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INTRODUCTION 

In the late '60s most immunologists involved in laboratory work re
lated to patient care held the view that their first priority was to 
work towards improving the quality of immunological reagents. 
Commercially prepared reagents were already an essential part of 
laboratory immunologists' test systems, and it was believed that 
without standardized comparison materials, the quality of these 
reagents would be variable. 

The main factors which determine how well a scientist con
trols in vitro reagents and test systems and, hence, the results 
produced by the laboratory, are expense, time and inclination, and 
it would therefore be expected that this area would be least in 
need of standardization. The pressures today are such that not 
only are the first two factors limiting but many immunological tests 
are becoming routine and are carried out in ever-increasing num
bers, sometimes by staff who, though competent, are insufficiently 
aware of the basis of the tests, so that errors once introduced may 
go unchecked. 

The lack of time and money means that few laboratories have 
the facilities to set up their own series of 'normal' or reference 
ranges, particularly for those substances which occur rarely or 
where the need to make the measurement is infrequent. Neverthe
less, the need for such a body of reliable information to help in 
the interpretation of laboratory results is self-evident. 

The purpose of standardization in clinical immunological 
laboratory work is to facilitate the exchange of reliable information 
for use in patient care, research and teaching. This exchange 
should be possible not only amongst clinicians, hospitals and 
laboratories in a particular country, but also across national 
boundaries. In spite of any impediments due to differences in 
legislation, standardization must be planned and carried out in 
such a way that the results are applicable world-wide in countries 
at different stages of development and with different kinds of 
laboratory organization. 
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Definition 

Standard is a multi-purpose word and scientists have, indeed 
everybody has, the right to use it as they see fit, provided al
ways that what is meant is clear either by context or by defini
tion. Unless otherwise stated in clinical immunology, a standard is 
a comparison material. It may be for international, regional, na
tional or inter-laboratory use. 

HISTORICAL OVERVIEW 

Biological standardization started at the end of last century when 
Ehrlich (1897) realised that if the interactions of toxins and an
titoxins were to be studied in more than the most superficial way 
and used in a clinical context, it would be necessary to have 
reproducible methods of assay. He therefore produced, in 1897, 
his classical work on the standardization of diphtheria toxin. 
This, together with the work of Kraus1 , who showed that when a 
soluble antigen meets its homologous antiserum a visible precipitate 
is formed, provided the foundation for immunological standard
ization. 

It is necessary first to consider which immunological 
parameters are the most useful aids to the clinician in his treat
ment of the patient. The WHO consultation/working grou~ on the 
use and abuse of laboratory tests in clinical immunology graded 
tests according to their usefulness in patient care: 

(a) essential for diagnosis, prognosis and monitoring; 
(b) useful but optional; 
(c) of interest for research only; and 
( d) useless in the circumstances. 

Their primary goal was to define tests which would help the 
patients in the most cost-effective way. 

The standardization of immunological reagents only got un
derway some 15-20 years ago when immunological reagents and test 
systems became commercially available on a large scale and when 
immunological tests were being used routinely in ever-increasing 
numbers. At this time, several groups of workers were concerned 
at the quality of laboratory results, as they found that there was 
no uniformity in the designation of concentrations of clinically im
portant substances in body fluids. Two studies in particular high
lighted this. In 1963 Bozsocky 3 found a 940-fold difference be
tween the highest and the lowest concentrations of rheumatoid fac
tor recorded by 19 expert laboratories using the Waaler-Rose tech
nique on samples of the same specimen, and a 310-fold difference 
(64-20,000) was recorded amongst those using the latex technique. 

The information collected by Rowe4 and his colleagues in the 
second study relates to the measurement of human immunoglobulins 
by immunological methods in expert laboratories (Figure 12.1). It 
was found that the estimates of the immunoglobulin content of a 
sample from a single specimen varied widely. 
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Figure 12.1 Ratios of the highest and lowest values obtained by 
expert laboratories measuring immunoglobulins in the same 
pathological serum (a) using their own antisera and antigen stand
ards, and (b) using a common antigen standard of arbitrary 
unitage and different antisera 

The ratios between the highest and lowest results returned were 
2.2-fold for IgG, 3. 2-fold for IgA and 5-fold for IgM. The study 
was repeated but a common reference preparation with an arbitrary 
designated unitage was included in the test. All laboratories used 
different antisera but recorded their results in terms of the com
mon reference antigen, and the ratio of highest to lowest results 
was reduced to 1.36-fold for IgG, 1.18-fold for IgA and 1.31-fold 
for IgM. This study clearly demonstrated both the need for and 
the value of assessing the potency of complex substances in 
similarly complex matrices in terms of a common standard, par
ticularly in situations where it is often difficult to reduce the num
ber of variables in the test system at least to any significant 
degree, or to define the conditions sufficiently so that the test 
system has a high reproducibility (precision). 

