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Overview of immune responses to microbes  

• Specialised and distinct responses to different types of 
microbes to most effectively combat these infectious agents  

• Survival and pathogenicity of microbes in a host are 
influenced by their ability to evade or resist effector 
mechanisms of immunity  

• Latent, or persistent infections are established by some 
microbes, where the immune response controls but does not 
eliminate the pathogen (e.g. herpesvirus, poxvirus and some 
intracellular bacteria such as the pathogen causing 
tuberculosis) 

• Tissue injury and disease may be caused by the host 
response to the microbe other than by the microbe itself  

• 5 main categories of pathogenic microorganisms: 
extracellular bacteria, intracellular bacteria, fungi, virus, 
protozoan, multicellular parasites 

449Integration of innate and adaptive immunity in response to specific types of pathogens.

tissue, in response to antigens presented by dendritic cells activated during the 
course of the innate immune response (see Fig. 11.2, second and third panels). 
Antigen-specific effector T cells and antibody-secreting B cells are generated 
by clonal expansion and differentiation over several days, during which innate 
responses orchestrated by ILCs ‘buy time’ for the adaptive response to mature. 
Within several days of infection, antigen-specific T cells and then antibodies 
are released into the blood, and from there can enter the site of infection (see 
Fig. 11.2, fourth panel). Adaptive responses are more powerful because anti-
gen-specific targeting of innate effector mechanisms can eliminate pathogens 
more precisely. For example, antibodies can activate complement to directly 
kill pathogens; they can opsonize pathogens for enhanced phagocytosis; and 
they can arm Fc-bearing innate effector cells for release of microbicidal factors 
or recruit the cytocidal actions of natural killer (NK) cells—these last capa-
bilities known as antibody-dependent cell-mediated cytotoxicity (ADCC). 
Effector CD8 T cells can directly kill antigen-bearing target cells via sim-
ilar cyto cidal cytotoxic actions, and effector CD4 T cells can directly release 
cytokines onto macrophages to enhance their microbicidal actions.

Resolution of an infection typically involves complete clearance of the patho-
gen, and thus the source of antigens, over the course of days to weeks, follow-
ing which most effector lymphocytes die—a stage known as clonal contraction 
(see Section 11-16). What remain are long-lived antibody-producing plasma 
cells that sustain circulating antibodies for months to years, and small num-
bers of memory B and T cells that may also persist for years, poised for an 
accelerated adaptive response in the event of future encounters with the same 
pathogen. Thus, in addition to clearing the infectious agent, an effective adap-
tive immune response prevents reinfection. For some infectious agents, this 
protection is essentially absolute, whereas for others infection is only reduced 
or attenuated on reexposure to the pathogen.

It is not known how many infections are dealt with solely by the nonadaptive 
mechanisms of innate immunity, because such infections are eliminated early 
and produce little in the way of symptoms or pathology. Innate immunity 
does, however, seem to be essential for effective host defense, as shown by the 
progression of infection in mice that lack components of innate immunity but 
have an intact adaptive immune system (Fig. 11.4). Conversely, many infec-
tions can be curbed—but not cleared—in the absence of adaptive immunity.

After many types of infection, little or no residual pathology follows an effec-
tive primary adaptive response. In some cases, however, the infection itself, or 
the response it induces, causes significant tissue damage. In yet other cases, 
such as infection with cytomegalovirus or Mycobacterium tuberculosis, the 
pathogen is contained but not eliminated, and can persist in a latent form. If 
the adaptive immune response is later weakened, as it is in acquired immune 
deficiency syndrome (AIDS), these pathogens may resurface to cause virulent 
systemic infections. We will focus on the strategies used by certain pathogens 
to evade or subvert adaptive immunity, and thereby establish a persistent, or 
chronic, infection, in Chapter 13.

11-2  The effector mechanisms that are recruited to clear an 
infection depend on the infectious agent.

Most infections ultimately engage both T- and B-cell-mediated adaptive 
immunity, and in many cases both are helpful in clearing or containing the 
pathogen and setting up protective immunity. However, the relative impor-
tance of the different effector mechanisms, and the effective classes of antibody 
involved, vary with different pathogens. An emerging concept is that there are 
different types of immune responses that are focused on the activation of dis-
tinct immune effector modules (see Section 1-19). In each type of immune 
response, a specific collection of innate and adaptive mechanisms act together 
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Fig. 11.4 The time course of infection in 
normal and immunodeficient mice and 
humans. The red curve shows the rapid 
growth of microorganisms in the absence of 
innate immunity, when macrophages (MAC) 
and polymorphonuclear leukocytes (PMN) 
are lacking. The green curve shows the 
course of infection in mice and humans that 
have innate immunity but have no T or B 
lymphocytes and so lack adaptive immunity. 
The yellow curve shows the normal course 
of an infection in immunocompetent mice 
or humans.
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Virulence factors

Virulence factors: molecules useful for 
invasion of the body and proliferation within 
the host (pathogenicity) 
• Uptake of essential nutrients 
• Adherence to epithelium (binding to host 

cell proteins) 
• Evasion of immune responses 
• Toxins

563Evasion and subversion of immune defenses.

have also evolved mechanisms to defeat antimicrobial peptides (AMPs; for 
example, defensins and cathelicidins). These small cationic and amphipathic 
peptides have significant antimicrobial activity by inserting into negatively 
charged cell membranes to generate pores that lyse the bacterium. Pathogens 
can alter their membrane composition to minimize AMP binding, and can 
produce proteases that degrade the AMPs.

An unusual feature of Gram-negative pathogens, including both extracellular 
and intracellular bacteria, is their capacity to inject immune modulatory 
bacterial proteins directly into host cells via specialized structures: the type III 
and type IV secretion systems (T3SS and T4SS, respectively) (Fig. 13.19). These 
needle-like structures, or injectisomes, assemble on the bacterial surface and 
provide a conduit through which bacterial proteins are secreted directly into the 
cytosol of target cells. A range of bacterial virulence factors that aid in subverting 
the host immune response are delivered via this mechanism, including bacterial 
factors that block signaling cascades central to the inflammatory response: 
NFțB and MAP kinases. Among the most remarkable of these are the Yersinia 
outer proteins (Yops) produced by Yersinia pestis, the causative agent of bubonic 
plague. Secretion of several of these factors (for example, YopH, YopE, YopO, 
and YopT) into phagocytes disrupts the actin cytoskeleton, which is essential for 
phagocytosis. The essential roles played by T3SS or T4SS in immune subversion 
by a number of Gram-negative pathogens are demonstrated by the loss of 
pathogenicity of mutant bacteria lacking components of these structures.

13-20  Intracellular bacterial pathogens can evade the immune 
system by seeking shelter within phagocytes.

To avoid the major effectors directed against extracellular bacteria—comple-
ment and antibodies—some bacterial pathogens have evolved specialized 
mechanisms for surviving within macrophages, using these phagocytes as 
their primary host cell, as well as a vehicle for dissemination within the host. 
This ‘Trojan horse’ strategy is achieved by three general strategies: block-
ade of phagosome–lysosome fusion; escape from the phagosome into the 
cytosol; and resistance to killing mechanisms within the phagolysosome. 
Mycobacterium tuberculosis, for example, is taken up by macrophages but pre-
vents the fusion of the phagosome with the lysosome, protecting itself from the 
bactericidal actions of the lysosomal contents. Other microorganisms, such as 
the bacterium Listeria monocytogenes, escape from the phagosome into the 
cytoplasm of the macrophage, where they multiply. They then spread to adja-
cent cells in the tissue without emerging into the extracellular environment. 
They do this by hijacking the cytoskeletal protein actin, which assembles into 
filaments at the rear of the bacterium. The actin filaments drive the bacte-
ria forward into vacuolar projections to adjacent cells; the vacuoles are then 
lysed by the listeria, releasing the bacteria into the cytoplasm of the adjacent 
cell. Moreover, Listeria has been shown to induce the formation of bacteria- 
containing blebs on the surface of infected cells. These blebs which express 
phosphatidyl serine on the outer membrane leaflet. This membrane phospho-
lipid is normally restricted to the inner membrane leaflet, and when exposed 
on the outer membrane leaflet is normally recognized by phagocytes as a 
signal for the uptake of apoptotic cell debris. In this way, Listeria is delivered 
directly to phagocytic cells, thereby avoiding attack by antibodies.

Following uptake, Salmonella species use a type III secretion system (see 
Fig. 13.19) to secrete effectors such as SifA into the host cytosol and membranes 
in order to alter the composition of the Salmonella-containing vacuole so as 
to avoid destruction. Remarkably, Salmonella can also inject factors that delay 
the apoptotic death of host macrophages, prolonging the phagocytes’ lifespans 
until their bacterial cargo can be delivered to new cellular hosts. Other actions 
of intracellular bacteria counter reactive oxygen species or microbicidal pep-
tides delivered into the phagolysosome by the ingesting phagocyte.

Immunobiology | chapter 13 | 13_106
Murphy et al | Ninth edition
© Garland Science design by blink studio limited

Gram-negative bacterial cell

base

translocon

needle

tip

target cell

chaperone

bacterial
effector
molecules

Fig. 13.19 Pathogenic bacteria use 
specialized secretion systems to inject 
effector molecules into host cells. 
A number of pathogenic Gram-negative 
bacteria use a complex, needle-like 
protein assembly—a type III or IV secretion 
system, or injectisome—to inject virulence 
proteins into target cells to compromise 
host defenses and establish infection. 
These ‘nanoinjectors’ are assembled 
from more than 20 proteins, and are 
composed of a base that spans the two 
bacterial membranes, a needle that is 
anchored in the base and is formed by 
the polymerization of repeating Į-helical 
subunits, and a tip complex that serves 
as a docking structure for the translocon, 
which penetrates the host-cell membrane 
to allow bacterial effector proteins to pass 
into the host cell.
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Pathogenic bacteria use specialized 
secretion systems (T3SS/T4SS) to inject 
virulence factors into host cells. A prominent 
example is Yersinia pestis (agent for plague), 
which secrets YOPs into cells disrupting the 
actin cytoskeleton and, thus, inhibiting 
phagocytosis.



