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The purpose of this document is to provide a pol-
icy on antibody characterization for conducting
AOAC collaborative studies for immunochemical
methods submitted for AOAC® Official Methods™M
Program status. The policy defines recommended
information and characteristics to be provided by
the Study Director, in the protocol of the collabora-
tive study, for approval by AOAC. The document
specifies parameters for characterization of anti-
bodies used as biological reagent in the protocol
of validation of immunochemical methods for the
determination of mycotoxins and phycotoxins.
These recommendations are applicable to the vali-
dation of any method, whether proprietary or non-
proprietary, that is submitted to AOAC for Official
Methods of Analysis*V status recognition.

bodies to bind specifically different substances. The re-

versible association between antibodies and their corre-
sponding antigens is called the immunological reaction. The
binding forces involve hydrogen bonds and hydrophobic
binding as well as weak molecular interactions like Coulomb
and Van der Waalsforces. Antigens are characterized by their
immunogenicity aswell astheir antigenicity, which residesin
their ability to initiate the production of antibodiesin animals
and subsequently interact or bind with them. Small peptides
and small nonpeptidic molecules, such as mycotoxins and
phycotoxins, are not immunogenic and are called haptens.
Once hapten is conjugated to a protein, it becomes
immunogenic. Sensitive immunological methods were devel -
oped involving labelling techniques to measure the complex
formation when the analyte, i.e.,, the phycotoxin, is present at
concentrationslessthan ug-mg/mL. Generdly, theterms*im-
munochemical methods” or “immunoassays’ are used to refer

I mmunochemical methods are based on the ability of anti-
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to such methods (1). Among different labelling techniques
used in immunoassay, the best known are radioimmunoassay
(RIA), enzyme immunoassay (EIA), and enzyme-linked
immunosorbent assay (ELISA). Immunoadsorption methods
are based on temporary immobilization of immunocomplexes
on asolid support. Immunoaffinity chromatography (IAC) isa
means of retaining a given antigen from a complex matrix by
using the anti-antigen antibodies. In this case, antibodies are
immobilized on a support and packed in asmall column. This
type of immunochemical method is considered more as a
cleenup step of a gpecific analytical method than an
immunoassay itsef (2). However, modification of IAC can be
made to achieve an analytica purpose. The overal perfor-
mance of any immunoassay isafunction not only of theimmu-
nologica principle, but also of the properties of the reagents,
the properties of the sample matrix, the assay design, and the
experimental errors. These basic principles determine the sensi-
tivity, specificity, precison, and accurecy of the assay. The
general protocol for the development of immunochemical
methods on mycotoxins and phycotoxins includes 4 aress:
(i) preparation of immunogen: thisincludes the formation of a
toxin derivative (if necessary) and conjugation of ittoaprotein;
(i) production of antibodies: this includes immunization, col-
lection of the immune serum, and purification of antibodies;
(i) characterization of antibodies: this includes determination
of antibody titer and antibody specificity; (iv) development and
application of immunochemical techniques (1).

This document isfocused mainly on the third areato spec-
ify parameters for antibody characterization.

Types of Antibodies
Polyclonal Antibodies

Animals can produce several different types of
immunoglobulins which bind, at a specific site (epitope),
the antigen or hapten. These immunoglobulins are synthe-
sized by several cell types of lymphocytes. Such immune
serum contains polyclonal antibodies which generally are
not mono-specific for a the given antigen/hapten. Thus,
these types of purified antibody can react or “cross-react”
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Table 1.

