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4  / P art 1: Fundamentals of immunology

Introduction

We live in a potentially hostile world filled with a bewildering 
array of infectious agents (Figure  1.1) of diverse shape, size, 
composition, and subversive character that would very happily 
use us as rich sanctuaries for propagating their “selfish genes” 
had we not also developed a series of defense mechanisms at 
least their equal in effectiveness and ingenuity (except in the 
case of many parasitic infections in which the situation is best 
described as an uneasy and often unsatisfactory truce). It is 
these defense mechanisms that can establish a state of immu-
nity against infection (Latin immunitas, freedom from) and 
whose operation provides the basis for the delightful subject 
called “immunology.”

Aside from ill‐understood constitutional factors that make 
one species innately susceptible and another resistant to 
certain infections, a number of relatively nonspecific but 
nonetheless highly effective antimicrobial systems (e.g., 
phagocytosis, production of antimicrobial peptides and reac-
tive oxygen species) have been recognized that are innate in 
the sense that they are not affected by prior contact with the 
infectious agent and take immediate effect upon encounter 
with anything that our immune systems deem to be an unwel-
come guest. We shall discuss these systems and examine how, 
in the state of adaptive immunity, their effectiveness can be 
greatly increased though custom tailoring of the response 
towards microbial intruders.

Knowing when to make an immune 
response

The ability to recognize and respond to foreign 
entities is central to the operation of the immune 
system

The vertebrate immune system is a conglomeration of cells and 
molecules that cooperate to protect us from infectious agents 
and also provides us with a surveillance system to monitor the 
integrity of host tissues. Although the immune system is quite 
elaborate, as we shall see, its function can be boiled down to 
two basic roles: recognition of foreign substances and organ-
isms that have penetrated our outer defences (i.e., the skin epi-
thelium and the mucosal surfaces of the gut and reproductive 
and respiratory tracts) and elimination of such agents by a 
diverse repertoire of cells and molecules that act in concert to 
neutralize the potential threat. Thus, a critical role of the 
immune system is to determine what is foreign (what immu-
nologists often call “nonself ”) from what is normally present in 
the body (i.e., self ). As a consequence, the cells and molecules 
that comprise the innate immune system are preoccupied with 
detecting the presence of particular molecular patterns that 
are typically associated with infectious agents (Figure  1.2). 
Charlie Janeway dubbed such molecules pathogen‐associated 
molecular patterns (PAMPs) and it is these structures that trig-
ger activation of the innate immune system.

Protozoa

Fungi
Bacteria

Tapeworm
Guineaworm

Schistosome

Filaria

Amoeba
Leishmania
Trypanosome

Malaria

Aspergillus
Candida Mycobacterium

Staphylococcus

Mycoplasma

Rickettsia
Chlamydia

Size
(mm)

103

10

1

10–1

10–2

10–3

10–4

Worms

Viruses

Pox

In�uenza

Polio

Figure 1.1  The formidable range of infectious agents that confront the immune system. Although not normally classified as such because 
of their lack of a cell wall, the mycoplasmas are included under bacteria for convenience. Fungi adopt many forms and approximate values 
for some of the smallest forms are given. Square brackets with right arrowheads indicate where a range of sizes is observed for the 
organism(s); square brackets with left arrowheads indicate list of organisms with a definite size.
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In addition to the fundamental roles of recognition and 
elimination of infectious agents, it is also very useful to be 
able to learn from encounters with pathogens and to main-
tain a reserve of cells that are able to respond swiftly to a new 
infection with a previously encountered microbe. Forewarned 
is forearmed, and in this situation it may be possible to 
deliver a decisive blow that ends a nascent infection before it 
has begun. Fortunately, our immune systems have also 
acquired this ability, which is what our adaptive immune 
system excels in, and this property is termed immunological 
memory.

