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The immune system
is constituted by tissues, cells and molecules that are 

responsible for immunity

Immunity means protection or exemption from 
something (infectious microbes, others foreign substances). 

Ability to distinguish between self and non self

Immune response can be systemic



Innate and adaptive 
immunity
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Immunity is achieved by  two 
strategies coordinated by positive 

and negative feedback 

Innate immunity 

Adaptive immunity

Multicellular organisms, always present , ready to attack before adaptive immunity; 
many pathogenic microbes have evolved to resist innate immunity 

specific, stimulated by exposure to microbe; more potent, 
vertebrates 



Innate immunity 

Rapid Respond to danger signals Transient

• Pathogen Associated Molecular Patterns (PAMPs)

• Damage Associated Molecular Patterns (DAMPs)
Example: extracellularly released nuclear proteins

Example: lipopolysaccharides (LPS) from Gram negative bacteria 

About 1000 conserved molecular patterns 

Recognition of shared structures in different microbes



Physical and chemical barriers  
(epithelia, mucous membranes, mucous) 

Innate immune cells and soluble factors

Innate immunity 

2

1

- prevent pathogen invasion

- direct destruction of pathogen by phagocytosis or 
secretion of toxic enzymes 

- destruction of infected cells 
- secretion of soluble mediators of inflammation 

Rapid Respond to danger signals Transient
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FIGURE 2.11  Hematopoiesis.  The development of the major lineages of blood cells is depicted in 
this hematopoietic tree. The principal cytokines that drive the maturation of di!erent lineages are described 
in Table 2.6 . The development of lymphocytes is described later in this chapter and in Chapter 8 . ILCs,  Innate 
lymphoid cells; NK,  natural killer. 
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Adaptive immunity 

Slow Recognizes “antigens” 
Specificity Long lasting

Antigen: any molecule which can elicit an adaptive immune response;  
typically a protein, but can also be a small molecule, lipid or nucleic acid 

Adaptive immune cells and soluble factors

- direct and indirect neutralization of pathogen  
- destruction of infected cells

> 107 antigens
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What B and T cells have in 
common: SPECIFICITY

1. Express membrane receptors capable of 
recognizing a large variety of molecules. These 
molecules are defined as “antigens”.  
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Examples of antigens

Proteins

Sugars

Nucleic acids

…actually EVERYTHING THAT BINDS

Lipids



Antigen ≠ Immunogen

Antigen a molecule that can be recognized 
by the BCR or TCR

Immunogen a molecule that elicits an immune 
response

In physiological conditions, self-antigens can be recognized, 
but are not immunogenic



Influenza A H1N1 Hemagglutinin 

One antigen, multiple 
epitopes

Epitopes
part of an antigen that is 
recognized by the immune system



1. Express membrane receptors capable of 
recognizing a large variety of molecules. These 
molecules are defined as “antigens”.  
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What B and T cells have in 
common: SPECIFICITY



What B and T cells have in 
common: DIVERSITY

2. Are a diverse population, composed by cells 
expressing different receptors. A cell with a 
given receptor is called clone. Different 
antigens recognized by a specific clone.   
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FIGURE 1.3  Clonal selection.  Each antigen (X) selects a preexisting clone of specific lymphocytes 
and stimulates the proliferation and di!erentiation of that clone. The diagram shows only B lymphocytes 
giving rise to antibody-secreting e!ector cells, but the same principle applies to T lymphocytes. 

lymphocytes and each clone has a unique antigen 
receptor and therefore a singular antigen specificity, 
contributing to a total repertoire that is extremely 
diverse. The expression of di!erent antigen receptors 
in di!erent clones of T and B cells is the reason why 
these receptors are said to be clonally distributed. The 
molecular mechanisms that generate such diverse 
antigen receptors are discussed in Chapter 8 . Diversity 
is essential if the immune system is to defend indi -
viduals against the many potential pathogens in the  
environment.

•  Memory.  Exposure of the immune system to a foreign 
antigen enhances its ability to respond again to that 
antigen. Responses to second and subsequent expo -
sures to the same antigen, called secondary immune 
responses, are usually more rapid, greater in magni -
tude, and often qualitatively di!erent from the first, 
or primary, immune response to that antigen (see 
Fig. 1.2 ). Immunologic memory occurs because each 
exposure to an antigen generates long-lived memory 
cells specific for the antigen. There are two reasons 
why the secondary response is typically stronger than 
the primary immune response—memory cells accu -
mulate and become more numerous than the naive 
lymphocytes specific for the antigen that exist at the 
time of initial antigen exposure, and memory cells 
react more rapidly and vigorously to antigen chal -
lenge than do naive lymphocytes. Memory enables 
the immune system to mount heightened responses to 

persistent or recurring exposure to the same antigen 
and thus to combat infections by microbes that are 
prevalent in the environment and are encountered  
repeatedly.

•  Nonreactivity to self (self tolerance).  One of the most 
remarkable properties of every normal individual’s 
immune system is its ability to recognize, respond to, 
and eliminate many foreign (nonself) antigens while 
not reacting harmfully to that individual’s own (self) 
antigens. Immunologic unresponsiveness is also called 
tolerance.  Tolerance to self antigens, or self-tolerance, 
is maintained by several mechanisms. These include 
eliminating lymphocytes that express receptors spe -
cific for some self antigens, inactivating self-reactive 
lymphocytes, or suppressing these cells by the actions 
of other (regulatory) cells. Abnormalities in the induc -
tion or maintenance of self-tolerance lead to immune 
responses against self (autologous) antigens, which 
may result in disorders called autoimmune diseases.  
The mechanisms of self-tolerance and its failure are 
discussed in Chapter 15 .

