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PREFACE

It is hoped that this book will meet the need for a first level textbook of
immunology for students of Veterinary Medicine. At the same time it is de-
signed to assist practitioners in analyzing immunological problems by ac-
quainting them with recent developments in the field of immunology as it
relates to veterinary medicine.

In general, the reader will find that the text has been written at a relatively
elementiary level in view of the fact that it is intended for the immunoiogical
novice. Because of this the simplification of complex immunological con-
cepts may be offensive to the “‘immunologically competent” reader; never-
theless | believe it to be justified.

The book itself may be divided into three sections. In the first portion is
reviewed the biological basis of the immune responses. This is an area that
has expanded dramatically in recent years and that, as a result, has tended
to leave those persons not intimately involved in the field floundering in a
mass of immunological jargon. The second section of the book is concerned
with the role of the immune response in resistance to infectious disease.
This area, in which immunology first blossomed, remains the field through
which this subject exerts its major influence on applied veterinary medicine.
I believe, however, that over the last few years a gap has developed between
“basic’’ and “‘applied” veterinary immunology, and it is hoped that this sec-
tion will help to bridge that gap. The final section of the book deals with dis-
eases of immunological origin. This is an area that veterinarians have
only recently begun to investigate, and as a consequence, it is difficult to
avoid merely listing isolated cases of specific diseases. It is inevitable that
our understanding of this area will expand greatly in the next few years.

Many individuals have contributed materially to the development of this
book. Among those who offered valuable suggestions and helpful criticism |
should particularly like to mention Drs. B. Derbyshire, P. Eyre, A. Fernando,
D. G. Ingram, F. Markham, K. Nielsen, F. Rurangirwa, R. Saison, B. Stem-
shorn, B. N. Wilkie and-S. Yamashiro. | am particularly indebted to Dr. D. A.
Barnum, not only for reading and constructively criticizing the manuscript,
but also for his active encouragement of its production. The illustrations were
largely drawn by Ms. Alice Hillock of the Audio-visual Department of the
University of Guelph. She is to be commended not only for_her artistic skill
but also for her patience in dealing with the many requests of the author. |
should particularly like to thank Chris Taal-and Helen Corbett for typing the
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manuscript from my illegible handwriting. | would also like to acknowledge
the considerable assistance of the W. B. Saunders Company, especially
Mr. Carroll Cann and Mr. Sandy Reinhardt. Finally, but most importantly,
this work would never have been completed without the encouragement,
assistance and patience of my wife.

If this book serves its function as a useful aid to the teaching of immunol-
ogy in the veterinary curriculum, then credit must go largely to those men-
tioned above as well as to that relatively small number of individuals whose
research into the immunology of the domestic animals forms the basis for
this book. Any faults in this book, however, are mine alone. '

IaN R. TlZARb,

Ontario Veterinary Cbllege,
" Guelph, Canada.



CONTENTS

Chapter 1

GENERAL FEATURES OF THE IMMUNE RESPONSES .................................. 1
Humoral Immune Response...............c.coceeaenes eerereersrereetesiensasenacnreanraranes 3
Cell-Mediated Immune Response......... e aerereaeaeseeeearaetetatiere e etaanraraneas 5
TOIBIANCE . ouiviniieineiiiiei e eieae e e eaaena e 6
Mechanism of the Immune Responses...................ccccciiininnnninnn. RO 6
Chapter 2

TRAPPING AND PROCESSING OF FOREIGN MATERIAL .....cccoovecrrririanenennennn. 10
Cells that Trap Foreign Material............coooevirmeriiiiiniiiiiiiiieccieeeee 10
Fate of Foreign Material Within the Body ................ooieiiiiiinniin . 19
Chapter 3

ANTIGENS AND ANTIGENICITY ....coociiiiiiiiiiiiiiiiti it ceneieeee. 24
Essential Features of Antigenicity ...........cccoeviiniiiiiiiiiiii - 24
Chapter 4

