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Abstract

Radioisotopes are used extensively in medical
practise and their use in RIA or IRMA usually represent a small
proportion of the total. Radiolabelled immunoassays based on
25I constitute a simple didactic, cost effective and robust
technology which is still regarded as the reference method in
many clinical applications. The IAEA has implemented many
successful programmes using the "bulk reagent" approach,
involving 68 countries in all the different regions. The main
achievements have been in technology transfer with self
sufficiency in production for some countries; training of large
numbers of staff; quality control and quality assurance
schemes; devolution of screening programmes for neonatal
congenital hypothryoidism.

Alternatives to the use of radioisotopic tracers are
constrained by many factors and are often only available in
restricted commercial packages. They are often not suitable
for technology transfer programmes and often lack any didactic
component in addition to a relative high cost.

The production of radiolabels using 125I is both simple and
adaptable. In addition expertise in their preparation and
purification is widespread even in developing countries.
Together with the ease of producing antibodies, the facts have
made 125I-radiolabelled immunoassays ideal for investigative
procedures for many research activities (30,31) particularly in
the medical context where radioisotopes are commonly used.

In conclusion, even a superficial examination of public
health statistics for various countries throughout the
continents indicates a need for a simple, inexpensive and
robust analytical tool. In this light, there is a predicted
continuing role for radiolabelled immunoassays.
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CURRENT STATUS AND FUTURE DEVELOPMENTS IN RADIOLABELLED
IMMUNOASSAYS

1. Introduction

Radiolabelled-immunoassays use reagents incorporating

radioisotopes as tracers to monitor the distribution of free

and bound antigen in radioimmunoassays (RIA) or free and bound

antibody in immunoradiometric assays (IRMA). Radioisotopes

have been used as tracers to monitor both chemical and

biological systems since 1913, when George Charles de Hevery

used a natural radioisotope of lead to investigate the

solubility of lead salts in water and later the uptake of lead

into growing plants.

The available natural radioisotopes were somewhat limiting in

terms of experimental use. The invention and application of the

cyclotron, i.e. charged particle accelerator, in the early

1930's, did much to enhance the availability and range of

others. However, manufactured radioisotopes became plentiful

only with the development of nuclear reactors in the 1950's,

which produced fission products using neutron bombardment.

Radioisotopes have been widely used in medicine. The list is

extensive, with more than 100 different ones having been used

since 1945. The most significant medical radioisotopes are

51Cr, 131I, 32P, 59Fe and 99Tc. Radioisotopes are used in therapy,

diagnosis 'in vivo' and 'in vitro', and sterilisation of

medical supplies. The latter accounts for the most extensive

use of gamma radiation.
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Radioisotopes were introduced into iinmunoassays in 1960 [1].

Although earlier immunoassays, e.g. using red blood cells and

subsequent haemoglutination [2] were similar in principle to the

radiolabelled assays, the use of a radioisotope proved a major

advance and improved detection immeasurably. Development of

radioimmunoassays can be traced back to the mid-fifties. At

this time, work was proceeding in two centres, one in London

and the other in New York.

Solomon Berson and Rosalyn Yalow were investigating the

metabolic fate of intravenously administered 131I-labelled

insulin at the Veterans Administration Hospital in New York.

Their studies showed that, although the insulin disappeared

rapidly from the blood of normal subjects and diabetic patients

not treated with insulin, it persisted for a longer period in

the blood stream of patients who had received insulin therapy

for more than a few weeks. This proved to be due to the

presence of antibodies to insulin in those patients receiving

therapy. Their initial studies demonstrated that the binding

of the 131I-insulin to antibody was inhibited in a quantitative

manner by the presence of unlabelled insulin. These simple

findings were to be the basis of their method now familiar as

an RIA.