Overview of Humoral and Cell-Mediated Immunity

There are two types of adaptive immunity, called humoral 
immunity and cell-mediated immunity, which are induced 
by di!erent types of lymphocytes and function to elimi -
nate di!erent types of microbes  ( Figs. 1.4  and 1.5 ). 
Humoral immunity  is mediated by molecules in the 
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tion or maintenance of self-tolerance lead to immune 
responses against self (autologous) antigens, which 
may result in disorders called autoimmune diseases.  
The mechanisms of self-tolerance and its failure are 
discussed in Chapter 15 .

Overview of Humoral and Cell-Mediated Immunity

There are two types of adaptive immunity, called humoral 
immunity and cell-mediated immunity, which are induced 
by di!erent types of lymphocytes and function to elimi -
nate di!erent types of microbes  ( Figs. 1.4  and 1.5 ). 
Humoral immunity  is mediated by molecules in the 

Clone #1 Clone #2 Clone #3 Clone #4 Clone #5 Clone #3

~107-109 clones

Diversity is very high…

but each clone is poorly 
represented in naïve individuals 

before the contact with the antigen 



What B and T cells have in common: 
CLONAL SELECTION & EXPANSION
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these receptors are said to be clonally distributed. The 
molecular mechanisms that generate such diverse 
antigen receptors are discussed in Chapter 8 . Diversity 
is essential if the immune system is to defend indi -
viduals against the many potential pathogens in the  
environment.

•  Memory.  Exposure of the immune system to a foreign 
antigen enhances its ability to respond again to that 
antigen. Responses to second and subsequent expo -
sures to the same antigen, called secondary immune 
responses, are usually more rapid, greater in magni -
tude, and often qualitatively di!erent from the first, 
or primary, immune response to that antigen (see 
Fig. 1.2 ). Immunologic memory occurs because each 
exposure to an antigen generates long-lived memory 
cells specific for the antigen. There are two reasons 
why the secondary response is typically stronger than 
the primary immune response—memory cells accu -
mulate and become more numerous than the naive 
lymphocytes specific for the antigen that exist at the 
time of initial antigen exposure, and memory cells 
react more rapidly and vigorously to antigen chal -
lenge than do naive lymphocytes. Memory enables 
the immune system to mount heightened responses to 

persistent or recurring exposure to the same antigen 
and thus to combat infections by microbes that are 
prevalent in the environment and are encountered  
repeatedly.

•  Nonreactivity to self (self tolerance).  One of the most 
remarkable properties of every normal individual’s 
immune system is its ability to recognize, respond to, 
and eliminate many foreign (nonself) antigens while 
not reacting harmfully to that individual’s own (self) 
antigens. Immunologic unresponsiveness is also called 
tolerance.  Tolerance to self antigens, or self-tolerance, 
is maintained by several mechanisms. These include 
eliminating lymphocytes that express receptors spe -
cific for some self antigens, inactivating self-reactive 
lymphocytes, or suppressing these cells by the actions 
of other (regulatory) cells. Abnormalities in the induc -
tion or maintenance of self-tolerance lead to immune 
responses against self (autologous) antigens, which 
may result in disorders called autoimmune diseases.  
The mechanisms of self-tolerance and its failure are 
discussed in Chapter 15 .

Overview of Humoral and Cell-Mediated Immunity

There are two types of adaptive immunity, called humoral 
immunity and cell-mediated immunity, which are induced 
by di!erent types of lymphocytes and function to elimi -
nate di!erent types of microbes  ( Figs. 1.4  and 1.5 ). 
Humoral immunity  is mediated by molecules in the 

Selection by antigen

Expansion

3. Antigen-specific clones are selected and then 
proliferate massively (from few cells to millions) 

(Clonal selection Burnet, 1957)



What B and T cells have in 
common: MEMORY

3. Antigen-specific clones differentiate into effector 
and memory cells

Adaptive Immunity 5

Lymphocyte
clones mature
in generative 

lymphoid organs, 
in the absence 

of antigens

Clones of mature
lymphocytes 

specific for diverse 
antigens enter 

lymphoid tissues

Antigen-specific
 clones are 
activated 

("selected")
by antigens

Antigen-specific
immune 

responses occur

Lymphocyte 
precursor Mature 

lymphocyte

Anti-X 
antibody

FIGURE 1.3  Clonal selection.  Each antigen (X) selects a preexisting clone of specific lymphocytes 
and stimulates the proliferation and di!erentiation of that clone. The diagram shows only B lymphocytes 
giving rise to antibody-secreting e!ector cells, but the same principle applies to T lymphocytes. 

lymphocytes and each clone has a unique antigen 
receptor and therefore a singular antigen specificity, 
contributing to a total repertoire that is extremely 
diverse. The expression of di!erent antigen receptors 
in di!erent clones of T and B cells is the reason why 
these receptors are said to be clonally distributed. The 
molecular mechanisms that generate such diverse 
antigen receptors are discussed in Chapter 8 . Diversity 
is essential if the immune system is to defend indi -
viduals against the many potential pathogens in the  
environment.

•  Memory.  Exposure of the immune system to a foreign 
antigen enhances its ability to respond again to that 
antigen. Responses to second and subsequent expo -
sures to the same antigen, called secondary immune 
responses, are usually more rapid, greater in magni -
tude, and often qualitatively di!erent from the first, 
or primary, immune response to that antigen (see 
Fig. 1.2 ). Immunologic memory occurs because each 
exposure to an antigen generates long-lived memory 
cells specific for the antigen. There are two reasons 
why the secondary response is typically stronger than 
the primary immune response—memory cells accu -
mulate and become more numerous than the naive 
lymphocytes specific for the antigen that exist at the 
time of initial antigen exposure, and memory cells 
react more rapidly and vigorously to antigen chal -
lenge than do naive lymphocytes. Memory enables 
the immune system to mount heightened responses to 

persistent or recurring exposure to the same antigen 
and thus to combat infections by microbes that are 
prevalent in the environment and are encountered  
repeatedly.

