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1. INTRODUCTION

A meeting between three experts and various Agency staff with specific areas of
expertise was convened to review present status of radiolabelled immunoassays i.e.
radioimmunoassay (RIA) and immunradiometric assay (IRMA) and their relevance to non-
clinical applications. For many years, the Agency has been active in supporting the devolution
of RIA and IRMA expertise in clinical applications, particularly in the field of thyroid disease
and its management. The Agency's strategy was based on a perceived need to reduce the high
cost of imported reagents and the poor working practices that this encouraged. This has been
achieved through the use of bulk reagents (rather than 'kits') and the transfer of existing
technology. The success of the Agency's approach is evident from the high degree of self-
sufficiency now available in many developing countries. In recent years, the increasing
workload for clinical analyses has necessitated an increase in automation, which in turn has
required a change to more non-isotopic alternatives. This change seen in the more developed
countries, and beginning to be introduced elsewhere, is likely to continue. However,
RIA/IRMA will continue to be used in many parts of the world for some time to come. In
recent years there has been an increasing interest in the use of immunoassay technology in
non-clinical applications, e.g., environmental monitoring, quality control in food production
and livestock management. RIA and IRMA continue to play a major role in research.

2. SUMMARY OF PRESENTATIONS

2.1 Role of radiolabelled immunoassays in research
R.Edwards, St. Bartholomew's Hospital, London, UK.

Immunoassays are extremely versatile analytical techniques and they have played a
leading role in clinical applications. The essential advantages of this technique are; sensitivity
down to femtomolar concentrations; high specificity capable of discriminating between
closely related molecules; and universal application, i.e., the same technique can be used for
many different classes of molecular species. For this last reason immunoassays are used for
investigation in a wide range of disciplines.

The principle of the method is based on the reversible reaction of an antibody with a
specific epitope on the analyte. With radioimmunoassays, the reaction is marked by the use of
a radiolabelled molecule. Although a number of radioisotopes have been used, the
characteristics of 125I and 3H are now considered to be optimal. For most purposes the choice
is 125I. Radiolabelled assays are divided into two major classifications; those using
radiolabelled antigen (RIA) and those using radiolabelled antibody (IRMA). The IRMA group
is further subdivided into those measuring a single epitope (separation by solid phase antigen)
and those measuring two distinct epitopes, i.e., two site or sandwich ERMA (separation by
solid phase antibody).

The radioisotope can be substituted by any molecule capable of generating a signal, i.e.,
enzyme, fluorophore or luminescent chemical, with satisfactory results. As the primary
characteristics of the assay are dependant on the characteristics of the antibody, the choice of
label does not have a fundamental effect on analytical performance with the possible
exception of; (1) time resolved fluorescence using lanthanide chelates or (2) enzyme/enzyme
cofactor amplification cycles. The last two can give some improvement in sensitivity if the
antibody constraints permit.
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In medical research RIA/ERMA methods are the first choice for assay development for
new compounds, e.g. recently discovered growth-related factors IGF-1, leptin and Ghrelin.
The extensive reactivity of iodine and its radioisotopes give great flexibility for producing
different labelled compounds. Using previously developed universal solid phase systems the
researcher can optimize and validate a research assay within a few months of obtaining an
antibody. Radiolabelled immunoassays, when compared to the non-isotopic alternatives, are
less affected by steric hindrance occurring between the epitope of the tracer and the antibody
binding site. This means that they are potentially more specific and therefore are more suitable
for use as a reference method.

The main disadvantage of radiolabelled assays is the need to comply with restrictive
working practices legislated for use of radioisotopes. In some cases there would be the need to
obtain licenses. These restrictions apply principally to the preparation of the radiotracer and
not to the analytical application. Of course in most institutes involved in medical research, the
appropriate working practices and licenses already exist.

In reality, the use of 125I-labelled compounds is often less hazardous than the use of
many of the alternative chemicals, which may have more significant carcinogenic, mutagenic
and toxic risks. It is interesting to note that a single transatlantic flight gives a higher radiation
dose than received by a technician carrying out an average schedule of RIA for one year.

In summary, in those institutes or organizations where use of radioiodine l25I is
practical, in terms of compliance with local legislation, the first choice for assay development
is RIA/IRMA.