Toxins mediate various 
pathogenic effects and 
are thus often the target 
of antibodies produced 
against these pathogens 
(neutralize their effects)

Immunity to extracellular bacteria  
Can replicate outside the host cells, cause disease by: 
- Inflammation-mediate tissue destruction 
- Toxin production : exotoxin (whithin bacterial cell) or exotoxin (actively secrete)



Innate immunity to extracellular bacteria  

- Complement (alternative and lectin) pathway activation (peptidoglycans and LPS) 
facilitates bacteria phagocytosis, lysis and inflammation

448 Chapter 11: Integrated Dynamics of Innate and Adaptive Immunity

neutrophils and monocytes, thereby increasing the numbers of phagocytes 
available for microbe clearance. As monocytes enter tissue and become acti-
vated, additional inflammatory cells are attracted into the infected tissue so 
that the inflammatory response is maintained and reinforced. Leakiness of 
the inflamed endothelium also leads to the influx of serum proteins, including 
complement, activation of which in a primary infection occurs mainly via the 
alternative and lectin pathways (see Fig. 2.15). This results in the production of 
the anaphylatoxins C3a and C5a, which further activate the vascular endothe-
lium; and C3b, which opsonizes microbes for more effective clearance by 
recruited phagocytes. This early phase of the inflammatory response is largely 
nonspecific for the type of pathogen.

Concordant with the production of pro-inflammatory cytokines such as 
TNF-Į, which activate nonspecific inflammation, innate sensor cells pro-
duce additional cytokines that differentially activate specific subsets of ILCs 
within the first hours of an infection. This is due to the expression of unique 
MAMPs—or unique combinations of MAMPs—by different types of patho-
gens, which elicit different patterns of cytokines from innate sensor cells. This 
has important consequences in directing the type of immune response that 
will be mounted against the pathogen, as subsets of ILCs are differentially acti-
vated to produce their own effector cytokines and chemokines contingent on 
the pattern of cytokines produced by innate sensor cells (Fig. 11.3). The prod-
ucts of activated ILCs amplify and coordinate local innate responses that are 
better tailored to resist specific types of pathogens, and also alter the recruit-
ment and maturation of different myelomonocytic innate effector cells (that 
is, granulocytes like neutrophils, eosinophils, and basophils, or monocytes) at 
the site of infection. Cytokines produced by ILCs may also guide the develop-
ment of naive T cells into distinct effector subsets (for example, TH1, TH2, or 
TH17 cells)—either directly by acting on naive T cells themselves or indirectly 
by modulating the activation of dendritic cells that migrate to regional lym-
phoid tissues to prime naive T cells. In this way, ILCs perform an important 
bridging function during the first few days of an immune response, by both 
providing for innate defense and influencing the type of adaptive response 
that follows.

Adaptive immunity is triggered when an infection eludes or overwhelms the 
innate defense mechanisms and generates a threshold level of antigen (see 
Fig. 11.1). Adaptive immune responses are then initiated in the local lymphoid 
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Fig. 11.3 Cytokines produced by innate sensor cells activate innate lymphoid cells (ILCs). The microbe-associated molecular patterns 
(MAMPs) expressed by different types of pathogens stimulate distinct cytokine responses from innate sensor cells. These, in turn, stimulate 
different subsets of ILCs to produce different effector cytokines that act to coordinate and amplify the innate response.
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- Activation of phagocytes  (Fc receptors, TLR): neutrophils and 
macrophages 

- Macrophages activation (cytokine secretions, pro-inflammatory, 
local and systemic effects (fever, acute-phase proteins activators 
of the complement)) 

- Neutrophils granule secretions, extracellular traps (NETs) form a 
scaffold containing toxic granule proteins 

- ILC3 activation enhances epithelial barrier function and recruits 
neutrophils 

- NK cell cytokine secretions (IFN-y) activate macrophages 
(feedback)



Adaptive immunity to extracellular bacteria  



Immunity to extracellular bacteria  

Adaptive immunity: 
- Humoral: antibody response directed against cell wall antigens and toxins to 

neutralize (high affinity IgG, IgM and IgA), opsonise (IgG1 and IgG3) and 
phagocytose, activate the classical complement pathway (IgM, IgG1, IgG3) 

- Cellular: helper T cells activated by protein antigens (mainly Th17, also Th1) 
induce local inflammation, enhance phagocytic and microbicidal activities and 
stimulate antibody production 



Injurious effects of innate immunity to extracellular bacteria  

Local inflammation induced 
by tissue damage as a 
collateral effect of 
macrophage activation and 
neutrophil activation. 
Sepsis refers to a condition, 
wherein viable bacteria or 
bacterial products are found 
in blood. Septic shock is the 
most severest form of sepsis 
with often fatal outcomes. 
The initial triggers of sepsis 
are cytokines (IL6, IL1, TNFa) 
that unfold systemic effects - 
this phenomenon is 
sometimes also referred to as 
cytokine storm. 

Induced innate responses to infection. 119

mainly by TNF-Į, IL-1ȕ, and IL-6. These cytokines are termed endogenous 
pyrogens because they cause fever and derive from an endogenous source 
rather than from bacterial components such as LPS, which also induces fever 
and is an exogenous pyrogen. Endogenous pyrogens cause fever by induc-
ing the synthesis of prostaglandin E2 by the enzyme cyclooxygenase-2, the 
expression of which is induced by these cytokines. Prostaglandin E2 then acts 
on the hypothalamus, resulting in an increase in both heat production from 
the catabolism of brown fat and heat retention from vasoconstriction, which 
decreases the loss of excess heat through the skin. Exogenous pyrogens are 
able to induce fever by promoting the production of the endogenous pyrogens 
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Disseminated intravascular coagulation
leading to wasting and multiple

organ failure

Phagocytosis of bacteria. Local vessel
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Systemic edema causing decreased blood
volume, hypoproteinemia, and neutropenia,
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Gram-negative bacteria (sepsis)
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Fig. 3.32 The release of TNF-Į by 
macrophages induces local protective 
effects, but TNF-Į can be damaging 
when released systemically. The 
panels on the left show the causes and 
consequences of local release of TNF-Į, 
and the panels on the right show the 
causes and consequences of systemic 
release. In both cases TNF-Į acts on blood 
vessels, especially venules, to increase 
blood flow and vascular permeability to 
fluid, proteins, and cells, and to increase 
endothelial adhesiveness for leukocytes 
and platelets (center row). Local release 
thus allows an influx of fluid, cells, and 
proteins into the infected tissue, where they 
participate in host defense. Later, blood 
clots form in the small vessels (bottom 
left panel), preventing spread of infection 
via the blood, and the accumulated fluid 
and cells drain to regional lymph nodes, 
where an adaptive immune response is 
initiated. When there is a systemic infection, 
or sepsis, with bacteria that elicit TNF-Į 
production, TNF-Į is released into the 
blood by macrophages in the liver and 
spleen and acts in a similar way on all small 
blood vessels in the body (bottom right 
panel). The result is shock, disseminated 
intravascular coagulation with depletion of 
clotting factors, and consequent bleeding, 
multiple organ failure, and frequently death.
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Superantigens: bacterial toxins that bind to TCR and also II MHC molecules but 
not to the peptide-binding cleft, thus activating many more T cell clones than 
conventional antigens  
➔ induce large amounts of cytokine production that can cause systemic 
inflammatory syndromes

Injurious effects of adaptive immunity to extracellular bacteria  



Injurious effects of adaptive immunity to extracellular bacteria  

A late complication of infection can 
be due to the production of disease 
causing antibodies. Examples 
include rheumatic fever or post-
infection nephritis. 

41Anatomic barriers and initial chemical defenses.

and highly specific antibodies produced by the adaptive immune system 
are required to neutralize their action (see Fig. 1.28). The damage caused by 
a particular infectious agent also depends on where it grows; Streptococcus 
pneumoniae in the lung causes pneumonia, for example, whereas in the blood 
it causes a potentially fatal systemic illness, pneumococcal sepsis. In contrast, 
nonsecreted constituents of bacterial structure that trigger phagocytes to 
release cytokines with local and systemic effects are called endotoxins. An 
endotoxin of major medical importance is the lipopolysaccharide (LPS) of 
the outer cell membrane of Gram-negative bacteria, such as Salmonella. 
Many of the clinical symptoms of infection by such bacteria—including fever, 
pain, rash, hemorrhage, septic shock—are due largely to LPS.