In the other centre, the radioisotope unit of the Middlesex

Hospital Medical School, Roger Ekins was working on a new

theory for the measurement of endogenous hormones at levels

consistent with those found in blood. Using radiolabelled
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thyroxine, produced "in vivo" by a patient with thyroid

carcinoma metastases, and thyroxine binding globulin as a high

affinity binding reagent, Ekins was able to demonstrate the

measurement of thyroxine in serum. This technique, called

saturation analysis [3], was a general procedure utilising a

specific binding protein and thus included all immunoassays.

Attempting to optimise sensitivity and precision in

radiolabelled-immunoassays lead Miles and Hales in 1968 [4] to

formulate the principles of assays using labelled antibodies,

referred to as 'immunoradiometric' assays (IRMA) where the

label was a radioisotope. The use of highly purified

antibodies coupled to a radioactive tracer increased

sensitivity and improved precision. Subsequent developments,

in 1970, incorporating an additional antibody coupled to a

particle or other solid-phase, and referred to as the 'two-

site' IRMA or 'sandwich' assay [5,6,7] further improved

precision and hence sensitivity. The exponential growth in

application of radiolabelled-immunoassays was accompanied by

numerous symposia, workshops and colloquia seeking to clarify

and consolidate both theoretical and practical aspects. The

proceedings of many of these meetings have been published [e.g.

8-16] and are a useful source of information. In addition,

there have been a number of reviews e.g. [17-20].

1.1. Measurement of radioactivity in radiolabelled-immunoassays

Measurement of radioactivity in radiolabelled immunoassays
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depends on the conversion of energy from the primary ionising

particle into light, which is then used to generate

photoelectrons from the cathode of a photomultiplier tube. Such

Detectors are commonly referred to as scintillation counters.

There are two types of scintillation counter used for

radioimmunoassays, as follows:

• the scintillation crystal or 'gamma1 counter;

• the liquid scintillation or 'beta' counter, the common name

clearly indicates the type of radiation each is appropriate

for.

2. Application Of Radioi so topes To Immunoassay

A number of different radioisotopes have been used as tracers

in radioimmunoassays including 57CO, 75Se, although the current

practice is to use either 125I or 3H, with the occasional use of

57 Co as a dual label in conjunction with 125I where two

different substances are measured in a single tube. The first

published radioimmunoassay [1] used 131I which has a relatively

short half life and consequently a higher activity, i.e. higher

number of disintegrations per unit time. This was useful as it

enabled the measurement of small aliquots of reaction medium,

dictated by the use of paper electrophoresis strips for

separating free and antibody bound analyte; the paper strips

having a limited loading capacity. m I was also readily

available at a relatively high level of radioisotope purity.
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Because antibody binding sites are extremely specific, it would

seem logical that the best choice of radioisotope would be one

that replaces its non-radioactive isotope in the tracer

molecule; for example, replacing 3H for hydrogen or using 125I

for molecules containing iodine as in thyroxine or

triiodothyronine. In practice, if the substitution is made in

a part of the molecule away from the antibody binding site, the

choice of radioisotope can be governed by other considerations,

such as half life, availability, high activity and

radiochemical purity. The larger the tracer molecule, the

easier this is achieved.

When 125I with good radiochemical purity became commercially

available, it rapidly became the radioisotope of choice

representing a practical combination of high activity and

reasonable reagent shelf life. 125I, with its half life of 60

days, has higher activity than those radioisotopes with a

longer half life, and a longer shelf life than those

radioisotopes with a shorter half life.

Because the iodine atom is relatively large, about the size of

a benzene ring, it proved unsuitable for many small molecules,

such as steroids, as it easily interfered with antibody

binding. The exceptions were those few molecules like

thyroxine with endogenous iodine. 3 H, another readily available

radioisotope, became widely used for small molecules.
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The use of 3 H introduces certain constraints, particularly the

need for relatively expensive liquid scintillation detection.