2.2 General survey of immunoassays in non-clinical applications
M.R.A. Pillai, Bhabha Atomic Research Centre, Mumbai, India.

The immunoassay technique, which was primarily introduced for clinical applications,
has now traversed to many other fields, which include environmental surveillance, industrial
hygiene, drug-related research, livestock improvement and forensic applications. Two main
factors are identified to be responsible for the above development. These are the expertise
acquired by immunochemists to produce antibody against any antigen and the ability of
radiochemists to label the antigens with I25I without masking the active site.

In environmental applications, immunoassays are used for estimating toxic alkaloids,
DNA adducts of carcinogenic molecules and heavy metals, such as mercury and cadmium.
Immunoassays have made their inroads into pharmacognosy and drug research. Immunoassays
for cardenolides, alkaloids and steroid alkaloids are developed by many laboratories. These
assays could be used for the identification of a variety of important drugs in natural products.

The food industry has been yet another beneficiary of the immunoassay technique.
Immunoassays are reported for a variety of substances in food. These include flavour
constituents, nutritionally important constituents, undesirable compounds in food, indicators
of spoilage of food and food crops, indicators of diseases in animal food and microorganisms
encountered during food processing. Immunoassays are also conveniently used for
quantification of pathogenic microorganisms and their toxins.
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Estimation of mycotoxins by immunoassay is a significant development. Mycotoxins are
low molecular weight compounds produced by certain groups of fungi. Mycotoxins can
produce acute and chronic effects on human and animal health. Many of the diseases surface
long after the consumption of contaminated food and hence mycotoxin contaminated food can
remain an unsuspected health hazard. The International Agency for Research on Cancer
(IARC) has categorized the toxins into various groups and as per the categorization, aflatoxins
are the most potent carcinogenic agents. Different countries have imposed limits on aflatoxin
B] contamination in food and food products and hence there is a need to have reliable
analytical techniques with high sample throughput. Conventional analytical methods for
aflatoxins are TLC, HPLC and fluorometry. The methods are time consuming, lack specificity
and are unsuitable for the analysis of a large number of samples. Though there are a few
laboratories supplying enzyme immunoassay kits for aflatoxin Bj, the cost of the kits are high
and the availability is limited. A RIA for aflatoxin Bl was developed at the Bhabha Atomic
Research Centre, which uses locally developed tracer and antibody, and commercially
available aflatoxin B\. Technically this assay is found to be much superior to the conventional
assay technique which is currently in vogue.

Immunoassays for steroid hormones primarily developed for clinical diagnosis can be
customized to other areas of applications. Veterinary science is one of the beneficiaries of the
immunoassay technique. For example, a progesterone assay in milk is a very good indicator
for identifying leutal phase defects in cattle and to detect missed conception or embryonic
death. An assay for anabolic steroids in food products could be used for estimating
contamination in meat and meat products. The technology for developing immunoassays for
many steroid hormones is now available and hence customizing clinical assays to include non-
clinical applications could be a logical extension of immunoassay technology for developing
countries.

2.3 Status of immunoassay as an analytical tool in environmental
investigations
J.M. Van Emon, U.S. Environment Protection Agency, Las Vegas, USA

Immunoassay methods were initially applied in clinical situations where their sensitivity
and selectivity were utilized for diagnostic purposes. In the 1970s, pesticide chemists realized
the potential benefits of immunoassay methods for compounds difficult to analyze by gas
chromatography. This transition of the technology has extended to the analysis of soil, water,
food and other matrices of environmental and human exposure significance particularly for
compounds difficult to analyze by chromatographic methods. The utility of
radioimmunoassays and enzyme immunoassays for environmental investigations was
recognized in the 1980s by the U.S. Environmental Protection Agency (U.S. EPA) with the
initiation of an immunoassay development program. The U.S. Department of Agriculture
(USDA) and the U.S. Food and Drug Administration (FDA) have investigated immunoassays
for the detection of residues in food both from an inspection and a contamination prevention
perspective. Environmental immunoassays are providing rapid screening information as well
as quantitative information to fulfill rigorous data quality objectives for monitoring programs.

