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SUMMARY

The solid-phase, heterogeneous enzyme linked immunosorbent assays (ELISA) for both viral anti-
gens and antibodies (Coll, 1991a) are having a wide acceptance in clinical and veterinary laboratories.
This is mainly due to the rapid assay, high detectability, high stability of reagents and no need of
sophisticated equipment or disposal residues. The cell culture techniques used for amplification and the
techniques most used for identification in virology such as neutralization and immunofluorescence and
to a leser extent, immunoperoxidase, complement fixation, hemagglutination, electron microscopy,
immunodifusion or radioimmunoassay, are being substituted by enzymeimmunoassays (immunodot and
ELISA) and DNA probes after amplification by thermostable polymerases. The ELISA technigue has
been the target of recent experimentation to produce kits that are more reproducible, more specific and
more simple to employ, so that it will be used increasingly with a higher degree of reliability and
accuracy. In kits these are specially important since intra-and inter-assay and inter-batch reproducibi-
lity are expected to be high. The efforts to scale up this technology would benefit not only the produc-
tion of kits on a large scale but also the basic virus research into news appliations.
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STEPS IN SOLID-PHASE ELISA

Solid-phase separation systems have the advantage of no additional manipulations to
effect separation other than removal of unbound ligand in the liquid phase. Solid-phase can
be applied to any immunoassay using labels (radioisotopic, fluorescent, chemiluminescent
or enzymatic) for the amplification steps (Table 1). Microwell plates, the most standard of
the commercial solid-phases, are not very well suited for radioimmunoassays but they are
good for ELISA. In the future they will be used for fluorescent and luminescent immunoas-
says (Coll, 1991b), because of their extremely high sensitivity will allow to wide the range of
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TABLE 1
COMPARISON BETWEEN ELISA AND OTHER LABELED IMMUNOASSAYS

Comparacion entre ELISA e inmunoensayos con otros marcajes

Label

Characteristcs Marcaje
Caracteristicas Radioisotopic Fluorescent Chemiluminescent  Enzymatic

Isdtopos Fluorescencia  Quemiluminiscencia  Enzimdtico
Sensitivity /L pmol-fmol pmol pmol-fmol nmol-pmol
Sensibilidad
Use in field — - — +
Uso en campo
Stability of label - + + +
Estabilidad
Possitibility of homogeneous assay - + + +
Ensayo homogéneo
Tow MW, labels + + + —
Bajo peso molecular
Posstibility of catalyzing labels - — + +
Marcgje catalizador
Cheap instrumentation -~ + + +
Poca instrumentacidn
Radiactive hazards + — - -

Peligro radiactivo

All labeled immunoassays share common features irrespective of the nature of the label such as: some steps
(Fig. 1), the use of high affinity antibodies, the use of a label to amplify the signal, the capacity for processing a large
number of samples and the possibility of automation. The radioisotopic label is based on radioactivity disintegration.
The fluorescence label is based on the light emitted by a fluorophore when excited with a light of another wavelength,
The chemiluminescent label uses chemical redox reactions involving oxygen or peroxide and an oxidizable organic
substrate in which energy is released as visible light. Enzyme label uses an enzyme to convert a colorless substrate into
a colored product.

applications, specially of low molecular weight analytes (Table 2). These techniques howe-
ver will demand special plates that have no influence in the emitted light (for instance,
coloured plates).

ELISA is based on putting together the high specificity of antibodies with the high
catalytic power of enzymes (Coll, 1991c). In solid-phase immunoassays, the solid-phase is
first coated with one immunoreactant (viral antigen or antibody), then the sample contai-
ning the analyte is added and incubated to allow the specific antigen-antibody interaction to
take place. Non-reacting sample is washed away. In the solid-phase ELISA, addition of
excess of the enzyme-labeled antibody, incubation and washing of the excess non-reacted
labeled reagent, follows. The solid-phase retained enzyme is then assayed by measuring the
accumulation of a colored product. The amount of product in proportional to the amount
of analyte in the sample. An analysis of the commercially most used designs in solid-phase
ELISA, reveals four common steps (Fig. 1): attachment to the solid-phase, incubation with
the sample, amplification and enzyme assay (Tijssen, 1985). A similar process could also be
used with DNA probes (Coll, 1991d).
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TABLE 2
SOME OF THE APPLICATIONS OF ELISA
_Aplicaciones del ELISA

Assay Field Examples of applications
Ensayo Campo Ejemplos de aplicaciones
Antibodies Diagnostic —IgM and IgG during infection.
Anticuerpos —Immune complexes.