Most pathogenic microorganisms can overcome innate immune responses 
and continue to grow, making us ill. An adaptive immune response is required 
to eliminate them and to prevent subsequent reinfection. Certain pathogens 
are never entirely eliminated by the immune system, and persist in the body 
for years. But most pathogens are not universally lethal. Those that have lived 
for thousands of years in the human population are highly evolved to exploit 
their human hosts; they cannot alter their pathogenicity without upsetting the 
compromise they have achieved with the human immune system. Rapidly kill-
ing every host it infects is no better for the long-term survival of a pathogen 
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Direct mechanisms of tissue damage by pathogens Indirect mechanisms of tissue damage by pathogens

Infectious
agent

Pathogenic
mechanism

Disease

Direct
cytopathic effect

Variola
Varicella-zoster
Hepatitis B virus
Polio virus
Measles virus
Influenza virus
Herpes simplex
  virus
Human herpes
  virus 8 (HHV8)

Smallpox
Chickenpox,

shingles
Hepatitis
Poliomyelitis
Measles, subacute

sclerosing
panencephalitis

Influenza
Cold
Kaposi's sarcoma

sores

Exotoxin
production

Streptococcus
  pyogenes
Staphylococcus
  aureus
Corynebacterium
  diphtheriae
Clostridium tetani
Vibrio cholerae

Tonsillitis, scarlet
  fever
Boils, toxic shock
  syndrome,
  food poisoning
Diphtheria
Tetanus
Cholera

Immune
complexes

Hepatitis B virus
Malaria
Streptococcus
  pyogenes
Treponema
  pallidum
Most acute
  infections

Kidney disease
Vascular deposits
Glomerulonephritis
Kidney damage
  in secondary
  syphilis
Transient renal
  deposits

Endotoxin

Escherichia coli
Haemophilus
  influenzae
Salmonella typhi
Shigella
Pseudomonas
  aeruginosa
Yersinia pestis

Gram-negative
sepsis

Meningitis,
pneumonia

Typhoid fever
Bacillary dysentery
Wound infection
Plague

Anti-host
antibody

Streptococcus
  pyogenes
Mycoplasma
  pneumoniae

Rheumatic fever
Hemolytic anemia

Cell-mediated
immunity

Lymphocytic
  choriomeningitis
  virus
Herpes simplex virus
Mycobacterium
  tuberculosis
Mycobacterium
  leprae
Borrelia burgdorferi
Schistosoma mansoni

Aseptic meningitis
Herpes stromal
  keratitis
Tuberculosis
Tuberculoid leprosy
Lyme arthritis
Schistosomiasis

Fig. 2.4 Pathogens can damage tissues in a variety of different 
ways. The mechanisms of damage, representative infectious 
agents, and the common names of the diseases associated 
with each are shown. Exotoxins are released by microorganisms 
and act at the surface of host cells, for example, by binding to 
receptors. Endotoxins, which are intrinsic components of microbial 
structure, trigger phagocytes to release cytokines that produce 
local or systemic symptoms. Many pathogens are cytopathic, 

directly damaging the cells they infect. Finally, an adaptive immune 
response to the pathogen can generate antigen:antibody complexes 
that activate neutrophils and macrophages, antibodies that can 
cross-react with host tissues, or T cells that kill infected cells. All of 
these have some potential to damage the host’s tissues. In addition, 
neutrophils, the most abundant cells early in infection, release many 
proteins and small-molecule inflammatory mediators that both 
control infection and cause tissue damage.
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Immune evasion by extracellular bacteria 

• Bacteria with capsules resist 
phagocytosis and are therefor more 
virulent 

• Some capsules contain sialic acid 
residues that inhibit complement 
alternative pathway 

• Variation of surface antigens or release 
of surface antigens in membrane blebs 
enable evasion from humoral responses 
(important for vaccination, gives rise to 
multiple serotypes of the same 
subspecies = classification based on 
surface molecules)



562 Chapter 13: Failures of Host Defense Mechanisms

A limited number of Gram-positive pathogens can also shield their outer cell 
membrane with a thick carbohydrate capsule. In addition to inhibiting rec-
ognition of peptidoglycan and activation of the alternative pathway of com-
plement, the capsule prevents antibody and complement deposition on the 
bacterial surface, thereby avoiding direct damage by the membrane-attack 
complex of the complement cascade. The capsule also impairs clearance of 
the pathogen by phagocytes (see Fig. 13.17). In the case of Streptococcus pneu-
moniae, an important cause of bacterial pneumonia, the carbohydrate capsule 
also serves as a platform for antigenic variation to modulate the expression 
of surface antigenic epitopes recognized by antibody. Over 90 known types of 
S. pneumoniae are distinguished by differences in the structure of their poly-
saccharide capsules. The different types are distinguished by using specific 
antibodies as reagents in serological tests and so are often known as sero-
types. Infection with one serotype can lead to type-specific immunity, which 
protects against reinfection with that type but not with a different serotype. 
Thus, from the point of view of the adaptive immune system, each serotype 
of S. pneumoniae represents a distinct organism, with the result that essen-
tially the same pathogen can cause disease many times in the same individual 
(Fig. 13.18). Similarly, antigenic variation mediated by DNA rearrangement 
also occurs in bacteria and helps to account for the success of enteropatho-
genic E. coli, or of Neisseria species, which cause gonorrhea and meningitis. 
Fimbriae or pili are expressed on the bacterial surface and used for attachment 
to host-cell surfaces and are major antigenic targets for antibody-mediated 
blockade of bacterial attachment and colonization. The gene locus encoding 
the expressed Neisseria pilus (pilE) can undergo recombination with partial 
pilin genes stored in ‘silent’ (pilS) loci to generate a constantly shifting pilus for 
display on the bacterial surface. By constantly changing the expressed pilus, 
the bacterium evades antibody-mediated immune clearance.

Among other anti-immune strategies used by extracellular pathogens are 
mechanisms to inactivate the C3 convertase of the complement cascade; the 
expression of Fc-binding proteins that block functional antibody binding to the 
bacterium (for example, Protein A); and the decoration of the bacterial surface 
with host inhibitors of complement (for example, factor H). These  bacteria 
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Fig. 13.18 Host defense against 
Streptococcus pneumoniae is 
type specific. The different strains of 
S. pneumoniae have antigenically distinct 
capsular polysaccharides. The capsule 
prevents effective phagocytosis until the 
bacterium is opsonized by specific antibody 
and complement, allowing phagocytes to 
destroy it. Antibody against one type of 
S. pneumoniae does not cross-react with 
the other types, so an individual immune 
to one type has no protective immunity 
to a subsequent infection with a different 
type. An individual must generate a new 
adaptive immune response each time he 
or she is infected with a different type of 
S. pneumoniae.
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Immune evasion by extracellular bacteria 



Immunity to intracellular bacteria
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neutrophils and monocytes, thereby increasing the numbers of phagocytes 
available for microbe clearance. As monocytes enter tissue and become acti-
vated, additional inflammatory cells are attracted into the infected tissue so 
that the inflammatory response is maintained and reinforced. Leakiness of 
the inflamed endothelium also leads to the influx of serum proteins, including 
complement, activation of which in a primary infection occurs mainly via the 
alternative and lectin pathways (see Fig. 2.15). This results in the production of 
the anaphylatoxins C3a and C5a, which further activate the vascular endothe-
lium; and C3b, which opsonizes microbes for more effective clearance by 
recruited phagocytes. This early phase of the inflammatory response is largely 
nonspecific for the type of pathogen.

Concordant with the production of pro-inflammatory cytokines such as 
TNF-Į, which activate nonspecific inflammation, innate sensor cells pro-
duce additional cytokines that differentially activate specific subsets of ILCs 
within the first hours of an infection. This is due to the expression of unique 
MAMPs—or unique combinations of MAMPs—by different types of patho-
gens, which elicit different patterns of cytokines from innate sensor cells. This 
has important consequences in directing the type of immune response that 
will be mounted against the pathogen, as subsets of ILCs are differentially acti-
vated to produce their own effector cytokines and chemokines contingent on 
the pattern of cytokines produced by innate sensor cells (Fig. 11.3). The prod-
ucts of activated ILCs amplify and coordinate local innate responses that are 
better tailored to resist specific types of pathogens, and also alter the recruit-
ment and maturation of different myelomonocytic innate effector cells (that 
is, granulocytes like neutrophils, eosinophils, and basophils, or monocytes) at 
the site of infection. Cytokines produced by ILCs may also guide the develop-
ment of naive T cells into distinct effector subsets (for example, TH1, TH2, or 
TH17 cells)—either directly by acting on naive T cells themselves or indirectly 
by modulating the activation of dendritic cells that migrate to regional lym-
phoid tissues to prime naive T cells. In this way, ILCs perform an important 
bridging function during the first few days of an immune response, by both 
providing for innate defense and influencing the type of adaptive response 
that follows.

Adaptive immunity is triggered when an infection eludes or overwhelms the 
innate defense mechanisms and generates a threshold level of antigen (see 
Fig. 11.1). Adaptive immune responses are then initiated in the local lymphoid 
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Fig. 11.3 Cytokines produced by innate sensor cells activate innate lymphoid cells (ILCs). The microbe-associated molecular patterns 
(MAMPs) expressed by different types of pathogens stimulate distinct cytokine responses from innate sensor cells. These, in turn, stimulate 
different subsets of ILCs to produce different effector cytokines that act to coordinate and amplify the innate response.
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Innate immunity to intracellular bacteria

Survive within phagocytes: inaccessible to circulating antibodies, their elimination 
requires a coordinated cell-mediated immunity 

- Phagocytes activation (TLRs and NLRs, 
bacterial DNA induces type I interferon) 

- NK cells (infected cells express NK cell-
activating ligands and cytokines) produce 
IFN-γ which activates macrophages 

- ILC1 also secrete IFN-γ and TNFa to 
activate macrophages 



Adaptive immunity to intracellular bacteria



Adaptive immunity to intracellular bacteria

Cell-mediated (!): IL-12 induced Th1 effector cells activate phagocytes (CD40 
ligand, IFN-γ), CD8+ CTLs kill infected cells (requires transport of bacterial 
antigens into the cytosol) and produce cytokines (IFN-y, TNFa, LTa) 460 Chapter 11: Integrated Dynamics of Innate and Adaptive Immunity

11-6  Activation of macrophages by TH1 cells must be tightly 
regulated to avoid tissue damage.

As discussed in Chapter 9, distinguishing features of effector T cells are their 
capacity for antigen-induced activation of effector functions without the 
requirement for co-stimulation, and also their efficient delivery of effector 
molecules through polarized secretion or expression of cytokines and cell-
surface molecules—often through formation of an immunological synapse 
with an antigen-bearing cell (see Section 9-25). After a TH1 cell recognizes 
its cognate antigen expressed by a macrophage, the secretion of effector 
molecules requires several hours. TH1 cells must therefore adhere to their 
target cells far longer than do cytotoxic CD8 T cells. Similarly to cytotoxic 
T cells, the secretory machinery of the TH1 cell becomes oriented toward the 
site of contact with the macrophage and newly synthesized cytokines are 
secreted there (see Fig. 9.38). CD40 ligand also seems to be delivered to the 
same contact site. So although all macrophages have receptors for IFN-Ȗ, the 
infected macrophage that presents antigen to the TH1 cell is far more likely to 
become activated than nearby uninfected macrophages.

