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I. Introduction 

The Twenty -fifth World Health Assembly in resolution WHA25.471 requested the Director - 
General to study the means of extending the work of WHO in the development of standards for 

chemical and biological diagnostic materials and related aspects of laboratory methods and 
the coordination of research in this field and to report to a future Health Assembly, 
including an estimate of the cost of such activity. This resolution was strengthened by 

two other resolutions of the same Assembly emphasizing the necessity of continuing and 
intensifying research activities directed towards the prevention of cardiovascular diseases 
(WHA25.44)2 and coordination of biomedical research activities for health services 

development and their practical application (WHA25.60).3 

The need for standardizing diagnostic materials was further stressed by the International 

Conference on Standardization of Diagnostic Materials held in Atlanta, Georgia, United States 

of America, in June 1973. The participants in the Conference, who represented all the 

diagnostic laboratory sciences, unanimously felt that, although national government 
laboratories as well as national and international scientific societies and manufacturing 
establishments all have an important role to play in such standardization, only WHO can 
effectively coordinate the many programmes involved in the international standardization of 
diagnostic materials. 

At present the regulatory agencies of WHO Member States exercise little or no control 

over the wide variety of diagnostic materials available commercially. Quality control has 

in most cases been left entirely to individual laboratories or institutions and very few 

national programmes have been developed to ensure some uniformity in= medical laboratory 

practice. This unsatisfactory situation exists not only in countries where the medical 

laboratory services are still in the developing stage but also in countries with advanced 

and sophisticated laboratory services. 

The present report is based on the information and views of participants in the 

International Conference, members of the WHO Secretariat, consultants and other experts in 
diagnostic laboratory disciplines. 

II. Reasons for standardization 

The main reason for standardizing diagnostic materials is to provide reliable (i.e., 

sufficiently accurate and precise4) laboratory data which permit: 

(1) a distinction to 

understood basis to be 

(2) inter -laboratory 
food and environmental 
activities; and 

be made between healthy and diseased individuals and a uniformly 
established for diagnosis and treatment or assessment of health; 

comparability for epidemiological investigations, health surveys, 
hygiene collaborative medical research, and other public health 

(3) meaningful communication and the avoidance of misunderstanding among laboratory 
workers as well as between the laboratory workers and clinicians and /or health admñistratQrs. 

1 Handbook of Resolutions and Decisions of the World Health Assembly and the Executive 
Board, Vol. I, p. 35. 

2 
Handbook of Resolutions and Decisions of the World Health Assembly and the Executive 

Board, Vol. I, p. 114. 

Handbook of Resolutions aid Decisions of the World Health Assembly and the Executive 
Board, Vol. I, p. 28. 

4 
Accuracy refers to the quality of measurement or analytical data that indicates how 

close to the "true" value the result is. Precision refers to the quality that shows how 
constantly the results can be reproduced. 
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An important additional cause for standardization is the consumer's (i.e., the 

laboratory's) interest in getting adequate value for its usually limited funds. A variety 

of factors are involved thereby, ranging from such economic considerations as the durability 
and easy maintenance of laboratory equipment to such intangibles as work simplification and 

laboratory safety. 

A particularly troublesome and relatively new problem that is important in considering 

the standardization of diagnostic products is the rapid proliferation of commercially 
designed reagent sets and analytical packages or "kits ". Laboratories spend annually 
several hundred million dollars on them and the rate of expenditure is estimated to increase 
by 10 -15% per year. These products are most abundant in clinical chemistry but are»-used in 
other laboratory disciplines as well. This problem is particularly important to developing 
countries because the primary appeal of these products is to the smaller and less well staffed 

laboratories, which are nevertheless expected to provide a wide range of modern laboratory 

services to physicians despite their limited resources, particularly their lack of adequately 

trained personnel. 

Some of these products are reliable adjuncts to medical practice and provide test results 

on which the diagnosis and treatment can be based with confidence. Others, however, are 

products whose performance can only be described as completely unacceptable, either because 
they give grossly biased results or because their lack of precision makes their use meaning- 
less. Examples of the variable performance of these products are given in the Appendix. 

III. Aims, general concepts, and scope of standardization of diagnostic materials 

The aim of a standardization programme is to improve the diagnostic services of the 
clinical and public health laboratories throughout the world, bringing them to a scientific 

technical level where the results obtained in one laboratory or one country would have the same 

significance in another. The end result of such a programme would be: (1) improved medical 

care for individual patients; (2) better control of communicable and parasitic diseases; 

(3) greater progress in the understanding and prevention of noncommunicable diseases, 
especially nutritional and cardiovascular diseases and cancer; (4) the creation of a 

rational basis for the prevention of hereditary disorders; and (5) indirectly, through a 

better definition of health problems, improved assistance to environmental health programmes. 