Vaccines —Assesing of immunization.

Reagents — Antibody levels during immunization.

—Screening of monoclonal antibodies.

Antigens Diagnostic —Virus (medicine, veterinary, plants)
Antigenos —Bacteria and mycoplasms.
—Tumor antigens.
—Some low molecular weight antigens (drugs, metabo-
lites, hormones, etc.).
Basic research —Follow up of protein purification
—Variability of viruses.
—Etc.

The non-labelled immunoassay techniques (immunodiffusion, agglutination, etc.) are limited to the assay of
analytes present at relatively high concentrations, since only in such cases, the resultant antibody-antigen complexes
are sufficiently large to be detectable (Coll, 1987a; Coll, 1988¢). The use of enzyme-complex reagents is indicated in all
cases where a high level of detectability is needed, Their use avoids the dangers and precautions involved in working
with radioactive isotopes and in addition, the change in the color of a substrate can be seen by eye, thus eliminating
the requirement for expensive equipment to measure radioactivity, fluorescence or chemiluminiscence. These other
techniques are of use when extremely high sensitivity is needed (for instance in the case of most low molecular weight
antigens).

ATTACHMENT OF THE VIRAL IMMUNOREACTANTS
TO THE SOLIDPHASE

Attachment of the viral immunoreactants depends on the type of solid-phase. Most
solid-phase immunoassays can be performed in beads, tubes or microtitration plates. Beads
are easier to coat because the possibility of simultaneous incubation in the same solution
(Coll, 1987a). However, this procedure is only simple for the kit producer but not for the
user. The user has to transfer and touch the coated surface to incubate the beads indivi-
dually with the samples. Tubes have the advantage of set up the exact number desired for
the assay, they are easier to handle and they offer greater flexibility for volumes (up to 4 ml).
In both cases either, transfer to or pipetting of, solutions has to be done one by one.

The most used reaction vessel is the microtitration plate as it is inexpensive, convenient
available and appears to work for most assays. The standardized plate containing 96 wells
(300 pl per well) also has the advantages of compact geometry, economy of reagents, and
fixed order for each sample, thus avoiding mistakes and unnecessary labelling, To pipette
solutions into the wells, simultaneous automatic pipettes could be used. Microtitre plates
are made either of polystyrene or of polyvinyl plastic. In polyvinyl, stronger reactions can be
obtained, and the plate can be cut into pieces but it is difficult to handle and to read. The
rigid polystyrene is easier to use but produces weaker reactions, costs three times more, and
a complete plate has to be used for each assay. However, in recent years polystyrene plates
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Fig. 1.—~Scheme of enzyme immunoassays for antibody or antigen detection in microtitre wells.

Esquema de los inmunoensayos enzimdticos para deteccion de anticuerpos o antigenos en placas de microtitu-
lacion.

The ELISA is based on the addition of the samples containing the analyte (substance to be measured) (o a
solid-phase coated by an immunoreactant. 4fler incubation, the excess of non-reacting analyte is eliminated by was-
hing and a conjugate of antibody and enzyme is added to the solid-phase (amplification step). Afler incubation, the
excess of conjugate is eliminated by washing and the bound enzyme is assayed. All non-competitive enzyme immu-
noassays have four common steps: (1) coating of the solid-phase with immunoreactant (antigen for the antibody assay,
or antibody for the antigen, assay); (2) incubation with the test sample; (3) amplification step, and (4) enzyme assay.
Washing is performed in between steps. Quantification is obtained by measuring the colored product by comparison
with known calibrated standards. », antigen; y, antibody; ys, conjugate; S, substrate; P, product. All labeled immunos-
says (radiosotopic, fluorescent, chemiluminescent and enzyme) share the first three steps.
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divided in rows, which adapt the number of assays to the daily variable number of samples
have appeared. New designs and/or materials will probably be evolved in this area as shown
by the solid-phase generated in situ (Hargreaves ez al., 1987) or the microporous membra-
nes (Valkirs, Barton, 1985).