Immune responses need to be proportional 
to the infectious threat

Having established that recognition, elimination and memory 
of infectious agents are fundamental to the operation of an 
effective immune system, there is another important factor, 
proportionality, which is key to ensuring that everything runs 
smoothly and that our immune systems do not lose sight of 
their purpose. This is because, as we shall see, the immune sys-
tem can deploy a variety of weapons, each with their own risk 
of collateral damage, which can sometimes cause as much 

trouble as the infection itself. In extreme cases, the immune 
response can be much more destructive than the agent that 
triggered it (which is what underpins allergy) and in some situ-
ations this can lead to a sustained state of chronic immune 
activation where the immune system becomes confused 
between what is self and nonself and mounts sustained 
responses against its own tissues (called autoimmunity). Thus, 
there is a cost–benefit analysis that must be conducted during 
the initial stages of an infection to ascertain the nature of the 
infection, the level of infection, and whether the infectious 
agent is perturbing tissue function (by triggering cell death for 
example).

For these reasons, a number of immune regulatory 
mechanisms exist to ensure that immune responses are pro-
portional to the level of threat that a particular infectious 
agent poses, as well as to ensure that immune responses are 
not directed against self and that responses directed against 
nonself are terminated when the infectious agent has been 
successfully eliminated from the body. Immune regulatory 
mechanisms (or immune checkpoints) set thresholds for the 
deployment of immune responses and are vital to the proper 
operation of the immune system. As  we shall see in later 
chapters, many diseases are caused by the failure of immune 
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Figure 1.2  Pattern recognition receptors (PRRs) detect pathogen‐associated molecular patterns (PAMPs) and initiate immune responses. 
PRRs can be either soluble or cell‐associated and can instigate a range of responses upon encountering their appropriate ligands.
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checkpoints, leading to conditions such as rheumatoid 
arthritis, Crohn’s disease, and even cancer.

Tissue damage can also instigate an immune 
response

Aside from infection, there is a growing recognition that tissue 
damage, leading to nonphysiological cell death, can also pro-
voke activation of the immune system (Figure 1.3). In this situ-
ation, the molecules that activate the immune system are 
derived from self but are not normally present within the extra-
cellular space, or in a particular cellular compartment (for 
example when mitochondrial DNA is released into the cyto-
plasm). Such molecules, for which Polly Matzinger coined the 
term danger signals, are normally safely sequestered within 
healthy cells and organelles and only escape when a cell dies via 
an uncontrolled mode of cell death, called necrosis (see 
Videoclip 1). Necrosis is typically caused by tissue trauma, 
burns, certain toxins, as well as other nonphysiological stimuli, 
and is characterized by rapid swelling and rupture of the plasma 
membranes of damaged cells. This permits the release of mul-
tiple cellular constituents that do not normally escape from 
healthy cells or organelles.

The precise identity of the molecules that act as danger 
signals  –  now more commonly called danger‐associated 
molecular patterns (DAMPs) or alarmins – is an area of active 

investigation at present, but molecules such as HMGB1, a 
chromatin‐binding protein, as well as the immunological mes-
senger proteins interleukin‐1α (IL‐1α) and IL‐33, represent 
good candidates. It might seem surprising that the immune 
system can also be activated by self‐derived molecules, how-
ever, this makes good sense when one considers that events 
leading to necrotic cell death are often rapidly followed or 
accompanied by infection. Furthermore, if a pathogen man-
ages to evade direct detection by the immune system, its pres-
ence will be betrayed if it provokes necrosis within the tissue it 
has invaded.

Before moving on, we should also note that there is another 
mode of cell death that frequently occurs in the body that is 
both natural and highly controlled and is not associated with 
plasma membrane rupture and release of intracellular contents. 
This mode of cell death, called apoptosis (see Videoclip 2), is 
under complex molecular control and is used to eliminate cells 
that have reached the end of their natural lifespans. Apoptotic 
cells do not activate the immune system because cells dying in 
this manner display molecules on their plasma membranes 
(e.g., phosphatidylserine) that mark these cells out for removal 
through phagocytosis before they can rupture and release their 
intracellular contents. In this way, DAMPs remain hidden 
during apoptosis and such cells do not activate the immune 
system (Figure 1.3).