•  Nonreactivity to self (self tolerance).  One of the most 
remarkable properties of every normal individual’s 
immune system is its ability to recognize, respond to, 
and eliminate many foreign (nonself) antigens while 
not reacting harmfully to that individual’s own (self) 
antigens. Immunologic unresponsiveness is also called 
tolerance.  Tolerance to self antigens, or self-tolerance, 
is maintained by several mechanisms. These include 
eliminating lymphocytes that express receptors spe -
cific for some self antigens, inactivating self-reactive 
lymphocytes, or suppressing these cells by the actions 
of other (regulatory) cells. Abnormalities in the induc -
tion or maintenance of self-tolerance lead to immune 
responses against self (autologous) antigens, which 
may result in disorders called autoimmune diseases.  
The mechanisms of self-tolerance and its failure are 
discussed in Chapter 15 .

Overview of Humoral and Cell-Mediated Immunity

There are two types of adaptive immunity, called humoral 
immunity and cell-mediated immunity, which are induced 
by di!erent types of lymphocytes and function to elimi -
nate di!erent types of microbes  ( Figs. 1.4  and 1.5 ). 
Humoral immunity  is mediated by molecules in the 

Effector cells

Memory cells
Very long-lived cells; rapidly reactivate 
upon secondary antigen exposure. More 
effective against persisting antigens. 

Fight the pathogen; are short-lived cells and 
dye off after infection clearance. 



Works in pairs! To resume our findings:

www.wooclap.com/PZYQBQ



Innate Immunity Adaptive Immunity

long-lived protection 
(immunological memory)Transient

It is elicited rapidly

Recognize conserved 
microbial features Highly specific (antigens)

It takes days to develop 
(clonal selection and 

expansion)
Time

Specificity

Long-term 
consequences



Adap
tiv

e Im
m

unity

5

Ly
mph

oc
yte

clo
ne

s m
atu

re

in 
ge

ne
rat

ive
 

lym
ph

oid
 or

ga
ns

, 

in 
the

 ab
se

nc
e 

of 
an

tig
en

s
Clon

es
 of

 m
atu

re

lym
ph

oc
yte

s 

sp
ec

ific
 fo

r d
ive

rse
 

an
tig

en
s e

nte
r 

lym
ph

oid
 tis

su
es

Anti
ge

n-s
pe

cif
ic

 cl
on

es
 ar

e 

ac
tiv

ate
d 

("s
ele

cte
d")

by
 an

tig
en

s
Anti

ge
n-s

pe
cif

ic

im
mun

e 

res
po

ns
es

 oc
cu

r

Ly
mph

oc
yte

 

pre
cu

rso
r

Matu
re 

lym
ph

oc
yte

Anti
-X

 
an

tib
od

y

FIG
URE 

1.3
 
Clonal 

se
lecti

on.
 Ea

ch
 an

tig
en (

X)
 se

lects
 a 

pre
exis

tin
g cl

one o
f s

pecifi
c l

ym
phocy

te
s 

an
d st

im
ulat

es t
he p

ro
life

rat
ion an

d d
i!ere

ntia
tio

n o
f t

hat 
clo

ne. T
he d

iag
ram

 sh
ows o

nly 
B ly

m
phocy

te
s 

givi
ng ri

se
 to

 an
tib

ody-s
ecre

tin
g e!ecto

r c
ells

, b
ut t

he sa
m

e p
rin

cip
le ap

plie
s t

o T ly
m

phocy
te

s. 

lym
phocy

te
s 

an
d e

ac
h c

lone h
as

 a
 u

nique a
ntig

en 

re
ce

pto
r a

nd th
ere

fo
re

 a
 si

ngular
 a

ntig
en sp

ecifi
cit

y, 

co
ntri

butin
g to

 a
 to

tal
 re

perto
ire

 th
at 

is 
extr

em
ely 

dive
rse

. T
he exp

re
ssi

on o
f d

i!ere
nt a

ntig
en re

ce
pto

rs 

in d
i!ere

nt c
lones o

f T
 an

d B
 ce

lls
 is

 th
e re

as
on w

hy 

th
ese

 re
ce

pto
rs 

are
 sa

id to
 be cl

onall
y d

ist
rib

ute
d. T

he 

m
olecu

lar
 m

ech
an

ism
s 

th
at 

generat
e su

ch
 dive

rse
 

an
tig

en re
ce

pto
rs 

are
 disc

usse
d in

 
Chap

te
r 8

. D
ive

rsi
ty 

is 
esse

ntia
l i

f t
he im

m
une sy

ste
m

 is
 to

 d
efend in

di
-

vid
uals

 a
gain

st 
th

e m
an

y p
ote

ntia
l p

ath
ogens i

n th
e 

 

envir
onm

ent.