In this connexion, the word standardization should be interpreted broadly as covering 

the utilization of scientifically and technically sound test methods, recommended laboratory 

practices, well characterized materials and /or their definitions and performance 

specifications, and the promotion of related knowledge.1 

Specifically it includes the following: 

(1) Adoption of international specifications for adequate and meaningful labelling of 
laboratory reagents. This should include (a) all the information needed for the proper 

performance and interpretation of tests, such as chemical composition, concentrations of 

reactive ingredients, specificity, storage conditions, shelf life, and lot number and 
(b) unequivocal instructions for the installation, operation, and maintenance of lab- 
oratory instruments; 

1 
The word "standard" has many meanings and is useful therefore only when its attribute 

or the context makes it clear. In reference to diagnostic materials the word standard in 
most cases refers to performance standards (synonym: performance specifications). The 

International Organization for Standardization (ISO) defines the word "standard" as the 
result of a particular standardization effort, approved by a recognized authority. It may 
take the form of: (1) a document containing a set of conditions to be fulfilled (in French 
"norme ") or (2) a fundamental unit or physical constant.. (in French "etalon "). See 

Saunders, T. R. B. (1972) The aims and principles of standardization, ISO. 
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(2) Publication and periodic review of reference methods;1 

(3) Availability of certified reference and calibration materials;2 

(4) Emphasis on quality control (quality assurance) of laboratory procedures. 

In addition there ought to be adequate flexibility in the programme to provide ad hoc 
assistance and services according to the special needs of Member countries. These activities 
would include, but not necessarily be limited to, consultation, training, and the provision 
of information. 

A reasonably comprehensive programme for standardizing diagnostic products would include 
the following laboratory disciplines: 

microbiology, comprising bacteriology, parasitology, virology, and mycology; 

clinical chemistry; 

clinical immunology, including immunofluorescence; 

haematology; 

some components of endocrinology, cytology, and histopathology. 

It should be noted here that biological and chemical substances injectable into man, 
even when used for a diagnostic or related purpose in a clinical or public health laboratory 
(e.g. skin test antigens and radio- opaque substances), already fall within the responsibility 
of WHO and are therefore not considered in this report, which relates solely to those 
diagnostic materials which are intended for laboratory use. 

IV. Existing activities in WHO 

There are many programmes in WHO which have provided some reference or comparison 
materials for international use. These materials serve several purposes such as 
quantitative assays of specified biological activities, monitoring of specific biological 
properties, measurement of the sensitivity of test systems, calibration of laboratory 
instruments, and identification of micro -organisms or particular antigens. The materials have 
been made available through a variety of administrative and collaborative mechanisms, mainly 
to government laboratories but also to universities and other research institutions and 

control diagnostic laboratories. 

1 Reference method here denotes a clearly and exactly described laboratory procedure, 

which in the opinion of a recognized authority provides sufficiently accurate and precise 
laboratory data that it can be used to assess the validity of other laboratory methods. 

2 
For the purpose of this document reference material means either a chemical or 

biological substance the quantity, concentration, or biological activity of which has been 

so accurately determined that it can be used to check the test or verify the correctness 

of other laboratory procedures. The chemical compound may be either in a pure form or 

in a biological matrix such as serum. Calibration material (called calibrant by ISO) is 

unambiguous reference material used to calibrate, graduate, or adjust a measuring device 

or instrument. 
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The oldest of these programmes is the WHO Programme of Biological Standardization.1 
It deals mainly with biological substances for prophylaxis, therapy, or diagnosis 
administered to man and subject to control by government regulatory agencies. Available 
comparison materials for quantitative determination of biological activity include vaccines 
(bacterial and viral) and toxoids, antisera and antitoxins, antivenins, some antibiotics, 
hormones, and enzymes. Generally these substances have a defined international unit of 
activity. 

Comparison materials relevant to the monitoring or calibration of laboratory diagnostic 
processes include influenza virus haemagglutinin, anti- streptolysin O serum, rheumatoid 
arthritis serum, blood- typing sera, human immunoglobulins, anti -nuclear- factor serum, and 

haemiglobincyanide. They also include antisera for the identification of certain viruses 
and leptospira. 

Other comparison materials may be obtained from the WHO collaborating laboratories through 
the technical units in the WHO Secretariat. The reference laboratory network operates on 
three different levels: international, regional, and national, providing a hierarchy that 
facilitates the flow of information on methodology, the distribution of diagnostic and 
research reagents, and other collaborative arrangements, all of which contribute to 
international standardization in their special field. A good illustration of this is the 

worldwide influenza surveillance system, in which the same reference reagents are used by 
the two international influenza centres, 90 national influenza centres, and a number of 
other collaborating laboratories. The materials prepared by collaborating laboratories do 
not have any official WHO designation and serve mainly for the evaluation of reagents 
prepared by national laboratories, but many of them are also used for diagnostic purposes, 
especially in epidemiological surveillance and in special studies organized by WHO. 

The following additional examples are illustrations of materials which may be obtained 
in limited quantities from the WHO collaborating laboratories and other laboratories 
collaborating with WHO. The Parasitic Diseases programme makes available, through several 
collaborating laboratories, over 50 different parasitic antigens intended for the seno 
diagnosis of such major diseases as schistosomiasis, filariasis, and amoebiasis. Their main 
use so far has been in epidemiological studies. Reference materials for treponemal tests are 

distributed through the Venereal Diseases and Treponematoses programme to provide international 
comparability in syphilis serology. A number of reference materials are available through 

several national institutions for tubеrёulosis research and control programmes. These 

include standard tuberculins, PPD, "atypical" antigens, reference strains and phages as well 

as seed lots of BCG. Well- defined enteric bacteriology reference sera (Salmonella, Shigella, 

E. coli and V. cholerae) are available through the Bacterial Diseases programme from WHO 
reference centres as starter sets for national production. Bacteriological reference strains 

and bacteriophages are also available. Of major significance are the virus reagents 

distributed by the Virus Diseases programme and used for the continuous surveillance of virus 
diseases on a global scale. 

