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1. INTRODUCTION
Immunological disease diagnosis is a method of detecting immunological diseases by using

the body's natural response to pathogens and antigens.

Immunological disease diagnosis involves identifying diseases that are related to the immune

system. These conditions may occur when the immune system functions improperly, such as
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in autoimmune diseases (where the body attacks itself) or immunodeficiency diseases (where
the immune system is underactive). The diagnosis of immunological diseases requires careful
evaluation through clinical examination, laboratory tests, and sometimes genetic testing. Here

is a breakdown of the main aspects of immunological disease diagnosis.

The immune system's primary role is to defend the body against harmful pathogens like
bacteria, viruses, and parasites, as well as to detect and eliminate abnormal cells. However, in
immunological diseases, this system can malfunction, leading to conditions such as
autoimmune diseases, hypersensitivities, immunodeficiencies, and other immune-related

disorders.

Immunochemistry offers simple, rapid, robust yet sensitive, and in most cases, easily
automated methods applicable to routine analyses in clinical laboratories Similarly,
immunohistochemistry, one of the main diagnostics tools in today’s clinical laboratories, is

also based on the principles of antigen-antibody binding.™

Currently, the support of the laboratory in the diagnosis of autoimmune diseases is due to a
large number of techniques that allow both to identify and confirm, or recognize specific
antigen(s). Moreover, such techniques have evolved considerably in recent decades, as tests
have been developed with greater specificity and sensitivity. Among the most used
techniques are: indirect immunofluorescence (IFI), immunosorbent assay (ELISA), the

multiplex assay and electroimmuno transference (EIT).[?

Autoimmune diseases (AIDs) are a series of serious events which take place in the human
body due to internal and external factors leading to the immune system could not discriminate
between self and nonself of specific antigens followed by simple, mild, and severe

deterioration in targeted tissue/orga.l’!

2. ASSAY

A structured explanation of immunological assays commonly used in diagnosing
immunological diseases.™

1. Types of Immunological Assays

2. Overview of Immunological Disease Diagnosis

3. Applications in Immunological Disease Diagnosis

4. Advantages and Limitations of Immunological Assays
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2.1. Types of Immunological Assays

Immunological assays are techniques used to identify and quantify the presence of antibodies,
antigens, or immune cells involved in immune responses. Some common assays include:

e Enzyme-Linked Immunosorbent Assay (ELISA)

ELISA is used to detect antibodies or antigens in a sample by binding them to an enzyme-
linked antibody.

Steps

i. A plate is coated with an antigen or antibody.

i1. The patient’s sample is added, and any antibodies present bind to the antigen.

iii. A secondary enzyme-linked antibody is added that binds specifically to the target.
iv. A substrate is added, causing a color change if binding has occurred.

Example Use Detecting antibodies against pathogens like HIV or autoimmune antibodies in
diseases like lupus.

e Flow Cytometry
Flow cytometry detects and measures physical and chemical properties of cells, including

immune cells, in a fluid sample.

Steps
i. Cells are tagged with fluorescent antibodies specific to particular cell markers.

ii. The sample passes through a laser, and the light scatter and fluorescence data identify cell
types.

Example Use Diagnosing immunodeficiencies by quantifying T cells, B cells, and other

immune cells.

e \Western Blot

Western blot identifies specific proteins (e.g., antibodies or antigens) in a patient sample.
Steps:

I. Proteins are separated by size using gel electrophoresis.

ii. They are transferred to a membrane, then detected with antibodies.

iii. A secondary enzyme-linked antibody and substrate reveal bands corresponding to the

target protein.
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Example Use Confirming HIV diagnosis after ELISA.

e Immunofluorescence Assay (IFA)

IFA uses fluorescent antibodies to detect antigens in a tissue or cell sample.

Steps
i. The sample is incubated with antibodies specific to the target antigen.
ii. A fluorescently labeled secondary antibody is added.

ii. The sample is visualized under a fluorescence microscope.
Example Use Diagnosing autoimmune diseases by detecting specific antibodies.

e Radioimmunoassay (RIA)

RIA is used to measure antigen-antibody reactions using radioactive labels.

