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Foreword

There is only one good, knowledge, and one evil, ignorance.

Socrates

I am pleased to write a foreword to Basic Serological Testing, an excellent immu-
nology book written by Rowa Yousef Alhabbab. Drawing upon my experience of
more than 30 years as a researcher and 15 years as a book editor, I wish to say with-
out any hesitation that this is a well-written and much-needed book — not only for
students who specialize in clinical immunology, but also for learners and seasoned
researchers from other disciplines who are interested in finding a concise introductory
course on serological testing.

In this book, the author clearly explains the terminology, goals, and clinical
workflow of serological testing. There are 16 chapters that walk the reader through
the complexities and challenges of serological testing in a step-by-step approach.
The main objective of the book is to make complicated and difficult subjects easy to
understand and memorize. The book is packed with excellent illustrations and
descriptions outlining the main concepts and clarifying the bits and pieces that com-
prise serological testing. Each chapter includes a “Study Questions” section aimed
at improving the learning process and increasing comprehension of the educational
material.

I would not be surprised to see this book on the “radar” of creative teachers,
whose courses will benefit from incorporating many of the ideas in the book into
their classroom instructional materials.

Creating resources for the use of students, teachers, and experienced scientists is
a noble but extremely challenging task. Therefore, I wish to express my apprecia-
tion to the author, who has shown herself to be a talented and creative teacher who
has done a great job converting her expertise into an eloquent and timely educa-
tional resource. It could even be considered a back-pocket guide to serological
testing techniques.

Understanding scientific principles and methodologies is the key to new knowledge,
and if we wish to succeed in our endeavors, we have no alternative but to educate
ourselves. The ability to gain new knowledge is critical for successfully advancing
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science and technology. But success is not always guaranteed and does not come
easily: it requires persistence and dedication.

This eloquent book will therefore help to facilitate the acquisition of new knowl-
edge, making our mission possible.

University of Minnesota Alexander E. Kalyuzhny
Minneapolis, MN, USA



Preface

This book has been written to meet the technical information needs of students in
medical laboratories. The first chapter is devoted to a general introduction to the
immune system, followed by a chapter clarifying the relationship between antigens
and antibodies, in addition to the most common dilution methods used in both clini-
cal and research laboratories, and general safety rules for working in laboratories.
The rest of the book addresses the aims, principles, materials, methodologies, and
interpretation of the results of the major serological tests that are used during
research or in clinical laboratories.

This book is supported with diagrams and colored figures to increase user friend-
liness and facilitate the study process for students.

Jeddah, Saudi Arabia Rowa Yousef Alhabbab
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Chapter 1
Introduction to the Immune System

Learning Objectives
By the end of this chapter the reader should be able to:

1. Understand the functions of the immune system.

2. Describe the role and importance of each line of defense in the immune
system.

3. Understand the functions and components of the physical and the chemical
barriers.

4. State the key players and describe the function of the cellular innate

immunity.

Understand the complement system.

Explain the clonal expansion theory.

Differentiate between the types of immunization.

Describe the features of the adaptive immune system.

Define and explain the function of cellular and humoral adaptive

immunity.

PONCCRSINCRC

The main function of the immune system is to defend the host and maintain homeo-
stasis. Any dysregulation in the immune system can lead to several immunological
diseases such as autoimmune disorders, cancer, or chronic inflammation. Luckily,
the immune system is sophisticated enough to regulate itself to maintain the behav-
ior of its cellular components to interact with foreign particles, producing protective
responses. A major characteristic of a healthy immune system is its ability to
remember and recognize pathogens years after the initial exposure. This form of
memory relies heavily on the ability to distinguish self- and non-self-antigens. The
ability of the immune system to differentiate between host tissue and foreign parti-
cles such as pathogens relies mainly on cell surface molecules that are capable of
recognizing, binding, and adhering to other molecules in a specific manner. The
different ways in which the body responds to foreign pathogens fall into two main
categories of defense that divide the immune system into innate and adaptive
immunity.

© Springer International Publishing AG, part of Springer Nature 2018 1
R. Y. Alhabbab, Basic Serological Testing, Techniques in Life Science and
Biomedicine for the Non-Expert, https://doi.org/10.1007/978-3-319-77694-1_1
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2 1 Introduction to the Immune System
Innate Immunity

The innate immune system consists of cells and several elements that are always
available to protect the host from any foreign pathogens in a short time. Innate
immunity includes all body surfaces and several internal components, such as the
mucous membrane and the cough reflex. Moreover, innate immunity includes
chemical barriers such as stomach acidity and pH. Other components of the innate
immune system include the complement system and many other features such as
fever, interferon, and cell receptors such as pattern recognition receptors (PRRs)
[1,2]. The cellular arm of the innate immune system includes phagocytic cells such
as dendritic cells (DCs), macrophages/monocytes, and neutrophils. Several other
cells are also considered to be innate immune cells such as natural Killer (NK)
cells and platelets.

Physical and Chemical Barriers

For microorganisms to interact with the cells of the innate immune system, they
have to penetrate and pass through the host physical and chemical barriers. The
most important physical barrier that microbes have to penetrate to enter the host
body is the skin [3]. Although some pathogens can gain access via sebaceous glands
and hair follicles, the presence of several chemical molecules such as acidic sweat,
sebaceous secretions, fatty acids, and hydrolytic enzymes provide protection against
the invading pathogens, minimizing the significance of this path of infection [4].
The respiratory and gastrointestinal tracts can serve as two important gates for
pathogens; therefore, the innate immune system has provided these two areas with
several mechanisms that can give initial protection against pathogens. For instance,
the mucous membrane, which covers these areas, can trap the pathogens that would
subsequently be swept toward the external opening by ciliated epithelial cells [3, 4].
Additional mechanisms that the innate immune system provides to protect the respi-
ratory tract are nasal hair and the cough reflex. Several factors can play a key role in
protecting the gastrointestinal tract, including the low pH of the stomach, saliva
hydrolytic enzymes, and proteolytic enzyme and bile of the small intestine [4].

Cells of the Innate Immune System

As mentioned earlier, the cellular components of the innate immune system includes
monocytes/macrophages, neutrophils, DCs, basophils, eosinophils, and platelets.
Basophils, eosinophils, and neutrophils are considered to be polymorphonu-
clear (PMN) cells, which are also known as granulocytes. These cells are charac-
terized as short-lived phagocytic cells, and contain several enzymic and toxic
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molecules capable of destroying some microorganisms [5]. The important role that
PMNs play in the immune system appears when they are defective, which is usually
associated with recurrent and chronic infections [4]. Blood-circulating monocytes
once residing in tissue, differentiate into macrophages. Macrophages are long-lived
phagocytic cells that contain many degradative particles to process the phagocy-
tized pathogens that would subsequently be presented on their surface to antigen-
specific T cells [6]. Therefore, macrophages are phagocytic and antigen-presenting
cells (APCs) [7]. However, DCs are considered to be the most crucial APCs of the
innate immune system because of their ability to migrate after phagocytizing the
pathogen from the site of infection to the secondary lymphoid organs, where they
trigger the adaptive immune responses with very high efficiency [4].

Virally infected and cancer cells have abnormally altered membranes that are
distinguished by NK cells [8]. NK cells release very powerful intracellular mole-
cules upon contact with their target cells leading to pore formation and the lysis of
the target cells [8]. Therefore, NK cells are considered to be cytotoxic cells [8].

Generally, most of the innate immune cells recognize conserved structures in
pathogens known as pathogen-associated molecular patterns (PAMPs) [9].
PAMPs are recognized by several families of receptors known as PRRs, such as toll-
like receptors (TLRs), C-type lectin receptors (CLRs), NOD-like receptors , and
RIG-like receptors [4, 10]. Some of these receptors are expressed extracellularly,
whereas some are expressed intracellularly, and each recognizes and binds to specific
PAMPs [9]. For instance, TLR-9 is expressed intracellularly and recognizes viral and
bacterial DNA, whereas TLR-4 is expressed extracellularly and identifies lipopoly-
saccharide (LPS) in Gram-negative and some Gram-positive bacteria [4, 9].

Complement

Complement is an important component of the innate immune system, and consists
of about 25 proteins that are produced via the hepatocytes of the liver [4].
Complement circulates in the body in its inactive form, and can be activated through
three pathways: classical, alternative, and lectin. The first protein of the classical
pathway (C1q) is activated in response to antibody-antigen particles; therefore, the
classical pathway participates in the adaptive immune system [11]. Unlike the clas-
sical pathway, which requires antibody-antigen particles, the alternative pathway
becomes activated directly through the binding of C3 to the surface of a pathogen
[11-13]. Lectin pathway activation involves the binding of C2 and C4 to mannan
moieties on the surface of pathogens [11, 12]. Regardless of the pathway that has
activated the complement system, all three pathways initiate a chain of events lead-
ing to the eventual formation of the membrane attack complex (MAC), which
results in the lysis of the pathogens [4].

Some complement components can coat (opsonize) the pathogen directly to
facilitate the process of phagocytosis [12]. Phagocytic cells express complement
receptors that facilitate their binding to complement opsonizing pathogens.
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Table 1.1 The components of the complement system pathways and their functions

Classical
pathway Alternative pathway | Lectin pathway
First activated complement Clq C3 MBP (mannan-binding
component protein)
Complement system Opsonization Inflammation MAC formation and
functions mediators cell lysis
Complement component C3b C4b C5b
involved C3a c6
Csa C7
C8
(&Y

Moreover, upon complement activation, some complement components are released
to recruit various cells of the immune system to the site of invasion. Table 1.1 sum-
marizes the components of the complement system pathways and their functions.

Adaptive Immunity

The response of the adaptive immune system comes relatively late, days to weeks
after exposure to pathogens. Similar to the innate immunity, the adaptive immune
system consists of cellular and non-cellular (also called humoral) components. Cell-
mediated adaptive immunity achieved by T and B lymphocytes. Specific antigen
activation of T and B cells directly or indirectly involves APCs such as DCs, where
their interaction with lymphocytes leads to the proliferation and differentiation of
lymphocytes into effector T and B cells that mediate cellular and humoral responses
[4]. Cells of the adaptive immune system are characterized by their ability to clon-
ally expand, the theory that explains this phenomenon is called clonal selection
theory [4]. This process provides the host with mounting numbers of antigen-
specific cells that can respond rapidly to the same antigen in the future, a process
known as memory [14].

Any compound that can induce adaptive immune responses is called an antigen.
This term comes from the ability of these compounds to lead to the generation of
antibodies [4]. However, antigens are also compounds that have the ability to gen-
erate antibody-mediated and T-cell-mediated immune responses.

Clonal Selection Theory

The specificity of the immune system is a feature that comes from the ability of B
and T cells to recognize and bind only to their specific antigens and respond to elimi-
nate them. The clonal expansion of T and B cells is very complicated; however,
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some errors or mutations may occasionally occur, leading to the generation of recep-
tors not specific or poorly specific to the target antigen, or in the worst case, autore-
active [4]. Normally, non-functional cells are terminated, but in some cases they
survive without any associated harm [4]. Nevertheless, autoreactively generated
cells are either suppressed by regulatory immune cells such as regulatory T (Treg)
cells or are clonally deleted [15]. The survival and the release of these autoreactive
cells may lead to continuous autoimmune responses. During lymphocyte develop-
ment, self-reactive lymphocytes are also eliminated or inactivated [4].

The proposal of the clonal selection theory includes the following:

. The immune system builds mounting numbers of T and B cells with various

specificities before contacting their foreign-specific antigens [14, 16].

. Lymphocyte-specific receptors , which are activated via their target antigens,

release different products [16]. For example, B cells possess specific antigen
receptors on their surface known as B cell receptors (BCRs). The binding of this
receptor to its specific antigen leads to B cell activation and differentiation into
plasma cells, which eventually produce antibodies specific to that antigen,
whereas T cell--specific receptors are called T cell receptors (TCRs) that, upon
binding to their specific antigen, become activated to produce several products
such as cytokines, which are proteins produced to help in the elimination of
pathogens by guiding the immune cell responses [17-19].

. Each single lymphocyte has its own specific cell receptor that has only single

specificity to one particular antigen [16]. The invading pathogen selects and
binds to its specific TCRs and BCRs expressed on lymphocytes from all the
available receptors [18, 19].

The remainder of the clonal selection theory proposal is to explain the process of

antigen selection from the various repertoires of the available receptors, as follows:

1.

The binding of lymphocyte cell surface receptors to their specific antigens or
part of it called epitope leads to their activation, proliferation, and differentiation
into clones of cells with receptors of the same specificity for the initial corre-
sponding antigen [4].

. Activated B cells produce antibodies specific to the corresponding antigen.

Similarly, activated T cells proliferate and generate a clone of cells with the same
specificity, and produce several cytokines, which results in the activation of
many cells [4].

The final result is the generation of several different clones of B and T cells pro-

ducing specific antibodies and cytokines respectively.

Active, Passive, and Adoptive Immunization

Immunization can induce adaptive immunity in several ways:
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1. Active immunization: this type of immunity is achieved by the administration
of the target antigen to an individual [4].

2. Passive immunization: transferring specific antibodies generated in an immu-
nized individual to non-immunized persons [4].

3. Adoptive immunization: this kind of immunization involves the transfer of
immune cells to non-immunized individuals [4].

Characteristics of the Adaptive Immune System

Generally, the adaptive immune system is distinguished from other systems in the
host, such as the respiratory system, circulation, and reproduction by common and
unique features that are listed below:

1. The adaptive immune system has the capability to recognize and respond to vari-
ous, specific, and unique molecular entities when needed. Therefore, the response
mediated by the adaptive immune system is not a random or undifferentiated
response, but specific [18, 19].

2. The adaptive immune system can respond to new, previously unseen molecules,
a characteristic known as adaptiveness.

3. The adaptive immune system has the ability to discriminate between self- and
non-self-antigens [19].

4. The adaptive immune system can remember previously encountered foreign
molecules and initiate a faster and stronger response than the first response to the
same molecule, a characteristic known as memory or anamnestic response [14].

Cells Involved in the Adaptive Immune System

The cellular arm of the adaptive immune system is composed of two types of lym-
phocytes, namely B and T lymphocytes. Generally, lymphocytes are derived from a
common lymphoid precursor cell; however, B cell developmental stages take place
in the bone marrow, whereas T cell precursors are released from the bone marrow
and then mature in the thymus [20]. APCs participate in adaptive immune responses
through their direct interaction with T cells. The family of APCs consists mainly of
macrophages and DCs. These cells, unlike lymphocytes, do not express antigen-
specific receptors; rather, they express different molecules on their surface that
facilitate their interactions with T cells [19]. The most important molecules
expressed on the surface of APCs are major histocompatibility complex (MHC)
molecules. MHC molecules are divided into two major classes, MHC class I and
class II. Each class interacts strictly with one of the T cell subsets. For example,
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MHC class I interacts with CD8 T cells, whereas MHC class II interacts with CD4
T cells. In humans, MHC molecules are encoded by two sets of polymorphic genes
expressed on chromosome 6 [4]. The major function of APCs is to phagocytize
pathogen or foreign particles, process the ingested protein antigens, locate various
peptides from the processed antigen non-covalently to MHC molecules, and display
it on their surface for T cells [18, 19]. The display of peptide-MHC complexes on
the surface subsequently results in T cell activation.

The Cellular and Humoral Adaptive Immune System

Immune responses mediated by the adaptive immune system is mainly divided into
humoral (B cells mediated) and cellular responses (mediated by T cells).

Humoral Immunity

B cell receptor-activated B cells produce antibodies specific to the antigen that have
initially activated the B cells through its BCR, which is a membrane antigen-specific
immunoglobulin (Ig) molecule. Each B cell has been estimated to express about
100,000 BCRs of an individual specificity [21]. A serum contains a heterogeneous
mixture of globulins specific to a single antigen, immunoglobulin is a term that
refers to serum globulin that possesses antibody activity [4]. Antibodies recognize
and bind to specific regions on antigens, known as epitopes to facilitate the phago-
cytosis of antigens by Fe receptors expressed on APCs [4]. Generally, antibodies
consist of two identical heavy (H) and light (L) chains connected through disulfide
bridges. Antibodies are divided mainly into two regions fragment antigen-binding
(Fab) and fragment crystallizable (Fc) regions. The Fab region is the antigen bind-
ing site, and consists of two identical binding regions that bind to two epitopes of
the same specificity on the same antigen or on different molecules. Antibodies are
also classified into five isotypes called IgG, IgM, IgA, IgE and IgD according to
the differences found in their H chain [21]. Although all antibody classes share a
common feature (antigen-binding region), each antibody class has unique func-
tional properties. For example, IgG is the only antibody that can pass through the
placenta, whereas IgA is the most abundant antibody in secretions. Antibody—anti-
gen interaction is not covalent, but involves several weak forces, including hydro-
gen bonds, Van der Waal’s forces, and hydrophobic interactions [4]. Because these
forces are weak, several factors influence the strength of the antigen—antibody bind-
ing such as the size, the charge, and the shape of both the antigen and the antibody
binding site [4].



8 1 Introduction to the Immune System

Cell-Mediated Immunity

Cell-mediated immunity is mainly performed by T cells; however, other cells that
belong to the innate immune system can also be involved, such as phagocytic cells.
Each T cell expresses about 100,000 TCRs of the same specificity that interact
directly with the MHC molecules expressed on APCs to produce cytokines [18]. T
cells are divided into several populations according to their functions, in particular,
the profile of cytokines that they produce and their surface markers. The major two
populations of the T cells include CD4* T cells (T helper (Th) cells) and CD8* T
cells (cytotoxic T (Tc) cells). CD4* T cells are divided into subpopulations accord-
ing to their cytokine profiles: Thl, Th2, Th17, T follicular helper (Tf,), and
CD4+*CD25" regulatory T (Treg) cells. The main functions performed by T cells are
categorized as follows:

1. Inflammatory role: CD4*Th1 and Th17, upon activation they produce a variety
of cytokines that can induce inflammation via stimulating macrophages and
monocytes.

2. Regulatory function: CD4*CD25" Tregs and in some cases Th2, when activated
they produce regulatory cytokines that can suppress inflammation such as inter-
leukin-10 (IL-10) [15].

3. B cell help: CD4*Tg, cells provide B cells with several signals that are essential
for B cell activation and antibody production.

4. Cytotoxic function: CD8'T cells are cytotoxic killer T cells [14].

5. Cytokine production: T cells, particularly Th cells, communicate with other
cells of lymphoid and non-lymphoid origin, directly and indirectly through their
cytokines [4].