In addition to more efficiently focusing activating signals on infected mac-
rophages, the antigen-specific induction of macrophage activation may play 
an important role in limiting tissue injury. By targeting only infected mac-
rophages through MHC:peptide recognition, TH1 cells minimize ‘collateral 

Immunobiology | chapter 11 | 09_042
Murphy et al | Ninth edition
© Garland Science design by blink studio limited
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activate M1 
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TH1 effector functions in infections by intracellular bacteria  

IL-2
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Fig. 11.12 The immune response to intracellular bacteria is 
coordinated by activated TH1 cells. The activation of TH1 cells 
by infected macrophages results in the synthesis of cytokines that 
both induce M1 macrophage and coordinate the immune response 
to intracellular pathogens. IFN-Ȗ and CD40 ligand synergize in 
activating the macrophage, which allows it to kill engulfed pathogens. 
Chronically infected macrophages lose the ability to kill intracellular 
bacteria, and membrane-bound Fas ligand or LT-ȕ produced by 
the TH1 cell can kill these macrophages, releasing the engulfed 
bacteria, which are taken up and killed by fresh macrophages. In 
this way, IFN-Ȗ and LT-ȕ synergize in the removal of intracellular 
bacteria. IL-2 produced by TH1 cells augments effector T-cell 

differrentiation and potentiates the release of other cytokines. IL-3 
and GM-CSF stimulate the production of new monocytes by acting 
on hematopoietic stem cells in the bone marrow. New macrophages 
are recruited to the site of infection by the actions of secreted 
TNF-Į, LT-Į, and other cytokines on vascular endothelium, which 
signal monocytes to leave the bloodstream and enter the tissues 
where they become macrophages. A chemokine with monocyte 
chemotactic activity (CCL2) signals monocytes to migrate into sites 
of infection and accumulate there. Thus, the TH1 cell coordinates 
a macrophage response that is highly effective in destroying 
intracellular infectious agents.
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Injurious consequences of immunity to intracellular bacteria

461Effector T cells augment the effector functions of innate immune cells.

damage’ that might otherwise result to normal components of the inflamed 
tissue: oxygen radicals, NO, and proteases that are toxic to host cells as well as 
to the pathogen that is targeted for destruction. Thus, antigen-specific mac-
rophage activation by TH1 cells is a means of deploying this powerful defen-
sive mechanism to maximum effect while minimizing local tissue damage. In 
this regard, it is notable that although ILC1s are also producers of IFN-Ȗ, they 
lack antigen receptors that can focus the cytokine on infected macrophages 
for more efficient activation. It is not yet known whether ILC1 cells have other 
mechanisms with which to direct IFN-Ȗ onto macrophages, or whether they 
play a more limited role in macrophage activation, but the IFN-Ȗ they produce 
is important in indirectly enhancing the local inflammatory response.

11-7  Chronic activation of macrophages by TH1 cells mediates the 
formation of granulomas to contain intracellular pathogens 
that cannot be cleared.

Some intracellular pathogens, most notably Mycobacterium tuberculosis, are 
sufficiently resistant to the microbicidal effects of activated macrophages 
that they are incompletely eliminated by a type 1 response. This gives rise to 
chronic, low-level infection that requires an ongoing TH1 response to prevent 
pathogen proliferation and spread. In this circumstance, chronic coordination 
between TH1 cells and macrophages underlies the formation of the immuno-
logical reaction called the granuloma, in which microbes are held in check 
within a central area of macrophages surrounded by activated lymphocytes 
(Fig. 11.13). A characteristic feature of granulomas is the fusion of several 
macrophages to form multinucleated giant cells, which can be found at the 
border of the central focus of activated macrophages and the lymphocytes that 
surround them and which appear to have heightened antimicrobial activity. 
A granuloma serves to ‘wall off ’ pathogens that resist destruction. In tubercu-
losis, the centers of large granulomas can become isolated and the cells there 
die, probably from a combination of lack of oxygen and the cytotoxic effects of 
activated macrophages. As the dead tissue in the center resembles cheese, this 
process is called ‘caseous’ necrosis. Thus, the chronic activation of TH1 cells 
can cause significant pathology. The absence of the TH1 response, however, 
leads to the more serious consequence of death from disseminated infection, 
which is now seen frequently in patients with AIDS and concomitant myco-
bacterial infection.

11-8  Defects in type 1 immunity reveal its important role in the 
elimination of intracellular pathogens.

In mice whose gene for IFN-Ȗ or CD40 ligand has been deleted by gene target-
ing, classical macrophage activation is impaired; consequently, the animals 
succumb to sublethal doses of Mycobacterium, Salmonella, and Leishmania 
species. Classical (M1) macrophage activation is also crucial in controlling 
vaccinia virus. However, although IFN-Ȗ and CD40 ligand are probably the 
most important effector molecules synthesized by TH1 cells, the immune 
response to pathogens that proliferate in macrophage vesicles is complex, and 
other cytokines secreted by TH1 cells may also be crucial (see Fig. 11.12).

The depletion of CD4 T cells in people with HIV/AIDS causes ineffective TH1 
responses that can lead to the dissemination of microbes that are normally 
cleared by macrophages. This is the case with the opportunist fungal pathogen 
Pneumocystis jirovecii (see also Chapter 13). The lungs of healthy people are 
kept clear of P. jirovecii by phagocytosis and intracellular killing by alveolar 
macrophages. Pneumonia caused by P. jirovecii is, however, a frequent cause 
of death in people with AIDS. In the absence of CD4 T cells, phagocytosis of 
P. jirovecii and intracellular killing by lung macrophages are impaired, and the 
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Fig. 11.13 Granulomas form when 
an intracellular pathogen or its 
constituents cannot be completely 
eliminated. When mycobacteria (red) 
resist the effects of macrophage activation, 
a characteristic localized inflammatory 
response called a granuloma develops. 
This consists of a central core of infected 
macrophages. The core may include 
multinucleate giant cells, which are fused 
macrophages, surrounded by large 
macrophages often called epithelioid cells, 
but in granulomas caused by mycobacteria 
the core usually becomes necrotic. 
Mycobacteria can persist in the cells of the 
granuloma. The central core is surrounded 
by T cells, many of which are CD4-positive. 
The exact mechanisms by which this 
balance is achieved, and how it breaks 
down, are unknown. Granulomas, as 
seen in the bottom panel, also form in the 
lungs and elsewhere in a disease known 
as sarcoidosis, which may be caused 
by inapparent mycobacterial infection. 
Photograph courtesy of J. Orrell.
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Insufficient killing of intracellular bacteria can 
trigger chronic activation of macrophages 
and Th1 cells leading to the formation of 
granulomas. Whereas granulomas can 
effectively contain the spread of pathogens, 
they are associated with severe tissue 
damage and reduced functionally 
(tuberculosis). 



Evasion of immunity by intracellular bacteria

561Evasion and subversion of immune defenses.

NOD1 and NOD2. One strategy of immune evasion used by these pathogens is 
therefore shielding of surface MAMPs to avoid their detection by pattern rec-
ognition receptors on immune cells (Fig. 13.17). Several Gram-negative path-
ogens modify the lipid A core of LPS with carbohydrates and other moieties 
that interfere with TLR-4 binding. Indeed, some bacteria produce variants of 
lipid A that act as TLR-4 antagonists rather than agonists. Select Gram-positive 
pathogens have evolved mechanisms to modulate peptidoglycan recognition 
by NODs, or to produce hydrolases that degrade peptidoglycan.

Fig. 13.17 Mechanisms used by 
bacteria to subvert the host immune 
system. Listed are examples of immune 
evasion/subversion mechanisms used 
by different strains of extracellular and 
intracellular bacterial pathogens. Examples 
of the strains of bacteria that employ 
each mechanism are listed in the far right 
column (e.g., Streptococcus pneumoniae, 
Porphyromonus gingivalis, Pseudomonas 
aeruginosa, Brucella abortus, Yersinia 
pestis).

Immunobiology | chapter 13 | 13_105
Murphy et al | Ninth edition
© Garland Science design by blink studio limited

Mechanism Result ExamplesBacterial strategy

Extracellular bacteria

Intracellular bacteria

Capsular
polysaccharide 

Shielding or
inhibition of MAMPs   

S. pneumoniae 

Antigenic variation 

Block detection of
lipopolysaccharide (LPS)

Modulation of expressed
pili, fimbriae 

N. gonorrhoeae,
E. coli  

Antibodies that block
bacterial attachment
become ineffective 

Antigenic variation Modulation of expressed
pili, fimbriae Salmonella spp.