ANTIBODIES ... oottt et ee et et et s vt e et s st erenaanaanns aas 32
Nature of Antibodies.........cc.cooeviiiiiiiii e vrareaaens 32
Structure of IMMUNOGIOBUIINS .......ccoiiiiiiiie e 35
Immunoglobulif Classes...............cccccvviviiiniiiiiiiiii e e 43
Theories of Generation of Antibody Dlversnty................; ........................... 47
Chapter 5

CELLS AND TISSUES OF THE IMMUNE SYSTEM ..., 51
Sources of LYMPOIA CellS.........c..coveeveeemeeeeeeeeeeeeeeseereeeeeeeeereeeereeearenss 53
Primary Lymphoid Organs..........coiniiiiiiiiiie et eeen v reeneaannes 53
Secondary Lymphoid Organs.........ccoviveiiiiisioiiiieiiieieiiceireeeniereeeeeasaeanas 58
Chapter 6

CELLULAR BASIS OF THE IMMUNE RESPONSES e 69
LYMPROCYLES ...iiiiiiieiieii e et 69
Cellular Basis of Antibody Production ..............cc..coeiiiiiiiiiiiiiiiieinieaan 73
Cellular Basis of Cell-Mediated Immunity................coooiiiiiiiiiiienn . 82
ToleranCe ........ocevininiiiiisiii et C e en e e ettt e et aaaaes 91



viii _ 'CONTENTS

Chapter 7 )
PHYSIOLOGICAL AND PATHOLOGICAL CONSEQUENCES OF THE o
IMMUNE RESPONSES ..ottt eaen e e [T 95

- The Complement System .......................... [ PR 97

Inflammation as a Consequence of immune Reactions..............c.cceeevviennn. 103

Antigen-Antibody Interaction and Modulation of Cellular Behavior-............. 107

Chapter 8
DETECTION AND MEASUREMENT OF THE HUMORAL IMMUNE
RESPONSE .....oouiiiiiiiiiii ettt e e e e e e eeaaeas e SUTURTN 109

Primary Binding Tests..........0.............. e aeeaeee et ——— 111

Secondary Binding Tests ...........coiiiiiiiiiiiiiiiiiii e e 116

Tests Involving Assays in Living Systems .........cccccoevveviiiiiiiniiiiiennens .. 132

Diagnostic Applications of Immunological Tests...............cccuvveieeeniiniennnnn. 136

Chapter 9 : ,

IMMUNITY AT BODY SURFACES...............cc.iiiiiiiiciiee e, ... 144
Nonimmunological Surface Protective Mechanisms.............c.ccccevvvevennnnnn, 144
Immunoclogical Surface Protective Mechanisms....................... SO PP 147
Chapter 10

IMMUNITY IN THE FETUS AND NEWBORN ANIMAL..........c..oooevviiineeennnnn.., 155
Ontogeny of the Immune System ....................coeovuveveveeneennnn. e 156
Immune Response of Newborn Animals...............ccceveuvevennenn.. rererereaenanes 160

' Transfer of Immunity from Mother to Offspring.................. S TITPROPR N 160

Secretion and Composition of Colostrum and MitK ..............cciceevevreeneenn.. 161

Development of the Immune Response in Neonatal Animals.T .................... 165

Chapter 11 .
IMMUNOPROPHYLAXIS GENERAL PRINCIPLES OF VACCINATION
AND VACCINES ...ttt e e e . 169

Types of Immunization ProCedUres ................ceeeeeeeeeiieereseeeeeeeeveeseeasin, 170

AdMINIStration of VACCINES.......uuuviviieiiiieieieeeeee e eeeee e 177

Production, Presentation and Control of VaccineS.............oeovvveveevvvenennnn, 182

Chapter 12 ‘

RESISTANCE TO BACTERIA AND RELATED ORGANISMS ....occoovvevniieeennnnn, 184
Pathogenesis of Bacterial INfECtIONS. ................co.oooeveeeevioeseeooe o 186
Mechanisms of Antibacterial ReSiStance .. ..........coeevivemreeeeeieieeeeeeeeeeii, 190
Additional Comments on Bacterial Vaccines Used in Animals.................... 198
Chapter 13