Severe injury Physiological stimuli
or mild injury

DAMPs DAMPs 

Uncontrolled cell
death

Regulated cell death

Release of DAMPs
(danger signals) 

Necrosis
Apoptosis

DAMPs
remain
hidden

Immune response
Immune system remains

quiescent

Cell-associated
PRRsSoluble PRRs
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Recognition and
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Figure 1.3  Necrotic cells release danger‐associated molecular patterns (DAMPs), whereas apoptotic cells typically do not. Stimuli that 
induce necrosis frequently cause severe cellular damage, which leads to rapid cell rupture with consequent release of intracellular 
DAMPs. DAMPs can then engage cells of the immune system and can promote inflammation. On the other hand, because stimuli that 
initiate apoptosis are typically physiological and relatively mild, apoptotic cells do not rupture and their removal is coordinated by mac-
rophages and other cells of the innate immune system, before release of DAMPs can occur. For this reason, apoptosis is not typically 
associated with activation of the immune system.
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Pattern recognition receptors detect 
nonself

Pattern recognition receptors (PRRs) raise 
the alarm

To identify potentially dangerous microbial agents, our 
immune systems need to be able to discriminate between “non-
infectious self and infectious nonself ” as Janeway elegantly put 
it. Recognition of nonself entities is achieved by means of an 
array of pattern recognition receptors and proteins (collec-
tively called pattern recognition molecules) that have evolved 
to detect conserved (i.e., not prone to mutation) components 
of microbes that are not normally present in the body (i.e., 
PAMPs).

In practice, PAMPs can be anything from carbohydrates 
that are not normally exposed in vertebrates, proteins only 
found in bacteria, such as flagellin (a component of the bacte-
rial flagellum that is used for swimming), double‐stranded 
RNA that is typical of RNA viruses, as well as many other mol-
ecules that betray the presence of microbial agents. The cardi-
nal rule is that a PAMP is not normally found in the body but 
is a common and invariant feature of many frequently 
encountered microbes. Pattern recognition molecules also 
appear to be involved in the recognition of DAMPs released 
from necrotic cells.

Upon engagement of one or more of these pattern recogni-
tion molecules with an appropriate PAMP or DAMP, an 
immune response ensues (Figure  1.2). Fortunately, we have 
many ways in which an impending infection can be dealt with, 
and indeed it is a testament to the efficiency of our immune 
systems that the majority of us spend most of our lives rela-
tively untroubled by infectious disease.

A variety of responses can occur downstream 
of pattern recognition

One way of dealing with unwelcome intruders involves the 
binding of soluble (humoral) pattern recognition molecules, 
such as complement (an enzyme cascade we will deal with later 
in this chapter), mannose‐binding lectin, C‐reactive protein, 
or lysozyme, to the infectious agent. The binding of soluble 
pattern recognition molecules to a pathogen has a number of 
outcomes (Figure 1.2).

First, this can lead directly to killing of the pathogen 
through destruction of microbial cell wall constituents and 
breaching of the plasma membrane because of the actions of 
such proteins. Second, humoral factors are also adept at coat-
ing microorganisms (a process called opsonization) and this 
greatly enhances their uptake through phagocytosis and subse-
quent destruction by phagocytic cells.

Other PRRs are cell associated and engagement of such 
receptors can also lead to phagocytosis of the microorganism 
followed by its destruction within phagocytic vesicles. Just as 
importantly, cellular PRR engagement also results in the acti-
vation of signal transduction pathways that greatly enhance the 

effector functions of cells bearing these receptors (such as 
increasing their propensity for phagocytosis or the production 
of antimicrobial proteins) and also culminate in the release of 
soluble messenger proteins (cytokines, chemokines, and other 
molecules) that mobilize other components of the immune sys-
tem. PRR engagement on effector cells can also result in dif-
ferentiation of such cells to a more mature state that endows 
specialized functions on such cells. Later we will deal with a 
very important example of this when we discuss the issue of 
dendritic cell maturation, which is initiated as a consequence 
of engagement of PRR receptors on these cells by microbial 
PAMPs. Therefore, pattern recognition of a pathogen by 
soluble or cell‐associated PRRs can lead to:
▪▪ direct lysis of the pathogen
▪▪ opsonization followed by phagocytosis
▪▪ direct phagocytosis via a cell‐associated PRR
▪▪ enhancement of phagocytic cell functions
▪▪ production of antimicrobial proteins
▪▪ production of cytokines and chemokines
▪▪ differentiation of effector cells to a more active state.