In 1968, an eloquent technique was published [21], which

permitted the use of 125I to label small molecules without

compromising immunoreactivity. It involved the synthesis of a

suitably modified analogue, incorporating the radioactive

iodine into an appropriate group like a histidyl or a tyrosyl

group, attached to the molecule through a side chain at a point

not directly bound by the antibody. In practice, this

technique proved successful for virtually all small molecules

requiring only the judicious identification of appropriate

positions to introduce side chains for the analogues. This

approach has even allowed the use of extremely large molecular

tracers, such as enzymes; with relative molecular weights

greater than 50,000 dalton, attached to analytes with molecular

sizes only a few hundred dalton.

In recent years, 125I has become the most commonly used

radioisotope in RIAs and IRMAs. Tritium (3H) is now used for

relatively few assays, but is particularly useful where the

incorporation of iodine is not practical because of a lack of

suitable analogues or because it leads to an unstable tracer.

The widespread use of 125I was a potent factor in the

introduction and success of the multi-head detector. Because

of the relatively low energy of 125I, much smaller crystals

could be used, in turn requiring less lead shielding to reduce

the background, allowing for several heads to be assembled in a
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single instrument. Up to this time, gamma counters were

traditionally expensive instruments with large crystals to

measure a variety of radioisotopes, a lot of lead shielding,

the ability to detect energy wavelengths over a continuously

variable range, and complex automated sample handling

facilities. The use of a manually operated, simple instrument

dedicated to the measurement of low energy radioisotopes like

125I was extremely economic in terms of cost and time and proved

to be very popular with many laboratory users. In 1977, at St

Bartholomew's Hospital, a single 16-headed gamma counter, with

subsequent high throughput, replaced eight automated gamma

spectrophotometers, with a capital cost saving of approximately

20 fold. Being a manual instrument, it was also not subject to

the frequent breakdown problems associated with the complex

automated sample handling facilities. In essence, gamma

counting is extremely efficient and economic when compared with

other forms of detection. .

2.1. Dual Radioisotopic Assays

Gamma radiations from different radioisotopes display different

energy spectra. It is possible to take advantage of this

difference and discriminate the radioactivity associated with

specific radioisotopes. The concept of assaying two components

in a biological medium simultaneously using tracers labelled

with two different radioisotopes was introduced in 1966 [22].

This 'dual' radioimmunoassay measured both growth hormone and

insulin using 125I and 131I. Dual assays are perhaps best

exemplified by the ICN SimulTRACR range using 125I and 57Co. 57Co
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was introduced originally as an appropriate tracer for vitamin

B12 (cobalamin) which has an endogenous cobalt atom. These

types of assay are most appropriate for the measurement of

those analytes that are measured in the same sample; such as

thyroid stimulating hormone TSH/free thyroxine (free T4),

luteinising hormone (LH)/follicle stimulating hormone (FSH) and

vitamin Bi2/folate.

2.2. Homogeneous Assays

Because the radioactive process is unaffected by external

conditions, radiolabelled assays have often been considered as

unsuitable for non-separation protocols, i.e. homogeneous

assays. However, the detection of low-energy radioisotopes

such as tritium [23] can be interfered with or altered.

Amersham's scintillation proximity assay (SPA) is an example of

homogeneous immunoassays, involving the use of beads

impregnated with scintillant which are coupled to binding

proteins, such as antibodies. In principle, the bound

radioactive tracer allows emitted radiation energy to interact

with the scintillant and thereby produce light which is

detected in conventional liquid scintillation counters. The

energy from unbound or free radioactive tracers, being at a

distance from the bead, does not react with the

fluorimicrospheres.

Homogeneous radiolabelled immunoassays are also possible

if scintillant is localised in or at the surface of a

microtitre plate e.g. Wallac ScintiStrip or DuPont NEM
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Flashplate. In the ScintiStrip a scintillant is an integral

part of the polystyrene used to manufacture the microtitre

plate, whereas for the Flashplate it is precoated onto the

surface of the 96-well plate. These products are available

coated with second antibody or other specific binding protein

for use with a primary antibody of choice.