In addition to pesticide measurements, immunoassays have also been used for several
industrial compounds including polychlorinated biphenyls (PCBs), pentachlorophenol (PCP),
and explosives such as trinitrotoluene (TNT). Immunoassays for metals based on metal ion-
EDTA chelates or metal conjugates have been introduced with somewhat limited



applicability. Immunoassays, because of their sensitivity, selectivity and tendency toward a
positive bias, have proven reliable for measurement of various contaminants at trace
concentrations. Immunoassays can also provide supplemental data by detecting complex
environmental or biological conjugates (products of environmental weathering or metabolism)
not amenable to instrumental methods. High sample throughput is a feature of immunoassays
that make them particularly suited to field studies and large-scale monitoring efforts. Table 1
lists several environmental immunoassays and their applications.

Compounds of environmental concern are usually of low molecular weight. Antibodies
for such small molecules may be difficult to develop because, although they may be antigenic,
they cannot stimulate antibody production. The small molecule, or frequently a derivative of
the analyte (termed a hapten), must be conjugated to a carrier molecule, such as a protein or
polymer to form an immunogen for antibody production. The hapten must mimic as closely
as possible the structure of the target molecule in size, shape, and electronic properties. The
end result is an antibody capable of recognizing the target analyte at very low concentration
levels in an environmental sample. Antibodies can be developed for a wide variety of small
molecules with the exception of small highly lipophilic compounds. The small molecule must
be sufficiently complex to stimulate the immune system when attached to a carrier protein.
Good choices for antibody development are compounds that are expensive or difficult to
analyze by conventional methods or for those compounds, which must be extensively
monitored.

Several facets of immunoassay methods make them well-suited for screening large
numbers of samples in a field setting such as a farm, food distribution center or a
contaminated waste site. Immunoassays can be designed that are easily transportable, easily
learned by non-scientist users, and less expensive than traditional methods while providing
results in minutes. Immunoassays tend to have a positive bias due in part to cross reactivity.
For environmental applications, false negative results are not acceptable but false positive
results, while not ideal, may provide an extra measure of protection.

Indirect competitive enzyme-linked immunosorbent assays (ELISAs) are commonly
used for small molecules, such as pesticides. The methods most frequently used in the
environmental analytical laboratory are based on the 96-well microtiter plate format. The
microtiter plate enables the simultaneous analysis of a large number of samples, standards,
and several quality assurance (QA) performance checks. Other solid surfaces such as test
tubes, filter paper and membranes have been employed. Many labels can be used for
visualizing the reaction between antibody and analyte, including radioactivity, fluorescence,
phosphorescence, chemiluminescence, and bioluminescence. Enzymes with colorimetric
substrates are the most common labels in environmental applications with quantitation based
on color intensity or rate of reaction.

The U.S. EPA NERL has extensively used the 96-well ELISA format for compounds of
environmental concern. ELISA techniques for chlorpyrifos that are highly quantitative are
being developed and applied to the analysis of various food commodities, house dust and
dislodgeable residues from vegetation. Chlorpyrifos exposures may also be determined by
measuring its urinary metabolite 3,5,6-trichloro-2-pyridinol. Extensive comparison studies of
these assays with gas chromatography/mass spectrometry indicated a high degree of method
comparability. When introducing a new quantitative analytical technique, comparability must
be established with current accepted methods. As with any analytical technique, quantitative



assays must be performed with a high degree of precision and accuracy. These assays are
usually more difficult to perform than the simple kit format and require highly skilled
personnel. However, quantitative immunoassays can provide highly quantitative data at a
much lower cost than chromatographic procedures.

Many analysts find the development of immunoassay methods challenging, particularly
as it encompasses elements of chemistry, biology and immunology. However, once the
selective antibodies have been obtained, immunoassay development follows the same general
principles of analytical chemistry (Table 2) as does other physico-chemical measurements. It
must be noted that immunoassay is just one step (detection) in the analytical scheme.
Extraction and cleanup procedures must be addressed. Frequently, immunoassays need little
or no cleanup, however, this must be verified by the analyst. Although test kits are easy to
use, they do not allow the analyst much freedom to optimize for a particular application.
Thus, it is often difficult to apply these pre-packaged formats to diverse analytical problems.