RESISTANCE TO VIRUSES AND RELATED ORGANISMS .............................. 201
Pathogenesus of Virus Infections.........coooevviieiiiiiiiiic e, 203
Mechanisms of Antnvural Resnstance ........................................................ 205



CONTENTS : ix

Chapter 14

IMMUNITY TO PROTOZOA AND HELMINTHS............ e e, 227

" Immunity to Protozoa PN 0RO 227
Immunity to Helminths.,.........‘............_...: ...... e feetereemestitinentnereneasnsnaans 236
Chapter 15

 SURVEILLANCE AND ELIMINATION OF FOREIGN AND ABNORMAL

CELLS ..., F U 244
The ANOGraft REACION ................co.o.ovoeeoeeeeeeeeeeeeeeeees e, 247
TUmMOrs @s AllOGrafts.........cooeeiiiiiiniiiiii e 255
Chapter 16 ,

TYPE | HYPERSENSITIVITY: ALLERGIES AND ANAPHYLAXIS ......cceiiiinnnnen 260
Clinical Manifestations of Type | Hypersensitivity.........c...coociieviiiiiiniinennes 271
Treatment of Type | Hypersensitivity ............ooiiiiiiiii e 277
Chapter 17

ERYTHROCYTE ANTIGENS: THE IMMUNE RESPONSES TO RED :

CELLS AS AN EXAMPLE OF TYPE Il REACTIONS ........cevvvvvvevvanneen. PEOTOIOIO 279
Blood Groups, Blood Transfusion and Hemolytic Disease in the

Domestic Animals.......c..cooooiiiiii i e, 283
Type |l Hypersensitivity Reactions as a Result of Immune
. Responsesto Drugs ............coovevevvnninnnenne. O PPN 287
Type |l Hypersensitivity in Infectious Diseases ............... feeereeeieeete e ranaes 288
Chapter 18
TYPE Il HYPERSENSITIVITY: PATHOLOGICAL CONSEQUENCES OF
IMMUNE-COMPLEX DEPOSITION. ... oottt i 289
“Local Type lil Hypersensitivity Reactions.......... £t et et eeae e raeaeraaaaanas 290
Generalized Type 1l Hypersensitivity Reactions ..........c.....cccoovvvevevvenennnnn, 296
Clinical Aspects of Immune-Complex Mediated Glomerular Disease ........... 299
Chapter 19
‘CELL-MEDIATED (TYPE 1V) HYPERSENSITIVITY ..., 303
Tuberculin Reaction—A Classical Type IV Reaction ............ reveierrneneneeeaee. 303
Pathological Consequences of Type IV Hypersensitivity............................. 308
Chapter 20
AUTOIMMUNITY: FAILURE IN SELF-RECOGNITION ........ocvvoeeveneoe, eereenn 312

Autoimmune Diseases of ANIMaIS ... ..ottt 316



X CONTENTS

. Chapter 21 ‘ :

DEFECTS IN THE IMMUNE SYSTEM: IMMUNOLOGICAL : v

DEFICIENCIES, NEOPLASIA AND HYPERACTIVITY....ciiviiiiiiiiiiieiieceereineaneneen. 328
Immunodeficiencies..............c.ccc...ooulll ettt et et s re e ran e aen e eaaans 328
Neoplasms of Lymphoid Cells...........c..coiiviiiiiiiiiiiiiire e, 335
Hyperactivity of the Immune System................. P SRR 340