Using these principles, homogeneous radiolabelled

immunoassays have been developed for a variety of uses

including steroid hormones [24] and prostaglandins [25]. These

assays have demonstrated sensitivities from 10-9M to 10-10M.

3. National and Regional Reagent Schemes

Initially, the use of radioimmunoassays was limited to a

few research centres and analyses of patients' samples was

uncommon. In 1972, the Lancet published a series of letters

from clinical endocrinologists expressing concern about the

difficulties in obtaining access to these specialised

radioimmunoassays. In response, the health department of the

U.K. government agreed to fund a national immunoassay service.

The funds were used to organise and expand facilities in

existing research centres who were then able to undertake the

analyses of patients samples sent in by general hospitals.

Initially, the scheme covered many radioimmunoassays including

TSH, T4, Prolactin, LH, FSH and growth hormone (GH) which at

the time were considered to be specialised services. In

subsequent years, all of these were found to have general

clinical use with a need to provide them on a local rather then
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a central basis. The need for devolution of immunoassay

services had been envisaged as an integral part of the scheme

as and when the use of specialised assays extended into general

application. By 1975, the reported growth in immunoassay

analyses in clinical practice encouraged chemical pathologists

from about twenty district (i.e. local) hospitals to request

that a unit be established at St Bartholomew's Hospital. This

unit(Netria) was to be responsible for the devolution of

expertise and reagents from the research centre to them.

The strategy adopted by Netria included a variety of

activities as follows:

• Provision of Training Courses and Workshops

• Distribution of Bulk Matched Reagents

• Equipment Evaluation

• Co-ordinated Approach to Equipment and Reagent Purchase

• Co-ordinated Representation to Funding Authorities

• Quality Control Scheme (now superseded by NEQAS)

• Research and Development

The rationale for the Netria scheme was influenced by the need

to maintain considerations of the high quality of results.

Therefore the factors on which such devolution must depend

include the training of graduates and technicians from

participating laboratories, pressure on appropriate authorities

to make available funds for isotope counters and other

equipment, the provision of necessary reagents and the

introduction of quality control.
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Funding for the scheme was on a pro-rata basis, with each

"customer" laboratory contributing in proportion to their use

of services. The budget covered all items of expenditure,

including overheads, i.e. salaries, rent, rates, services and

running costs.

The charge of each laboratory was calculated on the units

of primary antibody used. All other reagents and services such

as training were included in this one charge. The price per

unit was based on the simple calculation of dividing the total

expenditure incurred in running the unit by the total amount of

reagents distributed in terms of number of assay tubes.

Netria was administered by a Steering Committee

comprising:

• Regional Scientific Officer

• Director of NETRIA

• Professor of Chemical Endocrinology (Medical College)

• Representative from Finance Department

• Representative from Regional Treasurer's Department

• Chairman of Regional Committee for Biochemistry

All management decisions were referred to this Committee. The

success of the Netria scheme was undoubtedly related to the

presence of this steering committee and its role in acting as

an interface to resolve difficulties, provide a co-ordinated
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strategy and direct expert advice to the appropriate

authorities.

The scheme rapidly expanded to cover the whole of the country

and in 1994 reached a peak in distribution of 2.5 million assay

tubes.

In 1982, an initial contact was made by a representative

of the IAEA to discuss the general availability of Netria's

bulk matched reagent programme. The Agency's regional

activities towards the promotion of radiolabelled-immunoassays

(RIA and IRMA) in human health commenced in 1986 using the bulk

matched reagent concept together with extensive training

programmes, transfer of all aspects of the technology, and

funding support for equipment purchase. During 1986 to 1997,

through the Agency's programmes, Netria has supplied bulk

reagents to 68 countries throughout Africa, East Asia and the

Pacific, Latin America and West Asia. The focus of these

programmes was to increase the analytical reliability of RIA

procedures used for clinical diagnosis and research

investigations whilst reducing the unit cost of assays. The

clinical scope concentrated initially on thyroid-related

diseases and later included tumour marker assays. Major

projects to establish national screening programmes for

congenital neonatal hypothyroidism using Netria's reagent have

been successful in some countries in all regions. Bulk

reagents from the CIAE in China have also been distributed for

hepatitis B screening.
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These activities in particular have been responsible for