T cell activation requires two essential signals. The first signal arrives from the
interaction between T cell TCRs and the appropriate MHC molecules on APCs. The
second signal involves co-stimulators such as the interaction of CD40 on APCs with
CD40 ligand on T cells; this signal also includes the involvement of cytokines [4].

Healthy immunity requires the interaction of humoral and cellular components
of the adaptive and the innate immune system to eliminate any pathogens.
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Study Questions

1.

The innate immune system consists of several components such as:

(a) Body surfaces.

(b) Chemical barriers.
(c) Complement system.
(d) All the above.

The innate cellular immune system includes:

(a) T cells.

(b) B cells.

(c) Neutrophils.

(d) None of the above.



10

1 Introduction to the Immune System

The first line/s of defense that microorganisms must penetrate before their
interaction with the innate immune system is/are:

(a) Physical and chemical barriers of the host.
(b) Adaptive immune system.

(c) Specific immunity.

(d) Antibodies.

. Pathogens that gain access to the respiratory tract can initially be:

(a) Killed by the acidity of the area.
(b) Swept by ciliated epithelial cells.
(c) Destroyed by platelets.

(d) Damaged by the bile of the tract.

. Polymorphonuclear cells of the innate immune system include:

(a) BandT cells.

(b) Platelets.

(c) Macrophages.

(d) Basophils, neutrophils, and eosinophils.

. Polymorphonuclear cells are:

(a) Short-lived phagocytic cells.

(b) Long-lived phagocytic cells.

(c) Cells that, once they reside in the tissue, they differentiate into
macrophages.

(d) Cells that do not contain enzymic and toxic molecules.

Macrophages are:

(a) Long-lived phagocytic cells.

(b) Antigen-presenting cells (APCs).

(c) Cells that contain degradative particles.
(d) All the above.

The most powerful APCs for pathogens of first-time exposure are:

(a) Macrophages.

(b) Neutrophils.

(c) Bcells.

(d) Dendritic cells (DCs).

The cytotoxic cells of the innate immune system are:

(a) Macrophages.
(b) NK cells.

(c) Neutrophils.
(d) DCs.
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10.

11.

12.

13.

14.

15.

16.

Pathogen-associated molecular patterns (PAMPs) are:

(a) Immune cell receptors.

(b) Conserved structures on host cells.

(c) Conserved structures on the pathogens.

(d) Not recognizable by any of the immune cell receptors.

Pattern recognition receptors (PRRs) are:

(a) Receptors that recognize PAMPs.

(b) A family of receptors that includes TLRs.

(c) Expressed by the cells of the innate immune system.
(d) All the above.

PRRs include:

(a) B cell receptors (BCRs).
(b) T cell receptors (TCRs).
(c) NOD-like receptors.
(d) Complement receptors.

TLR-9 is:

(a) An intracellular receptor.

(b) An extracellular receptor.

(c) A receptor that recognizes the bacterial cell wall.

(d) A receptor that recognizes the fungal cell membrane.

Complements:

(a) Consist of proteins.

(b) Circulate in the body in their inactive form.
(c) Synthesize in the liver.

(d) All the above.

Complement activation through the classical pathway requires:

(a) Antibodies-—antigens particles

(b) The direct binding of C3 to the surface of the pathogens.
(c) The binding to mannan moieties.

(d) T cell activation.

Complement functions include:

(a) MAC formation.
(b) Opsonization.
(¢) Inflammation.
(d) All the above.
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17.

18.

19.

20.

21.

22.

23.

1 Introduction to the Immune System

Cells of the adaptive immune system are characterized by:

(a) Their ability to clonally expand.
(b) Their memory.

(c) Their specificity.

(d) All the above.

Autoreactive cells can be suppressed by:

(a) Neutrophils.

(b) Interferon.

(c) Regulatory T (Treg) cells.
(d) Tumor necrosis factor.

The final result of clonal expansion is:

(a) The formation of several different clones of cytokines.

(b) The formation of several different clones of B and T cells.
(c) The formation of several different clones of C-reactive proteins.
(d) The formation of several different clones of chemokines.

Active immunization is:

(a) Immunization that involves the transfer of immune cells.

(b) Immunization that involves the transfer of specific antibodies.

(c) Immunization that involves the administration of target antigen.
(d) Immunization that involves the transfer of complements.

T cell activation requires:

(a) Antigen processing and presentation on MHC molecules.
(b) Intact antigens.

(c) B cells activation.

(d) All the above.

Adaptive humoral immunity is:

(a) T cells mediated.

(b) DCs mediated.

(c) NKT cells mediated.
(d) B cells mediated.

Cellular adaptive immunity is mainly mediated by:

(a) B cells.
(b) T cells.
(¢) NK cells.
(d) Platelets.
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24. T cell populations and subpopulations include:

25.

(a) CD4 T cells and CDS8 T cells.
(b) Thl and Th2.

(c) Tregs.

(d) All the above.

T cell functions include:

(a) Cytotoxicity.

(b) Regulatory function.
(c) B cell help.

(d) All the above

13
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Chapter 2
Antibody and Antigen Interaction

Learning Objectives
By the end of this chapter the reader should be able to:

Understand what antigen and immunogen characteristics are.

Describe the basic structure of an antibody.

Understand the interaction between antigens and their antibodies.
Understand how to use the different methods of dilution that are com-
monly used in serology.

5. Understand the general safety rules for clinical laboratories.

= =

Before discussing in greater detail most of the main serological methods that are
being used in clinical immunology laboratories, it is necessary to briefly explain the
definitions of antigens, antibodies, and their interactions.

Antigens

Antigens are foreign molecules that can specifically bind to the B cell receptor
(BCR) on B cells or soluble antibodies. Antigens that are capable of inducing
immune responses are called immunogens [1, 2]. Therefore, not all antigens are
immunogens, but all immunogens are antigens. For an antigen to be immunogenic,
it must have a large molecular weight, chemical complexity, be foreign, and be pre-
sented on major histocompatibility complex (MHC) molecules [3].

© Springer International Publishing AG, part of Springer Nature 2018 15
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Antigen Foreignness

Foreignness is the first characteristic required for a compound to be immunogenic.
Therefore, the more foreign an antigen is, and the less self-antigen it is, the more
immunogenic it is [3].

Antigen Molecular Weight

A substance’s molecular weight plays an important role in determining the immu-
nogenicity of a compound. In short, compounds with larger molecular weight are
more likely to be immunogenic [3]. For instance, compounds smaller than 1,000 Da
are not immunogenic; however, compounds larger than 6,000 Da are usually immu-
nogenic [3].

Antigen Chemical Complexity

Antigen chemical complexity can determine not only whether an antigen is immu-
nogenic, but also the level of its immunogenicity [3]. For example, a compound of
60,000 Da in size consisting of homopolymer amino acid is not immunogenic
because it is not chemically complex [3]. Therefore, antigen immunogenicity
depends on the compound’s chemical complexity, regardless of its molecular
weight. Moreover, the more chemically complex compounds are, the more immu-
nogenic they are.

Antigen and MHC Molecules

Antigens can neither be recognized nor activate the T cells directly; therefore, anti-
gens must be processed by antigen-presenting cells (APCs) and express on their
surface MHC molecules. Subsequently, T cell receptors (TCR) recognize the anti-
gen specifically via their antigenic epitopes expressed on APC MHC molecules [4,
5]. Antigenic epitopes are the smallest part of an antigen, are recognized by the
immune system, and are capable of binding to antibodies and TCRs [6]. The degra-
dation of an antigen protein in nature depends on two key factors: the antigen stabil-
ity, and antigen susceptibility to degradation by enzymes used by APCs to process
the antigen [3]. For example, some peptides can be resistant to enzymic degradation
such as D-amino acid peptides; therefore, they are not immunogenic [3].
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Antibodies

Antibodies, also known as immunoglobulins, are proteins produced by B cells.
They are specific to certain molecules, and can circulate freely. Immunoglobulins
are available in two forms: either membrane-bound to the surface of B cells and
known as BCR, or in a secreted form. Plasma cells are the factory of antibodies and
are the final differentiated B cells that mainly reside in the bone marrow [3].

The basic structure of an immunoglobulin consists of two identical polypeptide
heavy chains (about 53,000 Da in size) and two identical polypeptide light chains
(about 22,000 Da in size) [3]. These polypeptide chains are linked together via sev-
eral disulfide bonds [7]. Antibodies can also be divided into two fragments, the Fab
(fragment antigen-binding) and the Fc (fragment crystallizable) fragments (Fig. 2.1)
[3, 7]. The Fab fragment consists of two identical antigen binding sites specific to
one antigenic epitope [3]. On the other hand, the Fc region of an antibody is respon-
sible for its biological function following the binding of an antigen to the Fab region
of that antibody [7].

The heavy chain of an antibody can then be divided into five classes: IgM, IgG,
IgA, IgE, and IgD.

Interaction of Antibodies and Antigens

An antibody is characterized by its specificity to target antigen. This fact serves as
the basis of many serological assays. Antibody—antigen-specific interaction is used
in vitro to identify various microorganisms (serotyping). The interaction between
an antibody and its multivalent antigen leads to one of three results: precipitation,
agglutination, and complement activation, all of which are discussed later in this
book [3]. However, if antigens or antibodies are univalent, none of the above-men-
tioned results would occur [3]. Therefore, for precipitation, agglutination or com-
plement activation to happen, the antigen in the reaction must be multivalent and the
antibody divalent.

Fig. 2.1 Structure of an ¢

antibody %
Heavy Chain
/ = Heavy Chain
0
wet o a Fc region

a0 et




18 2 Antibody and Antigen Interaction

The interaction between antigen and antibody is relatively weak and does not
involve any covalent bond [1]. The binding forces involved in the interaction
between antibodies and antigens are mainly electrostatic forces, van der Waals
forces, and hydrophobic forces [1]. Therefore, antibody—antigen reactions can be
easily dissociated by high salt concentration, extreme pH levels, or by chemotropic
ions [3]. The strength of the interaction between antibodies and antigens is called
affinity, whereas the overall binding energy is known as avidity [3]. Therefore, [gM
avidity is higher than IgG, even if both of them possess the same Fab affinity to their
target antigen, and this is mainly because IgM has more binding sites than IgG.

Dilutions

Dilution is an important process that is widely used in clinical and in research labo-
ratories. Therefore, it is critical to explain the most commonly used methods of
dilution that are particularly utilized with serological testing.

C]V] = CZVZ Method

This method is mainly used to prepare a diluted solution from a stock of known
concentration. Here, C, stands for the concentration of the stock solution, whereas
C, stands for the final concentration of the newly prepared solution. V;, on the othe
hand, is the required volume from the stock solution to prepare the new one, whereas
V, is the final volume of the new solution.

Dilution Factor Method

This type of dilution uses the following formula:

Dilution factor (DF) = final volume/stock volume.

The latter formula is utlized to dilute a solution without using the stock concen-
tration. This method expresses the solution as a ratio where the stock is a part of the
total parts. For instance, a DF of 20 means 1:20 dilution, in other words, one part of
stock and 19 parts of diluant results in a total of 20 parts. An additional example
includes preparing 1:300 dilution in a total volume of 600 pL, by using the above
formula:

DF (300) = final volume (600 pL)/stock volume

By rearranging the equation:

Stock volume = 600 pL/300 = 2 pL

This means that 2 pLL will be taken from the stock solution and transferred into
598 pL of diluent. However, if the final volume required is lower than the DF, or if
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the amount to be pipetted from the stock solution is too low, then more than one
dilution might be needed. The latter can be achieved by using the following
equation:

Final DF = DF, x DF, x DF; x DF, etc

For example, to prepare a dilution of 1:1,500 in a final volume of 400 pL step
dilutions is needed. Here, the dilution steps can start with 1:15 then 1:100, meaning
15 x 100 = 1,500. Using the above formula:

400 pL/stock volume = 15

By rearranging the equation:

Stock volume =400 pL/15 = 26.6 pL

This means to prepare 1:15 dilution, it must be in a volume of at least 26.6 pL. For
example, add 0.3 pL from the stock solution into 29.7 pL of diluent. Subsequently,
transfer 26.6 pL from the 1:100 prepared dilution into 373.4 pL of diluent (400-
26.6 pL) resulting in a final dilution of 1:1,500

Serial Dilution

This method is used to generate several dilutions, in which the diluted stock solution
prepared in the first step is used to prepare the next dilutions. Here, more than one
equation is required including:

1. Transfer volume = final volume/(DF — 1)
2. Diluent volume = final volume — transferred volume
3. Total volume = diluent volume + transfer volume

For example, to prepare six-point dilutions of 1:4 with 50 pL per tube, 50 pL of
the diluents will be needed, as the minimum volume for each step (volume needed
per tube) plus additional volume for estimated pipetting errors, for instance, 50 pL,
resulting in a desired diluent volume of 100 pL. Then the transfer volume and the
total volume must be calculated.

For the transfer volume:

100 pL/(4 — 1) =33.3 pL

For the total volume:

100 pL +33.3 pL =133.3 uL

The preparation steps are illustrated in Fig. 2.2.

General Safety Rules for Clinical Laboratories

Laboratory workers can be exposed to variety of hazards, including biological,
chemical, physical, fire, explosive, and electrical. Therefore, it is essential for all
personnel working in research, teaching or clinical laboratories to learn and apply
all safety precautions and rules to maintain a safe daily working environment.
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Transfer 33.3ul from Tubel to the next tube, mix, and
repeat, up to Tube6. Discard the last 33.3ul from Tube6.

Zr\z (=== Discard

Tubel Tube2 Tube3 Tube4d Tube5 Tubeb
Stock 1/16 1/64 1/256 1/1024

1 100pl 100pl 100l 100l 100l

Add diluent to each tube as indicated above the arrow

3 The final concentrations are written in green inside the tubes

Fig. 2.2 Example of serial dilution

Upon handling samples, laboratory workers should follow the standard precau-

tions, which may include:

1.

2.

Wearing gloves and changing them after handling samples that may contain high
concentrations of microorganisms.

Before touching non-contaminated items and surfaces, and before leaving the
laboratory, the gloves must be removed, followed by an immediate hand wash to
prevent contamination.

. A gown can protect skin and clothing, and must be removed if soiled followed

by an immediate hand wash to avoid the spread of any microorganisms.

. Procedures that may lead to blood sprays or splashes have to be performed with

a mask, eye protection goggles, and a face shield to avoid the contact of any
microorganisms with the mucous membrane of the eyes, nose, and mouth.

. The hospital must have adequate procedures for routinely cleaning and disinfect-

ing the surfaces (environmental control).

. Sharp instruments or devices must be handled with care to prevent injuries.

Therefore, never recap a needle, dispose syringes without removing the needle,
do not bend or break needles, and dispose of all sharp items in puncture-resistant
containers placed close to the area.

However, laboratory workers must be informed and well trained based on the

type of hazards available in their workplace and according to their safety depart-
ment’s instructions and rules to avoid any possible injuries.
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Study Questions

1. Immunogens are:

(a) Antigens.

(b) Not antigens.

(c) Self-molecules.
(d) None of the above.

2. Foreign molecules are usually:

(a) Immunogens.
(b) Tolerogen.
(c) Hapten.

(d) Carcinogen.

3. For an antigen to be immunogenic:

(a) It has to be large and non-complex.

(b) It has to be small and non-complex.

(c) It has to be large and complex.

(d) It has to resist enzymic degradation by APCs.

4. Immunoglobulins are:

(a) Produced by the plasma cells.
(b) Proteins.

(¢) Membranes bound or secreted.
(d) All the above.



22

2 Antibody and Antigen Interaction

The structure of an antibody consists of:

(a) Two light chains and two heavy chains with Fab and Fc regions.
(b) One light chain and two heavy chains with the Fab and Fc regions.
(c) Two light chains and one heavy chain with the Fab and Fc regions.
(d) Two light chains and two heavy chains with the Fab region only.

Interaction between a univalent antigen and its specific antibody can lead
to:

(a) Precipitation.

(b) Agglutination.

(c) Complement activation.
(d) None of the above.

. Antigen-antibody interaction is:

(a) Strong.

(b) Weak.

(c) Requires covalent bonding.

(d) Does not involve electrostatic forces.

. Dilution in clinical laboratories can be prepared by using:

(a) The C,V, = C,V, method.
(b) Serial dilution.

(c) The dilution factor method.
(d) Any of the above methods.
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Chapter 3
Precipitation and Agglutination Reactions

Learning Objectives
By the end of this chapter the reader should be able to:

Understand the principle of precipitation.

Describe the different types of precipitation.

List several examples of the application of each precipitation technique.
State the principle of agglutination.

Explain the different types of agglutination and list the different tests that
apply their principles.

List the advantages and disadvantages associated with agglutination.
Differentiate between agglutination and precipitation.

Describe the principle and types of hemagglutination.

List different tests that use the hemagglutination principle.

@ g e o =

O 0 =3

Most of the serological testing requires the interaction between antibodies and
antigens to form visible antibody—antigen complexes. Several methods in clinical
serology can detect antigen—antibody reactions, including:

Precipitation.

Agglutination.

Hemagglutination and hemagglutination inhibition.

Viral neutralization.

Radio-immunoassays.

Enzyme immunoassay and enzyme-linked immunosorbent assays.
Immunofluorescence.

Immunoblotting.

Immunochromatography.

e o
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Precipitation Technique

Principle

The precipitation technique requires the formation of a visible lattice that results
from the combination of soluble antigen to its soluble antibody [1-3]. It is usually
works best when antigens and antibodies are at optimal proportions (equivalence)
(Fig. 3.1) [2, 3].

The precipitation technique includes ring precipitation and gel diffusion pre-
cipitation tests.

Ring Precipitation Test
The ring precipitation test is usually performed in a tube, and requires the formation

of antigen-—antibody precipitate between two fluids as a ring of precipitate that is
layered on the surface of the antibody (Fig. 3.2) [1, 2].

< hees u
i weg B3

Equivalence zone Postzone

Prozone

No precipitation occurs due
to the presence of excess
antigens (forming soluble
immune complexes).

No precipitation occurs due
to the presence of excess
antibodies (forming soluble
immune complexes).

Precipitation occurs due to the
presence of an optimal ratio of
antibodies and antigens (forming
insoluble immune complexes).

Fig. 3.1 The influence of the ratio of antigen—antibodies on the formation of precipitation
reaction
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Fig. 3.2 The principle of
ring precipitation reaction

Antigens

Precipitate

Antibodies

Application

A ring precipitation test is used for grouping streptococci and for determining
unknown proteins.