Checklist for the description of antibodies used in immunochemical methods

Parameter

Specific information required

Type of antibody

Polyclonal (host)

Monoclonal (cell line reference number)

Antibody purification

e.g., Raw serum fraction, or purified by

Purification method stated, when it has been used

immunoaffinity chromatography or other
procedure (purification method stated)

Avidity

Mention the Association Constant (calculation method stated or referenced; e.g., 50% inhibition value

of standard curve, if applicable, for example ELISA-type test systems)

Specificity (cross-reactivity) of
related antigens (applicable for
ELISA-type test systems)

Mention ALL relevant compounds with % cross-reactivity. Substances with
cross-reactivities of less than 10% may be summarized (for example “other aflatoxins tested
with cross reactivities of less than 10% were aflatoxin Bx, CGx..."). The basis of calculation

of cross-reactivities should be mentioned (e.g., comparision of 50% inhibition values for
Analytes A, B, C...). According to the specificity pattern, indicate whether the assay is
(1) quantitative, (2) semiquantitative, or (3) qualitative.

Matrix effects (nonspecific binding
inhibition) applicable for use of
antibodies in ELISA-type and
IAC systems

Selectivity (binding) of antigens in
IAC-type extract purification
systems

Specific capacity of IAC columns

Define whether or not matrix effects (false-positive, false-negative) may occur for certain sample
matrixes using the respective method protocol. Mention in the scope or applicability section in what
matrixes (commodities, foods, etc.) the antibody and/or system is intended to be used.

List all compounds which are specifically bound by the antibodies used in IAC under the test protocol

Indicate the maximum amount of antigen per column bound under working conditions. If applicable

(multi-analyte columns), indicate whether or not, and to which extent, presence and binding of
analyte A may interfere with binding of analyte B.

with some structurally related antigen/hapten/analyte. The
source of these antibodies stops with the death of theimmu-
nized animals (1).

Monoclonal Antibodies

It is very difficult to obtain antisera with identical proper-
ties from different animals. Even from the same animal, the
antiserasuccessively collected at different times can have dif-
ferent properties. These limitations of polyclona antibodies
(pAb) jusdtify attempts to produce monoclonal antibodies
(mAb) which have identical physical, biochemical, and im-
munological properties. The antibody-producing lympho-
cytes areisolated and then fused with myelomacells. The hy-
brid cells are selected in a particular culture medium and then
screened for their specific antibody produced. The result isa
cell line clone which only produces a specific mAb. These
cells can be maintained in vitro over long periods of time and
can generate large quantities of identical antibody. They are
theoretically immortal (1).

Recommendation

It is recommended that the type of antibodies (monoclonal
or polyclonal) should be clearly mentioned in the collabora-
tive study protocol for the immunoassay validation. It is aso
recommended that poly- and monoclonal antibodies have to
be purified. Consequently, the purification method should be
stated or reference of the method should be given. In the case
of mAb, when the producing cell line was referenced, the ref-
erence clone number should be indicated.

The type of immunoglobulins (Igs) should be determined.
In the case of 1gG, the concentration can be measured using
the following equation:

1gG, mg/mL =A /€

where A is UV absorption at 280 nm and € is 1.45 for pure
1gG.

Avidity-Affinity
Principle

Affinity and avidity are often used synonymously and both
relateto the energy of binding of aparticular antigen—antibody
combination. The term avidity refers specifically to the prop-
erties of an antibody, and the term affinity to those of the anti-
gen. Numerically, avidity of the antibody for the antigen is
equal to affinity of the antigen for the antibody. The affinity or
avidity of the antibody has a strong influence on the further
performance of the developed immunoassay or
immuno-purification chromatography and may be calcul ated,
if the equilibrium constant is known. The antigen—antibody
reaction may be described using reaction kinetics as well as
thermodynamic equations. However, aso time and tempera-
ture have influence on assay performance parameters.

In addition, the apparent performance characteristic of
competitiveimmunoassay formatsis dependent on the avidity
for thelabelled antigen, which isusually different from that of
the free antigen. In IAC applications, avidity and affinity are
identical due to the noncompetitve conditions. However, for
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multi-analyte systems, different affinities for different anti-
gens may interfere with each other.

Recommendation

It is recommended to include data on avidity of the anti-
bodies, more adequately, the equilibrium constant for the anti-
body-hapten interaction used in the immunoassay as comple-
mentary information in the collaborative study protocol for
theimmunoassay validation. The method of determination (or
estimation) of the avidity should be stated or reference of the
method should be given.