the successful establishment of a number of national reagent

programmes [26, 27, & 28]. Although the bulk reagent schemes

have benefited the large central laboratories, they have had a

limited impact on devolution within a country. The difficulty

has often been perceived to be one of methodological choice.

Many local laboratories prefer the antibody coated tube

technology found in imported commercial kits. Until now, this

technology has not been compatible with local bulk reagent

production.

The main achievements of these IAEA activities are the

following:

• Technical expertise in reagent preparation.

• Training in IRMA and RIA methodology and quality control.

• Capital investment to upgrade laboratories with items of

equipment.

• EQAS established in some regions.

• Distribution of locally produced reagents to other countries

within same region.

• Schemes to screen for neonatal hypothroidism.

4. Alternative Techniques Or Non-Isotopic Immunoassays

In recent years so called alternative or non-isotopic

(i.e., non-radioisotopic) immunoassays have become available.

In fact, the use of non-radioisotopic labels predated the

introduction of radioimmunoassay by at least a decade. The

recent renewed interest in them and the growing tendency
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towards their use that has been observed, even in some

developing countries particularly, is primarily related to the

following factors:

• The perceived harmful effects of using radioisotopes.

• The increasing need for automation in some countries,
particularly in the industrialised world, and the belief that
this would be simpler to achieve when non-isotopic labels
are used.

• The requirement in some instances to increase assay
sensitivity and the theoretical possibility of achieving this
by the use of some alternative labels.

• Constraints on the use of radiolabelled reagents under
national or local regulations involving some form of
licensing and supervision.

The alternative labels in current use may be summarised as

follows:

• Enzyme substrates with calorimetric measurement
Fluorimetry, Luminescence or Electrochemical

• Fluorophores using simple fluorimetry, polarisation
fluorimetry, or time resolved fluorimetry

• Luminescent compounds

• Agglutination measured by turbidimetry, nephelometry or by
eye

• Electrochemical by potentiometric modulation or
electroreactive labels

• Evanescent waves detected by surface plasmon resonance or
total internal reflection fluorescence

Many of these alternatives are only suitable for specific

situations. Some techniques have been adopted for

determination of relatively high concentrations, e.g.,

agglutination, and others are particularly suited to
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immunosensors and real time dynamic measurements, e.g.,

evanescent waves.

Immunoassay, regardless of the choice of labels, use a

variety of systems including liquid phase reagents or solid

phases such as coated beads or tubes. The appropriate use of

different systems can enhance or restrict the performance of

assays. In some cases a perceived advantage of alternative

labels may really be attributable to a change in the system

itself.

With respect to the specific application of

radioimmunoassay, viable alternatives are limited to relatively

few choices which, from a practical point of view, are as

follows:

• Time resolved fluorescence (e.g., Delfia)
• Enzyme-enhanced luminescence (e.g., Amerlite)
• Chemiluminescence (e.g., Immulite)
• Amplified enzyme cycling (e.g., Dako or Murex)
• Enzyme using simple colorimetry

With the exception of enzyme calorimetric techniques all

of the above have theoretical sensitivities exceeding those of

radiolabelled methods. They all have been adopted by various

commercial companies and there are commercially developed

automated systems using one or other detection system. Most of

these techniques are subject to patent legislation and the

technology associated with reagent preparation and application

is therefore, restricted.
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Reviewing automation and its impact on the practice of

immunoassay, several factors emerge. Automation ranges from

application to single stages such as pipetting, modular

automation applicable to several stages or complete systems.