In haematology, in addition to establishing international reference preparations for 

haemoglobinometry, WHO is supporting research so as to provide reference materials for the 

laboratory control of anticoagulant therapy as well as for the detection of abnormal 
haemoglobins of public health importance and the survey of the nutritional factors iron, 
folate, and vitamin В12. 

Among other WHO activities that contribute to diagnostic standardization are several 
international studies sponsored and /or coordinated by the WHO Cardiovascular Diseases 

programme for the purpose of obtaining uniformity in serum cholesterol, lipoprotein, and 

triglyceride measurements as well as in other studies concerning the ischaemic breakdown of 

the myocardium. 

� World Health Organization (1972) Biological substances: international standards, 

reference preparations, and reference reagents, Geneva. 
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In this connexion, the collaboration between WHO and FAO in comparative virology and 
comparative mycoplasmology is noteworthy. These programmes, which are basically intended 

to facilitate research, provide reference reagents, not otherwise available, to government 
institutions and other laboratories that have the necessary capacity for using them. 

WHO's International standards for drinking -water and Specifications for Pesticides 

should also be mentioned here, not because they relate to human diagnosis but because some 
of the experience gained in their preparation is also applicable to the international 

standardization of diagnostic materials. 

In spite of the fact that in many WHO programmes it has been found necessary to practise, 

either directly or indirectly, some standardization of diagnostic materials, their activities 

still cover only a small portion of the materials and methods that require international 

action if that inter -laboratory comparability is attained which is essential for modern 

medical care, epidemiological studies, surveillance, public health research, the administration 

of public health programmes, and the protection of the environment. The lack of any 

standardization of clinical chemistry kits is especially noticeable in spite of plentiful 

evidence indicating that the performance of most of these kits is poor and that the number of 

laboratories which are purchasing kits indiscriminately is steadily increasing. This is 

particularly disturbing because the laboratories that rely heavily on kits frequently have 

no quality control programme that would detect erratic or biased laboratory performance. 

V. Activities of scientific organizations 

Standardization of diagnostic reagents, improvement of the methodology, and provision 

of specifications and performance criteria are of great concern to many national and inter- 

national professional and scientific societies in medical laboratory disciplines, and many 

of these societies have organized standardization which are vigorously 

these objectives. These organizations provide a valuable scientific and technical resource 

to WHO. Their past collaboration with WHO has included a variety of activities and several 

of their members have served in some advisory capacity in WHO programmes. Their technical 

committees have organized the procurement, processing, and ampouling of materials intended 

to serve as international reference preparations. Their members have then critically 

evaluated the proposed materials and methods under actual laboratory conditions in relation 

to such crucial criteria as shelf life, storage conditions, spectral characteristics, 

constancy of results when using different instruments, and complexity of procedures. Members 

of such societies have also helped in the assembling of published and unpublished data for 

consideration by WHO. 

It is obvious that in most cases such a collaboration between a scientific society and 

WHO provides the best available assessment of the suitability and acceptability of the 

proposed methods and materials for the purpose of serving as international references. 

In this connexion, however, it should be noted that, valuable as the work of these 

scientific societies and their standardization committees is, there is a danger that, if it 

is not coordihated by an international organization such as WHO, a number of more or less 

conflicting "standards" will be created and published by the societies, government authorities, 

and even commercial laboratories. In fact such a confusing situation is already 

occurring in the fast developing field of clinical immunology. 

Other forms of collaboration provided by professional associations and scientific 

organizations include consultation and expert advice either on broad issues or specific 

problems. They help in the exchange of scientific workers between laboratories and act as 

a channel of information to and from WHO. In many instances the laboratories or institutions 

where the technical expertise of the professional societies resides are also places where WHO 

fellows may be placed for individual training and experience or where training courses and 

seminars for larger groups may be organized. 
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VI. Summary and conclusions of the International Conference 

on Standardization of Diagnostic Materials 

The International Conference on Standardization of Diagnostic Materials, co- sponsored 
by the World Health Organization and the U.S. Department of Health, Education and 
Welfare, Center for Disease Control, Atlanta, Georgia, was held in Atlanta on 5 -8 June 1973. 
There were 68 participants and 86 observers representing 27 countries. In inviting the 
participants an effort was made to include senior office -bearers of a number of international 
organizations known to be actively interested in clinical laboratory standardization. 

These organizations included the following: 

International Association of Biological Standardization 
International Association of Microbiological Societies 
International Committee for Standardization in Hematology 
International Federation of Clinical Chemistry 
International Society of Blood Transfusion 
International Society of Endocrinology 
International Society of Thrombosis and Haemostasis 
International Union of Pure and Applied Chemistry (Section of Clinical Chemistry) 
World Association of Anatomic and Clinical Pathology Societies 

Experts from a number of government institutions in several countries were also present. 

The Conference held 13 sessions: four were devoted to clinical chemistry, three to 
haematology, four to microbiology, one to emerging areas of laboratory standardization, and 
one to final recommendations. Most of the 27 working papers were relatively short summaries 
of the subject matter, thus leaving considerable time for discussion. Observers also 
participated in the discussions. 

