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Notice

Medicine is an ever-changing science. As new research and clinical experience
broaden our knowledge, changes in treatment and drug therapy are required. The
authors and the publisher of this work have checked with sources believed to be relia-
ble in their efforts to provide information that is complete and generally in accord with
the standards accepted at the time of publication. However, in view of the possibility of
human error or changes in medical sciences,neither the authors nor the publisher nor
any other party who has been involved in the preparation or publication of this work
warrants that the information contained herein is in every respect accurate or com-
plete,and they disclaim all responsibility for any errors or omissions or for the results
obtained from use of the information contained in this work. Readers are encouraged to
confirm the information contained herein with other sources. For example and in parti-
cular, readers are advised to check the product information sheet included in the pack-
age of each drug they plan to administer to be certain that the information contained in
this work is accurate and that changes have not been made in the recommended dose
or in the contraindications for administration. This recommendation is of particular
importance in connection with new or infrequently used drugs.
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Preface

—t

I

Immunology is the study focusing on the organizational structures and functions of
immune system. It demonstrates remarkable features of high-speed development and
intersections with multiple disciplines, and gradually formed frontier branches such as
modern cellular immunology and immunogenetics. Meanwhile, immunology is an advanced
discipline which is closely related to clinical applications. Therefore, immunology plays a key
role in medical science, and thus become an important compulsory course for the students of
medicine or biology.

The contents of this textbook covers the knowledge from the basis of immunology to
clinical applications, including overview of immunology, the antigens, components in
immune system (immune organs, immune cells, immune molecules, etc.) and immune
responses. It also involves the applications of immunology (immunological techniques,
immunoprophylaxis and immunotherapy, etc.), immune-related diseases and immunity in
infectious diseases. This edition of Medical Immunology is intended as a comprehensive,
concise and valuable textbook for the foreign medical students studying in China and
also suitable for 5-year program Chinese medical students to learn the basic knowledge of
immunology and to build up solid foundations for subsequent clinical courses of study and
futur;e academic studies.

This textbook was edited and adapted on the basis of Textbook of Immunology [Sunil Kumar
Mohanty, et al. Jaypee Brothers Medical Publishers (P) Ltd.(2nd edition, 2014)]. Sixteen
professors from different universities who have been experienced in teaching immunology
for foreign medical students joined the team for the work of this textbook. They also added
accurate and up-to-date knowledge into each chapter according to the development of
immunology, e.g., Chapter 16 is a completely new part in which the author explained the
mechanisms of immunity in viral, bacterial, fungal and parasitic infections, considering the
actual health conditions in some countries where the foreign medical students come from.

There might be some mistakes or omissions in this textbook since immunology is developing



E ¥ % ¥ Medical Immunology

rapidly, we sincerely hope the readers give valuable opinions and comments through email so

that we can make corrections in the next edition.

YAQO Zhi
Department of Immunology
Tianjin Medical University
Tianjin 300070, P.R.China
yaozhi@tmu.edu.cn
January 11, 2017
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Introduction

A BRIEF OVERVIEW OF
“ IMMUNOLOGY

Pathogenic microorganisms are endowed
with special properties that enable them to
cause disease, if given the right opportunity.
If microorganisms never encounter resistance
from the host, we would constantly be ill and
would eventually die of various diseases. But
in most cases, our body defenses prevent them
of occurrence. In some instances, the body does
not allow the organisms to enter. In others, even
if they enter, they are eliminated by different
mechanisms. Even if they remain inside, the
defenses combat with them. Our ability to
ward off disease in general is called resistance
(immunity). Vulnerability or lack of resistance is
susceptibility.

The term immunity is derived from the Latin
word immunitas. Immunity is defined as the
resistance exhibited by the host towards injury
caused by the microorganisms and their products.

Primary

- (Central)
Immune

organs

Secondary
L |(Peripheral)

Immune =
system

A

Cells in
innate
immunity

Immune
cells

= Cells in

acquired

immunity

Fig. 1.1
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Composition of immune system

Immunology is the study of the ways in which
the body defends itself from infectious agents and
other foreign substances. It mainly focuses on
tissue structures and physiological functions of
the immune system. It reveals response processes
and rules of the immune system recognizing
and eliminating harmful organisms and their
components from different aspects and levels,
applies these rules to clarify the mechanism of
occurrence and development of diseases, and
achieves the purpose of disease prevention. This
textbook mainly introduces the immune system
including immune organs, immune cells & immune
molecules (antibodies, complements, cytokines,
adhesion molecules and MHC etc.), immune
response, immune diagnosis, immunotherapy,
immunoprophylaxis and immunological diseases.
All of these parts will be illustrated in detail in the
following chapters.

Composition of Immune System

Immune system consists of a network of cells,
molecules, tissues and organs which work together
to protect the body (Fig.1.1).

Thymus
Bone marrow
Bursa of Fabricius (Birds)

Spleen

Lymph node

Mucosal-associated lymphoid tissue (MALT)
Cutaneous-associated lymphoid tissue (CALT)

Macrophage

Dendritic cell (DC)

Natural Killer (NK) cell

NKT cell

Other cells (Eosinophile and basophile, etc.)

