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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.

16