Steps
1. The patient’s sample is mixed with a radioactive antigen and an antibody.

ii. Radioactivity levels are measured to quantify binding.
Example Use Hormone level measurement, such as insulin in diabetes.

2.2. Overview of Immunological Disease Diagnosis
Immunological diseases are conditions where the immune system malfunctions, either
attacking the body’s own tissues (autoimmune diseases) or failing to protect against

infections (immunodeficiency).

Accurate diagnosis of these diseases is essential for effective treatment, and immunological
assays provide a means of detecting these abnormalities.

2.3. Applications in Immunological Disease Diagnosis

Immunological assays are used to diagnose a wide range of conditions, including:

a.) Autoimmune Diseases: Tests for autoantibodies are essential for diagnosing conditions
like rheumatoid arthritis or lupus.t

b) Immunodeficiencies: Flow cytometry can assess immune cell counts in conditions like

HIV/AIDS or severe combined immunodeficiency (SCID).
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c) Allergies: ELISA can measure levels of specific immunoglobulin E (IgE) antibodies that
indicate allergies.™

d) Infectious Diseases: Assays can detect antibodies against infectious agents, useful in
diagnosing conditions such as hepatitis, tuberculosis, or syphilis.

2.4. Advantages and Limitations of Immunological Assays
e Advantages:
1. High specificity and sensitivity in detecting immune responses.

2. Some assays, like ELISA, are easy to automate and can process many samples.

e Limitations:
1. Some assays may produce false positives/negatives.

2. Certain methods require advanced lab facilities and trained personnel.

3. OBJECTIVES

The main objectives in managing immunological disorders—ranging from autoimmune

diseases to immunodeficiencies—include early detection, controlling disease progression,

improving patient quality of life, and ultimately achieving disease remission or management.

Here’s a breakdown of these key objectives:

3.1. Early Detection and Diagnosis

e Objective ldentify immunological disorders as early as possible to prevent disease
progression and enable prompt intervention.

e Approach Early detection involves screening individuals at high risk, such as those with

a family history of autoimmune disorders, or using biomarker-based diagnostic tools.”

3.2. Control of Disease Progression

e Objective Limit the spread of autoimmune attacks or minimize immunodeficiency-
related infections to reduce long-term complications.

e Approach Immunosuppressive therapies, biologics, and targeted medications are often
used to slow the immune system's overactivity in autoimmune diseases. For
immunodeficiencies, infection prevention measures, vaccinations, and immune globulin

replacement can help prevent recurrent infections.®

3.3. Improvement of Quality of Life
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e Objective Alleviate symptoms and maintain functional capacity, allowing patients to lead
normal lives despite their condition.
e Approach Treatments are tailored to manage symptoms such as fatigue, pain, and

inflammation, along with lifestyle adjustments, counseling, and support.”

3.4. Prevention of Complications And Comorbidities

e Objective Minimize the risk of complications that arise from either the disease itself or
its treatment, including infections, organ damage, and secondary conditions like
cardiovascular disease.

e Approach Regular monitoring and proactive management strategies, such as
cardiovascular screening for autoimmune patients, are essential to detect and manage
comorbidities early.”

3.5. Achieving and Maintaining Disease Remission or Stability

e Objective Induce remission or at least maintain disease stability to prevent relapses and
improve long-term outcomes.

e Approach Maintenance therapies are often prescribed, especially in cases where disease-
modifying treatments have been effective in inducing remission. Monitoring biomarkers

can help in adjusting treatments to prevent flare-ups.™

3.6. Advancement of Research for Future Therapies

e Objective Continuously advance understanding and treatment options to achieve more
effective and safer therapies.

e Approach Clinical trials, genetic studies, and research into new therapeutic agents, such
as biologics and gene therapies, are crucial for long-term progress in treating
immunological disorders.!*?

4. IMMUNOLOGICAL METHODS

Immunological disease diagnosis involves various methods that help identify immune system

disorders. Here are some of the primary methods used for diagnosis, along with references for

further reading:

e TECHNIQES:- S. No. Techniques Application to diagnosis immunological disease.