As with all analytical chemistry projects, a QA program should be implemented. In
part, a QA program should include: quality control protocols for the immunoassay method and
confirmatory method (when one is used); extraction and cleanup procedures; performance
checks; instrument calibration and maintenance; appropriate curve fitting models; data
handling and analysis; troubleshooting guidelines; and documentation of assay conditions,
techniques, and sampling procedures.

The use of immunoassay methods for environmental applications is expanding on
several levels. Researchers are constantly developing methods that are more sensitive and
selective for environmental contaminants. The regulatory community is continuing to accept
innovative methods with established reliability in real-world applications. As the spectrum of
possible environmental contaminants expands to include recombinant protein products,
immunoassays may assume a larger role and become the analytical method of choice for these
complex compounds.

Analysts are continuing to extend the knowledge base to include quantitative methods,
innovative formats and better hapten design strategies for development of selective antibodies
for small molecules. Concurrent with the growth and interest in environmental immunoassay
methods comes the responsibility of proper training in their execution and ultimately
development. Analysts must be trained in the use and development of immunoassay methods
through hands-on opportunities, and have access to training materials. One training guide
extensively used for environmental applications is EPA/540/R-94/509. This tutorial contains
information about designing and evaluating immunoassays in the laboratory or in the field as
well as setting up an immunoassay laboratory. Specific areas addressed include: necessary
general and immunochemical supplies, QA program guidelines, trouble shooting techniques
and operational considerations.

Immunoassays will not replace analytical instrumentation, but can be important alternate
techniques for compounds difficult to analyze by instrumental methods. Immunoassays are
not appropriate for the in-depth analysis or "finger printing" of samples. The strength of
immunoassay is for the analysis of a single analyte or group of closely related analytes for a
large sample load. The technology has exhibited widespread environmental and human
exposure applications including monitoring groundwater and waste streams, checking produce
for pesticide residues, monitoring for pesticides inside homes, determining residues in soils



prior to planting, and showing regulatory compliance. In situations were analytical needs
outweigh instrumental capability, immunoassays can fulfill an important gap and provide data
of known quality.

Table 1. Environmental immunoassays and applications.*

AflatoxinBl

Alachlor

Alachlor mercapturate

Atrazine

Atrazine metabolites

Chlorpyrifos

Mercury

Paraquat

Acyl urea (pesticides)

Molinate

Mycotoxins

barley grain monitoring

water monitoring

urine monitoring

soil and water monitoring

urine monitoring

crops, dust, water, food

soil, sediment monitoring

blood, urine, lymph monitoring

milk monitoring

agricultural water monitoring

milk, peanuts, corn, wheat

*Van Emon, J. M., Gerlach, C. L., 1998. Environmental monitoring and human
exposure assessment using immunochemical techniques. Journal of Microbiological
Methods 32, 121-131.



Table 2. A stepwise procedure for immunoassay development.*

Purpose

Identify target analyte

Develop selective antibody

Design hapten for immunogen

Develop immunoassay format

Optimize analytical detection

Evaluate method usefulness

Validate method

Procedure

Set data quality objectives (DQOs)

Determine interest for parent compound,
metabolite, or environmental degradation products
Select immunization scheme

Optimize reagent concentration, incubation times, etc.,
and develop standard curve
Check cross-reactivity, matrix effects

Compare with traditional methods used for target
analyte(s). Check DQOs
Using data analysis procedures, quantify method
performance

*Van Emon, J. M., Gerlach, C. L., 1995. A status report on field portable immunoassay.
Environ. Sci. Technol. 29 f7), 312A-317A.
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2.4 Facilitating wider application of progesterone RIA for improving livestock
production in developing countries
B.M.A. Oswin Perera, Joint FAO/IAEA Division, Vienna, Austria

Research and development programmes supported by the Joint FAO/IAEA Division on
improving livestock production in developing countries have identified three major biological
constraints: feeding, breeding management and diseases. Proper breeding management is
important in order to achieve optimum economic benefits (through products such as milk,
meat and offspring) from an animal during its lifespan. This requires early attainment of
puberty, short intervals from calving to conception, high conception rates and low number of
matings or artificial inseminations (AIs) per conception.