There are several classes of pattern recognition 
receptor

As we shall see later in this chapter, there are a number of dif-
ferent classes of cell‐associated PRRs (Toll‐like receptors 
[TLRs], C‐type lectin receptors [CTLRs], NOD‐like receptors 
[NLRs], RIG‐I‐like receptors [RLRs], among others) and it is 
the engagement of one or more of these different categories of 
receptors that not only enables the detection of infection, but 
also conveys information concerning the type of infection 
(whether yeast, bacterial, or viral in origin) and its location 
(whether extracellular, endosomal, or cytoplasmic). In practise, 
most pathogens are likely to engage several of these receptors 
simultaneously, which adds another level of complexity to the 
signaling outputs that can be generated through engagement of 
these receptors. This, in turn, enables the tailoring of the sub-
sequent immune response towards the particular vulnerabilities 
of the pathogen that raised the alarm.

Cells of the immune system release messenger 
proteins that shape and amplify immune 
responses

An important feature of the immune system is the ability of its 
constituent cells to communicate with each other upon 
encountering a pathogen to initiate the most appropriate 
response. As we shall see shortly, there are quite a number of 
different “ranks” among our immune forces, each with their 
own particular arsenal of weapons, and it is critical that a meas-
ured and appropriate response is deployed in response to a spe-
cific threat. This is because, as we have already alluded to, 
many of the weapons that are brought into play during an 
immune response are destructive and have the potential to 
cause collateral damage. Furthermore, initiation and escalation 
of an immune response carries a significant metabolic cost to 
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the organism (due to the necessity to make numerous new 
proteins and cells). Thus, communication among the different 
immune battalions is essential for the initiation of the correct 
and proportional response to the particular agent that trig-
gered it. Although cells of the immune system are capable of 
releasing numerous biologically active molecules with diverse 
functions, two major categories of proteins  –  cytokines and 
chemokines – have particularly important roles in shaping and 
escalating immune responses.

Cytokines are a diverse group of proteins that have pleio-
tropic effects, including the ability to activate other cells, 
induce differentiation to particular effector cell subsets and 
enhance microbicidal activity (Figure 1.4). Cytokines are com-
monly released by cells of the immune system in response to 
PAMPs and DAMPs, and this has the effect of altering the 
activation state and behavior of other cells to galvanize them 
into joining the fight. Chemokines are also released upon 
encountering PAMPs/DAMPs and typically serve as chemot-
actic factors, helping to lay a trail that guides other cells of the 
immune system to the site of infection or tissue damage. Both 
types of messenger proteins act by diffusing away from the cells 
secreting them and binding to cells equipped with the appro-
priate plasma membrane receptors to receive such signals.

The interleukins are an important class 
of cytokines

A particularly important group of cytokines in the context of 
immune signaling is the interleukin (IL) family, which has over 
40 members at present, numbered in the order of their discov-
ery. Thus, we have IL‐1, IL‐2, IL‐3, IL‐4, etc. Interleukins, by 
definition, are cytokines that signal between members of the 

leukocyte (i.e., white blood cell) family. However, these mole-
cules often have effects on other tissues that the immune sys-
tem needs to engage in the course of initiating immune 
responses. So, although interleukins are heavily involved in 
communication between immune cells, these cytokines also 
have profound effects on endothelial cells lining blood capillar-
ies, hepatocytes in the liver, epithelial cells, bone marrow stem 
cells, fibroblasts, and even neurons within the central nervous 
system. It is also important to note that the same interleukin 
can trigger different functional outcomes depending on the 
cell type that it makes contact with; these are simply “switch” 
molecules that can turn different functions on or off in the cells 
they encounter. The function that is switched on, or off, will 
depend on the target cell and the other cytokine signals that 
this cell is receiving in tandem. Thus, just as we integrate lots 
of different sources of information (e.g., from colleagues, 
friends, family, newspapers, TV, radio, books, websites, social 
media, etc.) in our daily lives that can all influence the deci-
sions we make, cells also integrate multiple sources of cytokine 
information to make decisions on whether to divide, initiate 
phagocytosis, express new gene products, differentiate, migrate, 
and even die. We will discuss cytokines, chemokines, and their 
respective receptors at length in Chapter 8.