Gel Diffusion Precipitation Test

In gel diffusion precipitation tests, antibodies and antigens diffuse together in agar
medium forming a line of precipitate [2]. This test is available in two principles,
single diffusion and double diffusion [2].

Single Diffusion

In single diffusion, the antibodies are spread homogeneously in agar medium and
the antigens diffuse within the agar [2]. Here, the gel agar contains diluted antibod-
ies specific to certain antigens [2]. A ring of precipitate forms upon the addition of
the antigens into the well, which is a cut in the agar [2]. The ring forms at the
equivalent point between the antibodies and the antigens [2]. The diameter of the
ring depends on the antigen concentration; thus, the higher antigen concentration,
the greater the diameter of the ring [2]. This test can provide the concentration of
antigens that is of interest in a patient’s serum sample (Fig. 3.3).



26 3 Precipitation and Agglutination Reactions

Sampling well where the sample that might contain the

antigen of interest is applied.
|

<— Agar that
contains
anti-sera

against the
antigen of
interest.

|
Precipitation ring where antigen in the sample react
with their specific antibodies in the agar, forming a ring.

Fig. 3.3 Single-diffusion assays
Application

Single-diffusion assays, which are also called immunodiffusion assays, can be used
to determine the concentration of immunoglobulins, complement components, and
other serum proteins.

Double Diffusion

In double diffusion assays, antibodies and antigens are applied into two different
wells in an agar medium and allowed to diffuse toward each other, forming a thin
line of precipitate that meets at their equivalent point [2]. The concentration depends
on the position of the line and the diffusion co-efficient of both the antibodies and
the antigens (Fig. 3.4).

Application
This test is used to diagnose several fungal, viral and bacterial infections. In addi-

tion, it can be used to diagnose autoimmune diseases and to recognize
Corynebacterium diphtheriae-produced toxins.

Agglutination

Principle

Agglutination is the development of antigen—antibody complexes in the form of
particle clumps (agglutinates) due to the interaction between the insoluble form of
antigens (i.e., antigen associated with latex particles) and its soluble and specific
antibodies (Fig. 3.5) [1, 2].
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Antigen well

line of precipitate where
antigens meet with anti-
bodies at their equivalent

Antibody well

Fig. 3.4 Double-diffusion assay
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Antigens specific for the antibody

of interest coating insoluble
particle such as polystyrene Patient serum that could contain

{} 17+ jﬁ/ %“i .

Patient serum that could
contain the antigen of interest

Antibodies specific for the antigen of
interest coating insoluble particle such
as polystyrene
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Fig. 3.5 The principle of a positive agglutination test

Agglutination is a semi-quantitative, sensitive, easy, and quick method. The
agglutination reaction stage, which is also called the secondary phase, relies on the
antigen’s physical state, the concentration, the avidity of both antigens and antibod-
ies, and the environment of the reaction (such as pH and protein concentration) [2].

The agglutination reaction can be direct or indirect.
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Table 3.1 The advantages and limitations associated with the agglutination test

Advantages of

agglutination test Limitations associated with agglutination test
1. Easy and quick. 1. Semi-quantitative test.
2. Sensitive. 2. Agglutination can be inhibited owing to the presence of an

extremely excessive number of antibodies (prozone).

Table 3.2 The major Agglutination | Precipitation
differences between

agglutination and
precipitation techniques

Antigen Insoluble Soluble

Sensitivity | More sensitive | Less sensitive

Application

The agglutination test is used widely, for example, in detecting streptococci group
B toxins, rheumatoid arthritis, and C-reactive proteins.

Direct Agglutination

In the direct agglutination test, the pathogen itself is used to detect specific anti-
bodies against that pathogen [2]. The reaction between the patient-specific antibod-
ies in the sera and the surface of the pathogen leads to the formation of visible
clumps (agglutination) [2].

Indirect Agglutination

In the indirect agglutination technique, antigens or antibodies usually coat the
surface of the latex or any other form of particles to detect the presence of specific
antibodies or antigens of interest in the patient sera [2].

Table 3.1 illustrates the advantages and limitations of the agglutination test,
whereas Table 3.2 shows the major differences between the agglutination and pre-
cipitation methods.

Hemagglutination

Principle

The hemagglutination test can be direct (viral hemagglutination) or indirect [1,
2,4].
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Viruses bind to more than one RBC,
forming agglutination

RBCs coated with Antibodies in patient
antigen of interest serum specific for the
RBCs coating antigens

Antibodies bind to antigens on
the surface of the RBCs,
forming agglutination

Fig. 3.6 The principle of the (a) direct and (b) indirect hemagglutination test

Direct Hemagglutination

Direct hemagglutination tests use the ability of some viruses to bind to red blood
cells (RBCs), resulting in agglutination [1, 2]., such as the influenza virus, which
can bind to fowl RBCs (Fig. 3.6a) [4].

Indirect Hemagglutination

Indirect hemagglutination requires the coating of the surface of the RBCs with the

antigens of interest to detect their specific antibodies in patient serum (Fig. 3.6b) [1,
5, 6].

Application

Blood grouping, virus identification and in the detection of certain diseases.
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Study Questions

1. In the ring precipitation test, antigen interaction with antibodies occurs at:

(a) The top layer of the reaction tube.

(b) The middle layer of the reaction tube.
(c) The bottom layer of the reaction tube.
(d) None of the above.

2. Gel diffusion can be:

(a) Single.
(b) Double.
(c) Ring.
(d) aandb.

3. In the direct agglutination test:

(a) Pathogen and patient antibodies form a clump.

(b) Latex coated particles detect the antibodies or the antigens in patient serum.
(c) RBCs are used to form agglutination.

(d) All the above.

4. Indirect hemagglutination uses:

(a) Viruses as a binding agent.

(b) Coated RBCs with targeted antigens.

(c) Latex particles coated with targeted antigens.
(d) Charcoal particles.
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Chapter 4
Rapid Plasma Reagin (RPR) Test

Learning Objectives
By the end of this chapter the reader should be able to:

Identify RPR test applications, advantages, and limitations.
Describe RPR test principle.

List the reagents required for the RPR test.

List the general steps performed in the RPR test.

Differentiate between positive and negative RPR results.
Describe the major difference between the RPR and VDRL tests.

o G gt I =

Syphilis is a sexually transmitted disease that also has the ability to pass from
mother to fetus [1]. Syphilis is caused by bacteria called Treponema pallidum [2].
The infection has been reported to be asymptomatic in most patients [1]; therefore,
serological testing is essential to screen for syphilis. Untreated syphilis infection
can lead to severe complications in patients and pregnant mothers [1]. Syphilis can
be detected using a non-treponemal test (non-specific screening test such as the
rapid plasma reagin, RPR, test), or via a treponemal test (a specific test such as
Treponema pallidum hemagglutination (TPHA)) test [3].

The RPR test is used in clinical laboratories as a quick, screening, macro-
scopic, non-treponemal test for syphilis [1, 4]. RPR is a non-treponemal test
because it detects antibodies that are not specific to 7. pallidum, but are released
against phospholipid antigens such as a cardiolipin (cell membrane component),
which is called reagin [1]. As anti-cardiolipins can be released in a variety of
diseases associated with tissue damage, the RPR test is non-specific, non-trepo-
nemal test. Positive RPR or Venereal Disease Research Laboratory (VDRL)
test results must be confirmed by a treponemal test such as TPHA, which uses
specific T. pallidum antigens [1, 4].
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Rapid Plasma Reagin (RPR) Test

Principle

Rapid plasma reagin contains the same antigen suspension that is used by the VDRL
test, another non-treponemal test used to screen for syphilis. VDRL antigen suspen-
sion contains cardiolipin [5]; however, in RPR the VDRL antigen suspension is
modified with choline chloride to provide more stability [3, 4]. The cardiolipin is
coated with charcoal particles to read the results without the need for a light micro-
scope, unlike the results obtained from the VDRL test (Table 4.1) [3, 5]. The RPR
test principle is explained in detail in Fig. 4.1.

RPR Test Reagents

1. Positive and negative controls.
2. Charcoal particles sensitized with cardiolipin.

Table 4.1 The major differences between the rapid plasma regain (RPR) and venereal disease
research laboratory (VDRL) tests

RPR VDRL
Specimen Serum/plasma Serum/plasma
Sensitivity More sensitive than VDRL Less sensitive than RPR
Instruments required A rotator A light microscope

Cardiolipin coating the charcoal

particle Patient serum that could contain
¢ IgM and IgG against
Cardiolipin reagin \
\
Particle

R
3 5y

Agglutination

Charcoal
Particle

=5

Charcoal
Particle

Fig. 4.1 Rapid plasma reagin test principle
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Fig. 4.2 Rapid plasma
reagin test results

Negative Positive

RPR Test Steps

(O8]

. Add the patient’s serum, positive and negative controls independently to the

appropriate circles of the test card.

. Add one drop from the charcoal reagent to each circle and mix [4].
. Incubate for 8 min on a rotator (100 rpm).
. Read the results macroscopically (Fig. 4.2).

Note: these are the general steps followed in the RPR test, but always follow the

quantities and instructions provided by the manufacturer.

The RPR and VDRL tests can give false-positive results. The most common

conditions that may be associated with false-positive results include malaria, tuber-
culosis, viral fever, trypanosomiasis, leprosy, drug addiction, pregnancy, connective
tissue diseases, and aging, and can all be a cause of cross-reactivity [1].
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Study Questions

1. Syphilis is transmitted:

(a) Sexually.

(b) Via contaminated food.
(c) Viadroplet contact.

(d) By the fecal-oral route.

2. Syphilis is caused by:

(a) A virus called Treponema pallidum.
(b) Bacteria called Treponema pallidum.
(c) A fungus called Treponema pallidum.
(d) A parasite called Treponema pallidum.

3. The serological screening testing for syphilis is:

(a) Rapid plasma reagin (RPR).

(b) Treponema pallidum hemagglutination (TPHA).
(c) Enzyme-linked immunosorbent assay (ELISA).
(d) Polymer chain reaction.

4. RPR is a non-treponemal test because:

(a) RPR detects antibodies specific for Treponema pallidum.
(b) RPR detects antibodies against phospholipid antigens.
(c) RPR detects Treponema pallidum antigens directly.

(d) None of the above.

5. RPR and VDRL antigen suspension contains:

(a) Cardiolipin.

(b) Treponema pallidum
(c) Choline chloride.
(d) Charcoal.

6. RPR antigen suspension contains:

(a) Cardiolipin.

(b) Choline chloride.
(¢) Charcoal.

(d) All the above.

7. VDRL results require:

(a) A light microscope.
(b) Software for analysis.
(¢) An incubator.

(d) A fridge.
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Chapter 5
Treponema pallidum Hemagglutination

(TPHA) Test

Learning Objectives
By the end of this chapter the reader should be able to:

1. Discuss the pathogenesis of syphilis.

2. Identify the Treponema pallidum hemagglutination (TPHA) test
application.

3. Describe the TPHA test principle.

4. List the reagents required for the TPHA test.

5. List the general steps performed during the TPHA test.

6. Differentiate between positive and negative TPHA results.

7. Identify the TPHA test titer.

Syphilis is a sexually transmitted chronic infection that is caused by bacteria called
Treponema pallidum [1]. Infection with T pallidum progress through several stages.
During the primary chancre, 7. pallidum leads to an ulcer at the site of inoculation
after an incubation of 21 days following exposure [1]. During this stage, anti-trepo-
nemal IgM and IgG antibodies can be detected 3 days following ulcer onset [2].
After approximately 6—8 weeks, the ulcer will resolve spontaneously (secondary
stage) [1]. During the secondary stage, the infection spreads into any organ via the
blood [1]. During this stage, IgG-specific antibodies increase disproportionately
with a weak IgM antibody response [1]. Studies have confirmed that effective treat-
ment at the primary and secondary stages during the infection is associated with
decreasing to undetectable levels of IgM antibodies [3—5]. However, IgG antibodies
can be circulating for years after treatment. Tertiary infection can occur several
years later, affecting several tissues such as skin, bones or the central nervous and
cardiovascular systems [1]. Positive rapid plasma reagin (RPR) or Venereal Disease
Research Laboratory (VDRL) results must be confirmed using a treponemal test
such as Treponema pallidum hemagglutination (TPHA), which uses specific T. pal-
lidum antigens.
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Avine RBCs coated with
T. pallidum antigens
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Fig. 5.1 The Treponema pallidum hemagglutination (TPHA) test principle

Treponema Pallidum Hemagglutination (TPHA) Test

Principle

A TPHA test is an indirect hemagglutination assay that uses 7. pallidum sensitizing
avian red blood cells (RBCs), which agglutinate with IgG and IgM antibodies in the
patient’s serum or plasma (Fig. 5.1) [6, 7]. TPHA can provide semi-quantitative or
quantitative results.

Reagents That Must Be Provided in the Kit

TPHA test cells: avian RBCs coated with T. pallidum antigens [6, 7].

. TPHA control cells: non-sensitized preserved avian RBCs used to detect a non-
specific reaction [6, 7].

TPHA sample diluent.

4. TPHA positive and negative controls: human defibrinated plasma.

N =

O8]

TPHA Test Steps

All the steps below may vary according to the manufacturer [6, 7].
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1. Samples, controls, and reagents must reach room temperature before starting.
2. Put 100 pL of diluent in well 1 and 25 pL diluent in well 2 to well 10.
3. Add 25 pL of serum sample, positive and negative controls to well 1A, 1B, and
1C respectively. Mix and transfer 25 pL to well 2 to well 10 and discard the last
25 pL from well 10.
4. Add 75 pL of control cells to well 2.

W

. Add 75 pL of test cells to well 3 to well 10.

6. Shake the plate and incubate for 45-60 min before reading the results.

Figure 5.2 illustrates the TPHA steps.

Results Interpretation

Positive results aggregate at the bottom of the well as a small mat (Fig. 5.3); the size
of the mat indicates the strength of the positivity.
The cells for negative results are set at the bottom of the well (Fig. 5.3).

4 75ul control cells
1 2 3 4 5 6 7 8 10 11 12
2500 2 A 100p! 25ul 25pl 25pl1 25ul 25pl 25pl 25ul 25ul 25pl
sam:le 1 diluent | |diluent | diluent diluent | diluent diluent diluent diluent | diluent diluent
250 2 B| 100u 25u1 25p1 25p1 25p1 25p1 25p1 25p1 25p1 25p1
Positive gomml 1 diluent | |diluent diluent diluent diluent diluent diluent diluent diluent diluent
s 2 C| 1o0u 25p1 25u1 25p1 25p1 25u1 25p1 25u1 25pl 25p1
Negati (y diluent | diluent | diluent | diluent | diluent diluent | diluent | diluent | diluent diluent
egative Control 1 ent.
D
5 75ul test|cells to all the wells from 3 to 10
E
F
G
L | 9 1 2 9

3 Transfer 254 to next well

L | 2 1 M 2 % 4 2 4 2 0
J \J \J S I I S ) discardthelast 250

Fig. 5.2 The TPHA test steps. The numbers in blue indicate the sequence of the steps

Fig. 5.3 The TPHA test

results

Positive

Negative
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Titer: 1/80 1/160 1/320 1/640 1/1280 1/2560 1/5120 1/10240 1/20480 1/40960

Patient titer is: 1/2560

Fig. 5.4 The TPHA test results interpretation clarifying example

A non-specific reaction gives positive results with both control cells and test

cells. A clarifying example is illustrated in Fig. 5.4.
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Study Questions

1. Anti-treponemal IgM and IgG appears during:

(a) Primary stage of infection.
(b) Secondary stage of infection.
(c) Tertiary stage of infection.
(d) None of the above.
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2. T. pallidum infection spreads through blood to any organs during:

(a) The primary stage of infection.

(b) The secondary stage of infection.
(c) The tertiary stage of infection.

(d) All the above.

3. Anti-treponemal IgG remains in the patient circulation:

(a) For several years after treatment.
(b) For several days after treatment.

(c) During the infection only.

(d) For weeks after the infection.

4. T. pallidum infection affects the body organs such as bones and skin
during:

(a) The primary stage of infection.
(b) The secondary stage of infection.
(c) The tertiary stage of infection.
(d) All the above.

5. The TPHA test is performed:

(a) For all patients suspected of having syphilis.

(b) For patients with positive RPR or VDRL test results.
(c) To confirm HIV infection.

(d) To test for Brucella.

6. The TPHA test is:

(a) An indirect hemagglutination test.
(b) A latex agglutination test.

(c) An ELISA-based assay.

(d) Molecular assay.

7. The TPHA test uses:

(a) RBCs coated with T. pallidum antigens.

(b) Latex particles coated with 7. pallidum antigens.
(c) Charcoal particles coated with 7. pallidum antigens.
(d) None of the above.

8. Positive TPHA results:

(a) Form clumps at the bottom of the well.

(b) Form latex agglutination on the reaction card.
(¢) Form a small mat at the bottom of the well.
(d) Are set at the bottom of the well.
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Chapter 6
Stained Brucella Suspensions

Learning Objectives
By the end of this chapter the reader should be able to:

1. Discuss the pathogenesis of brucellosis caused by the major pathogenic
Brucella species to humans.

Describe the two main tests used for Brucella detection.

Describe the slide agglutination and SAT test principles.

List the reagents required for both slide agglutination and SAT tests.

List the general steps performed during both slide agglutination and SAT
tests.

Differentiate between positive and negative slide agglutination and SAT
test results.

7. Identify a SAT test titer.

@n g e o

a

Brucella is a facultative, intracellular, Gram-negative bacterium. The main four spe-
cies that can lead to zoonotic brucellosis in several animal species and humans are
B. melitensis, B. suis, B. abortus, and B. canis [1]. However, the most pathogenic
species to humans are B. melitensis, B. suis, and B. abortus, while infection with B.
canis is rare [2]. Brucella species are transmitted to humans via the consumption of
unpasteurized contaminated milk, cheese, inhalation of infected aerosols, or via the
contact with infected animals or their tissues [2]. Brucellosis is associated with
common symptoms such as fever, asthenia, myalgia, arthralgia, sweats, lymphade-
nopathy, hepatomegaly, and splenomegaly [2]. In addition, brucellosis can cause
osteoarticular manifestations that are common with the localized form of the dis-
ease, and in a few cases, can lead to neurobrucellosis, especially with B. melitensis
[2—4]. Moreover, brucellosis can infect the liver in about 5-57% of the cases [5].
The main target cells for Brucella are macrophages and non-phagocytic epithelial
cells [6]. Brucella is an intracellular bacterium that survives in their target cells,
mainly via one of their virulent factors such as LPS (lipopolysaccharide) [7]. Cell-
mediated immunity is the major protector against Brucella [7]. However,
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antibody-mediated immunity can provide partial protection, and can be used as a
serological tool for the diagnoses of brucellosis [7].