This was the first really international conference on diagnostic materials with such a 
broad and ambitious work programme. Although the participants had diverse scientific 
interests and the subjects covered many different laboratory disciplines, there was good 
agreement on general principles and guidelines for establishing an international standardi- 
zation programme for diagnostic materials. 

The Conference concluded that many of the problems that urgently require solutions 

could be solved by international cooperation. Among the most pressing problems common to 
all laboratory disciplines represented in the Conference are: agreement on terminology, 
investigation of techniques, mechanisms of evaluating candidate preparations for standards 

for diagnostic reagents, and requirements for the control of such products. The 

standardization of "kits" was also considered. 

It was felt that, although a great effort has been made by organizations or individuals 
to solve these problems, there is still a serious gap in the areas of coordination and 
communication. Therefore the most important function of WHO would be the coordination of 
the different standardization efforts and adequate dissemination of information to Member 
countries on all pertinent aspects of the programme. It was emphasized also that WHO 
participation and leadership would significantly contribute to the international acceptability 

of the standardization of diagnostic materials through formal approval of its Member 

governments. 

The Conference suggested that WHO should start the programme by calling together groups 

of experts on the standardization of diagnostic materials.. The functions of such groups, as 

tentatively listed would be: 
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(1) to strive for the acceptance of international terminology and nomenclature; 

(2) to make recommendations on specific requirements, quality control, and performance 
criteria for laboratory diagnostic materials; 

(з) to assess the evaluation and comparison of methods; 

(4) to work in liaison with international professional bodies to expedite the 
preparation of materials and organization of collaborative studies necessary for the 
establishment of comparison materials for calibration and reference purposes; 

(5) to work in liaison with the appropriate programmes of WHO for the establishment 
of standards for quantitative measurements of biological and non -biological substances; 

(6) to examine and make recommendations regarding instruments and apparatus required 
for the methods considered; 

(7) to formulate plans for international collaborative studies; 

(8) to make recommendations regarding the education and training of technical 
personnel, particularly from the developing countries. 

The Conference also recommended that international professional bodies should form 
coordinating committees for each broad area of interest represented in the Conference. These 
committees would act as channels of communication between the parent societies and WHO. 
They would work in close collaboration with other international and national groups. 

The development and evaluation of calibration materials should be done by experts in 

government, hospital, university, and manufacturers' laboratories. The results in each 

field should be coordinated by a designated laboratory or international professional body 
and reported to WHO through the coordinating committees referred to above. 

VII. Future programme of WHO 

At present there are several thousand different diagnostic materials being used every 

day in the clinical and public health laboratories of the world, and the number of new 

materials is increasing rapidly. To develop an international standardization programme that 

would cover all these materials would be an undertaking of such a magnitude that it would be . 
practically impossible to accomplish. Fortunately, standardization of all the materials that 

are used in diagnostic laboratories would be neither necessary nor desirable, because 

premature standardization could easily frustrate and delay the development of new ideas and 

new approaches to laboratory diagnostic problems. To avoid the pitfalls of unwieldy and /or 

premature standardization action, any programme for the international standardization of 

diagnostic materials should be based on priorities which should be decided on separately in 
each laboratory discipline. In determining these priorities several medical and technical 

factors should enter into consideration. These factors include the technology available, 

the reagents obtainable, the intended use of the test and, above all, the extent to which the 
test results are crucial for clinical or public health action. 

The following rather heterogeneous list of priorities is based on the most pressing needs 

and other practical considerations. It does not purport to be complete or well balanced. 

For example, it does not include much of the work being done either by scientific societies 

or by government organizations in some Member countries. In comparison with the much more 

comprehensive recommendation of the International Conference on Standardization of Diagnostic 

Materials, it should be taken as a minimum for each of the disciplines listed. 
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Microbiology: several microbiological antigens; grouping and typing sera; bacterio- 

logical growth and transport media; reference methods. 

Clinical chemistry: terminology; guidelines by which diagnostic methods can be 
evaluated; reference and calibration materials for most pressing clinical chemistry 

determinations (glucose, bilirubin, electrolytes, blood urea, uric acid, cholesterol, 

triglycerides). Laboratory water should also be considered. 

Clinical chemistry is the discipline in which most medical laboratory services are 

provided, covering a large number of different determinations of different medical 
significance. The examples named therefore constitute a starting point only; many other 
compounds, including some important enzymes, should be added to the list of priorities as 

soon as the necessary approaches to standardization in clinical chemistry are agreed upon. 

Clinical immunology: products for the measurement of immunoglobulins and other serum 
proteins; complement and its components; materials and criteria for quality control in 
diagnostic immunofluorescence. 

Haematology: methods for collecting and storing blood specimens; haemoglobin 
determination (WHO reference material already exists); coagulation factors, including 
determination of prothrombin time; detection of abnormal haemoglobins (S, F, A2); 

nutritional factors (folate, В12 etc.). 

Endocrinology: reagents and procedures for immunoassays and other newly developed 
methods; reference materials for polypeptide hormones. 

In each of the above disciplines commercially prepackaged diagnostic sets or kits 
should receive special attention. 

It is obvious that an international programme for the standardization of diagnostic 
materials, even on a modest scale, would require a long -term effort encompassing a number of 
more or less distinct activities. The WHO activities that should be either developed or 
expanded may be included in three major categories. 