Glossary ...... et e e e e naaena fereeeeniereas Cereaeenaaens T

IABX ... e e e e ee et e s e et eanenan 351



CHAPTER. 1

GENERAL FEATURES OF THE
IMMUNE RESPONSES

Humoral Immune Response
Cell-Mediated Immune Response
Tolerance

Mechanism of the Immune Responses

If a piece of living tissue is surgically removed from one animal and grafted
onto another, it usually survives only for a few days before being * !’C_]CCte ” by
. the recipient, and consequently dying. This’ process is significant, not so much
for the difficulties it presents to the transplantation surgeon, but because it is a
reflection of the capacity of the animal body to recognize and then destroy mate-
rial regarded as foreign. This process is known as an immune response, and the
study of immune responses, their mechanisms and consequences, is known as
-immunology. '

The rejection of foreign tissue grafts is but one form of the immune
response. Nevertheless, it is of importance as an indication of the existence of a
mechanism whereby cells, differing only slightly from those of a normal recipi-
ent, are recognized and promptly eliminated. In general, aged and dying cells are
removed from the body. by nonimmunological processes. However, cells with
minor structural abnormalities may be recognized as *“foreign” by the “‘immune
system” and eliminated even though they are otherwise apparently healthy.
The immune response to foreign cells may therefore be considered to be an in-
dication of the existence of some form of ‘‘surveillance system’” which identifies
and removes abnormal cells as they arise, thus preventing the occurrence of life-
threatening changes such as neoplastic transformation. This concept of sur-
veillance tends to be supported by the observation that individuals whose im-
mune response is suppressed by drgs so that they can tolerate foreign grafts are’
more liable than normal individuals to develop tumors. The ability to distinguish
between normal “self” constituents and foreign material is also essential if the
body is to maintain itself relatively free from invasion by microorganisms or par-
asites. In the absence of an effective immune system, massive infections leading
to death are inevitable.

The identification of the defensive functions of the immune system long
preceded the suggestion that surveillance for abnormal cells might also be neces-
sary. Thus, in the 11th century the Chinese observed that individuals fortunate
enough to recover from smallpox were resistant to further attacks of this disease.
Being practical people they introduced the custom of deliberately infecting in-
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2 GENERAL FEATURES OF THE IMMUNE RESPONSES

fants with smallpox in order to protect them from this disease in later life. The
great risks inherent in this procedure were acceptable in an era of high infant
mortality and on gaining experience with the technique it was found that the
least severe reactions were obtained by selecting the smallpox scabs used in this
process from the mildest cases available. The technique gradually spread west-
ward to Europe where ‘‘variolation.”” as it was called, came to be widely
employed in the latter half of the 18th century. As a consequence of this prac-
tice, there occurred a dramatic drop in mortality due to smallpox, resulting in a
population explosion that served both o provide soldiers for the Napoleonic
wars and to significantly hasten the development of industrial society in Europe.

In 1798, Edward Jenner, an English physician, confirmed the suggestion of
one of his patients, a dairy maid, that cowpox could substitute for smallpox in
variolation. Since cowpox does not cause severe disease in man, its use effec-
tively reduced the risks incurred in protecting against smallpox to insignificant _
levels, and the current success of this technique is such that'smallpox almost
certainly will soon become the first major mfectlous disease to be eradicated
from the world.

The general implications of Jenner’s observations were not realized until
1879 when Louis Pasteur in France made some experimental observations on
the resistance of chickens to the causal agent of fowl cholera (Pasteurella mul-
tocida) (Fig. 1-1). Pasteur possessed a culture of this organism which was ac-
cidentally allowed to ‘‘age™ for several weeks on a laboratory bench. Neverthe-
less, he tried to infect chickens with this culture but without success. Being
economically inclined, Pasteur kept these chickens for a second experiment in
which they were challenged again, this time with a fresh and virulent culture of
P. multocida. To his surprise these chickens still did not die. On *investigating
the problem further, Pasteur realized that this phenomenon was similar in princi-

*

Aged P. multocida

Normal chicken — g No disease — ~ - — — - Healthy ___ _,_  No disease
' No death chicken No death
Virulent

