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more sensitive than the usual dilution test. However it
requires mastery of this new technique using two different
labels.

Procedures for establishment of standard reference
material (SRM)

Despite the numerous theoretical and practical pro-
blems which are still not resolved, standardization of
immunoassays remains an obvious need and has been in
operation for more than two decades [14-16]. The follo-
wing summarizes the practical process of standardization.
Standardization may be initiated at different possible
levels, rarely regional, often national, and in many instan-
ces international (group of countries, ¢.g. BCR “Burcau
Communautaire de Référence” for EC, or worldwide with
[FCC or WHO). The commercial companies have their
own internal problems of standardization and usually
actively participate in national and international efforts.
The current number of immunological test systems is very
large and the first step is to determine priorities. Once the
decision has been taken, the first task of the expert pancl
is to define the specifications of the candidate SRM. The
following criteria should be met by this material:

- It must be adequately characterized. There may be
differences between different batches of the same prepa-
ration according to their origin and/or the method of
purification. Synthetic preparations may also differ from
natural ones.

- Tt must be readily available.

- Tt must have the same property in the assay system as
the substance 1o be measured. This point is especially
important for the highly sensitive immunoassays in which
matrix effects may be important. For example, a solution
of the purified substance (e.g. digoxin) in the appropriate
solvent is usually not a good working standard, because
digoxin is currently not measured in a solvent but in serum
or plasma, the components of which interfere in the
antigen-antibody reaction. Therefore, standards are usual-
ly prepared in the matrix which is most commonly used in
assays.

- It must be stable. This is, of course, an essential point
which is self explanatory. Quite frequently, purified anti-
gens are much less stable than the same antigen in a more
natural protein environment. This is a further reason why
standards are usually not made of purified antigen.

- It must be physically homogeneous.

- It must be free from bacterial contamination.

- It must be compatible with accurate division into
aliquots.

_ It should be compatible with freeze-drying with
minimal denaturation.

- It should have a uniform moisture content of less than
1%.

- It must give a clear solution after reconstitution.

- Its antigenic content must be high enough 1o permit
optimal dilution in the appropriate “matrix”.

In addition of these general specifications, the expert
committec should prepare a report on the specifications
related to the particular analyte. Itcanbe predicted that this
aspect will become more important in the future. The next
step concerns the source of the material and the way it 1s
procured, treated, transported and prepared. In some ca-
ses, this step may be dependent on the intended use of the
standard. For example, the addition of azide should be
avoided for a preparation which will be used with a
peroxidase-linked immunorcagent. Usually scientific and/
or commercial organizations are requested to present
candidate preparations, which will be examined in a firsi
phase study in order to select the best one.

Collaborative study

When the material is in its final condition, its uniformi
ty must be tested as well as 1ts stability, usually by
conventional accelerated degradation tests at 56 °C. Ther.
is no strict rule for the acceptable degree of stability, but
obviously it should at least be of several years for «
practically useful standard.

The candidate preparations are then tested by severa
expert laboratories in a collaborative study. The design o
this study should be carefully prepared with the help ol .
biostatistician. The constitution of the pancl samples tha!
will be tested needs special consideration. The selection o
expert laboratories is another important point. However
the major point is the selection of a commonly agrec!
method, in the absence of a standard method. The optiml
requirements for such a method are of analytical, epid
miological, economic and practical nature. Its overull
imprecision should be determined as well as its overall
day-to-day reproducibility. It is desirable that the diagno
stic performance of the method is known; i.e. specificil
(the proportion of negative specimens that are correct!,
classified as negative by the method) and sensitivity (1!
proportion of positive specimens that are correctly clas
ficd as positive by the method). Other important pararn
ters are simplicity, availability of reagents and cost
cquipment and reagents. It is also desirable o compii.
data obtained by other methods in use in the differcn
laboratories.