• 
Mem

ory.
 Ex

posu
re

 of t
he im

m
une sy

ste
m

 to
 a 

fo
re

ign 

an
tig

en e
nhan

ce
s i

ts 
ab

ilit
y t

o re
sp

ond ag
ain

 to
 th

at 

an
tig

en. R
esp

onse
s t

o se
co

nd a
nd su

bse
quent e

xp
o

-

su
re

s t
o th

e sa
m

e an
tig

en, c
all

ed se
co

ndary
 im

m
une 

re
sp

onse
s, 

are
 u

su
all

y m
ore

 ra
pid, g

re
ate

r i
n m

ag
ni

-

tu
de, a

nd o
fte

n q
uali

tat
ive

ly 
di!ere

nt f
ro

m
 th

e fi
rst

, 

or p
rim

ary
, i

m
m

une re
sp

onse
 to

 th
at 

an
tig

en (s
ee 

Fig
. 1

.2
). I

m
m

unologic 
m

em
ory 

occ
urs 

beca
use

 eac
h 

exp
osu

re
 to

 a
n a

ntig
en g

enerat
es l

ong-liv
ed 

m
em

ory 

ce
lls 

sp
ecifi

c 
fo

r t
he a

ntig
en. T

here
 a

re
 tw

o re
as

ons 

why t
he se

co
ndary

 re
sp

onse
 is

 ty
pica

lly
 st

ro
nger t

han
 

th
e p

rim
ary

 im
m

une re
sp

onse
—

m
em

ory 
ce

lls
 a

cc
u

-

m
ulat

e a
nd b

eco
m

e m
ore

 n
um

ero
us t

han
 th

e n
aiv

e 

lym
phocy

te
s s

pecifi
c f

or t
he an

tig
en th

at 
exis

t a
t t

he 

tim
e o

f i
nitia

l a
ntig

en e
xp

osu
re

, a
nd m

em
ory 

ce
lls

 

re
ac

t m
ore

 ra
pidly 

an
d v

igoro
usly

 to
 a

ntig
en c

hal
-

lenge th
an

 d
o n

aiv
e ly

m
phocy

te
s. 

Mem
ory 

enab
les 

th
e im

m
une sy

ste
m

 to
 m

ount h
eighte

ned re
sp

onse
s t

o 

persi
ste

nt o
r r

ecu
rri

ng exp
osu

re
 to

 th
e sa

m
e an

tig
en 

an
d th

us t
o c

om
bat 

infecti
ons b

y 
m

icr
obes t

hat 
are

 

pre
va

lent i
n th

e e
nvir

onm
ent a

nd a
re

 e
nco

unte
re

d 
 

re
peate

dly.

• 
Nonreac

tiv
ity

 to
 se

lf (
se

lf t
oleran

ce
).

 O
ne o

f t
he m

ost 

re
m

ark
ab

le pro
perti

es 
of eve

ry 
norm

al 
indivi

dual’
s 

im
m

une sy
ste

m
 is

 it
s a

bilit
y t

o re
co

gnize
, re

sp
ond to

, 

an
d elim

inate
 m

an
y f

ore
ign (n

onse
lf) 

an
tig

ens w
hile

 

not r
eac

tin
g h

arm
fu

lly
 to

 th
at 

indivi
dual’

s o
wn (s

elf) 

an
tig

ens. I
m

m
unologic 

unre
sp

onsiv
eness 

is a
lso

 ca
lle

d 

to
leran

ce
.

 To
leran

ce
 to

 se
lf a

ntig
ens, o

r s
elf-

to
leran

ce
, 

is 
m

ain
tai

ned b
y s

eve
ral

 m
ech

an
ism

s. 
These

 in
clu

de 

elim
inati

ng ly
m

phocy
te

s t
hat 

exp
re

ss 
re

ce
pto

rs 
sp

e
-

cifi
c f

or s
om

e se
lf 

an
tig

ens, 
inac

tiv
ati

ng se
lf-

re
ac

tiv
e 

lym
phocy

te
s, 

or s
uppre

ssi
ng th

ese
 ce

lls
 by t

he ac
tio

ns 

of o
th

er (r
egulat

ory)
 ce

lls
. A

bnorm
ali

tie
s in

 th
e in

duc
-

tio
n or m

ain
te

nan
ce

 of s
elf-

to
leran

ce
 le

ad
 to

 im
m

une 

re
sp

onse
s 

ag
ain

st 
se

lf 
(au

to
logous) 

an
tig

ens, 
which

 

m
ay

 re
su

lt i
n diso

rd
ers 

ca
lle

d 
au

to
im

m
une dise

as
es.

 

The m
ech

an
ism

s o
f s

elf-
to

leran
ce

 a
nd it

s f
ail

ure
 a

re
 

disc
usse

d in
 Chap

te
r 1

5
.

Ove
rvi

ew of H
um

oral
 an

d C
ell-M

ediat
ed Im

m
unity

There ar
e tw

o ty
pes o

f a
dap

tiv
e im

m
unity

, ca
lle

d hum
oral

 

im
m

unity
 an

d ce
ll-m

ediat
ed im

m
unity

, w
hich

 ar
e in

duce
d 

by d
i!erent t

yp
es o

f l
ym

phocy
te

s a
nd fu

ncti
on to

 elim
i

-

nate
 di!erent 

typ
es 

of 
m

icr
obes

 ( F
igs. 

1.4
 an

d 1.5
). 

Hum
oral

 im
m

unity
 is

 m
ediat

ed b
y 

m
olecu

les i
n th

e 

B cells make antibodies

Adaptive Immunity 5

Lymphocyte
clones mature
in generative 

lymphoid organs, 
in the absence 

of antigens

Clones of mature
lymphocytes 

specific for diverse 
antigens enter 

lymphoid tissues

Antigen-specific
 clones are 
activated 

("selected")
by antigens

Antigen-specific
immune 

responses occur

Lymphocyte 
precursor Mature 

lymphocyte

Anti-X 
antibody
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giving rise to antibody-secreting e!ector cells, but the same principle applies to T lymphocytes. 

lymphocytes and each clone has a unique antigen 
receptor and therefore a singular antigen specificity, 
contributing to a total repertoire that is extremely 
diverse. The expression of di!erent antigen receptors 
in di!erent clones of T and B cells is the reason why 
these receptors are said to be clonally distributed. The 
molecular mechanisms that generate such diverse 
antigen receptors are discussed in Chapter 8 . Diversity 
is essential if the immune system is to defend indi -
viduals against the many potential pathogens in the  
environment.

