mecanismos de evasiMecanismos de evasióón inmunen inmune Ejemplos Ejemplos 

Bacterias intracelularesBacterias intracelulares
EvasiEvasióón de la fagocitosisn de la fagocitosis: se observa : se observa 

mayor supervivencia luego de su unimayor supervivencia luego de su unióón a CR1 n a CR1 
en comparacien comparacióón con lo observado despun con lo observado despuéés de s de 
su unisu unióón a CR3 o CR4n a CR3 o CR4

M tuberculosisM tuberculosis

ModulaciModulacióón bacteriana del n bacteriana del 
procesamiento y presentaciprocesamiento y presentacióón n 
mediante CD1mediante CD1

M tuberculosisM tuberculosis

ModulaciModulacióón del procesamiento y n del procesamiento y 
presentacipresentacióón antign antigéénicanica

M tuberculosis, Chlamydia, YersiniaM tuberculosis, Chlamydia, Yersinia

Efectos inhibitorios sobre LT:Efectos inhibitorios sobre LT:
Inducen la producciInducen la produccióón de TGFn de TGF--ββββββββ e ILe IL--1010

Interfieren en la seInterfieren en la seññalizacializacióón de la vn de la víía NFa NF--κκκκκκκκBB

M tuberculosisM tuberculosis

Yersinia Yersinia 



BiofilmBiofilm

………….otro mecanismo de evadir al sistema .otro mecanismo de evadir al sistema 
inmune y a los antibiinmune y a los antibióóticosticos



Nature Reviews Drug Discovery 2, 114-122 (February 2003)

Un BIOFILMBIOFILM es una comunidad microbiana de células adheridas a 
una superficie en la que las células se mantienen u nidas gracias a 
una matriz extracelular. Pueden ser una simple mono capa de 
bacterias sobre una superficie a un tapete microbia no tan complejo 
que podríamos considerarlos auténticas "ciudades mi crobianas".





• Some proposed-biofilm associated resistance mechanisms: (1) 
Antimicrobial agents may fail to penetrate beyond the surface 
layers of the biofilm. Outer layers of biofilm cells absorb 
damage. Antimicrobial agents action may be impaired in 
areas of waste accumulation or altered environment (pH, 
pCO2, pO2, etc). (2) Antimicrobial agents may be trapped and 
destroyed by enzymes in the biofilm matrix. (3) Altered 
growth rate inside the biofilm. Antimicrobial agents may not 
be active against nongrowing microorganisms (persister cells). 
(4) Expression of biofilm-specific resistance genes (e.g., efflux 
pumps). (5) Stress response to hostile environmental 
conditions (e.g., leading to an overexpression of antimicrobial 
agent-destroying enzymes).



Finalmente sacando la bacteria se termina Finalmente sacando la bacteria se termina 
con la patologcon la patolog ííaa…… ¿¿Seguro?Seguro?