1. Serological tests
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. Flow Cytometry

. Lymphocyte Proliferation Assays

. Immunohistochemistry (IHC)

. Genetic Testing

. Skin Tests

. Enzyme assays

. Next-generation sequencing (NGS)
. CRISPR/Cas system

10. Mass spectrometry (MS/MS)

11. PCR-based immunodetection

© 00 N o o1 B~ W DN

12. Metagenomics (panpathogen metagenomic sequencing assay)
13. Immunosensors (sandwich-type electrochemiluminescence (ECL) immunosensor)

15. miRNA-based immunodetection

4.1. Serological Tests Description: These tests detect antibodies or antigens in the blood.
Common serological tests include enzyme-linked immunosorbent assays (ELISAs), Western
blotting, and immunofluorescence assays.

Application: Useful in diagnosing autoimmune diseases (e.g., rheumatoid arthritis, lupus)

and infectinos.[*®

4.2. Flow Cytometry

Description: This technique analyzes the physical and chemical characteristics of cells or
particles. It can quantify different immune cell types, their activation states, and the presence
of specific surface markers.

Application: Essential for diagnosing hematological malignancies and monitoring immune

status in various diseases.[**!

4.3. Lymphocyte Proliferation Assays

Description: These tests measure the ability of lymphocytes to proliferate in response to
specific antigens or mitogens.

Application: Helps assess immune function in conditions like immunodeficiency or

autoimmune diseases.[**!

4.4. Immunohistochemistry (IHC)
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Description: A technique used to identify specific antigens in cells or tissue sections using
labeled antibodies.
Application: Often used in the diagnosis of cancers and autoimmune diseases by examining

tissue samples.[*!

4.5. Genetic Testing Description: Analysis of genetic material to identify mutations
associated with immunological disorders, such as primary immunodeficiencies.

Application: Important for diagnosing hereditary immune system disorders.!*”)

4.6. Skin Tests

Description: Tests such as the tuberculin skin test or patch tests assess immune responses to
specific antigens.

Application: Useful in diagnosing allergies and certain infections.

4.7. Enzyme Assays

Description: Enzyme assays are laboratory techniques that use enzyme reactions to measure
the concentration or activity of specific biomolecules in a sample. In immunological
diagnostics, enzymes are often conjugated with antibodies or antigens. The resulting enzyme-
linked complexes enable the detection of immune markers associated with various diseases.
Application: Used in detecting biomarkers for autoimmune diseases, infectious diseases,
allergies, and cancer, enzyme assays are instrumental in understanding the state of the

immune system and identifying disease-specific antigens or antibodies.®'.

4.8. Next-Generation Sequencing (NGS) for Immune Repertoire Analysis

Description: Sequencing of T-cell receptor (TCR) and B-cell receptor (BCR) repertoires to
understand immune diversity and clonality.

Applications: Diagnosing lymphoproliferative disorders and tracking minimal residual
disease in leukemia. Identifying biomarkers for autoimmune diseases and vaccine responses.

Advantages: High sensitivity and ability to detect rare immune cell clones.

4.9. CRISPR-Based Diagnostic Tools (e.g., SHERLOCK, DETECTR)

Description: Use of CRISPR-Cas systems to detect nucleic acids associated with pathogens
or disease biomarkers.

Applications: Rapid detection of infectious diseases (e.g., COVID-19, Zika virus).

Identifying genetic mutations linked to immune disorders.
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Advantages: Rapid, cost-effective, and adaptable to various diseases.

4.10. Mass Cytometry (CyTOF)

Description: Combines flow cytometry and mass spectrometry to analyze over 40
parameters simultaneously at the single-cell level.

Applications: Immune profiling in complex diseases like multiple sclerosis, HIV/AIDS, and
cancers. Monitoring immune cell phenotypes and functions in transplant patients.

Advantages: High dimensionality, providing comprehensive immune insights.

5. IMMNUOLOGICAL DIAGNOSTIC TECHNIQUE OF MEDICAL VIRUS
Immunological diagnostic techniques are essential for detecting and diagnosing viral
infections. These techniques leverage the immune response to identify viral antigens or
antibodies produced in response to viral infections. Here are some key immunological
diagnostic methods used for medical viruses:

5.1. Enzyme-Linked Immunosorbent Assay (ELISA)

ELISA is a widely used technique that detects and quantifies proteins, including viral
antigens and antibodies. In this method:

Antigen detection: Patient samples are tested for specific viral antigens using antibodies
linked to an enzyme. A substrate is added that produces a measurable signal (color change)

when the enzyme reacts, indicating the presence of the virus.