•  Memory.  Exposure of the immune system to a foreign 
antigen enhances its ability to respond again to that 
antigen. Responses to second and subsequent expo -
sures to the same antigen, called secondary immune 
responses, are usually more rapid, greater in magni -
tude, and often qualitatively di!erent from the first, 
or primary, immune response to that antigen (see 
Fig. 1.2 ). Immunologic memory occurs because each 
exposure to an antigen generates long-lived memory 
cells specific for the antigen. There are two reasons 
why the secondary response is typically stronger than 
the primary immune response—memory cells accu -
mulate and become more numerous than the naive 
lymphocytes specific for the antigen that exist at the 
time of initial antigen exposure, and memory cells 
react more rapidly and vigorously to antigen chal -
lenge than do naive lymphocytes. Memory enables 
the immune system to mount heightened responses to 

persistent or recurring exposure to the same antigen 
and thus to combat infections by microbes that are 
prevalent in the environment and are encountered  
repeatedly.

•  Nonreactivity to self (self tolerance).  One of the most 
remarkable properties of every normal individual’s 
immune system is its ability to recognize, respond to, 
and eliminate many foreign (nonself) antigens while 
not reacting harmfully to that individual’s own (self) 
antigens. Immunologic unresponsiveness is also called 
tolerance.  Tolerance to self antigens, or self-tolerance, 
is maintained by several mechanisms. These include 
eliminating lymphocytes that express receptors spe -
cific for some self antigens, inactivating self-reactive 
lymphocytes, or suppressing these cells by the actions 
of other (regulatory) cells. Abnormalities in the induc -
tion or maintenance of self-tolerance lead to immune 
responses against self (autologous) antigens, which 
may result in disorders called autoimmune diseases.  
The mechanisms of self-tolerance and its failure are 
discussed in Chapter 15 .

Overview of Humoral and Cell-Mediated Immunity

There are two types of adaptive immunity, called humoral 
immunity and cell-mediated immunity, which are induced 
by di!erent types of lymphocytes and function to elimi -
nate di!erent types of microbes  ( Figs. 1.4  and 1.5 ). 
Humoral immunity  is mediated by molecules in the 
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or primary, immune response to that antigen (see 
Fig. 1.2 ). Immunologic memory occurs because each 
exposure to an antigen generates long-lived memory 
cells specific for the antigen. There are two reasons 
why the secondary response is typically stronger than 
the primary immune response—memory cells accu -
mulate and become more numerous than the naive 
lymphocytes specific for the antigen that exist at the 
time of initial antigen exposure, and memory cells 
react more rapidly and vigorously to antigen chal -
lenge than do naive lymphocytes. Memory enables 
the immune system to mount heightened responses to 

persistent or recurring exposure to the same antigen 
and thus to combat infections by microbes that are 
prevalent in the environment and are encountered  
repeatedly.

•  Nonreactivity to self (self tolerance).  One of the most 
remarkable properties of every normal individual’s 
immune system is its ability to recognize, respond to, 
and eliminate many foreign (nonself) antigens while 
not reacting harmfully to that individual’s own (self) 
antigens. Immunologic unresponsiveness is also called 
tolerance.  Tolerance to self antigens, or self-tolerance, 
is maintained by several mechanisms. These include 
eliminating lymphocytes that express receptors spe -
cific for some self antigens, inactivating self-reactive 
lymphocytes, or suppressing these cells by the actions 
of other (regulatory) cells. Abnormalities in the induc -
tion or maintenance of self-tolerance lead to immune 
responses against self (autologous) antigens, which 
may result in disorders called autoimmune diseases.  
The mechanisms of self-tolerance and its failure are 
discussed in Chapter 15 .

Overview of Humoral and Cell-Mediated Immunity

There are two types of adaptive immunity, called humoral 
immunity and cell-mediated immunity, which are induced 
by di!erent types of lymphocytes and function to elimi -
nate di!erent types of microbes  ( Figs. 1.4  and 1.5 ). 
Humoral immunity  is mediated by molecules in the 
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in 1890, using a passive immunization strategy. They 
showed that if serum from animals that had been 
immunized with an attenuated form of diphtheria toxin 
was transferred to naive animals, the recipients became 
specifically resistant to diphtheria infection. The active 
components of the serum were called antitoxins because 
they neutralized the pathologic e!ects of the diphtheria 
toxin. This result led to the treatment of otherwise lethal 
diphtheria infection by the administration of antitoxin, 
an achievement that was recognized by the award of 
the first Nobel Prize in Physiology or Medicine to von 
Behring. In the 1890s Paul Ehrlich postulated that 
immune cells use receptors, which he called side chains, 
to recognize microbial toxins and, subsequently, secrete 

through the placenta to the fetus, which enables new -
borns to combat infections for several months before 
they develop the ability to produce antibodies them -
selves. Passive immunization is also a medically useful 
method for conferring resistance rapidly, without having 
to wait for an active immune response to develop. Passive 
immunization against potentially lethal toxins by the 
administration of antibodies from immunized animals 
or people is a lifesaving treatment for rabies infection 
and snake bites. Patients with some genetic immunode -
ficiency diseases are passively immunized by transfer of 
pooled antibodies from healthy donors.

