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A n d Your 
Ques t ion Is...? 
Most likely, other 
laboratory 
professionals have 
the same question 
you do. So why not 
ask the experts? Mail 
your laboratory-
related questions to: 
Laboratory Medicine, 
2100 W Harrison St, 
Chicago, IL 60612; or 
by e-mail to: 
labmed@ascp.org 
We regret that we 
cannot respond to 
individual requests 
for informat ion nor 
can we guarantee 
that questions 
submit ted wi l l be 
answered in print. 
Answers w i l l be 
provided in this 
co lumn only. 

What are the differences among first-, second-, and 
third-generation immunoassays? 

The "generation" terminology is based on a con
cept related to enhancements that have evolved in 
immunoassay sensitivity and specificity. The 
terms—first, second, and third generation—have 
been applied primarily to immunoassays for 
measuring thyroid-stimulating hormone (TSH), 
which is used in the diagnosis and management 
of patients with abnormal thyroid conditions. 
The idea of classifying TSH immunoassays 
according to generations was introduced by 
Nicoloff and Spencer in 19901 and was based on 
a clinically relevant application: functional sensi
tivity. Functional sensitivity is the lowest concen
tration that can be measured reproducibly with 
an interassay coefficient of variation (CV) of 20% 
or less.1-3 Each successive generation of TSH 
immunoassays has provided better sensitivity for 
discriminating between normal (euthyroid) and 
subnormal (hyperthyroid) conditions. 

The first-generation TSH radioimmunoassays, 
introduced in the 1960s, were based on the prin
ciple of competitive binding using one polyclonal 
antibody and a radioactive isotope label. The 
functional sensitivity level was between 1 and 2 
mlU/L. 

The second-generation TSH immunoassays, 
introduced in the 1970s, are based on noncom
petitive or two-site immunometric methods. 
These so-called "sandwich" immunoassays were 
initially constructed with two different polyclonal 
antibodies to bind the antigen at two epitopes. A 
radioisotope or an enzyme, such as alkaline phos
phatase or horseradish peroxidase, was the label. 
With the emergence of monoclonal antibody 

technology in the 1980s, the two-site immuno
metric assays were configured with a combina
tion of both types of antibodies—polyclonal and 
monoclonal—and enzymes or radioisotopes as 
labels. Having a functional sensitivity between 0.1 
and 0.2 mlU/L, second-generation TSH assays 
can differentiate euthyroid from conditions due 
to primary hyperthyroidism. 

With the adoption of the polyclonal -
monoclonal antibody design and, more recently, 
monoclonal-monoclonal antibody configura
tions, immunometric assays gained enhanced 
specificity and sensitivity. This is due to the speci
ficity of monoclonal antibodies and to various 
highly sensitive labels, including chemilumines-
cent tags, fluorophors, photoproteins, and new 
enzymes. These features made it possible to mea
sure reproducibly (CV < 20%) very low concen
trations of TSH and ushered in the third-
generation TSH immunoassays with a functional 
sensitivity in the range of 0.01 to 0.02 mlU/L. 

Thus, the technology of highly specific mono
clonal antibodies coupled with new labels pro
vided a 100-fold improved sensitivity when 
compared with the sensitivity of the first-genera
tion assays of the 1960s. This degree of repro
ducible sensitivity is clinically relevant for 
differentiating between reduced and profoundly 
suppressed levels of TSH and assists in the diag
nosis of subclinical hyperthyroidism, in the 
assessment of thyroid hormone replacement 
therapy, for monitoring thyroid-suppressive ther
apy in thyroid cancer, and for other severe thy
roidal and nonthyroidal illnesses. 

Manufacturers of TSH kits have been known 
to use terms such as "sensitive," "ultrasensitive," 
and "supersensitive" to market their products. 

Responding to this month's question is Christine Papadea, PhD, MT(ASCP)SC, associate professor, 
Department of Pathology and Laboratory Medicine, and associate director, Clinical Chemistry 
Laboratories, Medical University of South Carolina, Medical Center at Charleston. 
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Laboratorians who are considering adding a 
third-generation TSH assay to their laboratory 
menu should understand the definition of func
tional sensitivity. Good laboratory practice has 
taught us to validate the performance of kits pro
posed for use in our clinical chemistry labora
tory4 before accepting commercial claims. 

In addition to the TSH immunoassay, "gener
ation" has been applied to immunoassays for 
other analytes, such as cardiac troponin T.5 For 
this analyte, the difference between the first and 
second generations is that the first generation 
used a cardiac-specific antibody in combination 
with a nonspecific antibody. It lacked specificity 
for cardiac troponin T and cross-reacted with 
troponin T expressed in skeletal muscle. The sec
ond-generation assay is constructed with two car
diac-specific monoclonal antibodies, and its 
specificity is not compromised by nonspecific 
cross-reactions. 

An excellent review of the recent advances and 
strategies used to improve immunoassay technol
ogy was published by Kricka.6 © 
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