Antibodies that block
bacterial attachment
become ineffective 

Inhibition of fusion of 
phagosome with
lysosome 

Release of bacterial cell
wall components 

M. tuberculosis,
M. leprae,

L. pneumophila 
Inhibits phago-

lysosomal fusion 

Survival within
phagolysosome 

Waxy, hydrophobic cell
wall containing mycolic
acids  and other lipids

M. tuberculosis,
M. leprae 

Resistance against
lysosomal enzymes 

Escape from
phagosome 

Production of hemolysins
(e.g., listeriolysin O) 

L. monocytogenes,
Shigella spp.

Lysis of phagosome;
escape into cytosol 

Inhibition/scavenging
of reactive oxygen
species (ROS) 

Resistance to
antimicrobial
peptides (AMPs) 

Secretion of catalase and
superoxide dismutase 

S. aureus,
B. abortus 

Neutralize ROS produced
by NADPH and

myeloperoxidase (MPO)  

Modulation of cell
membrane phospholipids S. aureus 

Prevents binding,
functional insertion of 

AMPs in cell membrane  

Coating of bacterium by 
self proteins (e.g., fibrin) S. aureusBlock detection of

 peptidoglycan 

Antagonism of TLR-4 P. gingivalis Hypoacylation of lipid A 

Secretion of complement-
degrading factors 

Inhibition of
opsonization 

N. meningitidis,
P. aeruginosa, S. aureus 

Cleavage of
complement components 

Secretion of AMP-
degrading peptidases   E. coli Cleavage of AMPS 

Inhibition of MAMP
recognition/
signaling  Secretion of

intracellular toxins  Y. pestis 
Block NFκB and

MAP kinase signaling
pathways   

Production of
peptidoglycan hydrolase L. monocytogenes Block detection of

peptidoglycan by NODs 

Resistance to anti-
microbial peptides Modulation of cell

membrane phospholipids Salmonella spp.
Prevents binding,

functional insertion of 
AMPs in  cell membrane 

Secretion of AMP- 
degrading peptidases  Y. pestis Cleavage of AMPS 

Expression of Fc-binding
surface moleclues
(e.g., Protein A) 

S. aureus
Prevents binding of

antibody to Fc
receptors of phagocytes  

Block fixation of
complement 

S. pneumoniae,
H. influenzae,

K. pneumoniae 
Capsular

polysaccharide 
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Immunity to fungi

• Live in extracellular tissues or within 
phagocytes 

• Some are opportunistic and cause mild or 
no disease in healthy individuals but may 
cause severe disease in immunodeficient 
individuals 

©  2004 Nature  Publishing Group
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Several cell-wall components of fungi might act as
PAMPs that are recognized by TLRs expressed by phago-
cytes and DCs (FIG. 1). TLR2 signalling leads to the preva-
lent production of inflammatory cytokines, such as
tumour-necrosis factor (TNF) and IL-1β, although IL-10
is also produced occasionally24–28. Signalling through
TLR2 by zymosan occurs together with the β-glucan
receptor dectin-1 (REF. 26), which indicates collaborative
recognition of distinct microbial components by differ-
ent classes of innate immune receptors. Although not
formally proven, dectin-1 also seems to mediate the
recognition of Pneumocystis carinii β-glucan, which is

All TLRs activate a core set of stereotyped
responses, including inflammation. However, individ-
ual TLRs can also induce specific programmes — in a
myeloid differentiation primary response gene 88
(MYD88)-dependent22 or -independent manner23 —
in cells of the innate immune system that are tailored
for a particular pathogen. It is recognized that the
intricacies of how TLRs signal will ultimately provide
an explanation for the molecular basis of how cells
involved in innate immunity dictate the processes of
host defence that are specific to the provoking
pathogen22.

T HELPER 1 (TH1)/TH2 CELLS

Functional subsets of CD4+

T cells that express αβ-T-cell
receptors. They produce either
type-1 cytokines (such as IL-2
and IFN-γ) that support
macrophage activation, the
generation of cytotoxic T cells
and the production of
opsonizing antibodies or type-2
cytokines (such as IL-4, IL-5
and IL-13) that support B-cell
activation, the production of
non-opsonizing antibodies,
allergic reactions and the
expulsion of extracellular
parasites.

DEFENSINS

Small basic peptides produced
by immune cells that are
microbicidal and work by
damaging bacterial membranes.

COLLECTINS

A family of proteins so named
because they contain both
collagen-like sequences and
calcium-dependent lectin
domains. The collectins bind 
to various carbohydrates 
present on the surfaces of
microorganisms through   their
lectin domains and also interact
with cell-surface receptors on
phagocytic cells to promote 
the uptake of bound particles.

γδ T CELLS

T cells express a T-cell receptor
(TCR) composed of either α-
and β-subunits (αβ-TCR) or of
γ- and δ-subunits (γδ-TCR).
Most (>90%) T cells have an
αβ-TCR that recognizes
conventional MHC class I or II
molecules. T cells that express
γδ-TCRs are less frequent and
the ligands of this type of
receptor are less well
characterized.

Box 2 | Fungal infections: morphogenesis and virulence

Humans are constantly exposed to fungi, but only a limited number of fungi cause severe infections. So, pathogenicity is
not a stable characteristic of most fungi. The pathogenesis of fungal infections involves several virulence factors that allow
fungal survival and persistence in the host, eventually leading to tissue damage. Some virulence factors are of obvious
importance, such as: various complementary structures through which fungi adhere to host tissues and the extracellular
matrix; the production of phospholipases, proteases and elastases that cause tissue damage and impairment of host
defences; the ability to switch to metabolic pathways that are required for intracellular survival; thermotolerance 
(the ability to grow at 37°C), which is a prerequisite for dissemination to visceral organs; and the ability to exist in
different forms and to reversibly switch from one to the other during infection122–124.

Examples of the latter are the dimorphic fungi, which transform from saprobic filamentous moulds to unicellular yeasts
in the host.Also, some species of Candida can grow in different forms, such as yeasts, blastospores, pseudohyphae and
hyphae, depending on infection sites. Cryptococcus neoformans yeasts become coated with a capsule, and the filamentous
fungi (for example, Aspergillus spp., Fusarium spp. and Zygomycota), which are inhaled as unicellular conidia, can
transform into branching hyphae in the lungs.Although such morphogenesis is an example of a developmental change,
it is distinct from the life cycles that are displayed by other organisms, as there is no evidence that cycling between different
morphotypes is obligatory for fungi. Instead, morphological transition, often connected with metabolic flexibility, is a
mechanism that some fungi have evolved to adapt to different environments.

Associations between morphogenesis and virulence have long been presumed for dimorphic fungi that are human
pathogens, as one morphotype exists in the environment or during commensalism, and others in the host during 
the disease process125. However, although morphological flexibility could be a key contributor to fungal invasion,
no molecular data unambiguously establish a role for fungal morphogenesis as a virulence factor126. In addition, as
virulence genes are co-regulated with cell morphogenesis, the ability to switch from yeast to hyphal growth in response
to various environmental signals is considered to be inherent to Candida virulence. Both yeast and hyphal forms 
of fungi clearly have a wide range of attributes that contribute actively to fungal infectivity. Undoubtedly, fungal
morphogenesis, through antigenic variability, phenotypic switching and dimorphic transition, implicates the existence
of many recognition and effector mechanisms to oppose fungal infectivity at the different body sites.

Opportunistic fungi

Budding yeast
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Germ-tube

Hypha

Capsule
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yeast cell
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Histoplasma
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dermatitidis

25°C 37°C

Dimorphic fungi



Immunity to fungi infections (mycoses)

Innate immunity:  
- Macrophages and DCs sense fungi via 

dectins (receptors recognising β-glucan 
surface proteins) and produce cytokines 

- ILC3 recruit and activate neutrophils 
- Neutrophils liberate fungicidal substances 

(ROS, lysosomal enzymes) 

Adaptive: 
- Cell-mediated (mostly): cooperation of 

CD4+ and CD8+ T cells, extracellular fungi 
elicit strong Th17 responses, intracellular 
fungi rather Th1



Immunity to viruses
• Obligatory intracellular pathogens that require the host machinery to replicate 
• Can infect various cell types by endocytosis upon binding to surface molecules 
• Can infect via all possible body surfaces 
• Contain either DNA or RNA (important in terms of detection)



Virus: Pattern recognition receptors
Converge to NFkB to elicit a strong type I IFN production and release and inducing 
many IFN stimulate genes (ISGs). IFN receptor (IFNAR) are present on almost all 
cells of the body. 
Different receptors recognise different viruses.

Nature Reviews Immunology



Virus recognition: STING-cGAS pathway

cGAS = sensor 
cGAMP = intermediate metabolite (can 
signal to surrounding cells via gap junctions 
and other means of extracellular secretion) 
STING = activation leads to strong type I 
IFN response (autocrine and paracrine 
signaling)  



Type I interferons (IFNs) and IFN-ƛ

FN-ƛ mediates critical 
antiviral effects - non-
redundant to type I IFNs 
- at mucosal epithelial 
barriers



Type I interferons (IFNs) and IFN-ƛ

Key in initiation of responses to alert the 
immune system with some cells more 
efficient producers of IFN (pDCs) 
• Interferon-stimulated gene (ISG) 

production 
• Direct antiviral action  
• Block transcription  
• Enhance viral recognition 
• Promote the activation of innate an 

adaptive immune cell subsets (maturation, 
cytotoxicity, effector capabilities) 

122 Chapter 3: The Induced Responses of Innate Immunity

However, some immune cells seem to be specialized for this task. In Section 3-1 
we introduced the plasmacytoid dendritic cell (pDC). Also called interferon-
producing cells (IPCs) or natural interferon-producing cells, human 
plasmacytoid dendritic cells were initially recognized as rare peripheral blood 
cells that accumulate in peripheral lymphoid tissues during a viral infection 
and make abundant type I interferons (IFN-Į and IFN-ȕ)—up to 1000 times 
more than other cell types. This abundant production of type I interferon may 
result from the efficient coupling of viral recognition by TLRs to the pathways of 
interferon production (see Section 3-7). Plasmacytoid dendritic cells express 
a subset of TLRs that includes TLR-7 and TLR-9, which are endosomal sensors 
of viral RNA and of the nonmethylated CpG residues present in the genomes 
of many DNA viruses (see Fig. 3.11). The requirement for TLR-9 in sensing 
infections caused by DNA viruses has been demonstrated, for example, by 
the inability of TLR-9-deficient plasmacytoid dendritic cells to generate type I 
interferons in response to herpes simplex virus. Plasmacytoid dendritic cells 
express CXCR3, a receptor for the chemokines CXCL9, CXCL10, and CXCL11, 
which are produced by T cells. This allows pDCs to migrate from the blood 
into lymph nodes in which there is an ongoing inflammatory response to a 
pathogen.