The first demonstration of humoral immunity was 
provided by Emil von Behring and Shibasaburo Kitasato 
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and develop into antibody-secreting cells. Helper T lymphocytes recognize antigens on the surfaces of antigen-
presenting cells and secrete cytokines, which stimulate di!erent mechanisms of immunity and inflammation. 
Cytotoxic T lymphocytes recognize antigens on infected cells and kill these cells. Regulatory T cells suppress 
immune responses (e.g., to self antigens). 

when the antibody 
binds to the microbe 
or toxin and makes it 

innocuous

Example: prevent viral entry into host cell



Immune functions of 
antibodies

2. Opsonization

the antibody binds to the 
microbe, facilitating its 
phagocytosis by innate 
cells (macrophages and 

neutrophils)

Adaptive Immunity 7

in 1890, using a passive immunization strategy. They 
showed that if serum from animals that had been 
immunized with an attenuated form of diphtheria toxin 
was transferred to naive animals, the recipients became 
specifically resistant to diphtheria infection. The active 
components of the serum were called antitoxins because 
they neutralized the pathologic e!ects of the diphtheria 
toxin. This result led to the treatment of otherwise lethal 
diphtheria infection by the administration of antitoxin, 
an achievement that was recognized by the award of 
the first Nobel Prize in Physiology or Medicine to von 
Behring. In the 1890s Paul Ehrlich postulated that 
immune cells use receptors, which he called side chains, 
to recognize microbial toxins and, subsequently, secrete 

through the placenta to the fetus, which enables new -
borns to combat infections for several months before 
they develop the ability to produce antibodies them -
selves. Passive immunization is also a medically useful 
method for conferring resistance rapidly, without having 
to wait for an active immune response to develop. Passive 
immunization against potentially lethal toxins by the 
administration of antibodies from immunized animals 
or people is a lifesaving treatment for rabies infection 
and snake bites. Patients with some genetic immunode -
ficiency diseases are passively immunized by transfer of 
pooled antibodies from healthy donors.

The first demonstration of humoral immunity was 
provided by Emil von Behring and Shibasaburo Kitasato 

+
Microbe

Antibody

Microbial antigen 
presented 
by antigen- 
presenting cell

Infected cell expressing 
microbial antigen

Regulatory T lymphocyte

Responding T lymphocyte

Cytokines

B
lymphocyte

Helper T
lymphocyte

Cytotoxic T
lymphocyte

(CTL)

Regulatory
T lymphocyte

Antigen recognition Effector functions

Neutralization
of microbe,

phagocytosis,
complement 

activation

Killing of
infected cell

Suppression of
lymphocytes

Activation of
macrophages

Inflammation

Activation 
(proliferation and
differentiation) 

of T and B 
lymphocytes

FIGURE 1.5  Classes of lymphocytes.  B lymphocytes recognize many di!erent types of antigens 
and develop into antibody-secreting cells. Helper T lymphocytes recognize antigens on the surfaces of antigen-
presenting cells and secrete cytokines, which stimulate di!erent mechanisms of immunity and inflammation. 
Cytotoxic T lymphocytes recognize antigens on infected cells and kill these cells. Regulatory T cells suppress 
immune responses (e.g., to self antigens). 



Immune functions of 
antibodies

3. Complement activation

Adaptive Immunity 7

in 1890, using a passive immunization strategy. They 
showed that if serum from animals that had been 
immunized with an attenuated form of diphtheria toxin 
was transferred to naive animals, the recipients became 
specifically resistant to diphtheria infection. The active 
components of the serum were called antitoxins because 
they neutralized the pathologic e!ects of the diphtheria 
toxin. This result led to the treatment of otherwise lethal 
diphtheria infection by the administration of antitoxin, 
an achievement that was recognized by the award of 
the first Nobel Prize in Physiology or Medicine to von 
Behring. In the 1890s Paul Ehrlich postulated that 
immune cells use receptors, which he called side chains, 
to recognize microbial toxins and, subsequently, secrete 

through the placenta to the fetus, which enables new -
borns to combat infections for several months before 
they develop the ability to produce antibodies them -
selves. Passive immunization is also a medically useful 
method for conferring resistance rapidly, without having 
to wait for an active immune response to develop. Passive 
immunization against potentially lethal toxins by the 
administration of antibodies from immunized animals 
or people is a lifesaving treatment for rabies infection 
and snake bites. Patients with some genetic immunode -
ficiency diseases are passively immunized by transfer of 
pooled antibodies from healthy donors.

The first demonstration of humoral immunity was 
provided by Emil von Behring and Shibasaburo Kitasato 

+
Microbe

Antibody

Microbial antigen 
presented 
by antigen- 
presenting cell

Infected cell expressing 
microbial antigen

Regulatory T lymphocyte

Responding T lymphocyte

Cytokines

B
lymphocyte

Helper T
lymphocyte

Cytotoxic T
lymphocyte

(CTL)

Regulatory
T lymphocyte

Antigen recognition Effector functions

Neutralization
of microbe,

phagocytosis,
complement 

activation

Killing of
infected cell

Suppression of
lymphocytes

Activation of
macrophages

Inflammation

Activation 
(proliferation and
differentiation) 

of T and B 
lymphocytes

FIGURE 1.5  Classes of lymphocytes.  B lymphocytes recognize many di!erent types of antigens 
and develop into antibody-secreting cells. Helper T lymphocytes recognize antigens on the surfaces of antigen-
presenting cells and secrete cytokines, which stimulate di!erent mechanisms of immunity and inflammation. 
Cytotoxic T lymphocytes recognize antigens on infected cells and kill these cells. Regulatory T cells suppress 
immune responses (e.g., to self antigens). 