Specificity
Principle

Next to avidity, the specificity of an antibody is paramount
for the performance of the assay. In principle, a specific reac-
tion in immunology may be defined as follows: In the pres-
ence of different molecules, the specific antibodies must com-
plex only onekind of molecules. The probahility of forming a
“wrong” complex determinesthe specificity of thereaction. In
other words, specificity is determined by the steric (tridimen-
sional) match of antigen and antibody as well as by the num-
ber of molecular interactions taking place between both mole-
cules. Discussion of specificity requiresthat both the structure
of the antigen and the homogeneity or heterogeneity of the an-
tibodies be considered. An antibody preparation is
homogenic, if all the antibodies bind only the one and the
same epitope, although with different affinity. This condition
is fulfilled by monoclona antibodies, but may aso be by
polyclonal antibodies against compounds of low molecular
weight (haptens). On the other hand, an antibody preparation
is heterogenic, if it contains different antibody populations
specific for different epitopes.

On amolecular basis, “specific” cross-reactivity describes
the case in which at least 2 different antigens compete for the
same antibody binding site. Almost exclusively, true
cross-reactivity isobserved in competitive assays using either
monoclonal or polyclonal antibodies against low molecular
weight compounds. In practice, this means that a high enough
concentration of a truly cross-reacting substance gives the
same result as the “right” substances in a competitive as-
sy (3).

Also, nonspecific influence on many instrumental assay
can occur. Nonspecific cross-reactivity includes many factors
that influence the assay including unknown compounds with
similar epitopes as the target compound (e.g., matrix effects)
and environmental effects (steric effects, pH, temperature,
etc.). Such interference occurrence often cannot be distin-
guished from the specific influence of cross-reacting sub-
stances. In both cases of specific and nonspecific
cross-reactivities, the assay response is the same and a false
positive or afal se negative result may be obtained. Dueto the
immunoassay principle, however, false negatives are less
likely found in competitive assays providing the assay iswell
optimized.

Procedure

Test specificity describes the extent to which presence of
substances with chemical structure or structural parts similar
to that of the original analyte (test substance) in a sample will
also result in competitive binding and, thus, give apositive re-
sult in the test system (cross-reaction). Test specificity isare-
sult of antigen—antibody reaction which is determined by the
immunoreagents used in the test (antibody, labelled antigen)
and must, therefore, not be commingled with nonspecific in-
fluences on the test system (e.g., sample matrix interference;
sample solution pH; 4).

The specificity study should be performed under the condi-
tions which closely match the “real” analyte situation during
sample analysis. To avoid the introduction of anomalous ef-
fects due, for example, to solvation effects on the analyte, the
solvent concentration for the preparation of the standard curve
should be identical with those of analysis of the sample.

In a competitive immunoassay such as those used in the
analysis of mycotoxins and phycotoxins, specific
cross-reactivity is calculated after determination of the con-
centrations of the test substance [TS] and the cross-reacting
substance [CS] required for 50% reduction of the absorbance
reading compared to that of the zero control standard using the
following equation:

Relative cross-reactivity, % = [TS] + [CS] x 100

However, in the noncompetitive immunoassays, such as
the sandwich immunoassay for the analysis of large molecular
weight compounds, e.g., alergens, an increase in absorbance
reading is used in the calculations. The identification of non-
specific reactivity for some matrixes provide valuable infor-
mation regarding the extent of applicability of the immuno-
chemica method. Nonspecific cross-reactivity can be
determined by a technique described by Morris and Clif-
ford, 1985 (5). This technique quantifies nonspecific
cross-reactivity by comparing a standard curve of varying
concentration of specific antigen prepared in buffer, with
identical curves prepared in varying and increasing amount of
sample matrix. If the curves superimpose at al points, then
one can assumethat the 1gG being examined is specific for the
antigen in question and is not susceptible to interference from
other related compounds (known or unknown), which may be
present in the sample matrix.