The use of radioimmunoassay (RIA) for measuring progesterone in milk of dairy
animals or in blood of meat animals, together with recording of data on reproductive events
and production parameters, is an indispensable tool that provides information both on
problems in breeding management by farmers as well as deficiencies in the AI services
provided to them by government, co-operative or private organizations. This allows
appropriate strategies and interventions to be adopted to overcome these limitations.
Progesterone RIA can also detect animals that have not conceived by AI within 21 days after
mating (early non-pregnancy diagnosis or N-PD), and alert farmers to the need to have these
animals closely observed for oestrus and re-inseminated at the appropriate time.

In order to ensure the sustained use of RIA technology for progesterone measurement in
developing Member States, the IAEA has been engaged in the development and transfer of
simple, robust and cheap methods of RIA. The system currently being used is based on a
direct (non-extraction) method, using a 5I-progesterone tracer and a solid-phase separation
method (antibody coated tubes). In order to ensure wider availability (and lower cost) of the
two key reagents required for the assay, the IAEA has initiated a programme to assist Member
States to develop the capability to produce these in selected regional or national laboratories.
Initially, a monoclonal antibody (6H11/14, raised against an llct-hemisuccinate-progesterone-
BSA conjugate) was developed, and the assay system was standardized and validated using a
commercially available tracer (progesterone-1 la-hemisuccinate-2[125I]-iodohistamine). This
permits user laboratories to obtain bulk supplies of antibody in freeze-dried form, coat the
assay tubes as required for use, and arrange for supplies of tracer to be delivered at regular
intervals. This method was therefore named the FAO/IAEA "Self-coating" RIA method (Sc-
RIA).

More recently, training activities have been conducted in the African and Asia/Pacific
regions to develop the capability to produce the l25I-progesterone tracer. Future plans include
supply of the cell-line to selected regional laboratories, which have the capability to produce
the monoclonal antibody. Two aspects, which need to be addressed through further research,
are methods for ensuring longer shelf life of the antibody-coated tubes and greater stability of
the tracer. It is hoped that these efforts will result in full self-reliance of Member States to use
progesterone RIA technology to support livestock development.
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2.5. The FAO/IAEA co-ordinated research programme on "Evaluation of
Methods of Analysis for Determining Mycotoxin Contamination of Food and
Feed"
Bruno Doko, Food and Environmental Protection Division, Joint FAO/IAEA,
Vienna

The 1st Research Co-ordination Meeting (RCM) of the CRP was held in Kuala Lumpur
(Malaysia), 26-30 April, 1999.The next RC meeting will take place in Vienna (Austria), 04-08
December 2000.

The present Co-ordinated Research Programme is to complement the FAO/IAEA
Training and Reference Centre (TRC) for Food and Pesticide Control under the Centre's
mission "to assist Member States and their institutions to fulfill requirements to support the
implementation of international standards/agreements relevant to food safety and control, the
safe use of pesticides and sanitary and phytosanitary measures, by providing training, quality
assurance services and technology transfer".

Based on the Global Environment Monitoring System - Food Contamination Monitoring
and Assessment Programme (GEMS/Food) data and other national data on mycotoxin
contamination, mycotoxins are a widespread problem of the food supplies in most countries.
As a result, many countries have enacted regulations to control the level of mycotoxins in the
national food supply as well as in food moving in international trade. At the international
level, the Codex Alimentarius Commission, through its Committee on Food Additives and
Contaminants and relevant commodity committees, is considering the establishment of
international guideline levels for various mycotoxins based on risk assessments performed by
the Joint FAO/WHO Expert Committee on Food Additives. Codex activities are of particular
importance in view of the World Trade Organization (WTO) Sanitary and Phytosanitary
Measures (SPS) Agreement as well as on the WTO's Agreement on Technical Barriers to
Trade. The SPS Agreement specifically refers to Codex standards, guidelines and
recommendations as representing the international consensus on health and safety
requirements for food based on sound scientific risk assessment. This will require national
authorities to give greater attention to the development of consistent and standardised
approaches to regulations and their enforcement, including sampling and methods of analysis.

Consequently, it is essential that the analytical capabilities of laboratories in developing
countries are strengthened in order to enable them to effectively monitor the mycotoxin
content of food in trade to overcome the non-tariff barriers based on the Agreement on
Application of Sanitary and Phytosanitary Measures of the World Trade Organization.