Interferons help defend against viral infection in several ways (Fig. 3.35). IFN-ȕ 
is particularly important because it induces cells to make IFN-Į, thus ampli-
fying the interferon response. Interferons act to induce a state of resistance to 
viral replication in all cells. IFN-Į and IFN-ȕ bind to a common cell-surface 
receptor, known as the interferon-Į receptor (IFNAR), which uses the JAK 
and STAT pathways described in Section 3-16. IFNAR uses the kinases Tyk2 
and Jak1 to activate the factors STAT1 and STAT2, which can interact with 
IRF9 and form a complex called ISGF3 that binds to the promoters of many 
interferon stimulated genes (ISGs).

One ISG encodes the enzyme oligoadenylate synthetase, which polymerizes 
ATP into 2މ5–މ-linked oligomers (whereas nucleotides in nucleic acids are nor-
mally linked 3މ5–މ). These 2މ5–މ-linked oligomers activate an endoribonuclease 
that then degrades viral RNA. A second protein induced by IFN-Į and IFN-ȕ is 
a dsRNA-dependent protein kinase called PKR. This serine–threonine kinase 
phosphorylates the Į subunit of eukaryotic initiation factor 2 (eIF2Į), thus 
suppressing protein translation and contributing to the inhibition of viral rep-
lication. Mx (myxoma resistant) proteins are also induced by type I interfer-
ons. Humans and wild mice have two highly similar proteins, Mx1 and Mx2, 
which are GTPases belonging to the dynamin protein family, but how they 
interfere with viral replication is not understood. Oddly, most common labo-
ratory strains of mice have inactivated both Mx genes, and in these mice, IFN-ȕ 
cannot act to protect against influenza infection.

In the last few years, several novel ISGs have been identified and linked to 
antiviral functions. The IFIT (IFN-induced protein with tetratricoid repeats) 
family contains four human and three mouse proteins that function in 
restraining the translation of viral RNA into proteins. IFIT1 and IFIT2 can both 
suppress the translation of normal capped mRNAs by binding to sub units of 
the eukaryotic initiation factor 3 (eIF3) complex, which prevents eIF3 from 
interacting with eIF2 to form the 43S pre-initiation complex (Fig. 3.36). This 
action may be responsible in part for the reduction in cellular proliferation 
induced by type I interferons. Mice lacking IFIT1 or IFIT2 show increased sus-
ceptibility to infection by certain viruses, such as vesicular stomatitis virus.

Another function of IFIT1 is to suppress translation of viral RNA that lacks a 
normal host modification of the 5މ cap. Recall that the normal mammalian 
 �cap is initiated by linking a 7-methylguanosine nucleotide to the first riboseމ5
sugar of the mRNA by a 5މ5–މ triphosphate bridge, to produce a structure called 
cap-0. This structure is further modified by cytoplasmic methylation of the 2މ 
hydroxyl groups on the first and second ribose sugars of the RNA. Methylation 
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Virus-infected host cells

virus

Activate dendritic cells and macrophages

Activate NK cells to kill virus-infected cells

Induce chemokines to recruit lymphocytes

Increase MHC class I expression and antigen
presentation in all cells

Activate STAT1 and STAT2, which combine with
IRF9 to form ISGF3

Induce resistance to viral replication in all cells
by inducing Mx proteins, 2'–5'-linked adenosine

oligomers, and the kinase PKR

Induce expression of IFIT proteins, which
suppress the translation of viral RNA

IFN-α, IFN-β

Fig. 3.35 Interferons are antiviral 
proteins produced by cells in response 
to viral infection. The interferons IFN-Į 
and IFN-ȕ have three major functions. First, 
they induce resistance to viral replication 
in uninfected cells by activating genes 
that cause the destruction of mRNA and 
inhibit the translation of viral proteins and 
some host proteins. These include the 
Mx proteins, oligoadenylate synthetase, 
PKR, and IFIT proteins. Second, they can 
induce MHC class I expression in most 
cell types in the body, thus enhancing 
their resistance to NK cells; they may also 
induce increased synthesis of MHC class I 
molecules in cells that are newly infected by 
virus, thus making them more susceptible 
to being killed by CD8 cytotoxic T cells 
(see Chapter 9). Third, they activate NK 
cells, which then selectively kill virus-
infected cells.

Interferon-Ȗ 
Receptor Deficiency
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Immunity to viruses

Innate immunity: 
- Infected cells and pDCs produce type I 

IFNs (TLR, RIG-like receptors and STING 
pathway) to inhibit viral replication  

- NK cell killing via NK-ligand/absence of 
class I MHC (potentiated by IFNs) 

Adaptive immunity: 
- Humoral: high-affinity and T-dependent 

AB block effective during extracellular 
stages block viral entry in host cells 
(initial infection and cell-to-cell spread), 
opsonise viral particles to promote their 
clearance by phagocytes and activate 
the complement 

- Cell-mediated: CTLs kill infected cells 
presenting virus antigens usually with 
help from CD4+ helper T cells, all 
nucleated cells express MHC-I (increase 
by interferons)



Cross-presentation activates effector T cells

Often DCs are not infected, but they can acquire exogenous antigen and load them 
onto their MHC-I molecules (crucial for CD8+ immunity) 

Transfer of antigen from the periphery onto a DCs to activate T cells. 

CD8+ cells: greater clonal expansion than CD4+ cells, high and robust response 
against viruses, change surface markers to leave the LN and go the periphery, 
increase expression of cytokines, INF, cytotoxic granules 



Immunity to viruses

Latency: state of balance between infection and immune response  
- viral DNA persists in the host but the virus does not replicate or kill infected cells 
- CTLs control but cannot eradicate the infection (e.g. Epstein-Barr virus) 

Tissue injury: caused by CTLs in some infections 
- Persistent infections induce the formation of circulating immune complexes (viral 

antigens + specific antibodies) that get deposited in blood vessels and lead to 
systemic vasculitis 

- Some viral proteins resemble self-antigens and can lead to response to self 
antigens via molecular mimicry 

Chronicity: 
- insufficient immune response 
- Very aggressive virus (hiding from the immune system) 
- Interference with antigen presentation (MHC degradation, Tap blockage) 
- Mutations after infections to alter antigen motifs for T and B cells (e.g. HIV) 
- Promotes the development of T cell exhaustion 



- Antigenic variation: mostly surface glycoproteins recognised by antibodies and T-
cell epitope 

- Inhibition of class I MHC prevents protein antigens recognition by CD8+ CTLs 
- Production of molecules that inhibit responses (bind to cytokines, chemokines) 
- CTL response failure called exhaustion occurs in chronic viral infections via the 

upregulation of inhibitory receptors (e.g. PD-1) 
- Infection of immunocompetent cells (eg. HIV surviving in CD4+ T cells and causing 

their gradual elimination)

Immune evasion by viruses
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themselves to reassortment during viral replication. Both of these mechanisms 
are used by influenza virus, a common seasonal viral pathogen that causes 
acute infections and has been responsible for several major pandemics. At any 
one time, a single virus type is responsible for most cases of influenza through-
out the world. The human population gradually develops protective immu-
nity to this virus type, chiefly through the production of neutralizing antibody 
directed against the viral hemagglutinin, the main surface protein of the influ-
enza virus. Because the virus is rapidly cleared from immune individuals, it 
might be in danger of running out of potential hosts were it not able to use both 
mutation mechanisms to alter its antigenic type (Fig. 13.22).

The first of these, caused by point mutations in the genes encoding the two 
major viral surface glycoproteins—hemagglutinin and neuraminidase—is 
called antigenic drift. Every 2–3 years a variant flu virus arises with mutations 
that allow it to evade neutralization by the antibodies present in the popula-
tion. Other mutations may affect epitopes in viral proteins that are recognized 
by T cells, particularly CD8 cytotoxic T cells, with the consequence that cells 
infected with the mutant virus also escape destruction. People immune to the 
old flu virus are thus susceptible to the new variant, but because the changes 
in the viral proteins are relatively minor, there is still some cross-reaction 
with antibodies and memory T cells produced against the previous variant, 
and most of the population still has some level of immunity. Thus, epidemics 
resulting from antigenic drift are typically mild.

Antigenic changes in influenza virus that result from reassortment of the 
segmented RNA genome are known as antigenic shift, and result in major 
changes in the hemagglutinin expressed by the virus. Antigenic shifts cause 
global pandemics of severe disease, often with substantial mortality, because 
the new hemagglutinin is recognized poorly, if at all, by antibodies and T cells 
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Antigenic drift

H H

Antigenic shift

Antigenic shift occurs when RNA segments 
are exchanged between viral strains in a 

secondary host

Neutralizing antibodies against
hemagglutinin block binding to cells

Mutations alter epitopes in hemagglutinin so 
that neutralizing antibody no longer binds

No cross-protective immunity to virus 
expressing a novel hemagglutinin

Fig. 13.22 Two types of variation allow 
repeated infection with type A influenza 
virus. Neutralizing antibody that mediates 
protective immunity is directed at the viral 
surface protein hemagglutinin (H), which 
is responsible for viral binding to and 
entry into cells. Antigenic drift (left panels) 
involves the emergence of point mutants 
with altered binding sites for protective 
antibodies on the hemagglutinin. The new 
virus can grow in a host that is immune to 
the previous strain of virus, but as T cells 
and some antibodies can still recognize 
epitopes that have not been altered, the 
new variants cause only mild disease in 
previously infected individuals. Antigenic 
shift (right panels) is a rare event involving 
the reassortment of the segmented RNA 
viral genomes of two different influenza 
viruses, probably in a bird or a pig. These 
antigen-shifted viruses have large changes 
in their hemagglutinin, and therefore 
T cells and antibodies produced in earlier 
infections are not protective. These shifted 
strains cause severe infection that spreads 
widely, causing the influenza pandemics 
that occur every 10–50 years. There are 
eight RNA molecules in each viral genome, 
but for simplicity only three are shown.
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Genetic variations allow repeated infection with influenza virus A



Immunity to parasites
• Includes single-celled protozoa, complex multicellular worms (helminths) and 

ectoparasites (e.g. ticks and mites)  
• Cause of major health problems in developing countries 
• Many parasites go through complex life cycles (part of which occurs in humans) 
• Many parasitic infections are chronic because of weak innate immunity and ability 

of parasites to evade or resist elimination by adaptive immune responses.