IMPORTANT TEST SYSTEMS IN CLINICAL IMMUNOLOGY 

Table 12.1 shows the test systems which are important to clinical 
immunologists. 

Quantitation of immunoglobulins 

The standard normally used is a large pool of human serum, 
preferably treated so that, when reconstituted from the lyophilized 
state, it is crystal-clear and can be used for all the approved 
methods of quantitation radial immunodiffusion, electro
immunodiffusion, nephelometry, radio immunoassay and enzyme
linked immunoassay. Here we are measuring a heterogeneous 
group of proteins and clearly there would be little advantage in 
using a monoclonal standard until the state of the art tells us that 
in these conditions it would be useful to know the sub-type or 
sub-class. Then monoclonal antibodies could be very valuable. 
However, it is likely that in order to get all the desirable quan
tities, a mix of monoclonals would be needed. 
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Table U.l lIIIportant test syst_ in clinical. ~ology 

Test 

Analysis of 
iJTmunoglobulins 

Measurement of 
total IgE 

Specific IgE 

Complement 
measurement 

CH50, C3 and C4 

Immune 
complexes 

Condition suspected 

Myeloma 
Waldenstroms 
Macroglobulinaemia 
(Heavy chain disease) 
Amyloidosis 
Immunoglobulin deposition disease 

In the presence of biological 
abnormalities such as: 
(a) an abnormal narrow band on 

serum protein electrophoresis 
(b) presence of cryoglobulin 
(c) Bence-Jones type of proteinuria 

Immunoproliferative disorders 
Cold agglutinin disease 
Gaucher's disease 
Trypanosomiasis 
Bone marrow grafts 
Infectious diseases such as: 
(a) Cytomegaly virus 
(b) Toxoplasmosis 

Surveys of family members of 
patients with monoclonal gammapathies 

Hyper IgE syndrome of Buckley (rare) 
Immune deficiencies and atopic 
families 

Allergies 
Dermographism 
Severe dermatitis 
High level of sensitization 
Some parasitic infestations 

Genetics defects in complement 
Angio oedema 

Monitoring glomerulonephritis 
Some forms of vasculitis 
Dengue haemorrhagic fever 

Any clinical condition 
Monitoring rheumatoid arthritis 
and SLE 
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status of analysis 

essential 
essential 

essential 
essential 
essential 

essential 
essential 
essential 

helpful 
helpful 
helpful 
helpful 
research 

research 
research 

research 

essential 

research 

not essential 
useful 
useful 
useful 
research 

essential 
essential 

helpful 
helpful 
helpful 

not essential 

helpful 
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Table 12.1 continued 

Autoantibodies 

B and T cell 
determination 

Lymphocyte 
response 

Conditions suspected 

Systemic lupus erythematosus 
Mixed connective tissue disease 
Chronic thyroiditis (thyroid 
autoantibodies) 
Pemphigus 
Pemphigoid 

Primary immune-deficiencies 
Secondary immune-deficiencies 
Classification of 
lymphoproliferative disorders 
Selected patients 

Evaluation of cell mediated 
immunity in primary immune deficiency 
Secondary immune deficiency 
Impairment of immune function 

Analysis of immunoglobulins 

Status of analysis 

ANA essential 
useful 

essential 
essential 
essential 

essential 
useful 

useful 
research 

essential 
useful 
research 

In the analysis of immunoglobulins, the value of monoclonal an
tibodies for the identification of the heavy chain sub-class of 
monoclonal IgG or IgA is mostly in research and here, so far as 
standards are concerned, it is specificity that is the most impor
tant quality. Otherwise a standard polyclonal serum from as large 
a pool as possible is the desired standard. 

Total and specific IgE 

Here again a good, reasonably titred polyclonal serum forms the 
best standard to date. 

Complement 

In measuring complement as a routine procedure, there is no virtue 
in using monoclonal antibody as a standard. In the research con
text, however, it could be useful to have standards which, being 
monoclonal, react with only one component of the complex pathway. 

Immune complexes 

For measuring and identifying immune complexes it is necessary to 
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have an immune complex that mirrors the one to be measured, 
which is itself a complex of antigen and heterogeneous antibody. 
Only in the research context is this a useful test. However, since 
Svehag and Nydegger made it known that they had two such 
standards validated by International Collaborative Assay 194, phials 
have been sent out in reply to requests. 