T lymphocyte

B lymphocyte
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T cell receptor (TCR)

Membrane
molecules
Immune Immune
system molecule:
molecules
Fig. 1.1

Functions of Immune System

Protection against the infectious agents is
only one of the consequences of the immune
response. The immune system of an individual
recognizes and eliminates not only the invading
microorganisms (bacteria, viruses, fungi,
mycoplasma, chlamydia and parasites, etc.), but
also the mutant, cancerous, aging or dead cells
and other harmful components. The functions
of immune system include immune defense,
immune homeostasis and immune surveillance

Table 1.1

B cell receptor (BCR)

Cluster of differentiation (CD) molecule

Cell adhesion molecule (CAM)

Major histocompatibility complex (MHC) molecule
Cytokine receptor

Immunoglobulin (Ig)
Secreled { Complement (C)

Cytokine (CK)

Composition of immune system (continued)

(Table 1.1), which play key roles in different
aspects to protect individuals against diseases.
Once the immune system function abnormally,
pathological consequences may occur and exhibit
corresponding diseases. Meanwhile, the immune
system does not exist in isolation, it is also
regulated by the nervous system and endocrine
system. All of these three systems interact with
each other and affect each other, therefore, they
form a complicated neuroendocrine immune
network and maintain the balance of internal
environment.

Functions of immune system

Immune defense

Immune homeostasis

Immune surveillance  Continually recognize and remove “non-self” components

such as mutant cells or malignant cells

Protect individual from the invasion of pathogenic microorganisms

Recognize and eliminate the injured, aging and dead cells

Hypersensitivity / Immunodeficiency disease
Autoimmune disease

Cellular canceration;
continuous infections

Types of Immunity

Immunity to infectious agents can result from
innate immunity, acquired immunity or both
(Fig. 1.2).

Innate Immunity
Innate immunity is an invariable, hereditary
response—an inborn defense. It is independent of
previous exposures to disease causing agents and
foreign substances. The innate immunity depends
on the non-specific mechanisms, molecular
defenses and the activity of the phagocytic cells.

Innate immunity may be considered at the
level of species, races and individuals. In species
immunity, all individuals of a species are born with
resistance to an infectious agent that causes disease
in another species. For example, human beings
are immune to most infectious agents that causes

disease in pets and other domesticated animals.
Human beings are insusceptible to rinderpest or
distemper, which the canines suffer. Similarly, the
animals show innate immunity to many human
pathogens. The mechanisms of species immunity
are not clearly understood, but may be due to
physiological and biochemical differences between
the tissues of the different host species that
determine, whether or not a pathogen can multiply
in them.

Within a species, different races show
difference in susceptibility to infections. This is
known as racial immunity. The classical example
of racial immunity is the resistance to anthrax
by Algerian sheep, whereas sheep in general
are susceptible to anthrax. It has been reported
that the African Americans in the USA are more
susceptible to tuberculosis than the Caucasians.
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Chapter 8 Introduction
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Innate
(inborn) Acquired
Genetic factors
Own antibodies Ready-made antibodies
Natural exposure o~ Natural Atrtificial
to infectious == rﬁﬁfi;:,tlion maternal antibodies from
agents antibodies other sources

Fig. 1.2 Various types of immunity. Non-specific immunity is largely innate or inborn, whereas specific

immunity is acquired.

An interesting instance of genetic resistance to
Plasmodium falciparum malaria is seen in some
parts of Africa, where sickle cell anemia is
prevalent. The hereditary abnormality of the red
cells confers immunity to infection by malaria
parasite. Even resistance to human diseases,
such as measles, can vary from person to person.
For example, although the effect of measles is
usually relatively mild in European ancestry,
the disease devastated the population of Pacific
Islanders, when they were first exposed to
measles by European explorers. Natural selection
resulting from the exposure of many generations
to the measles virus, presumably led to the more
frequent inheritance of genes that conferred some
resistance to the virus.

Individuals in a race exhibit difference in
innate immunity. The genetic basis of individual
immunity is evident from studies on the incidence
of infectious diseases in twins. Homozygous twins
exhibit similar degree of resistance or susceptibility
to lepromatous leprosy and tuberculosis. An
individual’s resistance to disease also depends on
age, nutritional status, stress, hormone influence
and general health in addition to genetic factors.
Age: People at both young and old age carry
higher susceptibility to infections in comparison

to adults. The heightened susceptibility of the
fetus to infection is related to the immaturity
of the immune system. In neonates, the
antibodies, immune competent cells and
also the complement level remain suboptimal.
The fetus in uterus is normally protected by
the maternal antibodies, but some organisms
(Toxoplasma gondii, rubella virus, cytomegalovirus,
herpesviruses, Treponema pallidum, Borrelia burgdorferi,
hepatitis B virus, human immunodeficiency
virus, etc.) cross the placental barrier and cause
respective diseases. Newborn animals (suckling
mice) are more susceptible to coxsackievirus.

Tinea capitis caused by Microsporum audouinii
is very common in young people, which disappear
after reaching puberty. The vaginal epithelium of
prepubertal girl is more susceptible to gonococcal
infections.

Some infections like poliomyelitis and chickenpox,
tend to be more severe in adults than in young children
due to hypersensitivity that causes more tissue
damage. The old people are prone to infections
due to waning of the immune system. The immune
system shows the senescence seen in other organs.
Cellular immunity is mostly affected.

Hormonal influence: Diabetes, hypothyroidism
and adrenal dysfunctions are associated with