Patients who have suspected brucellosis based on their clinical symptoms and
their epidemiological link, or who had consumed contaminated dairy products,
should undertake laboratory testing to confirm their cases [8].

The Most Pathogenic Brucella Species to Humans

Brucella abortus

The main host of B. abortus is cattle [1]. Therefore, infection can be transmitted to
humans via any of the methods described above. In humans, symptoms of brucel-
losis caused by B. abortus can range from asymptomatic to a disease associated
with flu-like symptoms [9]. Brucellosis caused by B. abortus is usually called
undulant fever because of the unregulated/intermittent episodes of fever associated
with the disease [9]. On the other hand, brucellosis caused by B. abortus in cattle
leads to abortions and stillbirth [9].

Brucella melitensis

Brucella melitensis infects mainly sheep and goats, but they have the ability to
infect a wide range of species in close contact such as cattle, camels, dogs, horses,
and pigs [10]. Brucellosis caused by B. melitensis is called Malta fever or
Mediterranean fever because it is very commonly spread in these areas [10]. In
addition, it can be found in the Middle East and many other countries. B. melitensis
can be transmitted to humans by contact or consumption of contaminated diary
product [10].

In animals, B. melitensis can pass through placenta, leading to the birth of weak
offspring, or result in abortion [10]. In humans, it can range from being asymptom-
atic to flu-like symptoms, or it could be associated with several complications such
as arthritis and neurological signs [10]. In general, the symptoms are much more
similar to those associated with B. abortus.

Brucella suis

Brucella suis mainly infects pigs [11]; infection with B. abortus or B. melitensis is
rarely seen in pigs. Pigs with brucellosis suffer from abortion or stillbirth [11]. In
humans, the symptoms are similar to those seen in B. abortus and B. melitensis
infections [11].
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Brucellosis Incubation Period

The incubation period for brucellosis is variable; however, it usually ranges from
2 weeks to 2 months or longer [12].

Serological Tests to Detect Brucellosis

The most commonly used and recommended tests by the CDC (Centers for Disease
Control and Prevention) to confirm Brucella infection are:

1. The serum agglutination test, tube (SAT), or the modified version of the test,
the Brucella microagglutination test.
2. Slide agglutination test.

Slide Agglutination Test

Principle

Antibodies specific to Brucella produced during brucellosis infection can be
detected in a patient’s serum through their agglutination with concentrated stained
Brucella reagent (Fig. 6.1) [13].

Concentrated Brucella bacteria
reagent

4, L4
Brucellg,  cained

oy
.

Brucellg,
Patient serum that )\

could contain IgM and IgG
against Brucella

4_7

Agglutination

Fig. 6.1 Slide agglutination test principle
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Reagents

The kit must provide:

1. Concentrated Brucella suspended in a buffered diluent and stained (depend on
the manufacturer).

2. Positive control: diluted serum-containing antibodies to Brucella antigen

(depending on the manufacturer).

Negative control: diluted serum non-reactive for Brucella antigens.

4. Six-well white slide.

W

Steps

The steps below may vary depending on the manufacturer’s instructions [13].

1. Forty microliters of a patient’s serum sample, positive and negative controls
(may be provided as a dropper) to be placed on the appropriate circle of the six-
well white slide.

2. After mixing the Brucella reagent, use the dropper provided and add one drop of

the reagent to each sample, and for positive and negative controls.

Mix using a mixing stick.

Incubate for 4 min at room temperature on a rotator.

5. Look for agglutination under bright light.

> w

Serum Agglutination Test, Tube (SAT)

The tube SAT is also called stained Brucella suspension. Tube SAT has an advan-
tage over the slide agglutination test, which provides rapid, sensitive, and qualitative
results. It is that tube SAT can detect the quantity of antibodies against B. abortus
and B. melitensis in patient serum [14].

Principle

Serially diluted patient serum is mixed with bacterial suspension in a tube [14]. In
the presence of sufficient antibodies, a visible agglutination occurs (Fig. 6.2).

Reagents

The kit must provide [14]:
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Fig. 6.2 Serum agglutination test principle

. Stained Brucella suspensions, which consist of two-dropper bottles one for B.
abortus and the second for B. melitensis (note: the suspension consists of killed
stained bacteria).

Negative and positive controls (can be purchased separately).

. Saline for dilution.

SAT Test Steps

(O8]

. Serially dilute the patient serum with the diluent provided in the kit or by using
saline (Fig. 6.3), according to the manufacturer’s instructions [14]. However, the
general steps are the ones listed here.

. Add one drop of Brucella suspension to each tube (tube 1 to tube 9).

. After mixing, incubate in a water bath at 37 °C for 24 h.

. Read the results.

Note: tubes should not be stacked after incubation.

Results Interpretation

Positive samples and positive controls should provide granular agglutination. Negative
samples and negative controls should show no change in the suspension appearance.

Positive controls should give agglutination and negative control suspension

should be unchanged; otherwise, the test is invalid.




Transfer 1ml from Tubel to the next tube, mix, and repeat, up to Tube7.
Discard the last 1ml from Tube7 and do not transfer to Tube 8 or 9.

3 r\3r\3r\3r\ Discard

Tubel Tube2 Tube3 Tubed Tube5 Tube6| |[Tube7| |[Tube8| |Tube9
1/20 1/40 1/80 1/160 1/320 1/640 1/128

1.9ml im 1ml 1.9ml
Add diluent to each tube as indicated above the arrow

Add 0.1ml patient serum to the first tube only, and 0.1ml positive control using known
positive sample to Tube 9, and mix.

E The final concentrations are written in green inside the tubes

Fig. 6.3 Serum agglutination test dilution steps

Tubel Tube2 Tube3 Tubed Tube5 Tubeb Tube?7

U U

1/20 1/40 1/80 1/160 1/320 1/640 1/1280

The titer is the last tube showing agglutination, therefore, the titer in
this example is 1/160

Fig. 6.4 Serum agglutination test results interpretation example

Most healthy individuals are found to show agglutination; therefore, a titer less
than 1/80 is considered insignificant [14].

Results Example

See Fig. 6.4 for the example of positive results interpretation.
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Study Questions

1. Brucella is:
(a) An intracellular Gram-positive bacterium.
(b) An intracellular Gram-negative bacterium.
(c) An extracellular Gram-positive bacterium.
(d) An intracellular virus.

2. Brucella is transmitted via:
(a) Sexual contact.
(b) Fecal-oral route.
(c) Consumption of contaminated milk.
(d) None of the above.

3. The main target cells for Brucella are:

(a) B cells.

(b) T cells.

(c) Neutrophils.
(d) Macrophages.
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6 Stained Brucella Suspensions

. Brucella virulent factor is:

(a) LPS.

(b) Cytolysin.
(c) Protease.
(d) Exotoxin.

. The major protector against Brucella is:

(a) Cell-mediated immunity.
(b) Humoral-mediated immunity.
(c) Passive immunity.

(d) None of the above.

. Brucellosis caused by B. abortus is called:

(a) Undulant fever.
(b) Malta fever.
(¢) Mediterranean.
(d) Yellow fever.

. Brucellosis caused by B. melitensis is called:

(a) Undulant fever.
(b) Malta fever.

(c) Yellow fever.

(d) None of the above.

. The slide agglutination test used to detect Brucella is:

(a) Latex agglutination.

(b) Bacteria particle agglutination.
(¢) ELISA-based.

(d) Hemagglutination.

. Serum agglutination test (SAT) that detects Brucella is:

(a) Quantitative.
(b) Qualitative.

(c) Non-specific.
(d) All the above.

SAT results less than 1/80 titer are considered:

(a) Non-significant.
(b) Significant.

(c) Specific.

(d) None of the above.
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Chapter 7
Rheumatoid Factor (RF)

Learning Objectives
By the end of this chapter the reader should be able to:

Discuss the pathogenesis of rheumatoid arthritis.

Describe the rheumatoid factor (RF) latex agglutination test principle.
List the reagents required for the RF latex agglutination test.

List the general steps performed during the RF latex agglutination test.
Differentiate between positive and negative RF latex agglutination test
results.
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Autoimmune disorders occur because of the inability of the immune system to
discriminate between self-antigens and non-self-antigens. Therefore, the immune
system starts to attack self-antigens such as joints. Rheumatoid arthritis (RA) is
one of the most widely spread chronic autoimmune disorders [1]. In RA, the
synovium, the thin membrane, is a few cells thick and surrounds the joints and the
tendon sheaths, undergoes chronic inflammation owing to the chronic infiltration
of the inflammatory cells to the area [1]. The key player cells involved in RA are T
cells, in particular Th17, macrophages, and B cells [1]. B cells produce specific
autoantibodies, which play a critical role in the pathogenesis of the disease [2]. For
example, the rheumatoid factor (RF) consists of autoantibodies that are produced
by the B cells during RA and can interact with the Fc region of the self-IgG
antibodies [2]. Therefore, RF has been used as a biomarker for RA. Recently, an
additional autoantibody has been identified to be associated with RA, called anti-
citrullinated protein antibody (ACPA), but it is not as common as RF in clinical
laboratories [3-7].

Currently, the most common test used in clinical laboratories to detect RF is latex
agglutination [8]. However, the latex agglutination test does not provide high sensi-
tivity and does not differentiate between the various classes of RF (IgA, IgG or
IgM), which can be detected by ELISA [8]. Nevertheless, in this chapter, the RF
latex agglutination test is discussed and ELISA is explained elsewhere.
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Fig. 7.1 The principle of the rheumatoid factor latex agglutination test

RF Latex Agglutination Test

Principle

The RF latex agglutination test is a qualitative and semi-quantitative test for detect-
ing RF. Here, human gamma globulin coats latex particles. The mixing of these
latex particles with patient serum that contains RF results in visual agglutination
(Fig. 7.1).

The Application of the RF Latex Agglutination Test

The RF latex agglutination test is used to detect RA in patients. However, RF can
also be detected in other diseases, and in healthy people. Therefore, it is always
recommended to measure other antibodies together with RF to improve the diag-
nostic accuracy. Nevertheless, RF can be used to monitor RA patients after being
diagnosed, to aid in their therapy [9].

Reagents and Materials Used

1. Latex reagent: latex particles coated with human gamma globulin.
2. Positive control: serum-containing RF.

3. Negative control: animal serum.

4. Slide test.
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Fig. 7.2 Positive and
negative results of the
rheumatoid factor latex
agglutination test

7/

Positive Negative

RF Latex Agglutination Test Steps

1. All reagents, samples, and controls must reach room temperature.

2. Add one drop or 20-50 pl (depending on the manufacturer's instructions) to the
appropriate circles on the test slide.

3. Mix the latex reagent gently before using and add one drop or as specified by the
manufacturer to each sample to be tested.

4. Mix the drops.

Incubate the slide test for 2 min on a rotator at room temperature.

6. Read the results.

9]

Results Interpretation

Patient serum containing RF and positive controls should develop agglutination
with the latex particles.

On the other hand, negative control and serum with no RF do not form agglutina-
tion with latex particles (Fig. 7.2).

RF Latex Agglutination Test Limitations

1. Not all serum obtained from a patient with RA contains RF.
2. RF can be detected with other diseases and infections such as mononucleosis.

References

1. Isaacs JD. The changing face of rheumatoid arthritis: sustained remission for all? Nat Rev
Immunol. 2010;10(8):605-11.

2. Burska AN, Hunt L, Boissinot M, Strollo R, Ryan BJ, Vital E, et al. Autoantibodies to post-
translational modifications in rheumatoid arthritis. Mediat Inflamm. 2014;2014:492873.

3. Nissim A, Winyard PG, Corrigall V, Fatah R, Perrett D, Panayi G, et al. Generation of neoanti-
genic epitopes after posttranslational modification of type II collagen by factors present within
the inflamed joint. Arthritis Rheum. 2005;52(12):3829-38.



7 Rheumatoid Factor (RF)

. Marcinkiewicz J, Biedron R, Maresz K, Kwasny-Krochin B, Bobek M, Kontny E, et al.
Oxidative modification of type II collagen differentially affects its arthritogenic and tolerogenic
capacity in experimental arthritis. Arch Immunol Ther Exp. 2004;52(4):284-91.

. Anderton SM. Post-translational modifications of self antigens: implications for autoimmunity.
Curr Opin Immunol. 2004;16(6):753-8.

. Shi J, Knevel R, Suwannalai P, van der Linden MP, Janssen GM, van Veelen PA, et al.
Autoantibodies recognizing carbamylated proteins are present in sera of patients with rheuma-
toid arthritis and predict joint damage. Proc Natl Acad Sci U S A. 2011;108(42):17372-17.

. Eggleton P, Nissim A, Ryan BJ, Whiteman M, Winyard PG. Detection and isolation of human
serum autoantibodies that recognize oxidatively modified autoantigens. Free Radic Biol Med.
2013;57:79-91.

. Abnova. Rheumatoid Factoer IgG ELISA kit. Available from: http://www.abnova.com/proto-
col_pdf/KA1288.pdf. Accessed 6 Sept 2017.

. Ingegnoli F, Castelli R, Gualtierotti R. Rheumatoid factors: clinical applications. Dis Markers.
2013;35(6):727-34.

Study Questions

. Rheumatoid arthritis is:

(a) Acute autoimmune disease.

(b) Chronic autoimmune disease.
(c) Chronic allergic disease.

(d) Viral infection.

. The key player cells involved in rheumatoid arthritis pathogenesis are:

(a) Th17 cells.
(b) B cells.

(c) Macrophages.
(d) All the above.

. Rheumatoid factor is:

(a) An enzyme produced in rheumatoid arthritis.

(b) A cytokine produced in rheumatoid arthritis.

(c) An Autoantibody produced in rheumatoid arthritis.
(d) None of the above.

. Rheumatoid factor is an autoantibody against:

(a) DNA.

(b) Lipids in the cell membrane.
(¢) Red blood cells.

(d) Fc region of IgG antibodies.

. Rheumatoid factor is detected in clinical laboratories by:

(a) PCR.
(b) The latex agglutination test.
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(c) Hemagglutination.
(d) Radial immunodiffusion.

6. In the rheumatoid factor latex agglutination test, the latex particles are
coated with:

(a) Gamma globulin.
(b) Toxin.

(c) Bacterial antigen.
(d) All the above.

7. All the following statements about the rheumatoid factor latex agglutina-
tion test are false, except:

(a) Rheumatoid factor can be detected only in rheumatoid arthritis patients.
(b) Rheumatoid factor can be detected in all rheumatoid arthritis patients.
(c) Rheumatoid factor is used to monitor rheumatoid arthritis patients.
(d) All the above.



Chapter 8
Suspension Anti-Streptolysin-O (ASO/
ASL) Test
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Learning Objectives
By the end of this chapter the reader should be able to:

Discuss the pathogenesis of group A streptococcus (GAS).
Describe the ASO/ASL test principle.

List the reagents required for the ASO/ASL test.

List the general steps performed during the ASO/ASL test.
Differentiate between positive and negative ASO/ASL test results.
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Group A streptococcus (GAS) is a Gram-positive bacterium that is also known as
Streptococcus pyogenes [1]. Several diseases with various clinical manifestations
can be caused by GAS, such as acute glomerulonephritis and rheumatic fever
[1-3]. GAS infection can range from mild pharyngitis and impetigo to severe post-
streptococcal sequelae [4]. The host immune system response to GAS infection is
complex and relies mainly on neutrophils, macrophages, and dendritic cells [5-8].
The activation and role of these cells depend mainly on their pattern recognition
receptors (PRRs) interaction with pathogen-associated molecular patterns (PAMPs)
derived from GAS [4]. The pathogenesis of GAS depends on the production of cell
surface virulence factors and on the secretion of several virulence factors [9].
Molecules that are produced by GAS and facilitate their adhesion to the host cells
and molecules that can interfere with host immunity are considered cell-surface
virulence factors, whereas secreted virulence factors include super-antigens such
as streptolysin O (SLO) [9]. SLO is a cytolysin that binds to cholesterol located in
the host plasma membrane resulting in the formation of large pores that eventually
lead to cell apoptosis [9].

Additionally, SLO helps GAS to escape from the endosome-lysosome mecha-
nism of killing in host cells after invading them [10-13]. Several adaptive immune
responses are associated with GAS such as the production of antibodies specific to
SLO by B cells [14]. Therefore, anti-streptolysin O (ASO/ASL) is the most com-
monly used antibody in clinical laboratories for identifying the existence of GAS
infection and for confirming previous exposure [3].
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Fig. 8.1 The principle of the antistreptolysin O (ASO/ASL) test

ASO/ASL Test

Principle

The ASO/ASL test uses polystyrene latex particles coated with streptolysin O that
develop agglutination upon interacting with ASO/ASL in patient serum (Fig. 8.1) [15,
16]. The ASO/ASL test provides qualitative and semi-quantitative results [15, 16].

ASO/ASL Test Application

1. The ASO/ASL test is the best for determining antecedent GAS infection [3].
2. The ASO titer is high in 80-95% of patients with acute rheumatic fever and acute
glomerulonephritis [3].

ASO/ASL Test Reagents

1. Latex reagent: latex particles coated with SLO.
2. Positive and negative controls.
3. Test slide.

ASO/ASL Test Steps

1. All reagents, samples, and controls must reach room temperature.
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Place one drop of each control and 10-50 pl of patient serum into the appropriate
labeled circle on the test slide.

. Add one drop of latex reagent (after mixing by inverting the bottle several times)

to each circle, including controls and samples.
After mixing, incubate the slide test for 2-5 min at room temperature on a
rotator.

. Read the results.

Results Interpretation

The presence of agglutination indicates that the serum contains ASO (Fig. 7.2).
Positive samples are required to be re-tested in semi-quantitative tests, which use
the same principle and steps as above with only one difference: that the patient
serum should be serially diluted.
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Study Questions

. Group A streptococcal secreted virulence factor includes:

(a) Superantigens such as streptolysin O.
(b) Lysosome.

(c) DNAase.

(d) Proteinase.

. Streptolysin O leads to:

(a) Cell apoptosis.

(b) Cell proliferation.
(c) DNA degradation.
(d) None of the above.

. The most commonly used serological marker in the ASO/ASL test is:

(a) Anti-streptococcus.

(b) Anti-streptolysin O.