1. Programme planning and coordination 

This should be carried out in close collaboration with government institutions in 
Member countries, international scientific societies, manufacturers, and the investigators 
concerned. To receive proper guidance and advice in programme planning, WHO should convene 
groups of expert consultants who would meet periodically according to programme development 
needs. 

2. Services to Member countries 

The most important services would be the distribution of standardization information 
(e.g., recommended reference methods and quality control procedures) and the provision of 
reference materials to Member countries. Other services would include expert advice on 

organizing laboratory services, technical consultations, the formulation of performance 

specifications for diagnostic reagents, advice on the preparation and testing of certain 
reagents, and education and training. 

3. Promotion of research and development 

Modest support should be provided to laboratories working for the improvement of 
methodology or materials. 
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The development of these activities in the World Health Organization could probably be 
achieved to some extent by realignment of existing WHO programmes in different units and 

divisions. Eventually, however, the expansion of WHO programmes in this field would require 
increasing the Organization's technical staff. The size of the increase depends on the 
priorities defined. 

In performing the above - mentioned major functions the technical staff should be assisted 

by WHO reference centres and other collaborating laboratories, some of which already exist. 
Others would need to be designated. Their participation would be particularly valuable in 
preparing reference materials, providing consultations, and disseminating technical 
information. A number of centres should be established to undertake the custody and 

distribution of reference materials. 

The implementation of such a WHO programme would take place in two stages, one 

immediate, the other long -term. 

Immediate action 

The immediate task of WHO should be the assessment of all the resources available for 

the standardization of diagnostic materials. A group of experts representing all medical 

laboratory disciplines could be convened to provide advice on the scope and priorities of 

the programme and the development of a model programme centered around a number of materials 

deemed to be of the highest priority. This should be done in close collaboration with the 

government institutions and scientific organizations already active in the development of 

standards. Such collaboration is essential not only for the scientific and technical 

soundness of the programme but also for the maximum utilization of limited resources, the 

avoidance of wasteful duplication, and the determination of those areas to which WHO can make 

the greatest contribution. 

Long -term programme 

The long -term programme should be organized as a regular staff function within the WHO 

Secretariat. The responsibilities of the staff should be: 

(1) to serve as a focal point for and maintain close liaison with all WHO programmes 

related to or benefiting from the standardization of diagnostic materials and to 

coordinate standardization within WHO; 

(2) to serve as a central agency reviewing the proposed specifications and performing 

or organizing all the functions required, including the collaborative evaluation of 

methods and materials, to achieve consensus on their acceptability for international 

reference; 

(3) to maintain scientific and technical liaison and ensure programme coordination 

with institutions and societies outside WHO, particularly ISO, and be instrumental for 

the rapid establishment of comparison materials when scientific development so requires; 

(4) to provide administration and support for the programme. 

The objectives and the basic elements of the diagnostic materials standardization 

programme differ only slightly from one discipline to another. However, the different 

disciplines vary significantly from each other in regard to their immediate need for 

standardization, the encompassment of the potential programme, and their "readiness" for 

standardization, i.e. their present level of technical development and the methodology and 

materials available to them. The special needs and special potential of each discipline can 

be described at present only in the broadest of terms. 
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Microbiology 

The standardization of diagnostic materials in microbiology would serve the following 
main purposes: etiological diagnosis of disease in patients, epidemiological investigations, 
disease control, determination of the appropriate therapy, and collaborative research. There 
are high -quality diagnostic reagents (not always considered to be "diagnostic ") in different 
laboratories in the world for all known bacterial and viral diseases as well as for many 
mycological and parasitic diseases. The experience with these reagents can be used to 
define the performance requirements of commercially and locally made materials. 

In addition, much diagnostic serology, notably syphilis serology, has been already fairly 
well standardized. WHO has established cardiolipin and other international reference 
preparations for syphilis serology, and over 50 WHO Member countries are participating in the 

so- called proficiency testing programme conducted by the WHO Reference Laboratory. In this 

programme aliquots of well -studied sera are sent as "unknown" specimens to participating 
laboratories, which then return their test results to the reference laboratory. Analysis 
of their results helps the participating laboratories maintain their testing system at a level 

of specificity and sensitivity comparable with that of the reference laboratory. 

In this connexion, it should also be noted that studies have been in progress for several 

years for the development of the standardized antibiotic susceptibility testing of micro- 
organisms. 

Much of the experience gained in the above two programmes could well serve as a basis 

for international standardization in other areas of microbiology. 

The main needs in medical microbiology are the development of international performance 

specifications for microbiological reagents, the availability of reagents that meet the 
specifications, and international reference methods for antibiotic susceptibility testing. 

Clinical chemistry 

Standardization in clinical chemistry would benefit mainly (a) clinical medicine, i.e., 

individual patients and (b) epidemiological studies of chronic diseases and nutritional 
deficiencies. Clinical chemistry is a very broad and rapidly developing field being 
exploited at present by some commercial companies with such unfortunate effects that the 
analytical results of one laboratory may bear little correlation with those of another (see 

the Appendix). This has been demonstrated clearly and repeatedly in countries where either 
a government agency or a professional society conducts proficiency testing programmes by 
sending aliquots of the same clinical material to different laboratories for analysis. 