The complete systems are invariably supplied with integral

reagents only available from the same commercial source.

4.1. Comparisons

The perceived health hazards of radioimmunoassays have

been the subject of singular criticism for many years. Given

the nature of 125I this is surprising and obviously misinformed.

It is possible to derive a figure for the average radiation

dose received by a laboratory worker performing

radioimmunoassays using 125I labelled reagents, assuming a

reasonable throughput of up to 200 assays (approximately) 40

samples per assay each in one year. The predicted annual dose

of approximately 0.03 mSv compares with the dose of 0.4 mSv

that would be received from a single transatlantic flight(see

Table I).

Moreover, the general public is subjected to a background

radiation dose many times higher than either of the above. For

example, it is known that the annual background radiation in

the UK is 2.5 mSv and the dose from an x-ray can be up to 1

mSv. By comparison, reagents with alternative labels are not

without toxicity particularly some enzyme substrates which are

carcinogens or mutagens. It may also be pointed out that

whereas radiation is easily detected, toxic substances are not,

(until it is too late!).
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Table I.

A comparison of doses

Source Dose

Annual background dose in:

Kerala, India (Monazite)

Brazil (Monazite)

France (Granite)

Cornwall, U.K. (Granite)

3.7-28 mSv

5 mSv

1.6-2.2 mSv

7.8 mSv

Average annual dose in U.K. 2.5 mSv

Dose from single transatlantic flight 0.04 mSv

Dose from an x-ray examination up to 10 mSv

Average annual dose for radioimmunoassayist approx. 0.03 mSv

On the question of improved sensitivity, it is interesting

to note that the sensitivities of non-isotopic techniques are

usually limited by factors such as background signal detection,

a requirement for chemical purity of reagents which is

technically too demanding, and difficulties with labelling

procedures. In general the potential improvement in

sensitivity of non-isotopic methods has not been achieved in

practice.
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The main use of alternative techniques has been seen in

the introduction of automated systems. Commercial suppliers of

diagnostic immunoassay have developed such systems. Most of

these are examples of complete automation with an integrated

reagent supply, in the form of packs or cartridges, compatible

only with the equipment supplied. Although these may be ideal

for laboratories with limited technical expertise or staffing

constraints, they are much more expensive than current

radiolabelled options and have lost inherent flexibility with

respect to the choice of reagents or suppliers.

The equipment costs for a typical example using one of the

most popular automated systems would be at least U.S. $100,000

including maintenance contract.

This contrasts significantly with the estimated costs for

equipping a complete radioimmunoassay laboratory at U.S.

$50,000. Reagents for RIA/IRMA if obtained in bulk form, would

cost approximately US $ 0.2 per tube, compared with

approximately US $ 0.9 (thyroid function); US $ 2.0

(fertility); US $1.9 (Hepatitis B) ; using the above automated

system.

It was noted that suitable equipment for a RIA laboratory

is now available (at a cheaper price) in countries such as

China and this would further reduce the cost.

A further disadvantage of automated systems is that they

are essentially "black box" technology which is neither
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didactic nor in principle transferable. Radioimmunoassay

technology on the other hand has been eminently suited for

training as was evident from the success of the IAEA training

programmes.

A non-isotopic alternative, which is an exception to the

black box technology mentioned above, is considered to be

enzyme-labelled colorimetric methods, particularly when coupled

with the use of the micro-titre plate format. This general

technique has proven performance with characteristics at least

equivalent to all others in practice. Supplies of suitable

equipment are available from many sources. It is also possible

to achieve a high degree of automation using a modular flexible

approach incurring only a small increase in cost. It was noted

that all the technology required is generally available and it

would thus be appropriate for technology transfer and training

programmes. However, the reagent cost would be higher than

that for radio labelled immunoassays and the technique is less

amenable to bulk reagent based concepts.