There is a need to develop research data on the effectiveness of the various analytical
methods, including radioimmunoassays, used by food control laboratories to monitor
mycotoxin contamination in order to select and recommend cost-effective validated
procedures.

Objectives

The overall objective of this CRP is to assist national food control authorities and
institutions to improve food safety and stimulate international trade in food by identifying and
validating time and cost efficient methods for detection and quantification of mycotoxins in
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food in order to effectively monitor the mycotoxin content of agricultural import and exports.
The specific objective of this CRP is to review the programme of work to be carried out by the
participants, among others:

'"Identify high-risk mycotoxin/commodity combinations that present impediments to
trade through regulations and/or are non -tariff barriers to trade

*Evaluate analytical methods used by food control laboratories in developing and
advanced countries for detection and quantification of these mycotoxins

*Select time and cost efficient validated methods best suited for analyzing the high-risk
mycotoxin/commodity chosen which may be adaptable to developing country use.

*Make recommendations to developing countries of an established portfolio of
appropriate and harmonized analytical methods with good performance characteristics.

The benefits of the CRP are expected to include:
*Standardized analytical methods adapted to developing country use
*Validated procedures
""Publications including TECDOC and manuals
*More effective use of laboratory resources: time and money
* Improved implementation and compliance with legislation
*Submission of harmonized methods for endorsement by AOAC
and Codex Methods Committee

3. POINTS ARISING FROM DISCUSSIONS

3.1 The 'kit' concept and its relevance to developing countries

Commercial presentation of immunoassay technology has been almost exclusively in the
form of 'kits' or prepackaged methods. The 'kit' concept is based on ready-to-use reagents
and a method format that requires very little technical experience or expertise. The
disadvantages are primarily:

• High cost.
• Non-didactic (i.e., 'black box' technology) with no educational/instructional feedback.
• Little or no scientific details which are necessary for proper evaluation.
• For RIA kits the delivery time (including transport, customs' delays and documentary

requirements) can exceed the shelf-life, making them out-of-date on arrival. Out-of-date
kits are known to have been a common cause for errors in developing countries.

Most kits are based on 100 test quantities, which is very inefficient and costly for high
throughput analyses and is wasteful in terms of storage space. More than 90% of the volume
taken up by a kit is empty space. This represents a considerable waste if the kit is to be stored
at controlled temperatures, e.g., 4°C by refrigeration.

Kits are not amenable to modification or adaptation. This can be a serious constraint if
the application or need of the user is different from the intended application of the kit.
Modifications are often required to accommodate variations in local applications. Thus, kits
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do not address the needs for method development in countries that do not have an extensive
instrumental capability.

3.2 Problems with radio-labelled tracers

The IAEA-FAO joint division programme on Progesterone RIA illustrated the potential
difficulties experienced by participants when called upon to resolve problems with radio-
labelled tracers. The 125I-labelled progesterone analogue obtained commercially showed very
poor stability. In practice the tracer was only suitable for a few days after opening. Clearly for
the project to progress, an alternative 125I-labelled stable analogue with enhanced stability
would be required and in particular, local radioiodination should be considered. Specific
aspects of the chemistry were discussed including:

The substitution of different conjugation procedures, e.g., active succinimide esters or
carboxymethyl esters.

Preparation of conjugate before radioiodination.

3.3 Antibody preparation

The single most important parameter, which governs the sensitivity and specificity of an
immunoassay, is the quality of the antibody. Development of hybridoma technology and the
subsequent availability of monoclonal antibodies have enhanced the potential of
immunoassays. The success of the immunometric assay, which uses labelled antibodies
instead of labelled antigen is a direct outcome of the availability of monoclonal antibodies.
Though monoclonal antibodies are not essential for RIA, they offer some advantage in solid
phase assays. Satisfying the large requirement of antibodies for solid phase assays and the
consistency one can get by using the same antibody are the two advantages. Monoclonal
antibodies are also superior in immunometric assays for haptens, which work on the principle
of competitive inhibition, when using specific antibodies that are labelled.