P. multocida

,&
Normal chicken ———> Dead
Q chicken
Virulent ‘

P. muitocida

Figure 1—1’ Pasteur’'s fowl cholera experiment.
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ple to Jenner's use of cowpox. He therefore called the process vaccination
(vacca is Latin for cow). In vaccination, exposure of an animal to a strain of an
organism which will not cause disease (an avirulent strain) can provide protec-
tion against a subsequent infection by a disease-producing (virulent) strain of the
same, or closely related organism. (It is of interest to note at this point that vac-
cination of poultry against fowl cholera is still relatively unsatisfactory despite
Pasteur’s initial successes.) Having established the general principle of vaccina-
tion, Pasteur applied it to anthrax, rendering the organisms avirulent by growing
them at an unusually high temperature. He also developed a successful rabies
vaccine by allowing spinal cords taken from rabies-infected rabbits to dry and
~ then using the dried cords as his vaccine material, since the drying process effec-
tively rendered the rabies virus avirulent. While Jenner and Pasteur both used
avirulent but living organisms in their vaccines, it was not long before other in-
vestigators demonstrated that killed organisms, or even some filtrates taken from
bacterial cultures, could also give effective protection in other diseases.

HUMORAL IMMUNE RESPONSE

After Pasteur had discovered that it was possible to produce resistance to
infectious agents by vaccination, it was soon recognized that the substances
which provided this resistance could be found in blood serum. (Serum is the
clear yellow fluid which is expressed when freshly drawn blood has clotted and
the clot has been allowed to contract.) It was shown, for instance, that serum
from a vaccinated animal could be used to transfer immunity to a nonvaccinated
one. For example, if serum is obtained from a horse made resistant to tetanus
toxin by vaccination and this serum is injected into a normal horse in appropriate
quantities, then that normal horse will become temporarily resistant to tetanus.
The serum from the immune horse is known as tetanus antitoxin and is widely
used for the prevention of this disease. l ,

The factors found in serum which confer resistance in this way are known
as antibodies. Antibodies to tetanus toxin are not found in normal horse serum
but are produced as a result of vaccination. Tetanus toxin is just one example of
a foreign substance which stimulates antibody production. The general term for
such a substance is “‘antigen.” If an antigen is injected into an animal, then an-
tibodies are produced which can combine with that antigen. Antibodies usually
only combine: specifically with the antigen which stimulates their production so
that, for example, the antibodies produced by exposure to tetanus toxin react
only with tetanus toxin. If serum containing these antibodies is mixed in a test
tube with a solution vof' tetanus toxin, then a visible precipitate develops as a
result of the combination of antibody with the toxin. In addition, the antibody
serves to “"neutralize’ the toxin so that it is no longer toxic. It is by means of this
neutralization process that antibodies can protect animals against the lethal ef-
fects of tetanus toxin. . ) , o

It is possible to follow the time course of the immune response of a horse to
tetanus toxin by bleeding it at intervals after vaccination (Fig. 1-2). The amount
of antibody in the serum may be estimated either by measuring the amount of
precipitate formed on adding toxin, or alternatively, by -measuring the ability of
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Amount of antibody
in serum (titer)

A ‘ v Secondary immune
response

Primary immune
response

0
Antigen Second dose of
administered antigen administered

Figure 1-2 The time course of the immune response to an antigen as measured by serum
antibody levels.