Recommendation

(a) Nonspecific cross-reactivity.—When it has been iden-
tified, the occurrence of interferencesdueto the effect of some
matrixes have to be indicated in the scope or applicability of
themethod. Presence of fal se positive and/or false negativere-
sults for some matrixes have to be clearly mentioned. Conse-
quently, it should be stated under the scope or applicability
section in what matrixes (commaodities, foods, etc.) the anti-
body and/or system isintended to be used. Example 1: “This
assay or system is intended for use in corn and wheat only.
The effect of other sample matrixes on the assay has not been
determined. The effect of other sample matrixes can givein-
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terferences and, consequently, indicate false positive or nega-
tiveresults.” Example 2: “Thisassay or system isintended for
use in corn and whest only. The effect of other sample matri-
xes such as corn gluten, citrus pulp..., give interferences and,
consequently, indicate false positive (or negative) results.”

(b) Specific crossreactivity—All significant specific
cross-reactions should be indicated. In case the anayte be-
longsto agroup of compounds, which are structurally closely
related, every group members should be tested. For example,
for an antibody used in an assay for one or total aflatoxin(s) in
ceredls, at least AFB1, AFB2, AFGL, and AFG2 have to be
tested. However, for some other groups involving many com-
pounds, which can be divided in 2 or severa subgroups or
families, specificity study should be conducted on the major
compound or the family of compounds considered as analyte
and its most appropriate closely related congeners. Particular
recommendation may be addressed according to both particu-
lar group of substances and particular assay design. Tests
should be grouped according to their specificity pattern as:
(i) Cross-reactivity < 10%.—Substance specific; test may be
used for quantitative determinations so long asthe cross-react-
ing substanceis not present within the sample matrix at levels
greatly abovethose of thetest substance (example: evenif tar-
get compound A and cross-reacting compounds B-D are pres-
ent in one sample at equal concentrations, the result will be 1.4
times overestimation of A a amaximum, which can be consid-
ered to be within the general limits of purpose of enzyme
immunoassays). (ii) Crossreactivity ranging from >10 to
100%.—Qualitative test; may be used for quantification only if
theidentity of the compound isknown (example: if compounds
A-D are present at equal concentrations, overestimation of A
may range from 1.1 to >4, which cannot be accepted as quantita
tive). (iii) Crossreactivity ranging from >50 to
<150%.—Semi-quantitative group-specific test; may be used
for quantification only if the identity of the compound is
known (example: Compounds A-D have cross-reactions of
100, 150, 50, and 100%, respectively. Thereisa4-fold overes-
timation of A at equal concentrationsof A-D, but sincethede-
tection of the group may be desirable, the quantificationisstill
acceptable). Also, this must accommodate assays for toxin
groupsor familiesin which the differing congeners have simi-
lar toxicity (example: when a family of target compounds of
similar structure and toxicity are bound by the antibodies
within the assay, and cross-reaction are within >50 to <150%
range, the additive or integrative nature of theimmunoassay is
amagjor benefit, as the assay can give a measure of “total X
toxin family”).

One aspect which may have to be considered with natural
toxins is the purity of the test standard solutions available.

While some substances, e.g., the mgjor aflatoxins, are available
with purities >99%, other toxin standards may contain other
with structuraly related toxins. In the latter case, the informa-
tion given by specificity tests has to be taken with care (3).

(c) Immunoaffinity chromatography columns—When an-
tibodies are immobilized in an IAC column, 2 special criteria
have to be mentioned: (i) Selectivity.—All compounds which
are specifically bound by the antibodies used in |AC under the
test protocol should be listed. (ii) Capacity.—The maximum
amount of specific antigen—analyte per column bound under
working conditions should be determined and indicated. Inthe
case of multi-analyte column, indicate whether or not and to
what extent the presence and binding of analyte A may inter-
fere with binding of analyte B.
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