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Serology is the branch of science that studies antibodies 

present within a given antiserum.

Antisera are polyclonal, meaning that in a natural 

immunization, many B cell clones respond to a whole collection 

of epitopes, producing many different antibody specificities.

The extreme specificity of antibodies have made them valuable 

tools for use in basic and clinical research as well as in accurate 

detection and measurement of variable analytes in the clinical 

laboratory.
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The only natural large sources of antibodies of a single 
specificity are the antibodies secreted by myeloma cells.

In 1975, Georges Kohler and Cesar Milstein discovered a 
technique to produce antibody arising from a single B 
cell, which has revolutionized serological testing. For 
their pioneering research, they were awarded the Nobel 
Prize in 1984.

Kohler and Milstein’s technique fuses an activated B cell 
with a myeloma cell that can be grown indefinitely in 
the laboratory. 
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The primary union of binding sites on antibody with specific epitopes on 
an antigen depends on two characteristics of antibody known as affinity 
and avidity.

Affinity is the initial force of attraction that exists between a single Fab 
site on an antibody molecule and a single epitope or determinant site on 
the corresponding antigen.

As epitope and binding site come into close proximity to each other, 
several types of non-covalent bonds hold them together.

These include ionic bonds, hydrogen bonds, hydrophobic bonds, and van 

der Waals forces.
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Avidity represents the sum of all the attractive forces between an antigen and 

an antibody.

This involves the strength with which a multivalent antibody binds a 

multivalent antigen, and it is a measure of the overall stability of an antigen-

antibody complex. A high avidity can compensate for a low affinity.

In addition to the affinity and avidity of the antibody involved, the overall 

binding depends on the relative proportions of antigen and antibody present.

Optimum binding occurs in the zone of equivalence, in which the number of 

multivalent sites of antigen and antibody are approximately equal. 
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Precipitation is the simplest methods of detecting Ag-Ab reactions, because most Ags

are multivalent and thus capable of forming aggregates in the presence of the 

corresponding Ab. When Ag and Ab solutions are mixed, the initial turbidity is followed 

by precipitation. Precipitates in fluids can be measured by means of turbidimetry or 

nephelometry.

Turbidimetry is a measure of the turbidity or cloudiness of a solution. A detection device 

is placed in direct line with the incident light, collecting light after it has passed through 

the solution. It thus measures the reduction in light intensity due to reflection, 

absorption, or scatter.

Nephelometry measures the light that is scattered at a particular angle from the 

incident beam as it passes through a suspension. Nephelometers measure light scatter 

at angles ranging from 10 degrees to about 90 degrees.
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Agglutination is the visible aggregation of particles caused by combination with specific 

Ab. Abs that produce such reactions are often called agglutinins.

Agglutination is a two-step process, involving sensitization or initial binding followed by 

lattice formation, or formation of large aggregates.

Agglutination reactions are easy to carry out, require no complicated equipment, and 

can be performed as needed in the laboratory without having to batch specimens.

Coagglutination is the name given to systems using bacteria as the inert particles to 

which antibody is attached. Staphylococcus aureus is most frequently used, because it 

has a protein on its outer surface, called protein A, which naturally adsorbs the fragment 

crystallisable (FC) portion of antibody molecules.
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The antihuman globulin test, also known as the Coombs’ test, is a 

technique that detects  non-agglutinating antibody by means of coupling 

with a second antibody. It remains one of the most widely used 

procedures in blood banking. The key component of the test is antibody 

to human globulin.

The direct antiglobulin test is used to demonstrate in vivo attachment of 

antibody to an individual’s red blood cells. This test serves as an indicator 

of autoimmune hemolytic anemia, hemolytic disease of the newborn, 

sensitization of red blood cells caused by the presence of drugs, or a 

transfusion reaction.
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The indirect antiglobulin test, or indirect Coombs’ test, is used to 

determine the presence of a particular antibody in a patient, or it can be 

used to type patient red blood cells for specific blood group antigens.

This is a two-step process, in which washed red blood cells and antibody 

are allowed to combine at 37°C, and the cells are then carefully washed 

again to remove any unbound antibody. When antihuman globulin is 

added, a visible reaction occurs where antibody has been specifically 

bound. This test is most often used to check for the presence of clinically 

significant alloantibody in patient serum when performing compatibility 

testing for a blood transfusion.
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RIA was originally based on the principle of competitive binding. 
Thus, the analyte being detected competes with a radiolabeled 
analyte for a limited number of binding sites on a high-affinity 
antibody.

RIA is an extremely sensitive and precise technique for 
determining trace amounts of analytes that are small in size. 
However, chief among the disadvantages of all RIA techniques is 
the health hazard involved in working with radioactive substances. 

In addition, disposal problems, short shelf life, and the need for 

expensive equipment has caused laboratories to explore other 
techniques for identifying analytes in low concentration. 
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As labels for immunoassay, enzymes are cheap and readily available, have a long 

shelf life, are easily adapted to automation, and cause changes that can be 

measured using inexpensive equipment.

Typical enzyme that have been used as a label in colorimetric reactions include 

horseradish peroxidase.

There is no need for expensive instrumentation, because most assays can be 

read by spectrophotometry or by simply noting the presence or absence of 

color.

Reagents are inexpensive and have a long shelf life. Disadvantages include the 

fact that some specimens may contain natural inhibitors. 
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Fluorophores or fluorochromes can absorb energy from an incident light 
source and convert that energy into light of a longer wavelength and 
lower energy as the excited electrons return to the ground state.

Fluorescent staining can be categorized as direct or indirect, depending 
on whether the original antibody has a fluorescent tag attached. 

The methodology is fairly simple, and there is no need to deal with and 
dispose of hazardous substances. The main problem, however, has been 
separation of the signal on the label from autofluorescence produced by 
different organic substances normally present in serum.
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Flow cytometry is an automated system in which single cells in a fluid suspension are 

analyzed in terms of their intrinsic light-scattering characteristics and are 

simultaneously evaluated for extrinsic properties (i.e., the presence of specific surface 

proteins) using fluorescent labeled antibodies or probes. By using several different 

fluorochromes, cytometers can simultaneously measure multiple cellular properties. 

Another significant advantage of flow cytometry is that because the flow rate of cells 

within the cytometer is so rapid, thousands of cells can be analyzed in seconds, allowing 

for the accurate detection of very rare cells.

Routine applications of flow cytometry in the clinical laboratory include 

immunophenotyping of peripheral blood lymphocytes, enumeration of CD34+ stem cells 

in peripheral blood and bone marrow for use in stem cell transplantation, and 

immunophenotypic characterization of acute leukemias, lymphomas, and other 

lymphoproliferative disorders.
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