Immunology

Immunological
Techniques for Diagnosis
Chapter fourteen

Introduction
More than a decade ago, the USMLE announced that they would no longer test on
techniques of laboratory procedure. The purpose of this chapter, therefore, is not to
focus on how these tests are done, but on their uses in clinical diagnosis and how a
physician should interpret their results.
Principles of Agglutination and Precipitation
The immunological interactions that we have been discussing up until this point have
been happening at the molecular level, invisible to the naked eye. Early immunologists
discovered that when antibodies were combined with their complementary antigen,
they would make visible deposits that would settle out of a liquid. This is the basis of
tests which visualize the results of agglutination and precipitation. The only difference
between these two things is that agglutination involves the settling out of particles
from a suspension (RBC, latex beads) and precipitation involves the settling out of
proteins from a solution when bound to their speciﬁc antibodies. In each case, the
complex of antigen and antibody has too much density to remain in suspension or
solution, and a visible deposit forms in the bottom of a test tube or microtiter well. In
each case, it is the valence of the antibody and its ability to cross-link between
molecules of antigen that gives the complex its size and density. Therefore, if
antibodies are partially digested to separate their antigen-bearing arms, precipitation
and agglutination will no longer occur.
Pepsin vs Papain Immunoglobulin Cleavage

Figure 41

• Digesting antibodies with pepsin cuts them behind
the hinge, so the combining arms are still
connected.
• Digesting antibodies with papain cuts them in
front of the hinge, so individual binding arms are
separated and these will not cause either
agglutination or precipitation.
• A single idiotype-bearing arm is called an FAb
(fragment, antigen-binding). This will bind antigen
but cannot agglutinate or precipitate it.
• Two held together (after pepsin cleavage) are
called an F(Ab)’2. These can agglutinate or
precipitate speciﬁc antigen.
•The tail (left after papain cleavage) is called the Fc.
Cells with Fc receptors bind to this tail and can
remove immune complexes from the circulation.
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Development of Immune Complexes during Infection
As a patient is ﬁrst exposed to a pathogen and that microbe carries out its lifecycle,
rapid proliferation of the microbe will precede the body’s ability to make antibodies.
After a lag of 10 days to 2 weeks, speciﬁc antibodies will rise and will bind to the
microbial antigens. These complexes will be removed from the blood by the spleen,
and the complexes will be of maximal size during the equivalence zone when every
idiotype of every antibody molecule is binding to every epitope of antigen. This is also
the period of maximum precipitation or agglutination in a laboratory assay. In the
patient, the equivalence zone is normally identiﬁed when the free antigen (which has
previously been in excess) disappears from the serum. As the immune response stops
the lifecycle of the microbe, the patient enters a period when the amount of antibody
being produced exceeds the amount of antigen, so a rising titer of antibody is
measured during convalescence.
Precipitation Curve

Figure 42
Excess free Ag
in serum

Equivalence
Zone

Excess free Ab
in serum

Amt

Ppt or Agg

0

Time after infection

3

Antiglobulin (Coombs) test
The antiglobulin, or Coombs test is an agglutination test used to detect IgG antibodies
against red blood cells. Because IgG is not large enough to bridge between
erythrocytes, once it binds to red blood cells in an autoimmune condition
(autoimmune hemolytic anemia or hemolytic disease of the newborn, HDNB) the cells
will not agglutinate until a developing serum (Coomb’s serum; anti-human IgG) is
added. The assay comes in two forms, direct and indirect.

Direct – identiﬁes red blood cells
already coated with autoimmune
antibodies.

Indirect – identiﬁes the presence
of antibodies free in the serum (for
antenatal testing of women at risk
to cause HDNB or prior to
transfusion)

Sample of blood from patient

Sample of serum from patient

Add Rh+ or ABO incompatible
erythrocytes

Add Coombs serum (anti-human IgG)
Agglutination is a positive result.
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Enzyme Immunoassay
The enzyme-linked immunoassay (EIA or ELISA) and the radioimmunoassay (RIA) are
extremely common diagnostic techniques which differ only in the means of visualizing
the result. With EIA, a change in color caused by enzymatic cleavage of a substrate is
observed, and in RIA, increased radioactivity is used as the measure of binding. Both
assays are extremely sensitive, capable of detecting 10-9 g of material, but as such, they
can produce false positive results. These tests can be used to detect antigen or
antibody. The radioallergosorbent test (RAST) is an RIA to detect IgE antibodies in atopic
patients.
If we consider the process of initial HIV testing with EIA:
• The ﬁrst step is to coat the wells of a microtiter plate with a viral antigen, usually the p24
capsid.
• Next a sample of serum from the patients to be tested is placed in column 1 of each row,
A – H being the different patients that can be simultaneously tested.
• A serial dilution is made from column 1 to column 10, and columns 11 and 12 are retained
as positive and negative controls (known positive serum in column 11 and no serum in
column 12).
• After washing with saline, an enzyme-linked anti-human gamma globulin is now added
to each well.
• After washing again with saline, the substrate for the enzyme is added, and change in
color in the wells is noted.
• The titer is determined as the reciprocal of the dilution in the last positive well.
Dilution of serum

+ Controls
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Immunoﬂuorescent Assays
Immunoﬂuorescent antibody tests use ﬂuorescence microscopy to identify the binding
of labeled antibodies to antigens. There are direct and indirect versions.

Direct Fluorescent Antibody Test
Identiﬁes antigen

Indirect Fluorescent Antibody Test
Identiﬁes autoantibodies

Tissue biopsy from patient

Serum sample from patient
Added to sample of normal tissue

Add ﬂuorescent-labeled antibodies
against the antigen

Add ﬂuorescent-labeled antibodies
against the human
immunoglobulin

Tissue ﬂuorescence is a positive result
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Fluorescence-Activated Cell Sorter
The ﬂuorescence-activated cell sorter (FACS) is a computerized apparatus designed to
separate cells out of a complex mixture, based on ﬂuorescent dyes with which they
have been labeled. The working of the FACS is beyond the scope here, but the
interpretation of the data produced is highly testable.
Starting with a population of peripheral blood cells, if the physician wanted to
determine the proportion of T cells and B cells, the cells would ﬁrst be mixed with
ﬂuorescence-labeled antibodies against important cell surface markers and then run
through the sorter. For example, one might use a blue-labeled antibody against CD3
and a yellow-labeled antibody against CD19. The apparatus will run the cells in the
sample through an electromagnetic aperture in single ﬁle and evaluate the color and
intensity of ﬂuorescence for each. What is generated is a graphic showing color and
intensity for the populations, plotted against one another.
Figure 43

Increasing intensity of blue fluorescence

Fluorescence Activated Cell Sorter

Increasing intensity of yellow fluorescence

Every black dot on the graph
represents a cell with the
characteristics plotted. The dotted
horizontal and vertical lines show
the background levels of
ﬂuorescence, so the cells in the
lower left quadrant have no
signiﬁcant staining with either dye.
The cells in the upper left quadrant
are the CD3+ cells and the cells in
the lower right quadrant are CD19+.
If there had been cells with both
markers, they would have been in
the upper right quadrant.
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#MMC
Hepatitis B virus has three major antigens C (main core), E (second core) and S
(surface). Patients make antibodies against all three antigens at some point in their
infection (unless they develop a chronic case of infection). A prognostic indicator of
recovery is the disappearance of the S antigen before 6 months post-infection. Can
you explain why this would be so in the context of what you know about the
development of immune complexes?
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Before you leave, can you….
1. Understand the general procedures and uses for the most common immunological
diagnostic tests.
2. Be able to interpret data provided from a laboratory to diagnose disease.
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