The main advantage of non-isotopic methods is that their

practice avoids the requirements for licensing of laboratories

or supervision under national regulations or legislation. Many

user laboratories find this constraint an obvious disadvantage

of radiolabelled techniques.

Another advantage of non-isotopic tracers is their

enhanced stability. In many examples the shelf life is on
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average at least six months, whereas 125I labelled tracers last

on average two months. However, It is not unusual for some

125I-tracers to be stable for 6 months or more.

A particular advantage of radioisotopes like 125I is that

detection is not influenced or affected by either sample or

reagent quality. Thus, sample degradation such as hemolysis or

conditions like lipaemia, while representing a potential

problem in any optical based detection system, do not interfere

with 125I Gamma Counting. The same can be noted for other

environmental factors like dust, water quality, temperature or

interfering substances including drugs. In fact highly

purified water, such as is used in HPLC, may be required as

standard in most of the optical systems especially those using

enzymes or fluorescence.

The comparative use of radioisotopic and non-isotopic

products in the UK is not consistent with either other

industrialised countries or other regions. Fig. 1 shows the

increase in the number of U.K. laboratories using alternative

systems for a typical analyte (T4) over eleven years. The

figure shows a fall in those using 125I to 17% of the total.

Nonetheless, it is significant there are signs that this trend

is levelling out. Other data clearly indicate that the change

was entirely related to the introduction of automation and not

any other aspects related to non-isotopic technology. Other

figures show that the pattern of change varies around the

world.
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In disciplines like serology, immunology or virology there is a

preference for simple enzyme labels using the micro-titre plate

format.

5. Concluding Perspectives

In 1995 the department of technical co-operation of IAEA

published an independent review of its activities to promote

RIA in human health during the period 1986-1995 [29]. This

report confirmed the achievement of the objective to increase

the reliability and quality of tests at the same time as

reducing the cost of assays. Although figures for the cost

reduction vary greatly from country to country, the cost of an

assay using imported kits was, on average, in the order of $2-3

per sample. Using bulk reagents, this was reduced to $0.5. A

further reduction in cost could well accompany the final

establishment of the local production of reagents.

In addition to the reduced cost, the report identifies the

high analytical reliability and robustness of RIA/IRMA bulk

reagents compared to other technologies, and therefore expects

their use to continue in developing Member States for the

immediate future.

5.1. Economic and social factors

Although there are considerable variations world-wide in

the provision of health services, it is difficult to make

accurate comparisons. However, in relation to the use of
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diagnostic tests, the two sets of statistics shown in Tables II

& III are illustrative of the vastly differing needs.

Table II shows the relative number of doctors for selected

countries in terms of population per physician. "Physician"

here refers to medical staff qualified according to WHO

standards and excludes "traditional health" practitioners.

TABLE II

Comparative Statistics: Population Density of Physicians

COUNTRY POPULATION PER PHYSICIAN

Argentina 376
Bangladesh 5,196
Brazil 681
Chile 875
China 630
Colombia 914
Egypt 552
Ethiopia 30,195
France 362
Germany 305
India 2,173
Indonesia 7, 102
Iran 1,600
Jordan 651
Malaysia 2,301
Morocco 2,945
Pakistan 2,064
Peru 944
Portugal 403
South Korea 817
Sri Lanka 4,745
Sudan 10,000
Thailand 4,259
Tunisia 1, 640
Uganda 20,720
UK 667
Uruguay 286
USA 385
Vietnam 2,490
Zaire 15,584
Zambia 11,414
Zimbabwe 6,909
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Nonetheless, these statistics can be used to illustrate the

comparative importance of a diagnostic test in different

countries. In many developed countries there are sufficient

physicians to carry out the necessary extensive clinical

examinations. In these circumstances, the analytical test

provides results which are largely confirmatory to the

diagnosis already made. However, as the proportion of

physicians decreases, the extent of clinical attention and thus

confidence in the diagnosis must also fall. In these countries

a simple, reliable laboratory test performed by non-medically

qualified staff may play a more primary role in the diagnostic

process.