The results are collected for a statistical study. When
ver possible, dose/response curves are constructed !
compared. They should run parallel over the scleci
assay range. A unitage should be proposed and finally
instruction sheet is written indicating the intended usc o
limits of the material and the way in which itistobe us |

SRM are precious reagents; they should neverbe v
as working reagents, nor for experimental purposes. 11
are primarily intended for the calibration of worki .
(secondary) standards. Tertiary standards arc usually ni!
available by commercial companies.

Approval and distribution

The standard reference material has to be approvi:'|
official authorities. They may suggest further stud

changes. There are many different iniuatives in the




main, and there is a need for coordination. In fact, many
projects are done in cooperation between the different
apencies. An important aspect of standardization is the
need for continuity. Once the stock of an SRM is approa-
« lning exhaustion or end of shelf-life, it should be renewed.
\ special part of the new collaborative study should be
devoted to the calibration of the new SRM in terms of the
lormer one.

ltole of quality assurance in standardization

The methods of quality assurance are in constant use
Juring the process of standardization to detect the possible
bias, to monitor the reproducibility of the results and,
finally, to validate the method. When a method reveals
joor quality assurance controls, this is incentive for under-
liking the steps for standardization. Finally, external assu-
rance control may reveal the problems occurring with
certain standards.

{"onclusion and perspectives

The diffcrent facets discussed above show that, by
nature, standardization cannot be the work of isolated
wientists. It is a cooperative task, involving individual
scientists, scientific organizations, commercial firms and
imternational organizations. Therefore, the process is
submitted to all the hazards and problems of human
vooperation, including divergent views of experts, natio-
nal or commercial pressures, etc. Indeed, standardization
implies a long, complex, systematic and expansive colla-
horative effort, involving unavoidably considerable admi-
nistration, even bureaucracy. Finally, a consensus should
be reached between the different experts about the best
available procedure and material allowing an approach to
the initial goal. According to their degree of reliability,
they may or may not be accepted as reference method and
preparation. Therefore, as stated above, it is evident that
standardization is a long and evolutionary process, whose
progress parallels that of scientific knowledge on the
nalyte and onanalytical methods. Itis also clear that it has
1 economic impact, due to the growing importance of
ommercialized reagents, especially in laboratory medici-
He.

The present standards are not always satisfactory for a
sumber of analytes (especially those showing polymor-
i:hism) for the reasons emphasized above. The theoretical
constraints limiung the feasibility of such standards are
wuch that the existence of a fully satisfactory solution is
juestionable. However, the need for comparing results
remains obvious. For certain assays presenting specific
problems, a wild kind of standardization exists where
ommercial companies tend o adjusttheir assay results on
those of the market leader. Although this non-scienufic
jractice cannot be recommended, itdemonstrates both the
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real need for standardization and the difficulty in finding
simple scientific solutions.

Here, two examples of proposals for the future are
given, which evolved from the same type of caution about
the present methods of standardization. Ekins [3] obser-
ved that, on one hand, it is incorrect to use the same units
for defining biological activity and amount of a prepara-
tion (as determined by immunoassay), and that, on the
other hand, it is “futile to assign units value to the interna-
tional referencé preparations of many heterogenous analy-
tes”. Therefore, the unitages for in vivo and in vitro assays
should be completely separated. He proposes an empirical
approach where the international references preparation
would be distributed, with no assigned unitage, but with
international agreement that the “normal” analyte concen-
tration range in human serum would extend between
arbitrarily-specified numerical limits. Individual labora-
tories would subsequently assign a “local” unitage to the
international standard, the (dimensionless) units so defi-
ned reflecting the relative potency of standard and analyte
(in normal samples) in the particular assay system used.
The author’s idea 1s that this pragmatic and less ambitious
approach is still superior to the present system, which is
Judged as scientifically misleading. The basic problem of
the different analyte heterogeneity in pathological sam-
ples could be solved in the future by multiple analysis of
the different isoforms, and the author has a project allo-
wing this challenge to be taken up.