the serum to neutralize a fixed-amount of toxin. Both methods yield approxi-
mately the same results. Following a single injection of toxin (or its chemically
neutralized derivative, tetanus toxoid) into a horse which has never been ex-
posed to it previously, no response is detectable for several days. This is known
as the lag period. Antibodies become detectable about one week after the first in-
jection and the amount present in serum then climbs to reach its highest level by
ten to fourteen days before declining rapidly. In general, the amount of antibody
formed, and hence the amount of protection conferred, during this first or
“primary” response is relatively small. If, some time after the first, a second dose
of toxin is given to the same horse and the antibody response again followed,
then the lag period tends to last for no more than two or three days. The amount
of detectable antibody then rises rapidly to a high level before commencing to
decline slowly. A third dose of toxin when given to the same animal results in an
immune response characterized by an even shorter lag period and a still higher
and more prolonged antibody response. The stimulation of resistance to disease
through the use of multiple injections of antigen in this way forms the basis of
current vaccination techniques employed against infectious diseases. A
As we have seen, the response of an animal to a second dose of antigen is
very different from the first in that it occurs much more quickly and antibodies
reach very much higher levels. This “secondary” response is specific in that it-
can be induced only by an antigen identical to the first. A secondary response
may be invoked many months or years after the first injection of antigen al-
. though its magmtude does tend to decline as time passes. A secondary response
can also be induced even though the response of ‘the animal to the first injection
of antigen was so weak as to be undetectable. Thus, the antibody response is .
characterized by possessing the ability to remember previous exposure to an an-



CELL-MEDIATED IMMUNE RESPONSE . Co 5

tigen. For this reason, the secondary immune response is sometimes known as
an anamnestic response (anamnesko is Greek for recollection). v
If a second dose of antigen is given to an animal still possessing serum an-
tibodies remaining after its primary immune response, then the level of these an-
- tibodies may. drop for a few days before the secondary immune response gets
under way. This so-cailed “‘negative phase” occurs as a result of the injected an-
tigen binding and removing antibodies from the circulation. It should also be
noted that multiple injections of antigen do not lead to greater and greater im-
mune responses indefinitely. The total level of antibodies in serum is relatively
well controlled, so that they tend to plateau at a constant level even after mul-
tiple doses of antigen or exposure to many different antigens.

CELL-MEDIATED IMMUNE RESPONSE

If a skin graft is transplanted from one dog to a second unrelated dog, it will
survive for about ten days; the graft will initially appear to be healthy, and
vascular connections will be established between the graft and its host. By about
one week, however, these new blood vessels will begin to degenerate, as a
congequence of which the blood supply to the graft will be cut off so that it will
die and be shed. This slow rejection process is known as a “first-set reaction”’
(Fig. 1-3). If a second graft is taken from the original donor and placed on the _
'same recipient, then that second graft will survive no longer than one or two
- days before being rejected. This rapid rejection process is known as a “‘second-
set reaction.” Thus, in the process of graft rejection we see that the response to
a first graft is relatively weak and slow and analogous to the primary antibody
response, while a second graft stimulates a very rapid and powerful second-get
* reaction similar in many ways to the secondary antibody response. Graft rejec-
tion, like antibody formation, is specific in tha; a second-get reaction, in general,

Second—set reaction

intensity of .
the rejection process

First—set reaction

Graft rejected

.0 | ' — 7
) A oo
first oraft * Second graft

identical to the first

. _Flguu 1-3 The time course of the immune response to a foreign skin graft. Notice how
similar this diagram is to Fig. 1-2.
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.-occurs only if the second graft is from the same donor as the first. Like antibody
formation, the graft rejection process also possesses a “memory,” since a second
graft may be rapidly rejected many months or years after loss of the first.

However, the graft rejection process is not entirely identical to the process
involved in protection against tetanus toxin, since it cannot be transferred from a
sensitized to a normal animal by means of serum antibodies. The ability to
mount a second-set reaction to a graft can only be transferred between animals
by means of living gells. The cells which can perform this function are known as
lymphocytes and are usually derived from the spleen, lymph nodes or peripheral
blood. Because of this, we must.conclude that the process of graft rejection is
mediated primarily by lymphocytes and not by serum antibodies.