Standardization in clinical chemistry is a formidable task, which should be started by 
international agreement on a few high -priority analyses. This requires agreement on reference 
methods and the availability of pure chemical reference materials and /or well characterized 
human or animal sera with accurately determined values for specified analytes.1 Both the 
reference methods and the materials should be readily available to all clinical laboratories 
to make it possible for them to adjust their analytical system to the same level of reactivity 
as is indicated by the reference material. 

In spite of the large body of knowledge in clinical chemistry and promising work by some 
government agencies in Member countries as well as by "several national and international 
scientific societies, work in standardization has barely begun. The contribution of WHO in 
this field would thus be extremely valuable. 

1 
Analyte: the constituent (e.g., glucose or cholesterol) that is being determined on 

the sample to be analysed. 
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An essential part of the standardization programme in clinical chemistry is a strong 

emphasis on quality control of laboratory procedures. Since meaningful quality control 

calls for recognition and acceptance of one *s own fallibility and adds seemingly non- 

productive procedures to the laboratory workload, a significant education effort will be 

required before quality control can become "a way of life" in the clinical laboratories of 

the world. For such an effort to be successful, it must be adapted to the cultural and 

educational background of different countries. WHO is the only organization in the world 

that can be expected to succeed in this effort. 

The main needs in a standardization programme in clinical chemistry are: international 

agreement on reference methods; an adequate production of reference and calibration 

materials for the most important clinical chemistry analyses; availability of such 

materials to all Member countries; and strong emphasis on quality control. 

Clinical immunology 

As a diagnostic laboratory discipline clinical immunology is much younger than 

microbiology and chemistry. It is at present in a very active phase of development and it 

uses sophisticated methods in which a strict adherence to prescribed techniques and the 

availability of reliable reference materials are of the utmost importance. Because clinical 

immunology is still so new that the methods used have not yet had time to evolve a large 

number of modifications with different specificities and sensitivities, it is in the 

enviable position that it can develop a standardization programme before such a situation 

arises. 

The highest priorities in a clinical immunology standardization programme are: 

ensuring the availability of reference materials; establishing quality control procedures 

and materials for diagnostic immunofluorescence; and establishing reference methods. 

Haematology 

There are five distinct areas of haematology, each of which requires a different approach 

to standardization. 

Immunohaematology, which for the purpose of this report means blood grouping and typing 

for transfusion, has probably reached a greater degree of global uniformity than any other 

branch of the medical laboratory services. The methods are well standardized and adequately 

published. High -quality reference sera can easily be purchased from a variety of sources. 

There is thus no urgent need for WHO to become involved in immunohaematology except when 

consultation or technical advice is needed. 

Haemoglobinometry has been subject to a very active international collaboration which 

has been coordinated by the International Committee for Standardization in Hematology (ICSH). 

After a thorough international evaluation a haemiglobincyanide reference solution was adopted 

in 1967 as an International Reference Preparation. Working reference material is available 

from the Netherlands Rijks Instituut voor de Volksgezondheid. 

Another important haemoglobin problem for clinical and public health laboratories is 

the detection of abnormal haemoglobins, especially haemoglobin S but also F and A2. Work 

in this area is well in progress and no major problems are expected. 

Blood coagulation factors are a very important area for international standardization. 

Significant amounts of research in this area are under way in several countries. 

It is believed, though, that WHO could speed up progress by organizing task forces and 

multilaboratory evaluations of proposed methods and materials. 
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Cellular haematology is severely impeded by its chaotic nomenclature. The same cell is 

called by a variety of names by different laboratory workers and, conversely, the same name 

is used to denote a variety of cells. This greatly handicaps medical communication, not 

only between different countries but also even between laboratories in the same country. 

WHO would perform a significant service by standardizing blood cell nomenclature along the 

lines adopted in its Classification of Tumours programme. 

Nutritional factors 

These are an important problem from both the public health and the clinical point of 
view. A reliable standardized methodology is badly needed for measuring serum iron, 
vitamin В12, and folates. 

Other clinical laboratory disciplines 

The problems in other clinical laboratory disciplines that have reached a state of 
development in which standardization would be desirable are largely the same as those 

discussed above. Thus, the standardization of radio -immune assays for endocrinology 
should be approached in the same manner as standardization in immunology. The moment at 

which any of these problems becomes of such priority that it requires WHO action for 
standardization should in each individual case be decided largely on advice from the 

scientific community concerned, 

In sum, a WHO long -term programme in each laboratory discipline should contain the same 
basic elements, irrespective of the significant technical differences and "readiness" for 

standardization of the disciplines. These elements are: 

a scientific basis, which should be established either by the international scientific 
organizations concerned or by other expert advice available directly to WHO 

international evaluation of proposed methods and materials 

formal establishment of international reference methods and materials by WHO 

distribution of standardization information by WHO 

unhindered and uncomplicated availability of reference materials to all countries 

periodic review of reference methods and materials by the scientific advisers of WHO 

emphasis on quality control 

technical training. 