Delaage (personal comunicauon) recently suggested a
renewed approach to the standardization of the assay of
macromolecules whose sequence is known. After having
selected a source of material for purification (organ, bio-
logical fluid or cell cultures), a small quantity of antigenic
material will be purified. Then, the different existing
monoclonal antibodies will be tested and classified into
clusters, by mutual exclusion. This preliminary operation
is simpler than epitope mapping, and should be sufficient
for the purpose. One antibody per cluster will be selected.
The basic idea is 10 study the reactivity of the different
antibodies in each relevant pathophysiological situation.
Atthe end of the study of a parucular antigen, it would be
possible to have information about the relevance of the
different isoforms or fragments that may exist. The deci-
sion could be made on the validity of a single assay for all
kinds of pathophysiological situations, or if it is advisable
to set up other assay methods aimed at the assessment of
particular isoforms and adapted to specific discases.

Standardization is onec amongst many other problems
raiscd by the adaptation of science and techniques to the
nceds of our society. This adaptation may be difficult as
shown by these controversies. Improvements will follow
due both to the advancement of knowledge and (o consen-
sus on reasonable compromises.

Review submitted on tnvitation by the Bditonial Board of the . innali

Accepted for publicanon: | February, 1991



436

REFERENCES

BANGHAM, R.D. 1983. XI. Assays and standards. In: Hormones in blood. C.H. Gray & V.H.T. James (Eds). Academic Press, London. 3rd
Ed. Vol. 5. pp. 256-299.

ZENDER, R. 1989. Measurements in biological systems. Metrological principles and terminology. Scand. J. Clin. Lab, Invest. 4%(Suppl. 193):
3-10.

EKINS, R. 1991, Immunoassay standardization. Scand. J. Clin. Lab. Invest. 51(Suppl. 205): 33-46.

MASSEYEFF, R. & MALVANO, R. 1986. Problems in standardization of enzyme-immunoassays for antigens, In: Methods Enzym. Anal. 3rd
Ed. H.U. Bergmeyer (Ed.) VHC, Weinheim. Vol. 9. pp. 38-53.

EKINS, R.P. 1981. The precision profile: its use in RIA assessment and design. Ligand Q. & 33-43.

MOSS, D. 1989. Measurement of enzyme activity. Scand. J. Clin. Lab. Invest. 49(Suppl. 193): 20-25.

BENJAMIN, D.C. & BERZOFSKY, J.A. 1984. The antigenic structure of proteins: a reappraisal. Ann. Rev. Irmmunol. 2: 67-120.
DAY, E.D. 1990. Advanced immunochemistry. Wiley-Liss, New-York.

MASSEYEFFE, R. 1991. Antibody quantitation. Scand. J. Clin. Lab. Invest. 51(Suppl. 205): 63-69.

MALVANO, R. 1982. Error in RIA: sources and evaluation. J. Nucl. Med. Allied Sci. 26: 205-226.

GRAVLS, H. 1988. Noise control in solid-phase immunoassays by use of a matrix coat. J. Immunol. Methods 111: 167-178.

MILES, L.EL. M., LIPSCHITZ, D.A.,BIEBER,CP. & COOK, 1.D. 1974. Measurement of serum ferritin by atwosite immunoradiometric assay.
Anal. Biochem. 61' 209-224.

NAHM, M.H. & HOFFMANN, ] W 1990. Heteroantibody: phantom of the immunoassay. Clin. Chem. 36: 829.

WORLD HEALTH ORGANIZATION. 1978. Expert commitlec on biological standardization, 1978. Guidelines for the preparation and
establishment of reference materials and reference reagents for biological substances, 29th Report. Geneva. WHO Tech. Rep. Ser. n. 626.

WORLD HEALTH ORGANIZATION. 1684, Expert committee on biological standardization. WHO Tech. Rep. Ser. n. 700.

WORLD HEALTH ORGANIZATION. 1984. Biological standards. Reference preparaltions and reference reagents. Geneva.

DIPTSR St

E—