the antibody binds to the 
microbe, recruiting and 

activating the complement 
system which will destroy 

the pathogen



Adaptive Immunity5 Lymphocyte clones mature in generative lymphoid organs, in the absence of antigens

Clones of mature lymphocytes specific for diverse antigens enter lymphoid tissues
Antigen-specific  clones are activated ("selected") by antigens

Antigen-specific immune responses occur

Lymphocyte precursor
Mature lymphocyte

FIGURE 1.3 Clonal selection. Each antigen (X) selects a preexisting clone of specific lymphocytes 

and stimulates the proliferation and di!erentiation of that clone. The diagram shows only B lymphocytes 

giving rise to antibody-secreting e!ector cells, but the same principle applies to T lymphocytes. 
lymphocytes and each clone has a unique antigen 

receptor and therefore a singular antigen specificity, 

contributing to a total repertoire that is extremely 

diverse. The expression of di!erent antigen receptors 

in di!erent clones of T and B cells is the reason why 
these receptors are said to be clonally distributed. The 

molecular mechanisms that generate such diverse 

antigen receptors are discussed in Chapter 8. Diversity 

is essential if the immune system is to defend indi-

viduals against the many potential pathogens in the  

environment. • Memory. Exposure of the immune system to a foreign 

antigen enhances its ability to respond again to that 

antigen. Responses to second and subsequent expo-

sures to the same antigen, called secondary immune 

responses, are usually more rapid, greater in magni-

tude, and often qualitatively di!erent from the first, 
or primary, immune response to that antigen (see 

Fig. 1.2). Immunologic memory occurs because each 

exposure to an antigen generates long-lived memory 

cells specific for the antigen. There are two reasons 

why the secondary response is typically stronger than 

the primary immune response—memory cells accu-

mulate and become more numerous than the naive 

lymphocytes specific for the antigen that exist at the 

time of initial antigen exposure, and memory cells 
react more rapidly and vigorously to antigen chal-

lenge than do naive lymphocytes. Memory enables 

the immune system to mount heightened responses to 

persistent or recurring exposure to the same antigen 

and thus to combat infections by microbes that are 

prevalent in the environment and are encountered  

repeatedly.
• Nonreactivity to self (self tolerance). One of the most 

remarkable properties of every normal individual’s 
immune system is its ability to recognize, respond to, 

and eliminate many foreign (nonself) antigens while 
not reacting harmfully to that individual’s own (self) 
antigens. Immunologic unresponsiveness is also called 

tolerance. Tolerance to self antigens, or self-tolerance, 

is maintained by several mechanisms. These include 

eliminating lymphocytes that express receptors spe-

cific for some self antigens, inactivating self-reactive 

lymphocytes, or suppressing these cells by the actions 

of other (regulatory) cells. Abnormalities in the induc-

tion or maintenance of self-tolerance lead to immune 
responses against self (autologous) antigens, which 

may result in disorders called autoimmune diseases. 

The mechanisms of self-tolerance and its failure are 
discussed in Chapter 15.

Overview of Humoral and Cell-Mediated Immunity
There are two types of adaptive immunity, called humoral 

immunity and cell-mediated immunity, which are induced 

by di!erent types of lymphocytes and function to elimi-

nate di!erent types of microbes (Figs. 1.4 and 1.5). 
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A window to check what’s inside 
the cell: MHC presentation

Chapter 1 – Properties and Overview of Immune Responses2

important advances in immunology have come since the 
1990s, with the development of therapies targeting dif -
ferent components of the immune system that are based 
on fundamental science and are dramatically altering the 
progression of human inflammatory diseases and cancers.

In this chapter, we outline the general features of 
immune responses and introduce the concepts that form 
the cornerstones of modern immunology and that recur 
throughout this book.

INNATE AND ADAPTIVE IMMUNITY

Defense against microbes is mediated by sequential and 
coordinated responses that are called innate and adaptive 
immunity  ( Fig. 1.1  and Table 1.2 ). Innate immunity  
(also called natural immunity  or native immunity ) 
is essential for defending against microbes in the first few 
hours or days after infection, before adaptive immune 
responses have developed. Innate immunity is mediated 
by mechanisms that are in place even before an infection 
occurs (hence innate) and that facilitate rapid responses 
to invading microbes.

In contrast to innate immunity, there are other immune 
responses that are stimulated by exposure to infectious 
agents and increase in magnitude and defensive capabili -
ties with each successive exposure to a particular microbe. 
Because this form of immunity develops as a response to 
infection and adapts to the infection, it is called adaptive 
immunity  (also called specific immunity  or acquired 
immunity ). The adaptive immune system recognizes 
and reacts to a large number of microbial and nonmi -
crobial substances, called antigens . Although many 

AR, Bart KJ, Hadler SC: Immunization. In Mandell GL, Bennett JE, 
Dolin R (eds): Principles and practices of infectious diseases, ed 4, 
New York, 1995, Churchill Livingstone; and Morbidity and Mortality 
Weekly Report 64, No. 20, 2015.