(c) Anti-GAS (group A streptococcus).
(d) All the above.

. ASO/ASL test is:

(a) Latex agglutination test.
(b) Hemagglutination assay.
(c) Molecular assay.

(d) Immunodiffusion test.

. ASO/ASL reagent consist of:

(a) Polystyrene latex particles coated with SLO.
(b) Charcoal particles coated with SLO.

(c) Red blood cells coated with SLO.

(d) None of the above.
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Chapter 9
C-Reactive Protein (CRP) Latex

Agglutination Test

Learning Objectives
By the end of this chapter the reader should be able to:

Discuss the process of CRP production.

Describe the principle of the CRP latex agglutination test.

List the reagents required for the CRP latex agglutination test.

List the general steps performed during the CRP latex agglutination test.
Differentiate between positive and negative CRP latex agglutination test
results.
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During inflammation, the immune cells, mainly the innate cells, produce several
cytokines such as IL-6, IL-1 and TNF-a, which in turn activate the liver cells to
produce acute phase proteins including C-reactive proteins (CRPs) [1, 2].
Therefore, CRPs are not directly associated with a specific disease. In clinical
laboratories, CRPs are used as a marker for inflammation. However, several
chronic diseases have been associated with an elevated level of CRPs, such as
cancer [3, 4]. Currently, clinical laboratories are using an assay with high sensitiv-
ity in detecting even very low levels of CRP called hsCRP [5]. Several studies
have recommended the use of hsCRP in cardiovascular disease (CVD) risk predic-
tion because inflammation plays an important role in the initiation and progression
of CVD and atherothrombosis [5-9]. CRP can be detected by the latex agglutina-
tion test or ELISA. However, the most commonly used test in clinical laboratories
is latex agglutination.
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CRP Latex Agglutination Test

Principle

The CRP latex agglutination assay is a qualitative and semi-quantitative test. The
latex particles used in the CRP latex agglutination test are coated with anti-human
CRP that agglutinate upon mixing with patient serum containing CRP (Fig. 9.1) [10].
Applications and Significance

The detection of CRP level by a latex agglutination test is mostly used as marker for
active inflammation.

Reagents

1. Latex reagent: latex particles coated with anti-human CRP.
2. Positive and negative controls.
3. Test slide.

Test Steps

1. Bring all reagents, controls, and samples to room temperature.
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Place one drop of the positive and the negative controls and 20-50 pl (depending
on the manufacturer’s instructions) from the patient serum into the appropriate
circle on the test slide.

Swirl the latex reagent.

Add one drop from the latex reagent to each circle.

Mix and incubate for 2—5 min on a rotator at room temperature.

Read the results.

Results Interpretation

The presence of agglutination indicates a CRP concentration of 6 mg/l (may be
higher or lower depending on the manufacturer’s instructions).
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Study Questions

1. During inflammation, the liver cells are activated by:

(a) T and B cell.

(b) IL-6 and IL-1.
(¢) IL-10 and TGF-p.
(d) Complements.

2. All the following statements about CRP are true, except:

(a) CRP is produced by the liver cells.

(b) CRP is an acute phase protein.

(c) CRP is associated with specific diseases.
(d) CRP is produced during inflammation.

3. hsCRP can be used:

(a) As an inflammation marker.

(b) To assess cardiovascular disease risk.
(c) To detect atherothrombosis.

(d) All the above.

4. CRP is detected by:

(a) The latex agglutination test.
(b) The hemagglutination test.
(c) A molecular assay.

(d) An immunofluorescent assay.

5. The reagent used in the CRP latex agglutination test consists of:

(a) Latex particles coated with CRP.

(b) Latex particles coated with anti-CRP.

(c) Latex particles coated with inflammatory cytokines.
(d) None of the above.
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Chapter 10
Complement Fixation Test (CFT)

Learning Objectives
By the end of this chapter the reader should be able to:

1. Describe the principle of the complement fixation test (CFT).
2. List the reagents required for CFT.

3. List the general steps performed during CFT.

4. Differentiate between positive and negative CFT results.

Complement fixation assays are used to measure the level of specific antibodies that
have been produced in response to certain infections such as viral infections.

Complement Fixation Test

Principle

Patient serum usually contains complements; therefore, the patient samples should
be pre-heated to destroy all the complements without affecting the antibodies and
the antigens in the serum. Subsequently, pre-heated serum is mixed with standard
antigens and complements. Patient antibodies opsonize the standard antigens, and
complements become fixed on the surface of the opsonizing antibodies. Complement
remains unfixed when antibodies are absent from patient serum [1].

Sheep red blood cells (sSRBCs) sensitized with specific antibodies to SRBCs are
used as an indicator system to detect any residual of the unfixed complement
remaining in the reaction [1]. Therefore, unfixed complements bind to sensitized
sRBCs and lyse them, while the presence of antibodies in patient serum consumes
the available complement in the reaction, resulting in visually intact sRBCs
(Fig. 10.1) [1].

© Springer International Publishing AG, part of Springer Nature 2018 63
R.Y. Alhabbab, Basic Serological Testing, Techniques in Life Science and
Biomedicine for the Non-Expert, https://doi.org/10.1007/978-3-319-77694-1_10
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Positive serum Negative serum
Pre-heated Commercially Pre-heated Commercially
Patient serum Commercially prepared complement Patient serum C ially prep: ]
known Ag known Ag

C /! fixed and gets actir d on the Ag-Ab No Ag-Ab complexes . Therefore, there is no complement
lex. T , the will be fixation on activation. The complement will be free.
Add Sheep RBC Add Sheep RBC
coated with Ab to coated with Ab to
sheep RBCs sheep RBCs

The free complement
will be fixed on the
SRBC-Ab complex
resulting in hemolysis
of the sRBCs

No free complement.
Therefore, the sensi-
tized sRBCs will not
hemolyze

Fig. 10.1 Principle of the complement fixation test (CFT)

Reagents Provided in the Kit

Complements, usually from guinea pigs.
Sheep RBCs.

Sensitized sheep RBCs.

Standard antigens.

CFT control antisera.

Buffer.

S

Preparation of CFT Reagents

The procedure may vary between manufacturers. To obtain optimal results, reagents
such as complement, sensitized sSRBCs, sSRBCs, and standard antigens must be
standardized.
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Preparation of Complement and Sensitized sSRBCs [1]

. Two-dimensional titration is usually used to determine the optimal concentration
of complement and sensitized SRBCs. Complement is usually provided in lyoph-
ilized form; therefore, it has to be re-constituted with distilled water (dH,O) (as
per the manufacturer’s instructions). To obtain an accurate end-point the comple-
ment dilutions are prepared at 20% differences in concentration, as illustrated in
Fig. 10.2.

. Setting up titration of complement and sensitized sSRBCs. For complement prep-
aration, use a microtiter plate to perform this step, as shown in Fig. 10.3. After
mixing the microtiter plate contents as indicated in Fig. 10.3, incubate the plate
overnight at 4 °C. During the incubation, prepare the sensitized sRBCs, first by
diluting sSRBC-specific antibodies (hemolysin) in tubes, as shown in Fig. 10.4.
After preparing 4% sRBCs (4 ml sRBCs plus 8 ml buffer), sensitize them with
hemolysin in tubes (bijou tubes), as shown in Fig. 10.5.

. After overnight incubation, place the plate at 37 °C for 30 min, then gently re-
suspend the prepared sensitized SRBCs.

. After a 30-min incubation, add 25 pl from the sensitized sSRBCs into the microti-
ter plate, as illustrated in Fig. 10.6.

. Mix and incubate 30 min at 37 °C. Re-apply mixing at 10, 20, and at the end of
the incubation time.

. Centrifuge to settle the cells.

. Read the degree of hemolysis by scoring as following:

0 = total lysis 100%.
Trace = 99-76% lysis.
1 =75% lysis.

2 =50% lysis.

3 =25% lysis.

4 =0 lysis.

E Transfer 8ml from the first tube to the next tube, mix, and repeat, up to the last tube. Discard the last 8ml.

Tubel| |Tube2 Tube3| |Tube4| |Tube5 Tube6| |[Tube7| |Tube8| [Tube9| Tube

8ml 2ml 2ml 2ml 2ml 2ml

E Add diluent (buffer) to each tube as indicated above the arrow
E Add 3.5ml dH20 and 0.5ml reconstituted complement to the first tube only, and mix.

E The final concentrations are written in green inside the tubes.

Fig. 10.2 Complement dilution for CFT
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Tubel Tube2 Tube3 Tubed Tube5 Tubeb Control
1/25 1/50 1/100 1/200 1/400 1/800

1 960ul 980ul 990ul 995ul 997.5ul  998.75ul 1ml
Add diluent (buffer) to each tube as indicated above the arrow

2 40ul 20ul 1oul Sul 2.5ul 1.25ul oml N
Add sRBCs specific antibodies (heamolysin) to each tube as indicated above
the arrow

3 The final concentrations are written in green inside the tubes

Fig. 10.4 Dilution of sSRBCs-specific antibodies (hemolysin)

| Tubel l | Tube2 ] | Tube3 ) | Tubed l | Tube5 , | Tubeb I |Controll
Iml Iml Iml Iml Iml Iml Iml

1
Add 1ml 4% sRBCs to each tube as indicated above the arrow

2 1/25 1/50 1/100 1/200 1/400 1/800 Iml cont
Add 1ml from the appropriate diluted heamolysin to each tube as indcated above
the arrow

3 Replace the cap, mix and incubate overnight at 4°C.

Fig. 10.5 4% sRBCs with hemolysin preparation

8. To determine the optimal sensitizing concentration (OSC) of the sensitized
sRBCs, find the dilution that shows the most lysis with the highest dilution.

9. To determine a hemolytic dose giving 50% lysis (HDSO) of complement, find
within the OSC of hemolysin the dilution that shows 50% lysis (score = 2).

Example
In the example in Fig. 10.7 the OSC is 1/100, and the HDSO is 1/114; however, the
complement is used at 3HDSO, which in this example is equal to 1/114 x 3 = 1/3.

Standard Antigen Preparation [1]

Newly purchased standard antigens with new bath numbers must be titered.
Therefore, six dilutions have to be selected to test the new antigen batch, as sug-
gested on the antigen vial. For instance, if the optimal dilution suggested on the
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Fig. 10.7 Scoring example of complement and sensitized sSRBC preparation

antigen vial is 1:40, then select 1:10, 1:20, 1:30, 1:40, 1:50, and 1:60 with a total
volume of at least 600 pl to determine the optimal dilution of the standard A, two
microtiter plates are needed.

First plate,

1.

This plate is used as positive and negative antisera controls and C back titration.
The antiserum is diluted 1/16 and incubated at 56 °C for 30 min as an inactiva-
tion step.

Add 25 pl of buffer into columns 2-5, rows A—F, and 50 pl of buffer into wells
on column 6, rows A—F.

. Add 25 pl from the appropriate antiserum into columns 1, 2, and 6, and double

dilute from columns 2 to 5.
Add 25 pl of appropriate antigen dilution into wells on columns 1-5, rows A-F.

. Add 25 pl of 3HDSO complement to columns 1-6, rows A-F.
. Mix by tapping the plate and incubate overnight at 4 °C.

For the complement C’ back titration.

1.

2.
3.

Add 25 pl buffer and 25 pl from the appropriate antigen dilution into the follow-
ing wells, columns 10-12, rows A—F.

Mix by tapping the plate.

Add 25 pl 3HDSO complement into columns 10, rows A—F, 25 pul IHDSO into col-
umn 11, rows A-F, and 25 pl of 1/2HDSO complement into column 12, rows A-F.

Second plate,

1.

This plate is done on the positive and negative samples of a patient’s specimen.
The serum is diluted 1/16 and incubated at 56 °C for 30 min as an inactivation
step.

The same procedure done with the positive antiserum control (first plate) is done
for both specimens. However, 25 pl of 3HDSO complements is added to all wells
(columns 1-12, rows A—H).

. Mix by tapping the plate and incubate overnight at 4 °C.
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The following steps are common between the first and the second microtiter
plates:

1. After the overnight incubation, incubate the plates for 30 min at 37 °C, and incu-
bate 4% sensitized SRBCs at 37 °C for 30 min as well.
2. Add 25 pl of sensitized sSRBCs, and incubate for 30 min at 37 °C, mixing the
plates by tapping at 10, 20, and at the end of the incubation time 30 min.
. Centrifuge to settle the cells.
4. Read the plates.

(O8]

Note: The dilution where positive antiserum control provides the highest titer
and the predetermined titer for a positive sample is the optimal dilution of antigen.
Moreover, the test must show a regular complement back titration pattern and the
negative samples should show negative results.

Positive Control and Antisera Preparation [1]

Titration must be done on all new antisera batches, and as instructed by the manu-

facturers. For instance, if the manufacturers suggest 1:40 to be the optimal dilution

of antisera, then perform a series of dilution that includes 1:20, 1:30, 1:35, 1:40,

1:45, 1:50, 1:55, and 1:60 diluted in buffer in a total volume of at least 600 pl.
Follow the steps listed below and illustrated in Fig. 10.8

1. From the appropriate antisera dilution, add 50 pl into column 1, and 25 pl buffer
into wells on columns 2—6, rows A—H.

. Make twofold dilution from the antisera, as shown in Fig. 10.8.

. Add 25 pl of antigens at its working dilution.

. Add 25 pl of the appropriate HD50 complement as Fig. 10.8 shows.

. Mix by tapping the plate and incubate at 4 °C overnight.

[ SIS I S

Note: Wells 7-9 represent the antigens back-titration, whereas wells 1012 rep-
resent the complement back titration.

6. After incubation, incubate the plate at 37 °C for 30 min. Meanwhile, prepare the
sufficient amount of sensitized sSRBCs by incubating it at 37 °C for 30 min.

7. Add 25 pl of sensitized SRBCs, and incubate at 37 °C for 30 min with mixing
every 10 min.

8. Centrifuge to settle the cells and read the results.

Dilution that shows complete fixation at the highest antisera dilution is the opti-
mal dilution to be used with antisera. At this step, all the reagents required for CFT
are prepared.
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10 Complement Fixation Test (CFT)

CFT Steps [1]

. Pre-heat the 1/16 diluted patient serum at 56 °C for 30 min.

Note: For 1/16 dilution add 50 pl of serum into 750 pl of buffer.

. For steps 2-6 see Fig. 10.9.
. Mix the reagent by tapping the plate, and then incubate at 4 °C overnight.

Controls must run together with the test such as antiserum control, antigen con-

trol, and complement control. The antisera control is done as shown in Fig. 10.9. As
for antigen and complement controls, see the steps listed below:

1.

For antigen control add 25 pl of buffer to row B, and 25 pl from the antigen and
mix by tapping the plate. Subsequently, add 25 pl 3HD50 complement, and mix
by tapping the plate.

. For the complement control, add 25 pl of 3HD50 complement to well 10A, 25 pl

of IHD50 complement to well 11A, and 25 pl of 1/2HD50 complement to well
12A, and then add 50 pl of buffer to all three wells.

. Incubate overnight at 4 °C.

Note: For any component omitted, add 25 pl of buffer to have a final volume of

4 %25 pl.

4.

5
6.
7

Incubate the plate with sensitized SRBCs for 30 min at 37 °C.

. Add 25 pl of sensitized sSRBCs to all wells and mix.

Incubate the plate at 37 °C for 30 min, and mix by tapping the plate every 10 min.

. Incubate the plate at 4 °C for 2 h and read the results after a 10-min incubation

period on the bench.

Results Interpretation [1]

Figure 10.10 is an example explaining the process of reading CFT results for viral
infection.

Some of the problems that might be associated with CFT results include:

. Lack of lysis in serum control wells where only serum, complement, and sensi-

tized sSRBCs are present indicates that the patient serum possesses anti-
complementary activating antibodies; therefore, guinea pig serum should be
used to treat the issue.

The presence of anti-hemagglutination activating antibodies in patient sera
requires the use of SRBCs to treat the sera.

. Complete lysis, 50% lysis, and no lysis should be seen with 3HD50 complement,

1HDS50 complement, and 1/2HD50 complement respectively, with both antigen
and complement back titration wells.
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74 10 Complement Fixation Test (CFT)

1/16 1/32 1/64 1/128 1/256 Control Titer
serum
Active .
Recovering O O O o O O Titer 2256
Acute
Recovering O O O O O O Titer =128

Fig. 10.10 An example of CFT results

Reference

1. Coleman PN. Standardization of the Wassermann test using preserved complement titrated to
50 per cent haemolysis. Br J Vener Dis. 1952;28(3):129-37.

Study Questions

1. CFT is used to:

(a) Measure specific antibodies in patient serum.

(b) Measure hormone levels in patient’s serum.
(c) Detect pregnancy.
(d) Detect genetic diseases.

2. A patient’s serum contains:

(a) Antibodies.
(b) Antigens.

(c) Complements.
(d) All the above.

3. Patient serum must be heated before CFT to:

(a) Destroy antibodies in the serum.

(b) Destroy antigens in the serum.

(c) Destroy complement in the serum.
(d) All the above.
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4.

Patient serum, in CFT, containing specific antibodies of interest binds
to and fix on the surface of antibodies:

(a) Antibodies and complement.
(b) Antigens and antibodies.

(c) Antigens and complement.
(d) Complement and complement.

. In CFT, in positive patient serum with specific antibodies of interest the:

(a) sRBCs sensitized with specific antigens are completely lysed.
(b) sRBC:s sensitized with specific antigens are 50% lysed.

(c) sRBCs sensitized with specific antigens are 70% lysed.

(d) sRBC:s sensitized with specific antigens are not lysed.

. In CFT, in negative patient serum the:

(a) sRBCs sensitized with specific antigens are lysed.
(b) sRBC:s sensitized with specific antigens are not lysed.
(c) sRBCs sensitized with specific antigens are 50% lysed.
(d) None of the above.

. CFT requires:

(a) Sensitized sSRBCs.
(b) Slide test.

(c) Gel.

(d) None of the above.

. The titer of the below CFT is:

(a) <16.
(b) >256.
(c) 1/128.
(d) 1/32.