VIII. Cost of standardization 

One of the most important reasons for industrial standardization is the reduction of 
costs it brings with it. However, the purpose of a diagnostic materials standardization 
programme is clearly not cost reduction per se but improvement of medical laboratory services. 
It is therefore not possible to predict how much immediate effect the standardization of 
diagnostic materials would have on the cost of the clinical laboratory services. It is 

possible that the eventual savings in many laboratories would be offset for a while by the 

initially higher cost of better reagents and some new equipment. In the long run, however, 

standardization in the medical laboratory field, as in any other field, could be expected to 

result in a reduction of costs, particularly when services are compared at the same level of 

dependability before and after standardization. 
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It should also be understood that the standardization of diagnostic materials will not 
result in a decreasing need for well trained laboratory personnel. Laboratory standardized 

procedures, like laboratory automated procedures, require at least the same level of training 
and proficiency as laboratory non -standardized and non -automated procedures. Savings to 

the laboratory come first from the more economical use of time, which conduces to the greater 

productivity of laboratory personnel, and secondly from the elimination of an unnecessary 
variety of laboratory materials. The savings to the hospital and the patients are derived 

from a more reliable diagnosis and follow up. 

The immediate cost of standardization to WHO is discussed on page 15. 

IX. Organization of a WHO long -term programme for the 

standardization of diagnostic materials 

Staff requirements 

Fulfilling the objectives of a programme for the standardization of diagnostic materials 

is a complex task requiring a technically qualified and scientifically competent permanent 

staff. The chief of the staff should be a medical officer with broad training and experience 

in clinical laboratory services (a clinical pathologist or the equivalent). He should be 

assisted by two other laboratory workers (medical officers or Ph.D. scientists) with special 

training in clinical chemistry and medical microbiology. An administrative assistant and 

an adequate number of secretaries would also be needed. It is conceivable, however, that 

the work could be started on a smaller scale and expanded in keeping with the increasing 

volume and priorities of the work. 

Scientific advisers 

Owing to the technical complexities of this diversified field, adequate scientific and 

technical advice is a sine qua non. The most practical way of obtaining such advice is to 

have a cadre of consultants available representing all the pertinent areas of clinical 

laboratory services. Owing to the greatly variable needs for scientific advice, these 

consultants should not form a permanent group but be called upon when advice is needed in 

their particular specialty. An expert advisory panel would therefore be preferable to a 

standing committee. The consultants should be available for advice either individually, as 

would be the case in special problems, or more commonly as members of ad hoc committees. 

Typical agenda items for such ad hoc committees would include: 

the development of and recommendations for particular preparations for international 

reference materials 

the organization of collaborative studies to evaluate candidate materials 

the establishment of quality control criteria for particular methods, instruments, or 
equipment 

recommendations regarding information on the WHO standardization programme and its 
distribution 

questions on international terminology 

the planning and organization of education and training. 

Many such expert meetings would be required, particularly in the early stages of the 

programme, to determine priorities, formulate plans, and provide general guidance for the 

orientation and improvement of the programme. 
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Particular meetings should also be attended by appropriate members of professional 
societies collaborating with WHO, either as participants or as consultants and observers. 

Approximately three meetings could be envisaged in the first year of operation of the 
programme and at least one per year thereafter. 

For individual consultants, a minimum of 10 consultant months per year is envisaged. 

Expert advisory panel on diagnostic materials 

An expert advisory panel would be constituted specifically to deal with diagnostic 
materials. It should, however, make the best use of members of existing WHO panels whose 
particular knowledge and expert services would be useful for the programme. 

In view of the variety of disciplines in the programme, the membership of the panel 
should be kept flexible so as to provide expertise in the laboratory disciplines scheduled 
for discussion in a particular meeting. 

Duty travel 

The same considerations apply for determining needs for duty travel as for consultants. 

A sum corresponding to the equivalent cost for 10 months consultant services should be 
envisaged annually. 

Training 

Training courses and seminars would constitute an important part of the programme. It 

is expected that most of these activities would be supported by government and other 
institutions. 

It is believed necessary that WHO should organize one training course annually for 15 

participants and provide individual training grants for 24 man /months. 

Assistance to research and collaborating centres 

To stimulate and encourage the development of improved diagnostic methods, it is vitally 
important to provide for contractual technical services - assistance to research and 
collaborating centres. 

Interregional and regional reference centres should be designated according to the 

activities selected. A number of collaborating laboratories would be needed; some of these 

could be formally designated, the others would collaborate on a voluntary and informal basis. 
Provision should be made to cover the expenses of the collaborating centres that accept the 
responsibility for the custody and distribution of reference materials. Packaging and 
shipping constitute a heavy recurring expenditure. 

A budgetary provision of US$ 60 000 is envisaged for the first year, increasing to 
US$ 100 000 when the programme is fully developed by the third or fourth year. 

Cost of the WHO programme 

The cost for the first five years of operation is estimated to be in the order of one 
million US dollars. The expenditure in the earlier years. would probably be somewhat less 
than the five years' average, owing to initial delays in staffing and establishing a modus 
operandi. However, the initial savings in staffing would be offset in the early phases of 
the programme by the initially higher consultation costs. 
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APPENDIX 

The attached graphs from a recent study illustrate the variable performance of commer- 
cially prepared prepackaged reagents sets or "kits ". The study was performed by a group of 
competent clinical chemists who tested a number of serum specimens with each kit. 

The specimens for the study were selected to represent normal and abnormal ranges of the 
analytes. When applicable, plasma specimens and carefully weighed aqueous solutions of the 
same analyte were included. 

The accuracy of the kit was assessed by comparing its results with those obtained with 
a well -validated reference method. (In the attached examples the reference methods were the 
glucose oxidase method for glucose and the Abell- Kendall method for cholesterol.) The 

precision was assessed by multiple testing of each specimen. In general the same analysts 
performed the reference method and the kit analyses, employing good laboratory techniques 

for both. 