Innate immunity: 
- Phagocytes are activated by the PRRs 

(TLR) sensing surface molecules  
- Eosinophils release granules to destroy 

worm integuments (often resistant to 
cytocidal mechanisms of neutrophils and 
macrophages, and too large the be 
engulfed) 

- May activate alternative pathway of the 
complement 



379Priming of naive T cells by pathogen-activated dendritic cells.

9-23  Regulatory CD4 T cells are involved in controlling adaptive 
immune responses.

Regulatory T cells play a central role in preventing autoreactive immune 
responses and fall into different groups that are defined by their differ-
ent developmental origins and functions. Natural T-regulatory (nTreg) cells 
develop in the thymus (see Section 8-26) and are CD4-positive cells that con-
stitutively express CD25 and high levels of the L-selectin receptor CD62L and 
of CTLA-4. Induced Treg (iTreg) cells arise in the periphery from naive CD4 T 
cells and also express CD25 and CTLA-4 (see Section 9-20). Collectively, Treg 
cells represent about 5–10% of the CD4 T cells in circuation. A hallmark of both 
natural and induced Treg cells is expression of the transcription factor FoxP3, 
which, among other actions, interferes with the interaction between AP-1 and 
NFAT at the IL-2 gene promoter, preventing transcriptional activation of the 
gene and production of IL-2.

Natural Treg cells develop from potentially self-reactive T cells that express con-
ventional Į:ȕ T-cell receptors and are selected in the thymus by high-affinity 
binding to MHC molecules containing self-peptides. It is not currently known 
whether they are activated to express their regulatory function in the periph-
ery by the same self ligands that selected them in the thymus or by other self 
or non-self antigens. Multiple mechanisms appear to contribute to the ability 
of Treg cells to inhibit responses of other T cells, but principal among these are 
interactions with antigen-presenting cells that interfere with the capacity of 
antigen-presenting cells to provide activating signals. The expression of high 
levels of CTLA-4 on the surface of natural Treg cells is thought to permit them 
to compete for B7 expressed by antigen-presenting cells, thereby preventing 
adequate co-stimulation of naive T cells. Indeed, it has been proposed that 
CTLA4 expressed on Treg cells can physically remove B7 molecules from the 
surface of antigen-presenting cells, thereby depleting them of co-stimulatory 
activity. Similarly, by expressing CD25, and thus the high-affinity receptor for 
IL-2, and lacking the ability to produce IL-2, Treg cells appear to sequester IL-2 
from naive T cells, which lack CD25 expression until fully activated.

Other functions of Treg cells are mediated by their production of immunosup-
pressive cytokines. TGF-ȕ produced by Treg cells can inhibit T-cell prolifera-
tion (see Fig. 9.34). IL-10, which is produced by Treg cells late in an immune 
response, inhibits the expression of MHC molecules and co-stimulatory mole-
cules by antigen-presenting cells. As a means of limiting the responses of effec-
tor T cells, IL-10 also inhibits the production of pro-inflammatory cytokines by 
antigen-presenting cells. For example, IL-10 potently inhibits the production 
of IL-12 and IL-23 by antigen-presenting cells and thus impairs their ability to 
promote the differentiation and maintenance of TH1 and TH17 cells, respec-
tively. The critical role of Treg cells in immune regulation is highlighted by 
several autoimmune syndromes (described in Chapter 15) that are caused by 
deficiency in different aspects of Treg cell function.

Although they differentiate in secondary lymphoid tissues after export from the 
thymus, induced Treg cells also express FoxP3 and share most of the phenotypic 
and functional features of natural Treg cells. A major function of iTreg cells is the 
prevention of inflammatory immune responses to the commensal microbiota, 
particularly microbes resident in mucosal tissues such as the intestines. Here, 
iTreg cells appear to be the dominant source of IL-10, deficiency of which causes 
inflammatory bowel disease, an immune-mediated disease of the intestines 
characterized by chronic reactivity against antigens of the intestinal microbiota 
(see also Section 15-23). As will be discussed in more detail in Chapter 12, the 
differentiation of induced Treg cells in the intestines is favored by the presence 
of antigen-presenting cells that produce retinoic acid, which is derived from 
vitamin A. Retinoic acid produced by intestinal dendritic cells acts with TGF-ȕ 
to induce Treg differentiation while suppressing the differentiation of TH17 cells 
(see Fig. 9.33). The antagonistic balance of retinoic acid and IL-6 therefore 
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Fig. 9.35 The development of CD4 
T-cell subsets can be manipulated by 
altering the cytokines acting during 
the early stages of infection. Elimination 
of infection with the intracellular protozoan 
parasite Leishmania major requires a TH1 
response, because IFN-Ȗ is needed to 
activate the macrophages that provide 
protection. BALB/c mice are normally 
susceptible to L. major because they 
generate a TH2 response to the pathogen. 
This is because they produce IL-4 early 
during infection and this induces naive 
T cells to develop into the TH2 lineage 
(see the text). Treatment of BALB/c mice 
with neutralizing anti-IL-4 antibodies at 
the beginning of infection inhibits this IL-4 
and prevents the diversion of naive T cells 
toward the TH2 lineage; these mice develop 
a protective TH1 response.
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- Protazoa living within macrophages rely of 
Th1 cytokines to activate macrophages, 
whereas activation of Th2 increases parasite 
survival 
➔ dominance of Th1/Th2 responses 
determines disease resistance/susceptibility 

Adaptive immunity to parasites



Immunity to parasites

- Cytopathic protozoa stimulate specific antibody and CTL response 
- Malaria: parasitic infection with plasmodium species: Parasite resides in red blood 

cells or hepatocytes (see below). Genetically attenuated parasites can be 
engineered as live vaccines to provide protective immunity.

735Fighting infectious diseases with vaccination.

hepatocytes. Deletion of two such genes from the P. falciparum genome ren-
dered sporozoites incapable of establishing a blood-stage infection in mice, 
yet capable of inducing an immune response that protected mice from sub-
sequent infection by wild-type P. falciparum. This protection was dependent 
on CD8 T cells, and to some extent on IFN-Ȗ, indicating that cell-mediated 
immunity is important for protection against this parasite (Fig. 16.26). This 
highlights once again the importance of being able to generate vaccines that 
are capable of inducing strong cell-mediated immunity.

16-25  The route of vaccination is an important determinant 
of success.

The ideal vaccination induces host defense at the point of entry of the infec-
tious agent. Stimulation of mucosal immunity is therefore an important goal 
for vaccination against the many organisms that enter through mucosal sur-
faces. Still, most vaccines are given by injection. This route has several disad-
vantages. Injections are painful and unpopular, reducing vaccine uptake, and 
they are expensive, requiring needles, syringes, and a trained injector. Mass 
vaccination by injection is laborious. There is also the immunological draw-
back that injection may not be the most effective way of stimulating an appro-
priate immune response because it does not mimic the usual route of entry of 
the majority of pathogens against which vaccination is directed.

Many important pathogens infect mucosal surfaces or enter the body through 
mucosal surfaces. Examples include respiratory microorganisms such as 
B. pertussis, rhinoviruses, and influenza viruses, and enteric microorganisms 
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Liver-stage development of the malaria parasite

Genetically attenuated parasites can provoke an immune response but infection does not progress

wild type

sporozoite hepatocyte liver stage merozoite

parasitophorous
vacuole membrane

nucleus

p52–/p36–

uis3–
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protective
immunity

Fig. 16.26 Genetically attenuated parasites can be engineered 
as live vaccines to provide protective immunity. Top panel: 
wild-type Plasmodium sporozoites transmitted through the bite of 
an infected mosquito enter the bloodstream and are carried to the 
liver, where they infect hepatocytes. Each sporozoite multiplies in the 
liver, killing the infected cell and releasing thousands of merozoites, 
the next stage in infection. Bottom panels: in mice immunized with 

sporozoites with targeted disruption of key genes [for example, p52 
and p36 (p52–/p36–), or uis3 (uis3–)], the sporozoites circulate in the 
bloodstream and mimic an early infection but cannot establish a 
productive infection in the liver. The mice do, however, produce an 
immune response against the sporozoites and are protected against 
a subsequent infection by wild-type sporozoites.
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- Mostly do not replicate in their hosts  
- Multi-cellular organisms that are too large to be ingested by cells 
- Infections in humans are often chronic - the host can reduce pathogen burden, but 

not completely 
- Disease results from undernutrition (competing with the host for essential nutrients 

in the gut) or through tissue damage  

Immunity to helminths

462 Chapter 11: Integrated Dynamics of Innate and Adaptive Immunity

pathogen colonizes the surface of the lung epithelium and invades lung tissue. 
The requirement for CD4 T cells seems to be due, at least in part, to a require-
ment for the macrophage-activating cytokines IFN-Ȗ and TNF-Į produced by 
TH1 cells.

11-9  TH2 cells coordinate type 2 responses to expel intestinal 
helminths and repair tissue injury.