TOLERANCE

- We have already discussed how it is essential for the immune system to be
able to identify antigens, such as tetanus toxin, or grafts from other animals as
foreign. It is an absolute corollary to this that the inimune system must be able to
recognize antigens on its own cells as being “not-foreign,” and it must not mount
dn ifimune response against them. In other words, the immune system must be
“tolerant” to self-antigens. If this tolerance breaks down, then disease will
occur(autoimmune disease) as either antibodies or lymphocytes attempt to elim-
inate the offending antigen. Tolerance, which occurs in both the cell-mediated
and antibody-mediated immune systems, can be considered to-be but anothér
form of a normal immune response. "For example, tolerance, as shown by an in-
ability to react to ‘a specific antigen, may be induced by an appropriately :ad-
ministered dose of that antigen. Tolerance is quite specific for the inducing an-
tigen' and, like other forms of the immune response, may be boosted -only by
re-exposure to that same antigen. If not re-exposed to that antigen, then toler-
ance is gradually lost..

The immune responses may therefore be considered to consist of three gen-
eral types. They include the antibody and cell-mediated immune responses and
tolerance. In considering the necessity for an immune system, it was pointed out
that there is a requirement for self-surveillance as well as one for resistance to
invasive microorganisms. It is tempting to suggest that the cell-mediated immune
responses are a reflection of this surveillance function while the antibody-
mediated responses reflect the protective function. Such a distinction is not
absolute. however since antibodies may contribute to graft rejection, and cell-
mediated immune responses can partncnpate in resistance to many infectious dis-
eases. Tolerance, on the other hand, represents an essential protective mecha-

. nism which serves to prevent an animal from being damaged by an indiscrim-

ingte immune response

MECHANISM OF THE IMMUNE RESPONSES

In some ways the immune system may be compared to a totalitarian state in
which foreigners are expelled, citizens who behave themselves are tolerated, but
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those who “‘deviate” are eliminated. While this analogy must not be pursued too
far, it is readily apparent that such regimes possess a number of characteristic
features. These include border defenses and a police force which keeps the pop- -
ulation under surveillance and promptly eliminates dissidents. Organizations of
‘this type also tend to develop a pass system so that foreigners not possessing
such identifying features are rapidly detected and dealt with.

Similarly, when antigen enters the body it first must be trapped in such a
way that it can be recognized as being foreign. If so recognized, then this infor-
mation must be conveyed either to the antibody-forming system or to the cell-
medigted immune system. These systems must then respond promptly by the
production of specific antibody and/or cells which are capable of eliminating the
antigen. The immune systems must also store the ““memory” of this event so that
on subsequent exposure to the same antigen, their response will be considerably
more efficient. In our totalitarian state analogy, the information would be filed
away for future use.

We can therefore consider the basic requirements of the immune systems to
include a method of trapping and processing antigen (Fig. 1-4); a mechanism for
reacting specifically to the antigen or, in other words, an antigen-sensitive cell;
cells to produce antibodies or to participate in the cell-mediated immune
responses; cells to: retain the memory of the event and to react specifically to

Foreign material

\

Take up and
process

Cell—mediated : Antigen- Tolerance
immunity sensitive cell .

Antibody
production

Y

Antigen
elimination

H *

Figure 1-4 A simple flow diagram showing the essential features of the immune respoﬁses.
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the antigen in future encounters; and finally cells to eliminate antigen. All of
these cell types are recognized within the body. Antigen is trapped, processed
and eventually eliminated by cells known as macrophages. Antigen-sensitive
cells, both those present at the beginning of a primary response and those mem-
ory cells which initiate a secondary response, as well as the effector cells of the.
cell-mediated response, are identified as small lymphocytes, while ‘antibodyv-
producing cells aie derived from lymphocytes and are known as plasma cells.

- In subsequent chapters we will examine each of these basic requirements of
the immune responses in turn.
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the most important of these include: Cellular Immunology, Clinical and E (perimental Im-
munology, European Journal of Immunology, Infection and Immunity, International
Archives of Allergy and Applied Immunology, Immunology, Journal of Experimental
Medicine, and Journal of Immunology.

Veterinary Immunology

Reviews

Although the literature on veterinary immunology per se is scant, the following sym-
posia organized by the American Veterinary Medical Association provide an excellent
source of information not only on immunity to diseases, but also on the immune systems
in the domestic animals.



