
Progress in standardization: 4
Immunological reagents
IRENE BATTY 1

The need for material standards in the field of clinical immunology, together with the
mode of operation of the combined World Health Organization/lInternational Union of
Immunological Societies programme for the provision of such standards, are discussed.
Attention is drawn to the importance of the use of International Units in reporting
concentrations of complex constituents, e.g., immunoglobulins in body fluids, and to the
availability of standard materials against which such components can be calibrated. The
necessity for the standardization of nomenclature is also emphasized.

Immunology is a relatively young discipline that
began only ninety years ago with Pasteur's work on
vaccination against anthrax and rabies. Immunologi-
cal reagents first appeared some 15 or 20 years later
after Roux, Yersen, Behring, and Kitasato had
shown that certain bacterial species produce toxins
which, if injected repeatedly in sublethal doses into
animals, stimulate them to produce substances that
can specifically neutralize the biological effects of the
toxins. Shortly after this Ehrlich, who was basically
a chemist, realized that if the interaction between
toxins and these neutralizing substances (antitoxins)
were to be effectively studied it was essential to be
able to quantify them, and in 1897 he produced a
paper on the measurement of diphtheria toxin that
sowed the first seeds of biological standardization. A
second event that took place at about the same time
had particular significance for the standardization of
immunological reagents: Kraus showed that a visible
precipitate is produced when a soluble antigen meets
its homologous antibody.
Many test systems currently in use in bacteriology,

virology, and parasitology, blood transfusion, the
radio-immunoassay (RIA) of hormones, the deter-
mination of the bio-availability of drugs (RIA), the
detection of drugs present in small amounts in body
fluids (RIA), forensic medicine, and even clinical
chemistry use immunological methods, but this
article will be limited to a consideration of immu-
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nological reagents used in an immunological con-
text, that is, reagents used in the clinical investiga-
tion of immune disorders and also those used in
basic immunological research. It is often from basic
research that new or improved test systems of value
in health care are developed.

OBJECTIVES OF STANDARDIZATION

The aim of the World Health Organization/Inter-
national Union of Immunological Societies
(WHO/IUIS) programme is the improvement of
health care throughout the world by ensuring a
uniformity in the measurement of normal and ab-
normal constituents of body fluids or tissue extracts;
it is hoped that this will lead to uniformity in the
diagnosis of immune disorders and in differentiating
between normal healthy and diseased individuals or
populations. It should make possible a ready trans-
fer of findings among laboratories within a country
and also among different countries. It should also
allow laboratory workers and clinicians to make
better use of historical data and thus enable them
more certainly to discover trends in health and
disease in individuals and populations. Laboratories
in developing nations without the facilities, staff, or
sometimes the expertise for the evaluation of re-
agents will be provided with criteria on which to
base their purchases of these materials and, sub-
sequently, a means of determining whether their
performance is as promised by the manufacturer. All
of these aims should lead to an improvement in the
quality of laboratory results.
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PHILOSOPHY OF THE USE OF MATERIAL STANDARDS

Material standards are particularly important in
the biomedical field, where measurements are being
made of highly complex substances in highly com-

plex matrices (e.g., proteins in serum) and where it is
often difficult to reduce the number of variables in a

test system or to define the test system so that it has a

high reproducibility. Although, at the present time,
it is possible to produce, in a highly purified form, a

number of the antigens being measured, such prepa-

rations are often very labile and do not necessarily
behave in the test system in the same way as the
native antigens; this leads to non-parallelism in the
dose response curves and invalid assays. It is equally
difficult to choose an antibody standard because, no

matter how pure the antigen used as immunogen
may be, the antibodies raised against it will not be
homogeneous and may vary in avidity, specificity,
class, molecular size, diffusion constant, etc.
At the present time, therefore, the criteria by

which material standards are chosen are broadly as

follows. The standard should:
1. have the same properties in the test system as

the substances that are to be measured;
2. be stable;
3. be physically homogeneous;
4. be capable of accurate division into aliquots

(>0.1 % accuracy);
5. be free from bacterial contamination;
6. be freeze-dried so that there is minimal dena-

turation-the moisture content should be less than
1 % and uniform throughout the batch; and

7. reconstitute completely to give a clear solution.
It has not always been possible to fulfil all of these

criteria, but every attempt should be made to achieve
them.