The data in Table III shows comparative statistics of

total expenditure on health in U.S $ per capita for the same

countries. This figure includes both public (e.g.

governmental)and private monies. It is difficult to directly

compare these data because of variations in local cost of

living rates and, of course, the very high cost of private

health care in some countries which is not necessarily

translated into quality of care. Nonetheless, the range of

figures is considerable and undoubtedly reflects the need for

cost reduction in many countries. Also, it should be

remembered that for many countries equipment and reagents are

usually only available in the international market where prices

reflect the full monetary exchange rate and not the relative

local cost.
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TABLE III

Comparative Statistics: Health Expenditure

COUNTRY

Argentina
Bangladesh
Brazil
Chile
China
Colombia
Egypt
Ethiopia
France
Germany-
India
Indonesia
Iran
Jordan
Malaysia
Morocco
Pakistan
Peru

Portugal
South Korea
Sri Lanka
Sudan
Syria
Thailand
Tunisia
Uganda
Uruguay
UK
USA
Vietnam
Zaire
Zambia
Zimbabwe

TOTAL HEALTH EXPENDITURE PER
CAPITA U.S. $

137
6
146
100
11
51
28
4
1,869
1,511
21
12
244
55
71
26
12
61
383
365
18
34
41
72
76
8
123
1,039
2,765
3
5
17
39

An evolution of the world-wide business for radiolabelled-

immunoassays reveals a very heterogeneous market with no

consistent trend. There is an obvious drop in use in a few

countries, however in some, for example, China, there is a

dramatically expanding market in kits incorporating

radiolabels, both in terms of total numbers and range of
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analytes. The majority of countries at the lower end of health

expenditure (Table III) have a real need to keep costs of

reagents and equipment to a minimum. For many there may well

be no economic alternative to a bulk reagent programme and, in

particular, the use of radioisotopic tracers.

5.2. The role of research

It would be quite wrong to assume that all analytical

procedures undertaken in health laboratories relate to

diagnostic tests with proven clinical validation. Of course,

such tests start out as research methods and gain clinical

import over a period of years. Thus at any given time, there

exists a spectrum of assays with a range of clinical

effectiveness. Indeed, the clinician-laboratory interface

could be seen as an important entity in the evolutionary

didactic improvement in medicine. In this respect it is

interesting to note that radiolabelled immunoassays remain a

method of choice for the medical research worker even in

developed countries. The fact that in the U.K. over 50% of

clinical laboratories measuring GH use immunoassays with a

radiolabelled tracer is obviously out of step with the trend

for other routine services. It is a matter of observation that

this difference is a reflection that most of this work (ie GH

analyse) is carried out by active research groups.

The production of radiolabels using 125I is both simple and

adaptable. In addition expertise in their preparation and

purification is widespread even in developing countries.
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Together with the ease of producing antibodies, the facts have

made 125I-radiolabelled iinmunoassays ideal for investigative

procedures for many research activities [30,31] particularly in

the medical context where radioisotopes are commonly used.

Work done in recent months in our department has greatly

simplified the technology required to produce antibody coated

tubes. This means that provided production and distribution

can be undertaken on a sufficiently large scale, coated tube

technology can now be integrated into bulk reagent schemes.

This would resolve one of the major difficulties experienced in

the IAEA programmes [2 9].

It is also possible to source coated tubes from a

commercial source. Again, provided that these can be purchased

on an international or regional scale, a commercial supply of

coated tubes would prove cost effective. Notwithstanding, it

is important to establish that any given coated tube is

compatible with other bulk reagents already being produced.

In conclusion, even a superficial examination of public

health statistics for various countries throughout the

continents indicates a need for a simple, inexpensive and

robust analytical tool. In this light, there is a predicted

continuing role for radiolabelled iinmunoassays.
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