Immune responses are tailored towards 
particular types of infection

Not all pathogens are equal

We will shortly get into the specifics of the immune system, 
but before doing so it is useful to consider the diversity of 
infectious agents that our immune systems may encounter 
(Figure 1.1), and to contemplate whether a “one size fits all” 
immune response is likely to suffice in all of these situations. 
One of the frustrations expressed by many students of immu-
nology is that the immune system appears to be almost byzan-
tine in its complexity. Although this is indeed partly true, the 
reasons for this are two‐fold. First, because there are different 
types of infection, immune responses need to be tailored 
towards the particular class of infection (whether viral, extra-
cellular bacterial, intracellular bacterial, worm, fungal, etc.) in 
order to mount the most effective immune response towards a 
particular infectious agent. Second, although there is indeed 
complexity in the immune system, there is also a great deal of 
order and repeated use of the same basic approach when recog-
nizing pathogens and initiating an immune response. 
Therefore, although many of molecules used in the pursuit of 
pathogen recognition belong to different classes, many of these 
plug into the same effector mechanisms as soon as the patho-
gen is successfully identified. So, dear reader, please bear with 
us while we try to make sense of the apparent chaos. But mean-
while, let us get back to pathogens to consider why our immune 
systems need to be fairly elaborate and multi‐layered.

Infectious agents are a broad church and have evolved dif-
ferent strategies to invade and colonize our bodies, as well as to 
evade immune detection. Some, such as yeasts and extracellular 
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Figure 1.4  Cytokines and chemokines can have pleiotrophic 
effects. Stimulation of cells of the innate immune system frequently 
leads to the production of inflammatory cytokines and chemokines 
that trigger responses from other cell types, as depicted. Note that 
the effects of chemokines and cytokines shown are not 
exhaustive.



Chapter 1: Innate immunity  /  9

bacteria, are happy to live in the extracellular space, stealing 
nutrients that would otherwise nourish our own tissues. 
Others, such as intracellular bacteria and viruses, invade the 
cytoplasm and even our genomes and may lurk for months or 
years within our bodies. Then there are the large worms (hel-
minths) and unicellular eukaryotic protozoa that live parasitic 
lifestyles with their own particular adaptations.

Because of the diversity of infectious agents, all of which 
have their own strategies to evade and neutralize the best 
efforts of our immune systems, we have responded by evolving 
multiple ways of dealing with intruders, depending on the 
nature of the infectious agent and how this type of infection is 
best dealt with. Indeed, it is the constant threat of infection 
(rather than environmental change) that is the major driver of 
natural selection over the short term, as viruses and bacteria can 
mutate with frightening speed to acquire adaptations that can 
leave their hosts highly vulnerable to infection. For this reason, 
genes that are involved in the functioning and regulation of the 
immune system are among the most diverse among human and 
animal populations (i.e., undergoing the fastest rates of muta-
tion) and are frequently duplicated into large gene families 
(which are typically variations on a very useful theme) that per-
mits us to hedge our bets and stay ahead in the ongoing battle 
against those organisms that would have us for lunch.

Because of the diverse nature of the infectious agents that 
we are confronted with, immune responses come in a number 
of different flavors and are tailored towards the nature of the 
pathogen that provoked the response in the first place. As the 
book progresses, we will elaborate on this concept in much 
more detail, but do keep this in mind when trying to understand 
the underlying simplicity among the apparent complexity of 
the immune responses that we will encounter.