PREPARATION OF AN INTERNATIONAL STANDARD

Determination ofneed
The initiative for the preparation of a standard for

an immunological reagent can come from many

quarters: clinicians, individual research workers,
groups of workers, scientific societies, national con-

trol or regulatory authorities, or international organ-

izations. The need tends to arise when groups of
workers become dissatisfied with variations in the
results achieved by different laboratories on the same
or similar samples or populations (e.g., in the assess-

ment of normal or reference values) or dissatisfied

with the variability in the performance of their
reagents. At that stage they are likely to put pres-
sure on their national control laboratories to bring
some uniformity to such reagents. Because the num-
ber of test systems and immunological reagents is so
large, however, it is necessary to consider such
pressures objectively and to determine priorities,
which are usually based on cost effectiveness. The
degree to which a given standard would improve
results and thereby contribute to health care and its
preparation costs would have to be determined.
Ultimately, this must be decided by an international
group of informed workers including both clinicians
and laboratory workers.

Specifications
It is desirable that specifications for a material

standard should be the work of a group of experts in
the subject or should be approved by such a group,
in order that they will be acceptable to all workers in
the field. Certain of the specifications will be com-
mon to most standards, as outlined in the criteria for
their selection, but they must also have specificity,
potency, stability, and certain physical and chemical
characteristics. It should be noted that, for immu-
nological reagents, there is rarely a requirement for
anything approaching absolute purity; it is sufficient
that the material under consideration behave as a
single substance in the test systems in which it is
used.

Procurement of material

The material for use as a standard may be pre-
pared and donated by a research institution, a
university or hospital laboratory, or a blood trans-
fusion service. It may be prepared under contract by
any of these institutions or be purchased from or
donated by a commercial firm. The source is not
important provided that it always fulfils its specifica-
tions and that complete information concerning its
method of preparation is available.

Collaborative assay

The protocols for a collaborative assay of the
proposed standard are best arrived at by the most
expert workers in the field. Two or more candidate
preparations should be tested at the same time
against several materials, and the collaborating labo-
ratories should use two methods, the one in routine
use as well as a defined " study " method laid down
as part of the protocols. The methods used should
provide results suitable for statistical analysis and in
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particular, whenever possible, a dose response cover-
ing at least three levels should be measured. To be
useful a standard must have a dose response line
parallel with those of other preparations to be
calibrated against it. Ideally, the assays should be
repeated on at least two or three occasions.

Defined " study method "

The " study " method recommended by the group
of experts is the one most likely to give the best (i.e.,
most accurate and precise) results, and is the one
outlined in detail in the protocol. Experience has
shown, however, that workers tend to get the least
variable results when they use the technique to which
they are accustomed rather than when they use a
different, even though more accurate, method with
which they have little experience. Nevertheless, a
" study " method is essential for the comparison of
results from different laboratories.

Stability data
As soon as the material for the proposed standard

has been received in its final form, (i.e., freeze-dried
in neutral glass ampoules filled with dry nitrogen), a
number of ampoules, depending on the size of the
batch, are taken for the estimation of moisture
content and dry weight. Further samples are kept at
different temperatures (-200, +4°, +20°, +37°,
and, if relevant, + 56°C) so that accelerated degrada-
tion tests can be carried out to determine whether
the material is likely to retain its full activity during
the time it is expected to remain a standard.

Analysis of results
The aim of the analysis is to establish the linearity

and parallelism of the dose response lines and thus
to confirm the suitability of the material for use as a
standard, by reference to which other similar mate-
rials can be calibrated. The data are best analysed by
a statistician.

Acceptance as an International Standard and assign-
ment of unitage
When all the aforementioned investigations have

been completed satisfactorily a submission, which
contains a summary of the need for the standard, the
method of preparation, the description of the col-
laborative assay, the stability data, and the analysis
of the results, is made to the Biological Standardiza-
tion Unit of the World Health Organization. The
data are considered by the Biological Standards
panel of experts and either accepted, referred for

further information or studies or, where there are
scientific grounds for doing so, rejected. If the
standard is accepted, with the agreement of the
participants in the study, a unitage is assigned to the
activity of the preparation in the ampoule.