Disease

Maximum 
Number of 
Cases (Year)

Number 
of Cases 
in 2014

Percentage 
Change

Diphtheria 206,939 (1921) 0 −99.99

Measles 894,134 (1941) 669 −99.93

Mumps 152,209 (1968) 737 −99.51

Pertussis 265,269 (1934) 10,631 −95.99

Polio (paralytic) 21,269 (1952) 0 −100.0

Rubella 57,686 (1969) 2 −99.99

Tetanus 1,560 (1923) 8 −99.48

Haemophilus 
influenzae 
type B

~20,000 (1984) 34 −99.83

Hepatitis B 26,611 (1985) 1,098 −95.87

TABLE 1.1  E!ectiveness of Vaccines for Some 
Common Infectious Diseases

This table illustrates the striking decrease in the incidence of 
selected infectious diseases in the United States for which e!ective 
vaccines have been developed.
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FIGURE 1.1  Innate and adaptive immunity.  The mechanisms of innate immunity provide the initial 
defense against infections. Adaptive immune responses develop later and require the activation of lympho -
cytes. The kinetics of the innate and adaptive immune responses are approximations and may vary in di!erent 
infections. Only selected cell types are shown. ILC,  Innate lymphoid cell; NK,  natural killer. 

Data from Orenstein WA, Hinman 

Cells display on their surface a protein complex called MHC, loaded with peptides 
derived from “digested” phagocytosed microbes or internally synthesized protein.
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in 1890, using a passive immunization strategy. They 
showed that if serum from animals that had been 
immunized with an attenuated form of diphtheria toxin 
was transferred to naive animals, the recipients became 
specifically resistant to diphtheria infection. The active 
components of the serum were called antitoxins because 
they neutralized the pathologic e!ects of the diphtheria 
toxin. This result led to the treatment of otherwise lethal 
diphtheria infection by the administration of antitoxin, 
an achievement that was recognized by the award of 
the first Nobel Prize in Physiology or Medicine to von 
Behring. In the 1890s Paul Ehrlich postulated that 
immune cells use receptors, which he called side chains, 
to recognize microbial toxins and, subsequently, secrete 

through the placenta to the fetus, which enables new -
borns to combat infections for several months before 
they develop the ability to produce antibodies them -
selves. Passive immunization is also a medically useful 
method for conferring resistance rapidly, without having 
to wait for an active immune response to develop. Passive 
immunization against potentially lethal toxins by the 
administration of antibodies from immunized animals 
or people is a lifesaving treatment for rabies infection 
and snake bites. Patients with some genetic immunode -
ficiency diseases are passively immunized by transfer of 
pooled antibodies from healthy donors.

The first demonstration of humoral immunity was 
provided by Emil von Behring and Shibasaburo Kitasato 
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FIGURE 1.5  Classes of lymphocytes.  B lymphocytes recognize many di!erent types of antigens 
and develop into antibody-secreting cells. Helper T lymphocytes recognize antigens on the surfaces of antigen-
presenting cells and secrete cytokines, which stimulate di!erent mechanisms of immunity and inflammation. 
Cytotoxic T lymphocytes recognize antigens on infected cells and kill these cells. Regulatory T cells suppress 
immune responses (e.g., to self antigens). 

T cells effectors: Helper
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immunized with an attenuated form of diphtheria toxin 
was transferred to naive animals, the recipients became 
specifically resistant to diphtheria infection. The active 
components of the serum were called antitoxins because 
they neutralized the pathologic e!ects of the diphtheria 
toxin. This result led to the treatment of otherwise lethal 
diphtheria infection by the administration of antitoxin, 
an achievement that was recognized by the award of 
the first Nobel Prize in Physiology or Medicine to von 
Behring. In the 1890s Paul Ehrlich postulated that 
immune cells use receptors, which he called side chains, 
to recognize microbial toxins and, subsequently, secrete 

through the placenta to the fetus, which enables new -
borns to combat infections for several months before 
they develop the ability to produce antibodies them -
selves. Passive immunization is also a medically useful 
method for conferring resistance rapidly, without having 
to wait for an active immune response to develop. Passive 
immunization against potentially lethal toxins by the 
administration of antibodies from immunized animals 
or people is a lifesaving treatment for rabies infection 
and snake bites. Patients with some genetic immunode -
ficiency diseases are passively immunized by transfer of 
pooled antibodies from healthy donors.

The first demonstration of humoral immunity was 
provided by Emil von Behring and Shibasaburo Kitasato 
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FIGURE 1.5  Classes of lymphocytes.  B lymphocytes recognize many di!erent types of antigens 
and develop into antibody-secreting cells. Helper T lymphocytes recognize antigens on the surfaces of antigen-
presenting cells and secrete cytokines, which stimulate di!erent mechanisms of immunity and inflammation. 
Cytotoxic T lymphocytes recognize antigens on infected cells and kill these cells. Regulatory T cells suppress 
immune responses (e.g., to self antigens). 

T cells effectors: Regulatory



Immune cells need to 
communicate with each other 

to cooperate
1. Soluble factors

2. Ligand-receptor interactions



Soluble factors

Cytokines and chemokines



Ligand-receptor interactions



naïve 
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immune 
(is protected from subsequent 
exposure to the same microbe) 

Host response to a 
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Active immunity 
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How long do antibodies 
stay in circulation after 

transfer?

Depends on the isotype, at best (IgG) the half-life is 21 days 



How long do memory 
B cells survive?

Years! 



Active vs passive immunity 

Active immunity Passive immunity

Immunity is provided by the host’s 
response after microbe exposure

Immunity is provided by the 
transfer of antibodies, without 

exposure to the microbe

Long-term immunity Instantaneous but 
short-term immunity



Examples of passive immunity 

1. Transfer of maternal antibodies to the fetus

        IgG: last trimester of gestation through the placenta 
        IgA: also after birth, through maternal milk

Protection to the newborn for the first few months of life 



Examples of passive immunity 
2. Transfer of antibodies as treatment or 

prophylaxis in individuals at risks 

       

Snake venom Tetanus toxinRabies virus
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Steps of an adaptive response



Immunological memory