There are different types of immune response

So, what do we mean by different types of immune response? 
We are not going to be exhaustive at this stage, but let us con-
sider the difference between how our immune system might 
deal with a virus versus an extracellular bacterium. For both 
pathogen classes, a system that enables us to recognize these 
agents and to remove them, either by destroying them (through 
membrane lysis) or by eating them up (through phagocytosis) 
followed by degradation within endosomes, would likely be 
very effective. And indeed, our immune systems have evolved a 
number of ways of doing both of these things; as we have men-
tioned earlier, there are multiple classes of proteins that recog-
nize and lyse bacteria and viruses in the extracellular space 
(complement, acute phase proteins, antimicrobial peptides) 
and the same proteins are frequently involved in decorating 
infectious agents for recognition and phagocytosis by phago-
cytic cells (e.g., macrophages and neutrophils) that are special-
ized in doing just that. Molecules that are involved in the 
decoration of infectious agents to prepare them for removal are 
called opsonins (from the Greek, to prepare for eating) in 
immunological parlance. So far, so good.

However, once the virus enters a cell, the proteins and 
phagocytic cells mentioned above will no longer be of any use 
in dealing with this type of infection as proteins cannot freely 
diffuse across the plasma membrane to either lyse or tag the 
infectious agent for phagocytosis. So, it is here that the immune 
response to an extracellular bacterial infection versus an intra-
cellular viral infection must diverge, as now we need a way of 
looking inside cells to see whether they are infected or not. 
Consequently, we have evolved a number of intracellular 
PRRs that can detect pathogens that have entered cells, and 
this results in the production of signals (e.g., cytokines and 
chemokines) that alert the immune system to the presence of 
an infectious agent. Just as importantly, we have also evolved a 
fiendishly clever way of displaying the breakdown products of 
pathogens to cells of the adaptive immune system (major his-
tocompatibility complex [MHC] molecules are centrally 
involved in this process) irrespective of whether the infectious 
agent lives inside or outside the cell. We will deal with MHC 
molecules extensively in Chapters 4 and 5. The latter process 
enables a cell that has been infected by a virus to display frag-
ments of viral proteins on its plasma membrane, within grooves 
present in MHC molecules that have evolved for this purpose, 
thereby alerting cells of the immune system to the nature of its 
predicament. Ingenious!

So, how does our immune system deal with a virus or other 
pathogen that has invaded a host cell? Although some special-
ized phagocytic cells (i.e., macrophages) can kill intracellular 
bacteria that have invaded them, most cells cannot do this very 
effectively and so another solution is required. For most other 
cell types, this is achieved through killing the infected cell 
(typically by apoptosis) and removing it through phagocytosis, 
which is easy to write, but involves a series of steps that permit 
the recognition of infected host cells, the delivery of the “kiss 
of death” and the engulfment of the infected corpse in a man-
ner that minimizes the escape of the pathogen lurking within. 
Our immune systems have solved the intracellular infection 
problem by evolving cells (called cytotoxic T‐cells and natural 
killer cells) that have the ability to detect infected cells and to 
kill them; we will deal with natural killer (NK) cells in detail 
later in this chapter.

Obviously, such powers of life or death carry with them the 
heavy responsibility of ensuring that uninfected cells are not 
accidently killed, as it is a basic tenet of multicellularity that 
one does not go around randomly killing good cellular citizens. 
Thus, a number of checks and balances have been incorporated 
into this killing system to ensure that only errant cells are dis-
patched in this way. We will deal with the detailed mechanisms 
of cytotoxic T‐cell‐mediated killing in Chapter 8.

However, some pathogens require a different approach, 
which involves sending in large numbers of highly phagocytic 
cells (such as neutrophils) into a tissue that can also deploy 
destructive proteases, carbohydrases (such as lysozyme), and 
other nasty molecules into the extracellular space in order to 
quickly overwhelm and destroy a rapidly dividing pathogen, or 
a worm parasite. This type of response comes with a certain 
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degree of collateral damage (due to the use of enzymes that do 
not discriminate between friend and foe) and is typically only 
mounted when this is warranted.