1/16 1/32 1/64 1/128 1/256 control

OlOIO00 O
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Chapter 11
Radioimmunoassay (RIA)

Learning Objectives
By the end of this chapter the reader should be able to:

1. Describe the principle of RIA.

2. List the reagents required for the RIA test.

3. List the general steps performed during the RIA test.

4. Understand the steps and calculation required to interpret RIA test results.

Yalow and Berson first introduced Radioimmunoassay (RIA) in 1959 [1]. RIA
users are recommended to determine if the samples they are utilizing need to be
cleaned by ion exchange chromatography and freeze drying/lyophilization [2].
The cleaning process serves to concentrate the analyte, especially when the assay
sensitivity and the amount of the analyte to be measured are low [2]. RIA is a
technique that quantifies the amount of specific antigen in a patient sample [2, 3].
The technique requires the use of radioisotopes such as '?’I, which has safety
concerns and a short shelf life; therefore, the radioisotope used in RIA was modified
and replaced by enzyme-generating enzyme immunoassay (ELA) and enzyme-
linked immunosorbent assay (ELISA) [2, 3].

Radioimmunoassay (RIA)

Principle

Radioimmunoassay is a quantitative test for detecting specific antigens in patient
serum. In this assay, the sample antigen is incubated with its complementary anti-
bodies allowing them to bind [2—4]. Subsequently, the added radioactive labeled
antigen competes with sample antigens [2—4]. A secondary antibody specific to the
complementary antibodies is added to bind with the complementary antibodies and
form complexes that participate at the bottom of the well, separating the

© Springer International Publishing AG, part of Springer Nature 2018 77
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complementary antibodies from the solution [2-4]. Subsequently, centrifugation
forms a pellet containing sample antigens, radioactive antigens, complementary
antibodies, and secondary antibodies [2—4]. The concentration of the sample anti-
gens can then be determined by measuring the radioactivity of the pallet; therefore,
the more sample antigen present in the sample, the less radiation is obtained
(Fig. 11.1) [2-4].

Note: Some kits provide tubes coated with secondary antibodies.

RIA Reagents

1. Buffer.

2. Standard: antigens similar to the target antigen in patient samples usually comes
in several vials with known concentrations [4, 5].

3. Rabbit antibodies specific for the tested antigens (complementary antibodies).

4. Radioactively labeled antigens (antigens similar to test antigen in patient serum)
called tracer [4].

5. Secondary antibodies specific to the complementary antibodies (goat anti-rabbit
IgG). Some kits provide tubes coated with the secondary antibodies [4].

6. Controls (positive and negative).

RIA Steps [4, 5]

All amounts, incubation times and centrifugation speed must be in accordance with
the manufacturer’s instruction.

1. Add the complementary antibodies to labeled tubes (in duplicate) that contain
the standards, controls, and samples.

After incubation, add the tracer to the reaction and incubate.

Add secondary antibodies and incubate (except for total count (TC) tubes).
Add the recommended amount of buffer (except for TC tubes) and centrifuge.
Aspirate the supernatant (except for TC tubes).

Count using gamma counter and calculate the results.

SNk W

Preparation of non-specific binding (NSB), total binding (TB), and total count
(TC) tubes.
These three tubes must be associated with every test.

NSB

1. Add buffer to the NSB tube.

2. Add tracer to the NSB tube.

3. Incubate at 4 °C.

4. Add secondary antibodies to the NSB tube and incubate at room temperature.



Radioimmunoassay (RIA)

Fig. 11.1 The principle of
radioimmunoassay
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5. Add buffer to the NSB tube, centrifuge, and aspirate the supernatant.
6. Count and calculate the results.

TB

Add buffer to the TB tube.

Add complementary antibodies to the TB tube.

Incubate at 4 °C as instructed.

Add tracer to the TB tube and incubate at 4 °C.

Add secondary antibodies to the TB tube, incubate at room temperature, and
centrifuge.

6. Aspirate the supernatant, count, and calculate the results.

TC tubes
TC tubes contain tracer only.

Dk e =

RIA Results Interpretation

1. Using counts per minute (CPM), calculate the NSB and TB.

2. Calculate By from the following equation: B, = TB — NSB [4].

3. Calculate B/Bo% for standards and samples by using the following equa-
tion: B/Bo% = (average standard, unknown sample or control
CPM — NSB)/Bg x 100 [4].

4. Plot B/Bg % for standards versus the concentration of standard antigens (given
by the manufacturer) using semi-logarithmic graph paper, as shown in
Fig. 11.2 [4].

5. The unknown concentrations of samples and controls are determined by interpo-
lation of their calculated B/B, % from the standard concentration.

Fig. 11.2 Standard curve
plot

B/Bo%

Antigen concentration nmol/L
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Study Questions

1. Samples used for RIA are cleaned:

(a) Using chromatography.

(b) To concentrate the analyte.

(c) When the amount of the analyte is low.
(d) All the above.

2. The RIA test requires:

(a) Radioisotopes.

(b) Enzyme.

(¢) Immunofluorescent materials.
(d) Gold particles.

3. RIA is replaced by:

(a) PCR.

(b) ELISA.

(¢) Radial immunodiffusion.
(d) Latex agglutination.

4. RIA requires:

(a) Radioisotope labeled antigens.

(b) Complementary antibodies (cAb) to antigens in patient serum.
(c) Antibodies specific to cAb.

(d) All the above.

5. Each RIA test needs.

(a) NSB tubes.
(b) TC tubes.

(c) TB tubes.

(d) All the above.
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Chapter 12 )
Enzyme Immunoassay (EIAs) and Enzyme-
Linked Immunosorbent Assay (ELISA)

Check for
updates

Learning Objectives
By the end of this chapter the reader should be able to:

Describe the four ELISA principles.

List the reagents required for each ELISA test.

List the general steps performed for the different types of ELISA test.
Understand the steps and calculations required to interpret ELISA test
results.

= B =

In 1971, the enzyme-linked immunosorbent assay (ELISA) was introduced by
Engrail and Perlman, where they determined the concentrations of unknown
specific antibodies by immobilizing antigens into a microplate well, and incubating
antisera of the sample and antibodies conjugated to an enzyme with the antigens
that are coating the microplate well [1, 2]. On the other hand, the enzyme
immunoassay (EIA) was introduced independently by Van Weemen and Schuurs to
measure antigen concentrations rather than antibodies [3]. However, the two terms
(EIA and ELISA) are used interchangeably. There are four major principles for
ELISA methods: direct ELISA, indirect ELISA, sandwich ELISA and
competitive ELISA.

Enzyme-Linked Immunosorbent Assay (ELISA)

Principle

Direct ELISA

In general, all ELISAs are quantitative tests to determine the concentration of

unknown specific antibodies or antigens. Direct ELISA requires the immobilization
of patient antigens on a microplate well, and complementary antibodies to the

© Springer International Publishing AG, part of Springer Nature 2018 83
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patient antigens [2]. Complementary antibodies are conjugated to an enzyme that
reacts with a substrate. The substrate is converted into detectable product after inter-
acting with the enzyme [2] (Fig. 12.1).

Several advantages are associated with this method, such as simplicity and the
requirement for less time than the other ELISA methods. However, the sensitivity of
this method is low for two reasons. First, samples containing a large number of
antigens other than the target one can be a problem, especially when the target anti-
gen is present in a low concentration [2]. Moreover, complementary antibodies are
attached to an enzyme that can influence their affinity, therefore reducing the sensi-
tivity of the test [2].

Indirect ELISA

Like direct ELISAs, indirect ELISAs require the immobilization of patient antigens
on the surface of microplate well [2]. However, an indirect ELISA uses two types of
antibodies instead of one. The first is primary antibodies, which are complementary
and specific to the patient antigen, and form complexes with the patient antigen on
the surface of the microplate well [2]. The second antibodies are specific to the Fc
region of the primary antibodies, and conjugated to an enzyme that reacts with a
substrate to produce detectable products (Fig. 12.2) [2].

This method is more sensitive than direct ELISA because it uses secondary anti-
bodies. However, the method has the same issue of having complex and a large
number of antigens other than the target antigen in patient serum [2].

Sandwich ELISA

With this method, unlike direct and indirect ELISAs, specific antibodies (called
capture antibodies or complementary antibodies) to the antigen of interest are
adsorbed to the microplate well. Therefore, the sandwich ELISA overcomes the
issue of reduced sensitivity that is associated with both direct and indirect ELISA
owing to various proteins that could be adsorbed onto the microplate well. Patient
antigens bind to capture antibodies, and secondary antibodies, conjugate to an
enzyme (called conjugate) and specific to the patient antigen, binds to the patient
antigens that are on the capture antibodies. Finally, the enzyme conjugated to sec-
ondary antibodies reacts with the added substrate to produce detectable products
(Fig. 12.3).

This method uses two specific antibodies, which increase its sensitivity and cost
compared to direct and indirect ELISA.
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Fig. 12.2 Indirect ELISA
principle
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Fig. 12.3 Sandwich
ELISA principle
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Competitive ELISA

This method depends on the competition between two antigens for binding on lim-
ited available antibodies site. The first antigen is the patient antigen, while the sec-
ond one is usually similar to that antigen in patient serum but labeled with biotin or
directly labeled with an enzyme. Here, the antigens compete for the same binding
sites on the antibodies, and the number of antigens in the sample is inversely pro-
portional to the level of signals generated. Biotinylated antigen binds to streptavi-
din, which can be labeled using several methods [2, 4]. The latter methods can
generate different detectable products such as a change in color, induction of fluo-
rescence, or chemiluminescence (Fig. 12.4).

ELISA Reagents and Steps
Direct ELISA
Reagents

Microtiter plate.

Patient serum that may contain the target antigens.

Controls.

Standards containing the target antigens with known concentrations.
Antibodies conjugated to an enzyme and specific to the patient antigens.
Substrate solution.

Stop solution.

Plate reader (read absorbance = optical density).

NN RPN =

Steps

1. Coat the plate well with antigens of interest using the patient sample and stan-
dard antigens [5].

2. Incubate overnight at 4 °C.

3. Wash the plate three times with appropriate buffer and block the remaining pro-
tein binding site in the well by using blocking buffer and incubate, then wash
again three times with buffer [5].

4. Add conjugate antibodies according to the manufacturer’s instructions and incu-
bate for 1-2 h at room temperature [5].

5. Wash the plate three times with buffer and add the substrate, as suggested by
manufacturer.

6. Add stop solution and read the results.
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Fig. 12.4 Competitive ELISA principle



90

12 Enzyme Immunoassay (EIAs) and Enzyme-Linked Immunosorbent Assay (ELISA)

Indirect ELISA

Reagents

Sl

WA

Patient sample that may contain the antigens of interest.

Standard antigens.

Primary antibodies specific to the antigen of interest in patient serum.
Secondary antibodies conjugated to an enzyme and specific to the Fc region of
the primary antibodies.

Controls.

Substrate solution.

Stop solution.

Plate reader.

Microtiter plate.

Steps

1.

2.

Coat the microtiter plate well with antigens found in patient serum and standard
antigens [6].

Incubate and wash three times with appropriate buffer as suggested by the
manufacturer.

. Block the remaining protein-binding site in the well using blocking buffer and

wash three times with buffer [6].

4. Add primary antibodies, incubate, and wash as suggested by the manufacturer [6].
5. Add secondary antibodies (some kits use only secondary antibodies conjugate
specific for the target antigens without using detection antibodies), incubate, and
wash as suggested by the manufacturer [6].
6. Add substrate, incubate, and add stop solution as instructed by the manufacturer.
Sandwich ELISA
Reagents
1. Capture antibodies specific to the antigen of interest in patient serum.
2. Blocking solution.
3. Patient serum.
4. Standard antigens.
5. Microtiter plate.
6. Detection antibodies specific to antigens of interest in patient serum.
7. Secondary antibodies conjugated to an enzyme and specific to detection
antibodies.
8. Substrate solution.
9. Stop solution.

. Plate reader.
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Steps

1.

Nk

Coat the microtiter plate well with primary antibodies specific to patient anti-
gens, incubate, and wash three times with appropriate buffer as suggested by the
manufacturer [7].

Block the remaining protein-binding site in the well using blocking buffer and
wash three times with buffer [7].

Add sample and standard antigens to the appropriate wells, incubate, and wash,
as indicated by the manufacturer.

Add detection antibodies, incubate, and wash, as suggested by the manufacturer [7].
Add secondary antibodies, incubate, and wash, as indicated by the manufacturer [7].
Add substrate, incubate, and then add the stop solution, without washing.

Read the results.

Competitive ELISA

Reagents

1.
2.

(O8]

NN

Microtiter plate.

Antibodies specific to the antigen of interest in patient serum.

An antigen similar to the antigens of interest in the patient sample, but conju-
gated to an enzyme.

Standard antigens.

Blocking solution.

Substrate.

Stop solution.

Plate reader.

Steps

1.

Coat the microtiter plate well with antibodies specific to the antigens of interest
in patient serum, incubate, and wash three times with an appropriate buffer, as
suggested by the manufacturer.

. Block the remaining protein-binding sites in wells using blocking buffer and

wash three times with buffer.

. Add patient serum and standard antigens and conjugate to appropriate wells,

incubate, and wash, as indicated by the manufacturer [2, 4].

. Add substrate, incubate, and add stop solution, without washing.
. Read the results.

In general, the most commonly used detection enzyme system in ELISAs is

enzyme horseradish peroxidase (HRP) and its substrate alkaline phosphatase (ALP).
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ELISA Results Interpretation

1. ELISA samples and standards must always be run in duplicate or triplicate, and
the average absorbance must be calculated from the duplicate or triplicate and
should be within 20% of the mean.

2. Including a standard curve is recommended for each ELISA plate by plotting the
mean absorbance on the x-axis for every standard concentration versus the pro-
tein concentrations (provided by the manufacturer) on the y-axis. Subsequently,
join the points in the graph to obtain the best-fit curve (Fig. 12.5a) [8].

Fig. 12.5 Standard curve a
graph of an ELISA
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3. To determine the sample protein concentration, using the standard curve draw a
horizontal line out of the y-axis from the mean absorbance value of the sample to
reach the standard curve, as shown in Fig. 12.5b [8].

4. From the point of intersection, drop a second vertical line to the x-axis, as illus-
trated in Fig. 12.5¢ [8].

5. Record the protein concentration results.

Note: The value of the sample with very high protien concentration that is out of
the detectable range must be diluted and after obtaining the reading, results must be
multiplied by the dilution factor. Moreover, the coefficient of variation (CV) of the
results must be no more than 2%.
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Study Questions

1. ELISA is used to determine the concentrations of’:

(a) Specific antibodies or antigens.
(b) Specific antibodies only.

(c) Specific antigens only.

(d) None of the above.

2. The principle of an ELISA can be:

(a) Direct.
(b) Indirect.
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(c) Sandwich.
(d) All the above.

. Direct ELISA requires:

(a) Immobilization of commercially provided antibodies specific to the target
antigens in patient serum.

(b) One antibody specific to the target antigen and labeled with an enzyme.

(c) Primary antibodies specific to the target antigen and secondary antibodies
specific to Fc region of primary antibodies and labeled with enzyme.

(d) Detection antibodies specific to the target antigen and capture antibodies.

Indirect ELISA requires:

(a) Immobilization of commercially provided antibodies specific to the target
antigens in patient serum.

(b) One antibody specific to the target antigen and labeled with an enzyme.

(c) Primary antibodies specific to the target antigen and secondary anti-
bodies specific to the Fc region of primary antibodies and labeled with
an enzyme.

(d) Detection antibodies specific to target antigen and capture antibodies.

Direct ELISA is less sensitive than indirect ELISA because:

(a) Direct ELISA contains a large number of antigens other than the target one,
whereas an indirect ELISA contains the target antigen only.

(b) Direct ELISA uses one primary antibody, whereas an indirect ELISA
uses two antibodies.

(c) Direct ELISA uses detection and capture antibodies.

(d) None of the above.

Direct and indirect ELISAs are less sensitive than sandwich ELISAs
because:

(a) Large numbers of antigens other than the target one are immobilized to
the reaction well.

(b) Only the target antigen is immobilized to the reaction well.

(c) Specific antibodies are immobilized into the reaction well.

(d) None of the above.

. Sandwich ELISA uses:

(a) Capture antibodies specific to the target antigen.

(b) Detection antibodies specific to the target antigen.

(c) Secondary antibodies specific to detection antibodies.
(d) All the above.

. Competitive ELISAs depend on:

(a) Competition between two antigens.
(b) Competition between two complements.
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(c) Competition between enzymes.

(d) None of the above.
9. ELISA results require:

(a) A standard curve.

(b) An electromagnetic field.
(c) A microscope.

(d) All the above.
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Chapter 13
Pregnancy Test

Learning Objectives
By the end of this chapter the reader should be able to:

1. Discuss the process of human chronic gonadotropin (hCG) production and
its function during pregnancy.

2. Describe the principle of the hCG one-step urine device.

3. List the reagents required and the specimen type used with an hCG one-
step urine device.

4. List the general steps performed with the hCG one-step urine device.

5. Understand the results interpretation of the hCG one-step urine device.

Shortly after fertilization, the developing placenta secretes a glycoprotein hormone
called human chorionic gonadotropin (hCG) [1]. hCG has several important
functions that play a significant role during the course of pregnancy. For instance,
hCG promotes angiogenesis and vasculogenesis to support the fetus with maximum
blood supply and nutrients throughout pregnancy [2—-8]. Moreover, hCG promotes
progesterone production, and the production of cytokines such as macrophage
migration inhibitory factor, which minimize macrophage phagocytosis at the pla-
centa—uterine border, protecting the foreign fetoplacental tissue from destruction
[9-11]. Therefore, hCG prevents the rejection of fetoplacental tissue by the mater-
nal immune system. Additionally, it has been reported that hCG stimulates the
uterus expansion during the course of pregnancy to fit the fetus size [12, 13]. During
healthy pregnancy and as early as 7-10 days post-conception both urine and serum
samples show detectable levels of hCG that rapidly continue to increase [14—17].
For this reason, hCG is used as a perfect marker for detecting pregnancy at an early
stage. Two types of tests are available to detect pregnancy by measuring hCG,
blood, and urine. A blood test, can detect pregnancy earlier than the urine test
because of its high sensitivity; however, it has to be performed in clinical laborato-
ries using a sandwich ELISA [18]. Therefore, the blood test is more expensive and
requires more time than the hCG one-step pregnancy urine test device, which can be
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done at home within 2—10 min with high accuracy. An hCG one-step pregnancy
urine device can detect hCG at 25 mIU/ml or greater [19].