UNITS

The International Unit is defined as the biological
activity contained in a defined weight of the current
International Standard. It is important in any con-
sideration of standards and standardization of bio-
logical materials, such as immunological reagents, to
appreciate that the units in which the activity of the
material is measured are completely arbitrary. For
example, an International Unit of immunoglobulin
IgG has the same activity as is present in 0.8147 mg
of the dry powder in an ampoule of the International
Reference Preparation of human serum immuno-
globulins IgG, IgA, and IgM. Similarly, an Inter-
national Unit of immunoglobulin IgE has the same
activity as is present in 0.006562 mg of the dry
powder present in an ampoule of the International
Reference Preparation of IgE. There is no relation-
ship whatsoever between the units in which the
activity of various immunological reagents is mea-
sured and therefore a unit of IgG will not contain,
and should not be expected to contain, the same
weight of specific immunoglobulin as, say, a unit of
IgE. Nevertheless, for any given substance the Inter-
national Unit is continuous with each succeeding
standard; this is ensured by comparing the new
proposed standard with the existing standard in an
international collaborative assay and by assigning
the new unitage in terms of the International Unit of
activity. Thus, whilst the activity represented by one
unit is the same, the weight of dried substance in the
new proposed standard that contains one Interna-
tional Unit of activity may be different. This occurs
since the dried substance is not a highly purified
material but rather a mixture of substances only one
of which has the specific activity of the standard.

INTERNATIONAL AND NATIONAL STANDARDS,
REFERENCE PREPARATIONS, AND REFERENCE REAGENTS

CURRENTLY AVAILABLE AND IN THE PROCESS OF

PREPARATION

International Reference Preparation of human
immunoglobulins IgG, IgA, and IgM (1)
A pooled human serum that had been diluted was

chosen because this preparation could be distributed
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into neutral glass ampoules and freeze-dried. It is
designated 67/86 and by definition there are 100
units of activity of IgG, IgA, and IgM per ampoule.
There are two other lots of the same source material
processed in similar ways but freeze-dried at differ-
ent times; these are 67/95 and 67/97. The mean
relative potencies for each ampoule of 67/95 are 101
IU of IgG, 101 IU of IgA, and 102 IU of IgM and
for 67/97 they are 102 IU of IgG, 101 IU of IgA, and
102 IU of IgM. The International Reference Prep-
aration (67/86) is available only for the calibration of
national standards but preparations 67/95 and 67/97
are more generally available. They are suitable for
use in single radial diffusion tests (2), the Oudin
technique (3), and the Laurell or rocket tech-
nique (4) but they are not suitable for the nephelo-
metric method because on reconstitution they give a
slightly turbid solution.
The International Reference Preparation (67/86)

as well as the secondary standard 67/95 are available
from the Director, WHO International Laboratory
for Biological Standards, Statens Seruminstitut, 80
Amager Boulevard, DK 2300 Copenhagen S, Den-
mark. The secondary standard 67/95 is also available
from Dr C. B. Reimer, Center for Disease Control,
Atlanta, GA 30333, USA. Furthermore, the Inter-
national Reference Preparation and the preparation
67/97 are available from the Director, National
Institute for Biological Standards and Control,
Holly Hill, Hampstead, London, NW3 6RB,
England.

International Reference Preparation ofhuman
immunoglobullin IgE (5)

A pooled human serum obtained in Sweden and
Africa was chosen for this preparation because of its
relatively high titre of IgE; these are the antibodies
that initiate reactions of immediate hypersensitivity
such as those seen in asthma, hay fever, and some
forms of food and drug allergy, and their level is also
often raised during parasitic disease. IgE can be
measured only by immunochemical methods using
specific antisera and its measurement is useful both
in clinical medicine and in research. The material is
suitable for use in all the sensitive methods (e.g.,
radio-allergosorbent tests) described for this immu-
noglobulin. The International Unit of IgE is defined
as the activity contained in 0.006562 mg of the dried
serum and there are 11 500 IU per ampoule. It has
recently been found that the serum contains hepati-
tis B associated antigen and, therefore, it should be
used with appropriate precautions. It is proposed

that a second International Reference Preparation of
IgE be prepared and calibrated in terms of the First
International Reference Preparation.

International Reference Preparation of rheumatoid
arthritis serum (6)

The sera from 197 rheumatoid arthritis patients
were pooled and freeze-dried in ampoules, as previ-
ously described. A statistical analysis of the results
of the collaborative assay showed that the material
was useful as a reference preparation in reducing
interlaboratory differences in sheep cell agglutina-
tion titres determined by local methods. The prepa-
ration was established as the International Reference
Preparation and the International Unit is contained
in 0.171 mg of the dry powder; each ampoule
contains 100 IU. The material is suitable for use in
both the sheep cell agglutination and the latex tests
for rheumatoid factor.