From the preceding discussion, we hope that it will be 
evident that different types and severities of immune 
responses are necessary to fight different types of infection 
and it is for this reason that the immune system has a variety of 
cells and weapons at its disposal. Thus, there are different types 
of immune response, broadly dictated by whether a pathogen 
lives intracellularly or extracellularly.

The PRRs of the innate immune system generate 
a molecular fingerprint of pathogens

As we have already alluded to, the PRRs not only help to iden-
tify the presence of infectious agents through detection of 
their associated PAMPs, but they also convey information as 
to the nature of the infectious agent (whether of fungal, bac-
terial or viral origin) and the location of the infectious agent 
(whether extracellular, intracellular, endosomal, cytoplasmic, 
or nuclear). This is because, as we shall see later, the various 
classes of PRRs (e.g., Toll‐like receptors, C‐type lectin recep-
tors, NOD‐like receptors, cytoplasmic DNA sensors) are spe-
cific for different types of pathogen components (i.e., PAMPs), 
and reside in different cellular compartments. Thus, we have 
an ingenious system where the combination of PRRs that is 
engaged by an infectious agent conveys important informa-
tion about the precise nature and location of infection and 
generates a molecular fingerprint of the pathogen. In turn, 
this information is then used to shape the most effective 
immune response towards the particular pathogen class that 
provoked it.

Cytokines help to shape the type of immune 
response that is mounted in response 
to a particular pathogen

We have already mentioned that cytokines are involved in 
communication between cells of the immune system and 
help to alert the correct cell types that are appropriate for 
dealing with different classes (i.e., whether viral, bacterial, 
yeast, etc.) of infectious agents. Cytokines are also capable of 
triggering the maturation and differentiation of immune 
cell subsets into more specialized effector cell classes that pos-
sess unique capabilities to enable them to fight particular 
types of infection. In this way, detection of an infection (i.e., 
PAMPs) by a particular class of PRR is translated into the 
most appropriate immune response through the production 
of particular patterns of cytokines and chemokines. These 
cytokine patterns then call into play the correct cell types and 
trigger maturation of these cells into even more specific effec-
tor cell subtypes. Later, in Chapter 8, we will see how this 
process is used to produce specialized subsets of T‐cells that 
are central to the process of adaptive immunity. Let us now 
look at how the different layers of our immune defenses are 
organized.

Innate versus adaptive immunity

Three levels of immune defense

Before we get into the details, we will first summarize how the 
immune system works in broad brushstrokes. The vertebrate 
immune system comprises three levels of defense (Figure 1.5). 
First, there is a physical barrier to infection that is provided by 
the skin on the outer surfaces of the body, along with the 
mucous secretions covering the epidermal layers of the inner 
surfaces of the respiratory, digestive, and reproductive tracts. 
Any infectious agent attempting to gain entry to the body must 
first breach these surfaces that are largely impermeable to 
microorganisms; this is why cuts and scrapes that breach these 
physical barriers are often followed by infection. The second 
level of defense is provided by the innate immune system, a 
relatively broad‐acting but highly effective defense layer that is 
largely preoccupied with trying to kill infectious agents from 
the moment they enter the body. The actions of the innate 
immune system are also responsible for alerting the cells that 
operate the third level of defense, the adaptive (or acquired) 
immune system. The latter cells represent the elite troops of 
the immune system and can launch an attack that has been 
specifically adapted to the nature of the infectious agent using 
sophisticated weapons such as antibodies. As we shall see, the 
innate and adaptive immune systems each have their own 
particular advantages and disadvantages and therefore act 
cooperatively to achieve much more effective immune 
protection than either could achieve in isolation.

Physical barriers

Innate immune
system

Adaptive
immune system

Figure 1.5  The vertebrate immune system comprises three levels 
of defense. The physical barriers of the skin and mucosal surfaces 
comprise the first level of defense. Infectious agents that success-
fully penetrate the physical barriers are then engaged by the cells 
and soluble factors of the innate immune system. The innate 
immune system is also responsible for triggering activation of the 
adaptive immune system, as we will discuss later in this chapter. 
The cells and products of the adaptive immune system reinforce 
the defense mounted by the innate immune system.