The primary requirement for production of monoclonal or polyclonal antibodies is the
hapten protein conjugate. A good understanding of structure activity relationship coupled with
a sound synthetic organic chemistry background is beneficial for the preparation of the
immunogen. The same immunogen could be used for generation of polyclonal antibodies in
large animals or activated B-lymphocytes in mice, which are further used for fusion with
hybridoma cells.

The specific antibodies need to be thoroughly evaluated for cross reactivity with all
possible analogues, which might be encountered in a desired application. It may be relatively
easy to get antibodies, which show negligible cross reactivity with related analogues.
However, if desired, attempts could be made for the preparation of group specific antibodies,
which can be used for analysing a group of antigens.

3.4 Commonly encountered problems in immunoassays

One of the most commonly encountered problems in RIA is the instability of reagents
such as the radiotracer and antibodies that are coated onto a solid phase. Details of the solid
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phase coating technology are not usually divulged due to commercial interest. Though many
groups have succeeded in making antibody-coated tubes, the stability of the coated tubes
varies significantly i.e. from days to several months. The non-uniformity in coating and
resultant imprecision in binding is a major problem, which results in poor performance of the
assay technique. This problem needs to be addressed and tackled while formulating any
immunoassay research project. A procedure, which gives very consistent coating of antibodies
into a variety of solid phases was developed by NETRIA. The technique follows a precoating
procedure in which a protein and second antibody is adsorbed to the tubes prior to the coating
of the specific antibody. Glazing of the coated tubes with a dilute sugar solution enhances the
stability and precision of the resultant assay.

3.5 Issues of standardisation

The lack of common standard preparations for assay calibration has been well
recognised as one of the critical problems leading to diversity of results and the inability to
share or pool data from different centres. This issue has been successfully addressed in the
clinical field. However, the problem remains in many of the emerging areas of interest such as
environmental analyses. In this last case, the diversity of sample matrices, e.g., different soils,
crops, and effluents, presents even greater difficulties for appropriate standardisation.

3.6 Ideal analytical method for multi-centre development programme

Emerging problems arising from an increased awareness in areas such as environmental
issues and food quality requirements has lead to a need to measure and monitor many new and
additional analytes. This in turn will undoubtedly lead to an expansion in the use of
immunoassay in all its various formats.

The suitability of immunoassay, when compared to most alternative physico-chemical
analytical procedures, is based on the following characteristics:

• Cost effective in terms of application.
• High throughput capability.
• Simple technical steps.
• Same technology applicable to many different substances and thus suitable for fields of

study involving multiple analytes, e.g. mycotoxins, pesticides, drugs, industrial
compounds.

• Flexible reagent formats giving stability and economic storage capacity.

4. RECOMMENDATIONS

The consultants meeting gave the following recommendations:

1. Whilst many centres have been trained in using immunoassays, there is a considerable
lack in experience and understanding of assay development. Training in the general
principles of immunoassay development, optimisation and validation should be
introduced to more centres in developing countries.
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2. Centres capable of taking a leading role in assay development should be identified
and supported. Ideally at least one centre would be supported for each region.

3. Training in assay development involves both theoretical and practical aspects.
Practical work is best realised through real-time projects based on appropriate model
systems. An appropriate model system could depend on the specific needs of a
region.

4. The IAEA is responsible for many projects that have related aspects, and many of
them would benefit from an enhanced capability in immunoassay development. Co-
ordination between these projects would be very beneficial, particularly to these
proposals.

5. Immunoassay technology can be used for a vast scope of non-clinical applications,
especially in the areas of veterinary sciences, food sciences and environmental
monitoring.

6. The experts recommend that a co-ordinated research programme be instituted to
support development of immunoassays using a few compounds as model systems.
The compound short-listed for the above purpose are progesterone, aflatoxin Bi and
atrazine. The CRP should be aimed at research capacity building of immunoassay
technology in Member States.

7. Emphasis needs to be given to novel chemistries for the development of reagents,
such as stable conjugates for immunisation and as radiotracer. The use of improved
solid-phase technologies should be encouraged to give better stability of reagents.

8. The competitive inhibition assay format for haptens using labelled antibodies could
be developed as one of the model systems. This assay format could easily be
extended to non-isotopic assays using enzyme labelled first/second antibody.