Autoantibodies 

In the detection of autoantibodies by indirect immunofluorescence 
the conjugate with a monoclonal class specific antibody, provided 
always that it has been shown to react in all expected situations 
by binding that class of immunoglobulin, is much to be desired. 
That is if it is necessary to know, with absolute certainty, the 
class of antibody produced as a response to the subject's own 
tissue, otherwise the International Standard polyclonal antisera are 
perfectly adequate for comparing commercially prepared or self
made conjugates. (In the author's experience, monoclonal an
tibodies make very good conjugates with minimal unwanted 
staining). However, the fashion at present is to use enzyme im
munoassay. 

STANDARD MATERIALS 

Purity 

Immunologists are primarily concerned with the activity rather than 
the purity of standards. It is not that it is not now possible· to 
produce many antigens in a highly purified form, but it is an un
fortunate fact that when highly purified such preparations are of
ten lacking in stability and do not necessarily behave in the test 
system as they do as crude or native antigens, albumin being an 
example. This may give rise to non-parallelism in the dose
response curves and invalid assays. Naturally, if it is possible to 
prepare a pure antigen in a stable form that behaves in exactly 
the same way in the test system as does the native antigen, then 
this is a situation eminently to be desired. This being said, 
however, one is immediately brought into a discussion as to the 
criterion of purity, and some of the early confusion in the 
measurement of immunoglobulins and the more recent confusion in 
the measurement of alpha foeto protein stemmed from differences in 
purity of the so-called 'pure' antigens. 

Of course, the position changes to some extent with the ad
vent of monoclonal antibodies and the International Union of Im
munological Societies (lUIS) Standardization Committee now has a 
subcommittee addressing itself to the possibility of replacing some 
of the standards for immunological reagents with monoclonally 
derived materials. 
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Criteria for material standards 

Ideally a standard must: 

Have the same properties in the test system as the substance 
to be measured; 
Be stable; 
Be physically homogeneous; 
Be free from bacterial contamination; 
Be capable of accurate division into aliquots; 
Be freeze-dried with minimal denaturation; 
Have a uniform moisture content (1%); and 
Reconstitute completely to give a clear solution. 

It is not always possible to fulfil all these requirements but every 
attempt should be made to do so. 

Preparation of standards 

This includes the essential processes in preparing a standard. 

(a) Determination of need 
Unless need is very clear, either because the test is difficult, or 
very commonly or very rarely performed but very important, no 
further work should be done. 

(b) Writing of specifications 
This is best done by an international group of workers experienced 
in the test system. It is possibly even better when written by one 
or two experts and approved by such a group. 

( c) Procurement of material 
Source is not important if it fulfils specifications and detailed in
formation on all aspects of its preparation are available. 

All the standards or reference preparations lUIS is con
cerned with are freeze-dried according to the WHO specifications, 
partly for stability but mainly for the ease of transportation inter
nationally. Although these specifications were written some years 
ago, they have not yet been superseded. However, such methods 
should always be considered critically whenever a standard for a 
new antigen or antibody is being prepared, or when the prepara
tion of a standard for an antigen or antibody for use in a different 
situation or test system is being undertaken. It is conceivable 
that changes take place during freeze-drying that, without neces
sarily affecting potency or stability, do affect the suitability of the 
material for a particular purpose. An instance of this is the 
present international standard for immunoglobulins G, M and A 
which, though highly satisfactory for radial immunodiffusion, 
reconstitutes to give a slightly turbid solution, unsatisfactory for 
nephelometric measurement by automated techniques, as it gives too 
high a blank reading. The WHO International Reference Prepara
tion for 6 Serum Proteins which is freon treated before freeze
drying and reconstitutes to give a crystal-clear fluid has, there-
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fore, been calibrated for immunoglobulins G, M and A in terms of 
the first standard so that there is now a comparison material with 
values of G, M and A in international units which can be used in a 
nephelometric test. 

( d) Collection of data on stability, accuracy of filling and 
efficacy of freeze-drying 
This starts as soon as the material is in its final form. It is im
portant that a standard shall maintain its activity without detec
table loss throughout its life. But the life which you believe is 
reasonable varies with the rate of change of the technologies in
volved. One should always be prepared to scrap a standard if a 
significantly better one can be provided. 

(e) Collaborative assay 
The protocols for this are agreed, if not actually written, by ex
perienced workers in the field with the advice of a statistician. 
Usually two or more candidate preparations (in the case of the 
serum protein standard there were five) are tested at the same 
time as several representative sera or preparations, using at least 
two methods - their own and a common recommended method agreed 
as the best currently available for routine work. Interestingly, 
several studies have shown that there may be less variation in the 
results obtained with one's own method than with the recommended 
method, largely because familiarity with a technique can compensate 
for its apparent deficiencies. In most cases the protocols require 
the establishment of dose-response curves which should run paral
lel over the range of the test with those of the preparations which 
are to be measured against it. 