1. Capture Antibody on Solid Support 2. Antigen Bound to Capture Antibody

Capture Antigen

/ Antibody

YV

vy

3. Addition of Detector Antibody

Detector

4. Finished Antigen-Antibody Complex

Substrate Labeled

«— Anti-Detector

Atbody Antibody

/

Fig. 1: Enzyme Linked Immunosorbent Assay.

Antibody detection: This variant tests for antibodies in the patient’s serum against specific
viruses, which indicates a past or current infection.!*®!
5.2. Western Blotting
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Western blotting is used to confirm the presence of viral proteins in a sample. The technique
involves separating proteins by gel electrophoresis, transferring them to a membrane, and

probing with specific antibodies. A visible signal indicates the presence of viral proteins.!**]

5.3. Immunofluorescence Assay (IFA)
IFA uses fluorescently labeled antibodies to detect viral antigens in infected cells. The sample
is treated with antibodies that bind to specific antigens and then examined under a

fluorescence microscope.®”!

5.4. Rapid Diagnostic Tests (RDTSs)
These are point-of-care tests that provide quick results, often within minutes. RDTs typically
utilize lateral flow immunoassays to detect specific viral antigens or antibodies in a sample,

such as blood or saliva.[?*

5.5. Neutralization Tests

This classic method assesses the ability of antibodies in a patient’s serum to neutralize a virus
in cell culture. The extent of neutralization can indicate the level of immunity or the presence
of active infection.!?!

5.6. Lateral Flow Assays

Lateral flow assays are simple, rapid tests that detect viral proteins or antibodies using a
capillary action mechanism. They are often used in at-home testing kits for viral

infections.[*!

1. Sample Components 2. Complex Formation
Colloidal Gold Label Add Sample
N to Device
Detector
Antibody Antigen »
“a o
sl

3. Direction of Wicking 4. Detection Lines Form

—_—
Complexes Capture Antibodies
% 15 Minutes

Test Line Control Line Test Line Control Line

Fig. 2: Immunochromatographic Lateral Flow Assay.
6. ANTIBODY GENERATION
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Antibody generation is a crucial process in the diagnosis of immunological diseases. It

involves producing antibodies that can specifically recognize and bind to antigens associated

with these diseases. Here's an overview of the key concepts and methodologies involved in

this process:
6. 1. Types of Antibodies

Monoclonal Antibodies (mAbs): Produced by identical immune cells that are clones of a
unique parent cell. They are highly specific to a single epitope.

Usage: Widely used in diagnostic tests for specific disease markers.?"

Polyclonal Antibodies: Produced by different B cell lineages in the body. They
recognize multiple epitopes on the same antigen, providing a broader response.®!

Usage: Commonly used in serological assays and for research applications.

6.2. Production of Antibodies

Immunization: Animals (commonly mice, rabbits, or goats) are immunized with an
antigen related to the disease. This stimulates the animal's immune system to produce
antibodies.*®

Hybridoma Technology: Involves fusing an antibody-producing B cell from an
immunized animal with a myeloma (cancer) cell. The resulting hybrid cells (hybridomas)
can be screened for those producing the desired antibody.?"

Recombinant Antibodies: These are engineered using recombinant DNA technology.

They can be produced in cell lines without the need for animals.?®

6.3. Techniques for Antibody Detection

Enzyme-Linked Immunosorbent Assay (ELISA): A widely used assay to quantify
antibodies or antigens in a sample. It involves coating a plate with antigen, adding the
sample, and detecting bound antibodies with enzyme-linked secondary antibodies.*”
Western Blotting: This technique separates proteins by gel electrophoresis and transfers
them to a membrane, where specific antibodies can be used for detection.”
Immunofluorescence: Utilizes fluorescently labeled antibodies to visualize the presence

and location of specific antigens in tissue samples.!