International Reference Preparation of anti-nuclear-
factor serum (homogeneous) (7)

A freeze-dried, pooled serum from six patients in
the United Kingdom and the Netherlands, all of
whom were diagnosed as suffering from lupus ery-
thematosus, was selected for this reference prepara-
tion. The material can be used as a reference prep-
aration in the fluorescent labelled antibody or the
peroxidase labelled antibody tests for anti-nuclear
factor. The International Unit is contained in
0.186 mg of the freeze-dried powder; there are 100
IU per ampoule.

Proposed International Standardfor human immuno-
globulin IgD (8)

A pooled serum from 34 healthy adult male blood
donors, selected from 761 because of their higher
than average IgD levels, was freeze-dried in
ampoules. This material, already established as a
British Research Standard for IgD, is available from
the Director, National Institute for Biological Stan-
dards and Control, Holly Hill, Hampstead, London,
NW3 6RB, England and from the WHO Collabo-
rating Centre for Reference on Immunoglobulins, 21
rue du Bugnon, 1011 Lausanne, Switzerland.

NOMENCLATURE

An integral part of any successful standardization
system is an effective standardization of nomencla-
ture. It is perhaps in this area that the scientific
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community, through its national and international
societies, has the greatest part to play. Only if
working scientists and clinicians accept a particular
nomenclature as reasonable and helpful to them in
their work will it be used. An illustration of this is
the effort made by WHO and the International
Union of Immunological Societies to persuade
immunologists, and particularly clinical immu-
nologists, to accept that in the present state of
knowledge it is desirable to report the concentration
of immunoglobulins in the serum of a patient in units
of activity per ml instead of in mg/ml. Reports (9)
have shown that inter-laboratory variation is mark-
edly reduced by the adoption of an International
Unit based on a WHO International Standard or
Reference Preparation. These have been widely pub-
licized but, presumably owing to prejudice and the
custom of reporting in mg/ml, the world has been
reluctant to change. This reluctance was such that in
1973 a compromise was suggested (15) whereby a con-
version factor was given for the International Refer-
ence Preparation for IgG, IgM, and IgA enabling val-
ues to be expressed, albeit with no change in either
accuracy or precision, in terms of mass. It is pleasing
to report that since that time the number of papers
appearing in which immunoglobulin concentrations
are expressed in units/ml has increased.
The original work on the standardization of

nomenclature in immunology was done by WHO,
ad-hoc groups of specialists in various disciplines
being called together to consider the nomenclature in
their particular fields. Their recommendations were
then considered by WHO and, if accepted, the best
of the recommendations were published in the Bul-
letin of the World Health Organization.
Agreement has been reached in the following

areas: immunoglobulin nomenclature (10), revised in

1969 (11); complement nomenclature (12); and HLA
systems (13), revised in 1972 (14).

Since 1970 the International Union of Immu-
nological Societies, through its Nomenclature Com-
mittee, has taken over much of this work. They have
established ad hoc subcommittees or workshops of
specialists in charge of developing and reviewing
nomenclature agreements in the various fields of
immunology. Their recommendations are channelled
back through the main committee, which makes sure
that there is reasonable agreement by the major
investigators in the relevant field before adopting
such recommendations. The recommendation is then
published under the auspices of WHO, whose valu-
able contribution to the coordination of such efforts
cannot be overstated.
The present agreed terminology for human immu-

noglobulin is as follows:
1. Ig is the only accepted symbol for immuno-

globulin, and in describing immunoglobulins the
symbol y should only be used for the heavy chains of
immunoglobulin G (IgG).

2. The symbol L should now be used only to
denote light chains as opposed to the symbol H used
for heavy chains.

3. The symbol K has been discarded and the terms
kappa (K) and lambda (A) are to be used to indicate
the type of the whole molecule or isolated light
chains; these were previously described as K type or
L type.
Thus there is now a single system for the immuno-

globulins IgG, IgM, IgA, IgE, and IgD, and they
may be IgG(K) or IgG(A) according to the light
chain type. The term gamma (y)-globulin should be
used only for the fraction of serum protein separated
by electrophoresis.
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