(f) Statistical analysis of results 
This is really a part of the collaborative assay and the aim is to 
establish linearity and parallelism, and to confirm the suitability of 
the material as a standard. 

(g) Acceptance as an international standard - and allocation of 
unitage 
A submission which gives all the information under headings (a) to 
(f) is made to the Chief Biologicals, WHO, who arranges its con
sideration by the Expert Panel on Biological Standardization (EPBS) 
and other experts. It is accepted, or referred for further infor
mation or studies. Any queries raised must be answered satisfac
torily before the preparation is formally offered to the Director 
General for acceptance. It can be rejected on scientific grounds. 
If accepted, then with the agreement of the participants in the col
laborative assay, a unitage is assigned, and it becomes an Interna
tional Standard or Reference preparation. Similar materials can 
then be calibrated against it for use as national standards and in 
turn laboratory workers can calibrate their own in-house standards 
in terms of the national standards, thus facilitating the transfer of 
values from place to place, and the comparison of values with es
tablished ranges of values of populations grouped by age, locality, 
health and disease. 
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Standards are thus very valuable assets resulting from a 
great deal of careful work, internationally and expertly validated, 
but before they can be used intelligently it is important to be clear 
on this matter of units. 

UNITS 

The first stage in any attempt at quantification is the definition of 
units by which activity is to be measured. Units in the im
munological context are analogous to the international and national 
physical units of length and mass. 

For routine work the metre is still related to the distance be
tween two points on a wall in Paris, that is, to an international 
material standard just as is the international unit of human im
munoglobulin G which has, by definition, the same activity as 
0.8147 mg of the dry powder present in an ampoule of the interna
tional research standard for human serum immunoglobulins. 

It must be remembered that there is no relationship between 
the unit of a specific antigen or antibody and the unit of a second 
antigen or antibody having a different specificity. The unit of 
IgE, for example, has the same activity as 0.0006562 mg of the dry 
powder in the international reference preparation of IgE. A unit 
of IgG does not precipitate the same mass of specific antibody as 
does one unit of IgM or one unit of ANA. 

Continuity of units 

Nevertheless, for any given substance the international unit is 
continuous and represents the same amount of activity in each suc
ceeding standard - this is ensured by always comparing the new 
standard with the old in an international collaborative assay, and 
assigning its unitage in terms of the old standard so that the ac
tivity of one unit of material remains the same, although the weight 
of dry material containing this activity is likely to be different. 

Immunological standards and useful reference preparations 
available from WHO in response to an explanatory letter to the 
Chief Biologicals are shown in Tables 12.2 and 12.3. 

CONCLUSIONS 

There are still areas where routine tests are being performed 
where there are no material standards. This is particularly true 
of the auto-antibody field, and the immunologists and rheuma
tologists are working together to fill the gaps, spurred on by or
ganizers of quality assessment schemes who see the need and the 
value of material standards. 

Laboratory immunologists believe that health care must be 
improved if the results are controlled by comparison with properly 
validated international material standards. 
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Table U.2 standards BDd reference preparations available for ~logica1 use 
(til) 

Preparation 

Rheumatoid arthritis serum 
Antinuclear factor serum (homogeneous) 
Human serum immunoglobulins IgG, IgM 
and IgA 
Human serum immunoglobulin 19D* 
Human serum immunoglobulin IgE 
Alphafetoprotein, human 
Carcinoembryonic antigen (CEA) human 
F1TC conjugated sheep anti-human 19 
F1TC conjugated sheep anti-human IgM 
(~ chain) 
Serum proteins (albumin, alpha 1 
antitrypsin, alpha 2 immunoglobulin, 
C3 ceruloplasmin, transferrin) 
Human complement components 
C4, C5, C1q and factor B 
FITC conjugated sheep anti-human IgG 
(ganrna chain) 
Peroxidase conjugated sheep anti-human 19 

* British Standard 

Quantity/~e Year of 
(Internaticmal Units) establismelt 

100 1965 
100 1970 
100 1970 

100 1971 
11,500 1973 

100,000 1975 
100 1975 
100 1976 
100 1978 

100 1978 

100 1980 

100 1981 

100 1982 

Table U.3 Useful reference preparations available for iBmmologica1 use (tHJ) 

Preparation 

Myeloma serum HL high titre of IgM ANA 
activity 
Nuclear ribonucleoprotein antibody 
Smooth muscle (anti-actin) antibody 
Mitochondrial antibody 

REFERENCES 

Year of establist-nt 

1978 

1983 
1983 
1983 

1. Kraus R, (1897). Antigen combined with antibody may give a visible 
precipitate. Klin Wochenschr (Wien), 10, 736 (ll!1!1une precipitation: at 
about the same time Ehrlich did standardization of diphtherial toxin). 
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