5. PROPOSAL FOR A COORDINATED RESEARCH PROGRAMME

There is a growing need in many countries to measure or detect a variety of chemicals,
which have an impact on the environment, the quality and safety of food, and agriculture or
livestock husbandry. These chemicals are usually small molecules (i.e., less than 1000 D) with
a defined chemical structure. Immunoassay techniques can make a valid contribution to the
array of methods used in the above areas of study, in that they are cost effective, simple to
apply and capable of high throughput. To make full use of this technology in emerging
subjects requires in-depth knowledge of the principles of assay development. The Agency has
done much to improve the capability of Member States to apply existing RIA methods for
clinical applications, and to give some basic training in reagent production using established
procedures. To transfer the existing experience to new applications will require specific
support, particularly if requirements vary locally.

Prior Agency work in RIA has been predominantly with large molecules, e.g. TSH
(thyroid stimulating hormone), or particular small molecules, e.g., T4 and T3, which do not
require synthetic chemistry expertise. Developing immunoassays for the small molecules
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referred to above will undoubtedly require access to a good level of this expertise. The experts
propose that support be given to a capability building exercise in immunoassay development,
optimisation and validation. This support will necessarily enhance problem solving and
troubleshooting capability.

5.1 Overall objective

The overall objective of the CRP is to build capabilities in developing nations to
develop immunoassays for small molecules (<1000 D). Immunoassays for these molecules are
more complex as they need synthetic modifications for both iodination and immunogen
preparation. Three target areas of applications identified are veterinary sciences, food
technology and environmental sciences. The group of molecules identified for the proposed
CRP are steroids, mycotoxins and triazines. Assays of these molecules have applications in
live stock improvement programmes, ensuring food safety and in estimation of pesticide
residues.

5.2 Specific objective

Three typical analytes were identified as progesterone, aflatoxin Bi and atrazine. These
analytes were identified after extensive discussion among the consultants and members from
the respective Sections of the Agency. Progesterone is the single most important marker for
the detection of missed pregnancy and embryonic death in cattle and hence a milk
progesterone assay is useful for enhancing livestock. Aflatoxin Bl is a marker, which has
regulatory limits in several countries and hence detection of its contamination in food is
mandatory for exporters and for selling in local markets. Atrazine is the most widely used
herbicide and hence poses a risk for ground water contamination. The CRP will be aimed at
improving experience in developing RIAs using a model system based on one of the above
molecules or another small molecule of particular local significance. The approach followed
should be flexible and be capable of adaptation to non-isotopic versions at a later stage. Under
the CRP, participants will prepare all the primary reagents including radiotracer, antibodies
and appropriate calibrators.

5.3 Requirements for participants

Participants should be limited to a few well-qualified centres. It is important that
participants have the following:

immunoassay and radioiodination capability.
working links with academic research.
possess a research orientation.
have good knowledge (or access) of chemical syntheses.
active working relationship with specialist laboratory using 'classical analytical

techniques, e.g., HPLC, GC/MS, etc., for reference purposes.

5.4 Action plan

1. Selection of participants based on the above requirements.
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2. Participants choose one of the analytes from the suggested list, i.e. aflatoxin Bl,
atrazine and progesterone, or another one if there are different local needs.

3. Investigate the chemistry to establish the appropriate steps for preparation of
immunogen, analogue for radiolabelling, and conjugate for preparation of
solid-phase.

4. Immunisation schedule for production of polyclonal or monoclonal antibodies. In
some cases, production of both should be encouraged.

5. Preparation and purification of 125I-labelled tracer. 125I is an appropriate choice as
suitable gamma counters are available in most countries for measuring its
radioactivity.

6. Selection of antibody from test bleed (polyclonal) or culture medium (monoclonal).
The sharing of a common antibody between some participants could be considered
for those who were unsuccessful in producing an antibody or where an exceptionally
good antibody is available.

7. The strategy for immunoassay development would consider:
The use of solid-phases such as antibody coated beads, tubes or magnetic particles;
The use of both RIA and IRMA formats; and the steps necessary to convert the
radiolabelled assay to a non-isotopic version. The non-isotopic option would be
necessary at a later stage to increase sample throughput and to increase a wider
application in the field.

8. The project would include an extensive Quality Assessment component.
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