Type 2 immunity is directed against parasitic helminths: roundworms (nem-
atodes) and two types of flatworms—tapeworms (cestodes) and flukes (trem-
atodes). Unlike microbial pathogens, or ‘micropathogens’ (bacteria, viruses, 
fungi, and protozoa), which replicate rapidly and can overwhelm host 
defenses by sheer numbers, most helminths do not replicate in their mamma-
lian host. Moreover, helminths are multicellular; they are metazoan ‘macro-
pathogens’ that are far too large—ranging in size from approximately 1 mm to 
over 1 meter—to be engulfed by host phagocytic cells, and therefore require 
very different strategies for host defense. In the developing world, the intes-
tines of virtually all animals and humans are colonized by helminth parasites 
(Fig. 11.14). Many of these infections may be cleared rapidly by the generation 
of an effective type 2 response, although often the host response is successful 
in reducing worm burden, but not in completely clearing the parasite, result-
ing in chronic disease. In these circumstances, the parasite persists for long 
periods despite the host’s attempts to expel it, and causes disease by compet-
ing with the host for nutrients, or by causing local tissue injury.

Irrespective of the type of helminth involved, or its site of host entry, the host 
adaptive response is orchestrated by TH2 cells (Fig. 11.15; see also Fig. 9.30). 
The TH2 response is induced by the actions of worm products on a variety of 
different innate cells: epithelial cells, ILC2 cells, mast cells, and dendritic cells. 
Dendritic cells required for the presentation of helminth antigens to naive 
CD4 T cells appear to be activated by IL-13 produced by ILC2 cells and innate 
cytokines, such as epithelium-derived TSLP, which repress the development 
of TH1- and TH17-inducing dendritic cells in favor of dendritic cells that pro-
mote TH2 cell differentiation. The initial source of the IL-4 required for TH2 cell 
differentiation appears to be context-specific and redundant. Thus, although 
several cell types have been proposed as the source, including iNKT cells, mast 
cells, and basophils, none of these has been proven to be essential.

The development of TH2 cells in draining lymphoid tissues is followed by 
their exodus to sites of helminth invasion, where they enhance the recruit-
ment and function of circulating type 2 innate effector cells—eosinophils, 
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The whipworm Trichuris trichiura embeds in the
surface epithelium of the colon, leaving its

posterior free in the lumen

Infection with the whipworm stimulates
mucus production in the gut

Fig. 11.14 Intestinal helminth infection. 
Panel a: the whipworm Trichuris trichiura 
is a helminth parasite that lives partly 
embedded in intestinal epithelial cells. This 
scanning electron micrograph of mouse 
colon shows the head of the parasite 
buried in an epithelial cell and its posterior 
lying free in the lumen. Panel b: a cross-
section of crypts from the colon of a 
mouse infected with T. trichiura shows the 
markedly increased production of mucus 
by goblet cells in the intestinal epithelium. 
The mucus is seen as large droplets in 
vesicles inside the goblet cells and stains 
dark blue with periodic acid–Schiff reagent. 
Magnification ×400.
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Immunity to helminths
463Effector T cells augment the effector functions of innate immune cells.

basophils, tissue mast cells, and macrophages. Like TH1 and TH17 cells, TH2 
cells express a distinct complement of chemokine receptors that is shared 
with the circulating innate effector cells with which they interact, thus selec-
tively guiding them to sites of ongoing type 2 responses (see Figs. 11.8 and 
11.9). CCR3 and CCR4 are expressed both by TH2 cells and by eosinophils 
and basophils, as is CRTH2, the ligand for which is prostaglandin D2, a lipid 
mediator that is produced by activated tissue mast cells. Ligands for CCR3 
(for example, the eotaxins CCL11, CCL24, and CCL26) are produced by mul-
tiple innate immune cells in tissue sites of helminth infection and are induced 
by IL-4 and IL-13 signaling. Hence, ILC2 cells, TH2 cells, and eosinophils and 
basophils can each amplify the recruitment of other type 2 cells through this 
chemokine network.

Although the TH2 effector response can coordinate the direct killing of some 
worms by enhancing innate effector cell functions, a major focus of the anti-
helminth response is expelling the worms and limiting the tissue damage they 
cause when they invade the host—functions that are both mediated by type 2 
cytokines. IL-13 directly enhances the production of mucus by goblet cells, acti-
vates smooth muscle cells in mucosal tissues for hypermotility, and increases 
the migration and turnover of epithelial cells in the mucosa (see Fig. 11.15, first 
panel). In the intestines, which are the most common site of worm infestation, 
each of these actions is a critical component of the host response, as it helps 
to eliminate parasites that have attached to the epithelium and decreases the 
surface area available for colonization.

The response to helminths generates high levels of IgE antibody, induced by 
IL-4-producing TFH cells that develop in concert with TH2 cells (see Section 
9-20). IgE binds to Fcİ receptors expressed by mast cells, eosinophils, and baso-
phils, which arms them for antigen-specific recognition and activation. Type 2 
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Fig. 11.15 Protective responses to intestinal helminths are 
mediated by TH2 cells. Most intestinal helminths induce both 
protective and pathological immune responses by CD4 T cells. 
TH2 responses tend to be protective, creating an unfriendly 

environment for the parasite, and leading to its expulsion and 
the generation of protective immunity (see the text for details). 
M2 macrophage, alternatively activated macrophage.
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Immune evasion by parasites

Different ways to reduce their immunogenicity and inhibit host immune 
responses: 

- Resistance to immune effector mechanisms (e.g. schistosome larvae develop a 
tegument resistant to damage by complement and by CTLs)  

- Conceal themselves from the immune system by living inside host cells, 
developing resistant cyst, residing in intestinal lumen or shedding antigens 

- Inhibit host immune responses: induce T cell anergy, Tregs, generalised 
immunosuppression with immunosuppressive cytokines production and defects 
in T cell activation



565Evasion and subversion of immune defenses.

Like M. tuberculosis, M. leprae is able to persist and grow in macrophage ves-
icles and is normally restrained, but not cleared, by a type 1 host response. In 
patients who mount normal type 1 immune responses, few live bacteria are 
found, little antibody is produced, and, although skin and peripheral nerves 
are damaged by the inflammatory responses associated with macrophage 
activation, the disease progresses slowly and the patients typically survive. 
Because of its similarities to tuberculosis, this variant is called tuberculoid lep-
rosy. This is in contrast to lepromatous leprosy, in which type 1 responses to 
M. leprae are deficient and an ineffective type 2 response is mounted instead. 
This results in abundant growth of the bacterium in macrophages and gross 
tissue destruction that is eventually fatal, if untreated. Although high levels of 
antibacterial antibodies are produced in patients with lepromatous leprosy, 
probably due to the high bacterial load, the antibodies are ineffective at con-
trolling infection because they do not reach the intracellular bacteria.

13-21  Immune evasion is also practiced by protozoan parasites.

Most common protozoan parasites, such as Plasmodium and Trypanosoma 
species, have complex life cycles, part of which occurs in humans and part of 
which occurs in an intermediate host, such as an arthropod vector (for exam-
ple, mosquitoes, flies, or ticks). The route of transmission of these organisms by 
their intermediate host is unusual, in that the normal barriers to infection are 
bypassed when the infectious agent is directly delivered to blood by a bite or 
the taking of a blood meal. Thus, many of the normal innate immune defenses 
associated with barrier function are completely bypassed during infection. 
Further, the most successful of these organisms have developed complex and 
varied immune evasion strategies that often result in ‘hide-and-seek’ chronic 
infections characterized by episodic disease manifestations, despite their elic-
iting antibody- and cell-mediated adaptive immune responses.

As described above for some bacterial pathogens (see Section 13-19), 
Trypanosoma brucei, a causative agent of trypanosomiasis, or sleeping sick-
ness, has evolved a remarkable capacity for antigenic variation to evade the 
antibody response elicited in infected humans. The trypanosome is coated 
with a single type of glycoprotein, the variant-specific glycoprotein (VSG), 
which elicits a potent protective antibody response that rapidly clears most 
of the parasites. The trypanosome genome, however, contains about 1000 
VSG genes, each encoding a protein with distinct antigenic properties. A VSG 
gene is expressed by being placed into the active expression site in the para-
site genome. Only one VSG gene is expressed at a time, and it can be changed 
by a gene rearrangement that places a new VSG gene into the expression site 
(Fig. 13.21). So, under the selective pressure of an effective host antibody 
response, the few trypanosomes within the population that express a different 
VSG escape elimination and multiply to cause a recurrence of disease (see Fig. 
13.21, bottom panel). Antibodies are then made against the new VSG, and the 
whole cycle is repeated, resulting in periods of active and quiescent disease. 
The chronic cycles of antigen clearance lead to immune-complex damage and 
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Fig. 13.21 Antigenic variation in trypanosomes allows them to escape immune 
surveillance. The surface of a trypanosome is covered with a variant-specific glycoprotein 
(VSG). Each trypanosome has about 1000 genes encoding different VSGs, but only the gene 
in a specific expression site within the telomere at one end of the chromosome is active. 
Although several genetic mechanisms have been observed for changing the VSG gene 
expressed, the usual mechanism is gene conversion. An inactive gene, which is not at the 
telomere, is copied and transposed into the telomeric expression site, where it becomes 
active. When an individual is first infected, antibodies are raised against the VSG initially 
expressed by the trypanosome population. A small number of trypanosomes spontaneously 
switch their VSG gene to a new type, and although the host antibody eliminates the initial 
variant, the new variant is unaffected. As the new variant grows, the whole sequence of 
events is repeated.
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- Antigenic variation: during life cycle (stage specific 
in malaria parasite) or continuous variation (target 
surface antigens in African trypanosomes)  
➔ challenging for vaccine development 

- Trypanosomiasis (sleeping sickness):  

- Infection cause by Trypanosoma brucei 

- Antigenic variation: variant-specific glycoprotein 
(VSG) is expressed on the surface 

- The trypanosome genome contains 1000 VSG 
genes, which encodes for proteins with different 
antigenic properties 

- Only one gene is expressed at a time 

- Under the pressure of immunity, few pathogens 
with a different VSG survive and multiply 

- This leads to a recurrent disease symptoms 

- Cycles of inflammation triggers by AG-AB 
complexes trigger neurological damage, 
resulting in coma (hence sleeping sickness)

Immune evasion by parasites