The "true" values of the glucose specimens in the study ranged from 39 mg dl to 390 mg /dl 

The "true" values of the cholesterol specimens ranged from 70 mg /d1 to 380 mg dl. 

Glucose kits were selected for this illustration because they represent by far the most 

commonly performed clinical chemistry determinations. The accuracy of this determination is 

most important for correct diagnosis. A healthy person who is misclassified as having 

abnormally high glucose values may be subjected to additional testing, perhaps an extended 

hospital stay, special diets, and drugs, as well as personal inconvenience, expense, and 

psychological trauma. The diabetic whose diagnosis is missed because of laboratory error on 

the low side will have his treatment postponed or perhaps be subjected to incorrect treatment. 

Incorrect glucose values in a correctly diagnosed patient may have a serious adverse 

effect upon treatment. For example, in severe diabetes the patient receives insulin which 

he usually administers himself. The proper dosage level is commonly based on glucose tests 

performed before and after insulin injection. Incorrect tests thus may lead either to 

insufficient treatment or to a life -threatening overdosage of this very potent drug. 

Cholesterol kits were selected because of the increasing importance of cholesterol 

determinations for the diagnosis and care of individual patients and because it is the basic 

laboratory test in many epidemiological studies of cardiovascular diseases. Falsely low 

laboratory values may indicate a healthy person and delay treatment which could prevent a 

stroke or heart attack. Falsely elevated values may lead to unnecessary dietary restrictions 

or drug regimens. The scientific and public health value of epidemiological studies and 

case -finding programmes, so popular in many places, is in direct correlation with the accuracy 

of the laboratory tests used. Also, some of the conflicting conclusions regarding the 

relationship between serum cholesterol levels and the dietary habits of certain population 

groups may be explained simply on the basis of different laboratory methods. 

In the following graphs the bias limits refer to the maximum acceptable systematic 

error in the method's performance. It is an estimate of the maximum difference from the 

"true" value of the samples for the laboratory results to be still medically useful. The 

bias limits for glucose determination were considered to be ± 5 mg /dl and for cholesterol 
± 20 mg/d1 in the normal range and ± 30 mg /d1 in the elevated range. 

The standard deviation listed in the graphs for each kit is a measure of the precision 

or reproducibility of the test. The smaller the standard deviation, the more precise the 

test. The maximum allowable standard deviation for glucose determination that will still 

serve as a reliable guide for a physician was considered to be 5 mg /di in low and normal 

ranges and 10 mg in the high range. For cholesterol the corresponding limits were judged to 

be 20 mg /dl in the normal range and 30 mg /dl in the high range. 
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Appendix 

Both the bias limits and the maximum allowable standard deviation can easily be reached 
by using good laboratory methodology. 

In graphs No. 1, 3, and 4 the central horizontal line represents the "true" value of the 

analyte, i.e., the mean value obtained in multiple independent analytes with the reference 

method. The lower and upper horizontal lines represent the maximum acceptable bias limits. 

In graph No. 2 the vertical line represents the "true" value of the analyte and the 

horizontal bars represent the deviation from the "true" value as well as the spread of values 

in repeated tests of each of the 10 different specimens. In this graph the open bars 

represent aqueous solutions and the shaded bars represent either serum or plasma specimens. 



Reproducibility Study 
Glucose 

Kit Bias 
Standard 
Deviation 

Ref 0.0 1.9 
G1-1 -25.3 3.7 
GI-2 -0.1 4.2 
G1-3 7.8 25.8 
G1-4 -1.9 3.1 
G1-5 0.5 3.9 
G1-6 0.0 5.6 
G1-7 2.6 6.1 
G1-8 10.7 3.5 

Units-mg/д1 

Note: 
Bars are arranged from left to 
right in order of ascending 
means. Central line in each 
bar is average bias. 
Shaded portion denotes random 
error in excess of maximum 
allowable standard deviation 
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GRAPH NO. 2 

A COMPARISON OF THREE GLUCOSE KITS ON THE SAME PANEL OF SAMPLES 
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Reproducibility Study 
Cholesterol - Normal 

Kit Bias 
Standard 
Deviation 

Ref 0.0 4.1 
Chol -1 73.2 28.1 
Chol -2 -7.4 10.8 
Chol -3 18.0 39.4 
Chol -4 -3.1 35.5 
Chol -5 21.2 33.1 
Chol -6 10.9 12.3 
Chol -7 -4.2 19.2 

Units - mg /dl 

Note : 

Bars are arranged from left 
to right in order of ascending 
means. Central line in each bar 
is average bias. 
Shaded portion denotes random 
error in excess of maximum 
allowable standard deviation 
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CHOLESTEROL - NORMAL 
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Reproducibility Study 
Cholesterol - High 

Standard 
Kit Bias Deviation 
Ref 0.0 9.9 
1 47.3 63.3 
2 29.0 28.0 

22.5 96.3 
4 13.2 63.3 
5 58.6 43.3 
6 17.0 32.9 
7 35.2 34.4 

Units - mg /dl 

Note: 
Bars are arranged from left 
to right in order of ascending 
means. Central line in each 
bar is average bias. 
Shaded portion denotes random 
error in excess of maximum 
allowable standard deviation. 
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