HCG One-Step Pregnancy Urine Test Device

Principle

Lateral flow chromatographic immunoassay is the method used to qualitatively
detect hCG in urine during the early stages of pregnancy [20]. The device contains
two windows, the specimen window or well, which contains the sample pad, and the
results window. The results window consists of two lines, the control and the test (T)
lines [20]. Urine that contains hCG binds to mouse monoclonal anti-hCG conju-
gated to colloidal gold (gold nanoparticles), which has unique optical and physical
properties and produces color when reacting with light, depending on their shape,
size, and aggregation state, contained on the conjugate or reagent pad [20]. The
complex forms in the reagent or conjugate pad migrate through the membrane strip
(usually nitrocellulose or cellulose acetate membrane) and binds to the specific
monoclonal anti-hCG antibodies lining the T line, producing color [20]. On the
other hand, the control line contains goat anti-mouse antibodies that bind to the
mouse monoclonal anti-hCG antibodies of the reagent pad in the presence or
absence of hCG (Fig. 13.1) [20]. Therefore, the absence of a colored line at the
control line indicates invalid results.

Reagents

Specimens and an hCG one-step pregnancy urine test device.

Steps

1. Bring the urine sample and the test device to room temperature.

2. After removing the test device from its case, add four drops into the sample win-
dow or well. This step may vary depending on the manufacturer [20].

3. Read the results after 2—10 min.
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Fig. 13.1 Principle of the hCG one-step pregnancy urine test device

Results Interpretation

For positive results, both T and C lines must produce color to indicate the presence

of hCG in the sample at a level equal to or higher than 25 mIU/ml (Fig. 13.2a).
For negative results, only the C line should produce color (Fig. 13.2b).
The results are invalid if the C line does not produce color (Fig. 13.2¢).
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a Positive results
control line
Results window
b Negative results
control line
Results window
C Invalid results
Test line control line Test line control line
Results window Results window

Fig. 13.2 Results interpretation of the hCG one-step pregnancy urine test device
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Study Questions

1. Human chronic gonadotropin (hCG) is:

(a) Anenzyme.

(b) Hormone.

(c) Carbohydrate.

(d) Complement protein.

2. hCG produced during:

(a) Pregnancy.

(b) Autoimmune diseases.
(c) Cancer.

(d) Post-transplant.

3. hCG functions include:

(a) Helping to support the fetus during pregnancy with nutrients and blood
supply.

(b) Promoting cytokine production.

(c) Promoting progesterone production

(d) All the above.

4. hCG can be detected in both urine and blood at:

(a) A month after conception.

(b) A week post-conception.

(c) Three months post-conception.
(d) None of the above.

5. hCG can be detected in:

(a) Urine and blood.
(b) Vaginal swab.

(c) Saliva.

(d) None of the above.

6. An hCG one-step pregnancy urine device can detect hCG at:

(a) 25 mIU/ml or greater.
(b) 15 mIU/ml.

(¢) 10 mIU/ml.

(d) 5 mIU/ml.

7. The principle of the hCG one-step pregnancy urine device is:

(a) ELISA.

(b) PCR.

(c) Chromatography.
(d) Latex agglutination.
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8.

A conjugate pad of hCG one-step pregnancy urine device contains:

(a) Anti-hCG conjugated to an enzyme.

(b) Anti-hCG conjugated to gold nanoparticles.
(c) Anti-hCG conjugated to a protein.

(d) Anti-hCG conjugated to a biotin.

9. A Cline on the results window of the hCG one-step pregnancy urine device

10.

contains:

(a) Anti-hCG antibodies.
(b) Anti-mouse antibodies.
(c) Anti-goat antibodies.
(d) None of the above.

The result of the hCG one-step pregnancy urine device is:

(a) Positive.
(b) Negative.
(c) Invalid.
(d) None of the above.

Test line control line

Results window
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Chapter 14
Radial Immunodiffusion (RID)

Learning Objectives
By the end of this chapter the reader should be able to:

1. Describe the RID principle.

2. List the reagents required and the specimen type used in RID.
3. List the general steps performed in RID.

4. Understand the results interpretation of RID.

Radial immunodiffusion (RID) assay is a quantitative method used in many clinical
laboratories to determine the concentration of specific antigens or antibody classes
(IgG, IgA, and IgM) in patient serum.

Radial Immunodiffusion (RID) Assay

Principle

This quantitative method depends on the formation of antigen-antibodies complexes
in agarose gel. Sera that contain antibodies or antigens diffuse through the agarose
gel, which contains antibodies specific to the target antigen or antibodies in the
patient serum [1, 2]. As antigens or antibodies in patient serum diffuse via the gel,
they form complexes with the specific antibodies in the gel radically in all direc-
tions. Antigen—antibody complexes precipitate, forming a ring (precipitin ring)
around the sample well [1, 2]. The ring size is the equivalence point where the anti-
gens or antibodies concentration in the sample and antibodies in the agarose gel are
equally proportioned. The concentration of antigens or antibodies is proportional to
the diameter of the precipitin ring (Fig. 14.1) [1, 2].

The most common RID in serology is one that measures IgG, IgA, and IgM
concentrations; therefore, it is the test described in this chapter.
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Fig. 14.1 Radial immunodiffusion (RID) principle
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Reagents

. An RID plate: usually ready to use agarose gel containing antibodies specific to

IgG, IgA or IgM in a plate. The plate contains a number of wells depending on
the manufacturer [2].
Calibrators or standards: contain known concentrations of IgG, IgA, and IgM.

. Control serum: one vial of a known concentration for IgG, IgA, and IgM.

Steps

—_—

. Bring the RID plate, samples, control, and calibrators to room temperature.
. Add 5-10 pl from samples, control, and calibrators to the appropriate well [2].
. Cover with the plate lid and incubate at room temperature in a flat position as

follows:

72 h for IgA and IgG [2].
96 h for IgM [2].

Note: During incubation, the plate should not be allowed to dry out. Therefore,

it should be incubated in a moist box.

Results Interpretation

. After incubation, measure the diameter of the precipitin ring of the calibrators,

control and samples.

. Plot the diameter size of the precipitin ring of the calibrators onto a graph, as

shown in Fig. 14.2a [1, 2].

. To determine the immunoglobulin concentration in patient serum using the cali-

bration curve, draw a horizontal line out of the y-axis from the diameter value of
the precipitin ring to reach the calibration curve, as shown in Fig. 14.2b [1, 2].

. From the point of intersection, drop a second vertical line to the x-axis, as illus-

trated in Fig. 14.2c [1, 2].

. Record the antibody concentrations.

However, some kits do not require a calibration curve because they provide an

RID reference table, which encloses the concentrations of each diameter that can
possibly be obtained from the gel.
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Study Questions

1. The RID method depends on:

(a) Precipitation of antigens—antibodies complexes.
(b) Agglutination of latex particles.

(c) Agglutination of RBCs.

(d) None of the above.

2. RID requires:

(a) Gel electrophoresis.

(b) Agarose gel.

(c) Polyacrylamide gel.

(d) Cellulose acetate membrane.

3. The antigen concentration in RID is:

(a) Proportional to the diameter of the precipitin ring.
(b) Double the diameter of the precipitin ring.

(c) Half the diameter of the precipitin ring.

(d) None of the above.

4. The incubation time required for IgM measured by RID is:

(a) 12 h.
(b) 24 h.
(c) 72 h.
(d) 96 h.

5. RID plates should be:

(a) Dried out.

(b) Kept in a moist environment.

(c) Heated before results measurement.
(d) Incubated at 4 °C.

6. RID results measurements require:

(a) A calibration curve.
(b) A plate reader.

(c) A microscope.

(d) A rotator.
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Learning Objectives
By the end of this chapter the reader should be able to:

1. Describe the principle of IFE.

2. List the reagents required and the specimen type used in IFE.
3. List the general steps performed in IFE.

4. Understand the results interpretation for IFE.

Immunofixation electrophoresis (IFE) is the gold standard technique in clinical
immunology laboratories to quantify and identify M protein, which is also called
M-band or paraprotein [1]. The quantity and isotype of M protein are important in
the diagnosis and follow-up of monoclonal gammopathies (MG) [1]. MG severity
can be as benign as monoclonal gammopathy of undetermined significance (MGUS)
or as severe as light chain amyloidosis (AL) [1]. M protein of less than 3 g/dl
together with clonal plasma cells of less than 10% in bone marrow with no end
organ damage is considered to indicate MGUS [2]. MGUS may progress over the
years into a more severe form of MG, such as multiple myeloma, AL, Waldenstrom
macroglobulinemia or lymphoma [2]. Risk of progression is determined by the size
and type of serum M protein and by the number of plasma cells in the bone marrow,
along with the ratio of the serum free light chain (FLC) [2]. Serum protein electro-
phoresis, serum IFE, and FLC are the three methods used in clinical immunology
laboratories to screen for M protein in myeloma patients or related disorders [2, 3].
However, M protein is detected preferably by agarose gel electrophoresis and the
presence of localized protein or band on the agarose gel must be confirmed by IFE,
which also identifies the isotype of M protein (heavy and light chains).
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Immunofixation Electrophoresis
Principle
Agarose Gel Electrophoresis

The separation of proteins by agarose gel electrophoresis depends on several factors
such as the size, charge, and shape of the tested molecules, and the gel concentration
[4]. Therefore, the protein molecules are separated according to their molecular
weight, where smaller and more compact molecules move faster than larger and
more elongated molecules in an electrically charged field [4]. In addition, nega-
tively charged molecules move faster toward the positive anode pole. Moreover,
using gel with a low agarose concentration, the protein travels faster than in a gel
with a high agarose concentration [4].

IFE

The principle of IFE includes the addition of anti-sera such as anti-IgG, anti-IgA,
anti-IgM, anti-a-x, and anti-o-A chain antibodies to the agarose gel or cellulose
acetate membrane after electrophoresis, and at antigen—antibodies equivalence, or
in moderate antibody excess, the antibodies and antigens develop large precipitates
in the gel or cellulose acetate membrane [5]. After washing the gel or the mem-
brane, free proteins and unbound antibodies are washed out, leaving the large and
insoluble immunoprecipitates in the gel or membrane pores [5]. Staining the immu-
noprecipitates directly identifies the isotype of the M protein (Fig. 15.1).

Reagents
Agarose Gel Requirements and Preparation

Large beaker.

Tris-barbital buffer (TBA).

Agarose.

Microwave.

Gel plate.

Combs.

Gel box.

Ladder: consists of standard proteins to identify the approximate size of the
molecules running through the gel.

Loading dye: contains a dye that enables the protein movement in the gel to be
visualized, and sucrose or glycerol to make the sample denser than the running
buffer and prevent it from floating.

10. Electrical field.
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Fig. 15.1 Principle of immunofixation electrophoresis (IFE)

Cellulose Acetate (Cellogel) Membrane Electrophoresis

TBA.

Cellogel strips.
Electrophoresis chamber.
Filter paper.

Strip bridges.

Plastic clips.

Sample holder.
Destaining solution.
Cleaning solution.
Mylar film or glass slide.
. Glass rod.

12. Drying oven.

13. Densitometry.
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IFE

1. Labeled agarose gel or cellogel strips.

2. Gel blotter strips.
3. Sample applicator or template.
4. Pipette.



114

—_

N S R

15 Immunofixation Electrophoresis (IFE)

Electrophoresis chamber.

Gel blotter sheets.

Drying blotter sheets.

Anti-sera applicator or template.
Saline.

Drying oven.

Stain.

Steps

Agarose Gel Electrophoresis

In most clinical immune laboratories ready-to-use agarose gel is utilized. However,

below are the steps required to prepare in-house agarose gel.

. In alarge beaker put 80 ml of TBA and 0.8 g of agarose to prepare 0.8% agarose

gel.

. Place the beaker in a microwave until boiling. At boiling point, pull the beaker

out and swirl.

Repeat heating and swirl until the agarose dissolves completely in the TBA.
Seal the gel plate to prevent the gel from leaking and put combs into the gel plate,
then pour the prepared agarose gel into the plate.

. After a while, the gel will solidify, remove the seal and the combs from the gel

plate and put the plate into the gel box.

. Pour 1x TBA into the gel box (cover the gel).
. Mix the ladder and the patient samples with the loading buffer and then load

them into the gel wells.

. Cover the box and generate an electrical field by applying a current that allows

the movement of the proteins through the gel.

. Stain the gel with acid violet stain to visualize the M protein.

Cellulose Acetate (Cellogel) Membrane Electrophoresis

1.

W

Put about 100 ml of TBA buffer into a container, then immerse the cellogel
strips in the buffer, and place the buffer container on a shaker for 10 min.

Fill up the electrophoresis chamber completely with TBA buffer, and ensure
that both compartments are filled equally.

Apply 30 pl of samples into the semimicro drop holder (or sample holder).
Gently dry cellogel strips by placing them between two filter paper sheets, then
place the strip bridges (penetrable surface up), and hold the strip on the strip
bridge by the plastic chips from both sides.

. Place the strip bridge immediately into the electrophoresis chamber.
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6.

10.

11.

12.

13.
14.

Put dH,O into the base of the sample holder, and prime the applicator by
depressing the tips of the applicator on the first row of the semimicro drop
holder or sample holder and apply the load onto the filter paper.

Load the applicator again from the sample on the first row and apply it to the
strip bridge (on the negative pole).

Cover the electrophoresis chamber and apply the current.

After the electrophoresis has been done, remove the cellogel strips from the
strip bridge and immerse it in a container containing about 100 ml of Ponceau
S solution for 5 min on a shaker.

Destain the cellogel strips in a container containing destaining solution until the
background of the cellogel strip returns to white (on shaker).

Place the destained strip into a container containing cleaning solution for
30 min.

Put the strip on Mylar film or a glass slide and using a glass rod remove all the
excess solution.

Dry the strips by putting them in a drying oven at 70-80 °C for 10 min.

After cooling the strips to room temperature, the film is ready for densitometry
(an optical system to generate an electropherogram, a diagram of separated
bands).

IFE

B

. After running the electrophoresis for patients with M protein on a new labeled

agarose gel or cellogel membrane, put the anti-sera template on the gel and ensure
that there are no air bubbles; then, apply the appropriate anti-sera and incubate for
about 20 min at 15-25 °C.

After incubation and discarding the anti-sera template, dry the gel by applying a
blotter sheet and a drying blotter sheet for 5 min under pressure.

Wash the film in saline for 10 min, and dry it as described above.

Repeat steps 2 and 3 twice.

Stain the film and evaluate the results.

Results Interpretation

An electropherogram is generated by using an optical system called a densitometer
[6]. An electropherogram is created after staining the electrophoresis gel that has
passed via the densitometer system. Serum proteins are divided into five classes
according to their electrical charge, including albumin, alphal, alpha2, beta, and
gamma [6]. Figure 15.2 shows an example of protein-separated bands from serum
samples of normal and M protein containing one.

The presence of M protein in patient serum requires identifying the isotypes of

the M protein using IFE (Fig. 15.3).
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Normal With M-protein

Albumin

M-protein

r

Albumin @, o, B; B, M-Protein

Albumin o, o, PB;B; gamma

Fig. 15.2 M protein on gel electrophoresis

Fig. 15.3 Results of IFE —

Figure 15.3 illustrates an example of IFE results showing an M protein that is
mainly IgG with a k light chain.
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Study Questions

1. IFE is commonly used in serology to:

(a) Identify M proteins.
(b) Identify HBV.

(c) Measure antibodies.
(d) Measure complements.

2. The M protein isotype is important in patients with:

(a) HBV

(b) Monoclonal gammopathies.
(c) Hemolytic anemia

(d) Systemic lupus erythematosus.

3. Screening for M protein is usually by:

(a) Electrophoresis.

(b) Radial immunodiffusion.
(c) IFE

(d) All the above.

4. Protein separation by agarose gel electrophoresis depends on:

(a) The size of the proteins.
(b) The shape of the proteins.
(c) The charge of the proteins.
(d) All the above.

5. A high concentration of agarose in a gel leads to:

(a) Fast protein separation.
(b) Slow protein separation.
(c) None of the above.
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6. IFE utilizes:

(a) Anti-IgG antibodies.
(b) Anti-IgM antibodies.
(c) Anti-IgA antibodies.
(d) All the above.

7. Function/s of loading dye in agarose electrophoresis is/are:

(a) Complement activation.

(b) Making the sample denser.

(c) Identifying the size of the protein bands.
(d) Identifying the shape of the proteins.



Chapter 16 )
Immunofluorescence (IF) Assay

Check for
updates

Learning Objectives
By the end of this chapter the reader should be able to:

1. Describe the principles of each IF type.

2. List the reagents required and the specimen type used in IF.
3. List the general steps performed in IF.

4. Understand results interpretation of IF.

Immunofluorescence (IF) is a histochemical laboratory staining technique that
relies on antibodies—antigens interactions in tissue or body fluids [1, 2]. IF is broadly
used in clinical immunology laboratories to help in the diagnosis of autoimmune
diseases and in patients’ treatment and monitoring.

Immunofluorescence (IF) Assay

Principle

The IF test is available in four basic types, direct IF, indirect IF (the most com-
monly used in the clinical immunology laboratory), indirect IF complement fixa-
tion, and double IF.

Direct IF

Direct IF is a technique where fluorescently labeled antibody specific to the target
antigen is used in a patient tissue or cell [2]. It is a one-step procedure that uses only
one primary conjugated antibody [2] (Fig. 16.1).
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Fig. 16.1 Principle of direct immunofluorescence (IF)

Indirect IF

Indirect IF is usually used to detect specific patient antibodies. It is performed in
two steps, the first step using unlabeled antibodies (patient antibodies), and the sec-
ond step requires using secondary antibodies that are specific to the Fc region and
labeled with fluorescence (Fig. 16.2) [1, 3, 4].
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Fig. 16.2 Principle of indirect IF
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Indirect Immunofluorescence Complement Fixation

Indirect immunofluorescence complement fixation (IF-CF) is more sensitive than
indirect IF because it uses an amplification principle [1, 3, 4]. Here, the generation
of antigen—antibody complexes activates the complement system to release C3 mol-
ecules that are detected by anti-C3 conjugated to fluorochrome (Fig. 16.3) [1-3].

Double Immunofluorescence

Double immunofluorescence (DIF) allows the detection of two different antibodies
on cells by using two specific antibodies for the target antigens. Each is labeled with
a different fluorochrome such as FITC (fluorescein) and rhodamine [1]. This tech-
nique can be used with direct and indirect IF methods [1].

Reagents
Direct IF

Specimen (skin or mucosal biopsy).

Cryostat.

Glass slide.

Phosphate-buffered saline (PBS).

Moist chamber.

Conjugated antibody specific to the antigen of interest.
Buffered glycerin.

Fluorescent microscope.

NN RPN =

Indirect IF

Substrate section.

Glass slide.

Patient sample (serum).