6.4. Applications in Disease Diagnosis

Autoimmune Diseases: Antibodies can be used to identify autoantibodies associated with

diseases like lupus, rheumatoid arthritis, and multiple sclerosis.*?
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e Infectious Diseases: Detection of pathogen-specific antibodies can aid in diagnosing
infections like HIV, hepatitis, and others.**!

e Cancer: Certain tumors express unique antigens that can be targeted by specific
antibodies for diagnosis and therapy.*

6.5. Future Directions

e Personalized Medicine: Development of targeted antibody therapies based on individual
immune profiles.**!

e Bispecific Antibodies: Engineering antibodies that can bind two different antigens,
offering more versatile therapeutic and diagnostic options.!*®!

e Point-of-Care Testing: Advancements in antibody generation and detection methods are

moving towards rapid, on-site diagnostic tests for various immunological diseases.””

7. DIAGNOSIS OF TUBERCULOSIS IN NON-BOVID USE

IN IMMUNOLOGICAL METHO

Diagnosis of tuberculosis (TB) in non-bovid animals, such as wildlife species or pets, can be
challenging, particularly because they may have unique immune responses compared to
bovid animals like cattle. Immunological methods are commonly used for TB diagnosis
because they detect immune responses specific to Mycobacterium tuberculosis or
Mycobacterium bovis, the primary pathogens responsible for tuberculosis. These
immunological methods offer various approaches to diagnosing TB in non-bovid animals,
helping veterinarians to make informed decisions. Their effectiveness can depend on the
species tested and the quality of antigens or reagents used in each test. some immunological

methods used for TB diagnosis in non-bovids.

7.1. Tuberculin Skin Test (TST)

e Explanation: The Tuberculin Skin Test involves injecting a small amount of purified
protein derivative (PPD), a protein extract from Mycobacterium bovis or M. tuberculosis,
into the skin. After 48-72 hours, the injection site is observed for swelling, which

indicates an immune response if the animal has been exposed to the bacteria.[*”

7.2. Interferon-Gamma Release Assays (IGRAS)
e Explanation: IGRAs measure the release of interferon-gamma (IFN-y), a cytokine

produced by T-cells in response to TB antigens. A blood sample from the animal is
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exposed to TB antigens, and the amount of IFN-y produced indicates whether the animal

has been exposed to TB.[*!

7.3. Enzyme-Linked Immunosorbent Assay (ELISA)

e Explanation: ELISA tests detect antibodies against TB in the blood. Specific TB
antigens are coated on a plate, and the animal's serum is added. If antibodies specific to
TB are present, they bind to the antigens, and a color change occurs, indicating a positive
result.[*?

7.4. Fluorescent Polarization Assay (FPA)

e Explanation: FPA detects TB antibodies by measuring the polarization of fluorescent
light emitted from TB antigen-antibody complexes. The degree of polarization change
helps in identifying TB exposure in the tested animal.[**]

7.5. Polymerase Chain Reaction (PCR) Tests

e Explanation: PCR tests amplify TB-specific DNA sequences directly from blood or

tissue samples. While not strictly immunological, PCR can complement immunological

tests by confirming the presence of TB DNA.[*4

7.6. Multi-Antigen Print Immunoassay (MAPIA)

e Explanation: MAPIA is a more advanced immunoassay technique that can
simultaneously test for multiple antigens to diagnose TB. It can detect a variety of
antibodies, which makes it particularly effective in non-bovid species where antibody
responses might vary.!**!

8. Scopes and Importance of Methods for Immunological Disease Diagnosis.

e Scope of Methods in Immunological Disease Diagnosis

Immunological disease diagnosis is crucial for identifying diseases that affect the immune

system, including autoimmune diseases, allergies, and immunodeficiencies. Various methods

are used to analyze immune response, detect biomarkers, and monitor disease progression.

8.1. Genetic and Molecular Diagnostics:
Genetic and molecular methods, such as PCR (Polymerase Chain Reaction), genetic
sequencing, and microarray analysis, enable the identification of genetic mutations or

alterations that may predispose individuals to immunological diseases.
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Explanation: These methods are used to detect genetic markers associated with conditions

like autoimmune diseases, immunodeficiencies, and predisposition to certain infections.®’

8.2. Flow Cytometry

Flow cytometry is a technique that quantifies and characterizes different cell types, including
immune cells, based on surface markers. It is particularly useful for diagnosing immune-
related cancers and monitoring immune responses.