Moist chamber.

PBS.

FITC-conjugated secondary antibodies specific for Fc region.
Glycerin.

Fluorescent microscope.

NN RPN =
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Fig. 16.3 Principle of indirect IF complement fixation
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Complement Indirect Inmunofluorescence

e o

Tissue substrate.

Glass slide.

PBS.

Patient sample (serum).

Heating source.

Complement source such as fresh human serum.
FITC-conjugated anti-human C3 antibodies.
Glycerin.

Cover slip and fluorescent microscope.

Steps

Direct IF

N =

Patient sample (skin or mucosal biopsy) is snap frozen.

. About 4-6yl of the snap-frozen sample is sectioned using a cryostat and placed

on a glass slide, and air-dried for 15 min [1].

. After washing by PBS, the FITC-conjugated antibodies that are specific to the

antigens of interest in the patient sample are added into the slide and incubated
in a moist chamber.
Wash, mount with glycerin, place on the cover slip, and examine under the fluo-
rescent microscope.

Indirect IF

. After placing the substrate section on a glass slide, add the serially diluted patient

serum, and incubate in a moist chamber for about 30 min. Positive and negative
control sera must be used to test the antibody reactivity [1].

Wash with PBS, and add the FITC-conjugated antibodies that are specific to the
human antibody Fc region.

. Wash for at least 10 min with PBS, mount with glycerin, and examine under the

fluorescent microscope.

Complement Indirect Inmunofluorescence

1.

After placing the substrate section on a glass slide, add the patient serum or
plasma that was heated at 56 °C for 30 min to destroy all complement without
affecting the antigens or antibodies present in the serum [1].
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2. Add the complement source. The complement system is activated by the anti-
bodies that are bound to the antigen on the slide, releasing numerous C3 mole-
cules that bind to the antigen—antibody complexes [1].

3. After washing, add the FITC-conjugated antibodies specific to human C3, then
wash, mount, and examine under the fluorescent microscope [1].

Results Interpretation

1. If no fluorescence is detected under the fluorescent microscope, it is a negative
sample.

2. According to the binding pattern of the anti-nuclear antibodies and the intensity
of the fluorescence (1%, 2%, 3* or 4%), the autoimmune disease can be determined
in correlation with the ELISA results for double-stranded DNA, single-stranded
DNA, and histone [5, 6].
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Study Questions

1. IF is used in the immune laboratory to:

(a) Detect pregnancy.

(b) Diagnose autoimmune disorder.
(c) Cross-match tissue.

(d) Detect cancer.

2. IF types include:

(a) Direct
(b) Indirect.
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(¢c) IF-CF.
(d) All the above.

3. Patient samples that are used with direct IF are:

(a) Whole blood.
(b) Serum.

(c) Plasma.

(d) Tissue or cells.

4. Indirect IF requires:

(a) Primary antibodies.

(b) Primary and secondary antibodies.
(c) Complement.

(d) None of the above.

5. Complement activation in IF-CF depends on:

(a) The presence of antigen—antibody complexes.
(b) The presence of RBCs.

(c) The presence of free antibodies.

(d) None of the above.

6. Double immunofluorescence is characterized by:

(a) The ability to detect two different antibodies in a patient sample.
(b) The ability to kill pathogens.

(c) The ability to detect cytokines.

(d) The ability to detect and activate complements.

7. Direct IF requires:

(a) A cryostat.

(b) A rotator.

(c) A water bath.

(d) A light microscope.
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Acute phase proteins play a key role in the early phase response to infection
and include several cytokines such as IL-6, IL1, TNF, and IFN in addition to
C-reactive proteins.

Adaptive immunity is a specific immune response mainly carried out by lympho-
cytes and has the ability to develop immunological memory.

Affinity is the binding constant measurement of a single antigen binding site with
its epitope.

Agarose gel electrophoresis is an electrophoresis method that uses agarose, which
consists of polysaccharide polymer. Agarose gel forms linear polymers consist-
ing of repeating units to separate large protein molecules.

Agglutination requires antibodies to aggregate certain antigens.

Alternative complement pathway is the mechanism that directly activates the
complement system via the activation of C3 and C3b deposition on cell surface.

Antibodies are serum proteins produced by plasma cells in response to immuno-
gens and binds specifically to antigens.

Antibody Fc region is the region of an antibody that contains the constant domain.

Antibody Fab region is the region of an antibody that contains two specific
antigen-binding sites with the same specificity.

Anti-citrullinated protein antibodies (ACPAs) are autoantibodies against pep-
tides/protein epitopes that are citrullinated and found in RA especially during the
early stages of the disease.

Antigen-presenting cells (APCs) express MHC class II molecules, which present
peptides from processed phagocytosed antigens to T cells.

Antigens are any foreign molecules that specifically bind to lymphocytes or
antibodies.

Anti-streptolysin O (ASO/ASL) is an antibody produced by host plasma cells
against the endotoxins (streptolysin O) that are produced by group A strepto-
coccus. This antibody is usually used in serology to detect previous and current
infections.
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Autoantibodies are antibodies that cause damage to tissue and cells because they
are produced to attack self-antigens.

Autoimmune disorders are the failure of the immune system to identify self-
antigens as non-foreign and start attacking the body tissue, producing several
immunological components. Most importantly, antibodies specific to such tissue
are called autoantibodies.

Avidity is the sum of several affinities.

B cell receptors (BCRs) are expressed at the membrane surface of B cells; BCRs
are specific and consist of transmembrane immunoglobulin bound non-covalently
to invariant Igo and Igf chains.

B cells are lymphocytes that develop and mature in the bone marrow, and they are
the precursors of the cells that produce antibodies (plasma cells).

Brucella is a zoonotic intracellular bacterial infection. The most pathogenic
Brucella species to humans are B. melitensis, B. suis, B. abortus, and B. canis.

Clq is a component of C1, and the first protein involved in the classical comple-
ment pathway.

C3 is the first and the fourth component of the alternative and the classical comple-
ment pathways respectively.

CD8T cells (cytotoxic T cells) is a T cell population that expresses CD8 and inter-
acts with MHC class I expressed on virally infected and tumor cells, and kills
these cells, mainly by producing cytoplasmic granules, which results in target
cell apoptosis.

Chronic inflammation is an inflammatory response that occurs over a prolonged
period.

Classical complement pathway is the mechanism that activates the complement
system via antigen—antibody complexes.

Clonal deletion is the elimination of specific lymphocytes cloned following their
activation with either foreign or self-antigens.

Clonal selection theory is the concept that the specificity and diversity of the
immune responses are the consequences of the selection of specific reactive
clones from a large repertoire of existing lymphocytes by antigens.

Clonal expansion is the process that results in an increase in the number of specific
lymphocytes.

Competitive ELISA uses two antigens, one is labeled with biotin and the second
is the patient antigen competing for the same antibodies.

Complement system is a group of proteins that may be cell-associated and serum
proteins and involved in the immune responses against pathogens, either indi-
rectly by recognizing antibody—antigen complexes (classical pathway) or directly
by identifying the foreign substance (alternative and lectin pathway).

Complement fixation test measures complement fixation to antibody—antigen
complexes and uses sheep red blood cells (SRBCs) as an indicator system.

C-reactive proteins (CRPs) are serum proteins released as a result of inflamma-
tion that stimulate the cells of the liver (hepatocytes) to produce them during the
acute phase response.
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Cytokines produced by almost all cells and are soluble molecules that have several
effects on other cells.

Cytotoxic cells include all the immune cells that are capable of killing other cells,
such as NK and CD8* T cells.

Densitometry is a technique that measures the optical density in materials sensi-
tive to light.

Direct agglutination is the direct agglutination of pathogens with its specific
antibodies.

Direct ELISA uses one antibody specific to the target antigen and labeled with
enzyme; therefore, it is the fastest type of ELISA, but has the lowest level of
sensitivity.

Direct hemagglutination is the direct agglutination of pathogens with RBCs.

Double diffusion is the diffusion of two particles, antigens and antibodies, in agar
medium to form precipitin at their equivalent point.

Electrophoresis is a method used to separate proteins according to their size,
charge, and shape.

Endosome-lysosome mechanism is the degradation of both extracellularly and
intracellularly derived proteins into peptides by phagocytic cells containing pro-
teolytic enzymes (lysosome and endosome).

Epitope also called antigenic determinant. Epitopes are specific regions of an anti-
gen that are recognizable by antibodies or TCR.

Equivalence is the point where antigen—antibody interaction is optimal (maximum
precipitation).

Fc receptors are expressed by different types of cells and have high and specific
affinity to the Fc region of the antibody.

Freeze drying/lymphilizing is a process used to preserve materials by dehydration.

Gel diffusion is a process by which antibodies and antigens diffuse in gel medium
to form precipitin.

Glomerulonephritis is a glomerular injury due to deposits of immunoglobulin and
complement components in the glomeruli.

Granulocytes see polymorphonuclear cells (PMNs).

Hemolysin is a substance that could be protein or lipid and results in the destruc-
tion of the cell membrane of blood cells.

Hemagglutination is the agglutination of a particular antigen by RBCs coated
with antibodies.

High sensitivity CRPs (hs-CRPs) are used in serology laboratories to detect CRP
and as a cardiovascular disease risk prediction factor.

Homeostasis is the state of immunological balance during regular physiological
condition, and the state that the immune system aims to restore after any immu-
nological responses.

Human chorionic gonadotropin (hCG) is a glycoprotein hormone that is secreted
by the placenta during the early stages of pregnancy; therefore, it is used in clini-
cal laboratories as a pregnancy indicator.

Humoral responses are the immune responses that involve antibodies.
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IgA is mainly produced by the plasma cells of the mucosa-associated lymphoid
tissue. IgA is characterized by its o heavy chain.

IgD is expressed on naive B cells together with IgM and may act as a co-receptor,
which binds to IgD receptors on T cells. IgD is characterized by its & heavy
chain.

IgE is mainly associated with allergies and is characterized by its € heavy chain.

IgG is the only antibody class that can pass through the placenta, and is the highest
found in the plasma. IgG is characterized by its y heavy chain.

IgM is expressed on the B cell surface, and it is the first secreted antibody class
following B cell activation. IgM is characterized by its p heavy chain.

Immunofluorescence (IF) is a method that uses a fluorescent microscope to detect
the interaction between fluorescent-labeled conjugates and their target antigens.

Immunogens are molecules that can initiate immune responses.

Immunological memory develops following exposure to a pathogen for the first
time that leads to the development of memory cells that can recognize the same
pathogen more effectively and rapidly than the first interaction.

Indirect agglutination is the indirect agglutination of a particular antigen with
particles coated with specific antibodies for that antigen and vice versa.

Indirect ELISA uses two antibodies: one specific to the target antigen and the
second is specific to the first antibody Fc region.

Indirect hemagglutination is the indirect agglutination of antigen coating RBCs
by its specific antibodies.

Innate immunity is the first line of defense. It is antigen non-specific, does not
develop memory to foreign antigens, and includes several immunological ele-
ments and cells such as phagocytic cells and complements.

Interferons (IFNs) consist of several proteins that function as antiviral proteins
and can enhance the immune responses.

Ion exchange chromatography is a chromatography technique that separates ions
and polar molecules depending on their ion exchange in the solution.

Lateral flow chromatographic immunoassay is a nitrocellulose membrane-based
test device that usually contains a sample pad, a conjugate pad that contains anti-
sera antibodies for the target antigen in the patient sample, and a result window
containing test and control lines.

Lectin complement pathway is the mechanism that activates the complement sys-
tem by recognizing and binding C2 and C4 to mannan moieties on the pathogen
surface.

Lipopolysaccharides (LPS) are molecules expressed on the cell wall of Gram-
negative bacteria, also called endotoxins.

Macrophage migration inhibitory factor is a cytokine produced by a variety of
cells and plays a pro-inflammatory role in many diseases. It plays a regulatory
role in pregnancy.

Macroscopic is used to describe a test result that can be interpreted visually, with-
out the need for a microscope.

Major histocompatibility complex (MHC) is expressed by a variety of cells, is
mainly involved in T cell activation, and consists of MHC class I and class II.
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Malta fever (Mediterranean) is a bacterial infection caused by B. melitensis,
called Malta or Mediterranean owing to the very common spread of the disease
in these areas.

Membrane attack complex (MAC) is the end result of the activation cascade of
the complement components and damages the attacked cells by forming pores
on their surface.

Monoclonal gammopathies (MGs) comprise a group of disorders mainly associ-
ated with an abnormal immunoglobulin protein called M-protein.

Mononucleosis is a viral infection caused by Epstein—Barr virus.

M-protein is a protein associated with an abnormal immunoglobulin fragment.

Natural killer (NK) cells are lymphocyte-like large granular cells that play a key
role in killing virally infected and tumor cells, and do not require previous expo-
sure to antigens.

Non-treponemal test includes RPR and VDRL tests, and is used in clinical labo-
ratories to screen for syphilis. However, it can cross-react with several diseases
because it is not specific for syphilis, causing bacteria; therefore, positive results
must be confirmed by a treponemal test.

Opsonization is a process that enhances and facilitates phagocytosis by phagocytic
cells by coating the target molecules by antibodies or complement components
(opsonin).

Pathogen-associated molecular patterns (PAMPs) comprise a group of mole-
cules that have a conserved molecular structure, and are recognized by special-
ized receptors expressed by cells of the immune system known as PRRs.

Pattern recognition receptors (PRRs) comprise a group of receptors expressed
by almost all cells of the immune system, and recognize any non-self-molecules
or damaged tissues, subsequently activating the immune system.

Phagocytic cells include several cells such as macrophages, neutrophils, and DCs.
The main function of these cells is to engulf any foreign molecules or damaged
cells in a process known as phagocytosis.

Plasma cells are responsible for producing antibodies and are differentiated from
B cells.

Platelet cells are produced from the bone marrow and play a major role in the
formation of blood clots.

Polymorphonuclear (PMN) cells are leukocytes with a multi-lobed nucleolus and
include three major cell types: basophils, eosinophils, and neutrophils.

Precipitation requires the formation of insoluble antigen—antibody complexes as a
result of mixing soluble antigens and antibodies.

Precipitin ring is a technique for estimating antibody concentration.

Progesterone is a steroid hormone that is secreted by the corpus luteum to prepare
the uterus for pregnancy.

Radioimmunoassay (RIA) is a technique that measures antigens by using anti-
gens labeled with radioisotopes.

Rapid plasma regain (RPR) is a non-treponemal and non-specific test used in
clinical laboratories to screen for syphilis, and it is the modified version of the
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VDRL test where RPR antigen suspension contains choline chloride for greater
stability, and charcoal to read the results without the need for a microscope.

Regulatory T (Treg) cells are one of CD4* T cell populations that express CD25
(IL-2 receptor o chain) and FoxP3 (transcription factor), the main function of
Treg cells is to down-regulate other activated T cells and maintain peripheral
tolerance to self-antigens.

RF latex agglutination test is an agglutination test that uses latex coated particles
to detect RF in RA patients and it is a very useful tool in the follow-up of RA
patients.

Rheumatic fever is caused by group A streptococcus-produced antibodies, which
have cross-reactivity with the antigens of the heart, kidneys, and joints.

Rheumatoid arthritis (RA) is an autoimmune disease that affects the joints and
causes inflammation of the joint.

Rheumatoid facter (RF) usually consists of IgM autoantibodies that are produced
in RA to attack self-IgG.

RIA tracer is aradioactive labeled antigen used to compete with antigen (test anti-
gen) in patient serum.

Ring precipitation is the precipitation of antibodies and antigens to form a desk
between the top layer of the antigens and the bottom layer of the antibodies. The
test is usually performed in a tube.

Sandwich ELISA uses an antibody specific to the patient target antigen and cap-
tures enzyme-labeled antibodies specific to the patient target antigen as well.
Secondary lymphoid organ is considered the home of mature T and B cells in

which they proliferate and differentiate after recognizing their specific antigens.

Serology includes techniques that use antibodies to detect specific target antigens.

Serotyping serologically detected antigenic differences between infectious
organisms.

Serum agglutination test (SAT) is mainly used to detect Brucella antibodies in
patient serum. Brucella antibodies in patient sample react with Brucella test anti-
gens forming agglutination.

Single diffusion is the diffusion of single particles, usually antigens, to form pre-
cipitin in agar medium containing specific antibodies.

Streptococcus pyogenes are Gram-positive bacteria, also known as group A
streptococcus.

Streptolysin O (SLO) is an endotoxin produced by group A streptococcus that can
lyse the host RBCs and white blood cells.

Super-antigens are antigens that activate all V gene segment-expressing T cells.

Syphilis is a chronic bacterial infection caused by Treponema pallidum and trans-
mitted sexually.

T cell receptors (TCRs) are expressed by T cells and are specific to certain anti-
gens. TCRs consist of two regions: the variable (V) region that binds to antigens
(antigen-binding site) and the constant (C) region, which is transmembranl.

T cells are lymphocytes that develop and mature in the thymus and are one of the
adaptive immune cells.
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T helper (Th) cells are T cells that express CD4 and interact with MHC class 11
expressed on the surface of APCs. Th cells are divided into five main subpopu-
lations Th1, Th2, Th17, Thg, and Tregs. Following the activation of each sub-
population, a different set of cytokines is produced that induces inflammation,
supports B cell activation, or down-regulates the immune system.

Th1l is a CD4" T cell subset that mainly produces IL-2, IFN-y, and TNF-a; they
are involved in activating the cells of the immune system and supporting 1gG;
production by B cells.

Th17 is a CD4* T cell subset that mainly produces IL-17 and IL-22; they are
involved in bacterial and fungal infections and autoimmunity.

Th2 is a CD4" T cell subset that mainly produces IL-4, IL-5, and IL-13; they are
involved in parasitic and allergic responses.

Thyy, isaCD4* T cell subset that mainly supports B cell activation and differentiation.

Treponema palladium hemagglutination (TPHA) test is a specific hemaggluti-
nation treponemal test for syphilis that uses avian RBCs coated (sensitized) with
Treponema pallidum antigens.

Treponemal test is a specific test for detecting syphilis and is used in clinical labo-
ratories to confirm positive results obtained from a non-treponemal test.

Tube SAT provides the quantity of Brucella antibodies in patient serum following
antibodies binding to Brucella antigens and the formation of an agglutination in
the test tube.

Undulant fever is a bacterial infection caused by B. abortus and characterized by
irregular episodes of fever.

Venereal disease research laboratory (VDRL) test see RPR.

Zoonotic describes an infection that is transmitted from animals to human.
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