Explanation: Flow cytometry provides detailed information about the distribution and
function of immune cells, which is essential for diagnosing diseases like leukemia,

lymphoma, and monitoring autoimmune disorders.*"!

8.3. Antibody Detection (ELISA and Western Blot)

Antibody-based assays, such as Enzyme-Linked Immunosorbent Assay (ELISA) and Western
Blot, help detect the presence of antibodies produced by the immune system in response to
infections or autoantigens in autoimmune diseases.

Explanation: These methods help identify specific antibodies associated with autoimmune
diseases (e.g., rheumatoid factor in rheumatoid arthritis) or infections (e.g., HIV
antibodies).[*®!

8.4. Immunohistochemistry (IHC):

Immunohistochemistry involves using antibodies to detect specific antigens within tissue
samples. This method is used to diagnose cancers, autoimmune diseases, and identify
immune cell infiltration in tissues.

Explanation: IHC provides spatial localization of immune markers in tissues, helping to

diagnose diseases like lupus or cancer-related immune infiltration in organs.!*%!

8.5. Proteomics and Mass Spectrometry

Proteomics, particularly using mass spectrometry, is a method for analyzing proteins
expressed in biological samples. It plays a role in identifying biomarkers for immune-related
diseases and evaluating the protein profiles of immune cells.

Explanation: Proteomics can provide insights into protein expression changes that occur in
autoimmune diseases, cancers, and other immunological disorders, identifying novel

biomarkers for diagnosis.®”
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9. Importance of Methods in Immunological Disease Diagnosis

The importance of advanced methods for immunological disease diagnosis lies in their ability
to enhance early detection, provide more accurate diagnoses, and tailor personalized
treatments for better outcomes.

9.1. Early Detection and Diagnosis:

Early diagnosis of immunological diseases, often through genetic or molecular tests, enables
earlier intervention and more effective treatment before the disease becomes advanced.
Explanation: Early detection of biomarkers or genetic mutations can help prevent
irreversible damage, especially in diseases like lupus or rheumatoid arthritis, where early

treatment can reduce long-term damage to organs.®!

9.2. Personalized Medicine:

With advances in diagnostic methods, clinicians can tailor treatments based on individual
genetic profiles and immune system characteristics, ensuring more effective and precise
treatment.

Explanation: Personalized approaches allow doctors to select the most suitable therapies
based on a patient’s immune system's genetic makeup, reducing unnecessary treatments and
minimizing side effects.?

9.3. Monitoring Disease Progression:

Advanced diagnostic techniques enable clinicians to monitor the progression of
immunological diseases, adjusting treatments based on real-time immune system changes and
disease markers.

Explanation: Techniques like flow cytometry and cytokine assays provide valuable data for
monitoring autoimmune diseases, enabling more accurate tracking of disease flare-ups or
remission.!

9.4. Increased Accuracy and Specificity: Advanced methods improve diagnostic accuracy,
offering more reliable results and minimizing the occurrence of false positives and negatives
compared to traditional diagnostic techniques.

Explanation: With methods like PCR and immunohistochemistry, the detection of disease
markers is more precise, helping doctors diagnose complex immunological diseases with

greater confidence.*”
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9.5. Cost-Effective Disease Management:

By enabling earlier and more accurate diagnoses, advanced immunological diagnostic
methods can potentially reduce long-term healthcare costs by preventing unnecessary
treatments and hospitalizations.!

CONCLUSION

Advanced methods in immunological disease diagnosis have revolutionized how we detect
and monitor immune-related conditions. These techniques, which include flow cytometry,
multiplex immunoassays, next-generation sequencing, and advanced imaging, provide
precise, sensitive, and comprehensive diagnostic insights. They allow for early detection,
accurate differentiation of immune disorders, and personalized treatment approaches. These
methods emphasize the integration of molecular and cellular data, enabling a deeper
understanding of disease mechanisms. With continuous advancements in technology, such as
ai-driven diagnostic tools and single-cell analysis, the future of immunological diagnostics
promises even greater specificity and accessibility, paving the way for improved patient

outcomes.
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