Coating of the solid-phase with the immunoreactant takes place at either 37 °C for 4-6 h
or at 4 °C overnight, in buffers at basic pH and/or low ionic strength (Andersen, 1986;
Harlow, Lane, 1988). Alternatives for scaling-up with high reproducibility, are the elimina-
tion of the distilled water used to dissolve the immunoreactant by incubation at 37 °C (Coll,
1989a) or by lyophylization. Assuming a maximum adsorption of 1,5 ng/mm? (in 200 p per
well of 7 mm of diameter) and 150 KDa for an immunoglobulin molecule, the maximum
concentration for an antigen-affinity purified monoclonal antibody is about 10-*M (Ander-
sen, 1986). For affinity purified polyclonal antibodies, hyperimmune antisera or post infec-
tion sera, 3, 10 or 100 times less specific immunoglobulin will be bound (Tijssen, 1985).
The relationship between coating concentration, purity of immunoreactants, epitope den-
sity, and prozone phenomenon will have to be studied for every system to define the correct
specificity and to obtain the maximun detectability when needed, depending on each parti-
cular case (Vos ef al., 1987). To increase detectability, plates coated with protein G (Nilson
et al., 1986), protein A (Schramm e/ al., 1987), anti-immunoglobulin antibodies (Sankolli ez
al., 1987), small peptides from viral relevant epitopes, specific binding proteins (Delpech et
al., 1987), or specific ligands (Coll, 1988b) are being used.

Although depending on each particular case, covalent attachment of the immunoreac-
tant to the solid-phase has the reported advantages of increased capacity, added stability and
higher reproducibility (Coll, 1991d). A 100-fold enhanced capacity has been demonstrated
by using irradiation of both polystyrene and polyvinyl surfaces (Larsson et al., 1987; Zoval,
Stollar, 1986). Glutaraldehyde, either alone or with poly-lysine, has also been used to increa-
se stability by covalent attachment (Martinez, Coll, 1987).

There is some variability as a result in the manufacture of the polystyrene plates which
results in variability in their adsorptive properties. To test for the resulting reproducibility, a
solution of conjugate can be adsorbed, the enzyme activity measured and the optical density
and standard deviations of all wells of the same plate or of different plates can be compared.
The values differ for different manufacture companies. Only those with < 5 p. 100 CV
from plate to plate should be used (Tijssen, 1985).

To perform the coating on a large scale, automatic dispensing devices are needed so that
variations from well to well and from plate to plate are low enough. For the coating, air
forced incubators with homogeneous temperatures are preferred. By using both methods,
variability due to coating could be 4 p. 100 from well to well and 6 p. 100 CV from plate to
plate (Coll, 1991¢; Martinez, Coll, 1988). )

During incubation periods, all proteins will bind to a certain extent to the solid-phase
after attachment of the immunoreactants. Methods to block nonspecific binding are desig-
ned both to occupy remaining binding sites after adsorption and to prevent adsorption of
undesired molecules. In many cases, the blocking can be reduced to a washing step with an
optimal buffer. The optimal blocking agent(s) for any particular ELISA system, must be
determined by testing.

Plates kept in humid atmosphere for a few weeks, lose their binding capacity and increa-
sed intra-assay CV (Coll, 1989a). Alternatives for storing coated plates, include: freezing at
— 20 °C, sealing with silica gel at 4.°C, or sealing under vacuum. The plates are best kept in
individual plastic or vacuum-sealed aluminun containers. Under these condition most coa-
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ted plates are stable for up to 2 years at 4 °C and they can be stored at room temperature for
months (Harlow, Lane, 1988).

Incubation and washing protocols

To increase the probability of molecules contacting to the solid-phase, diffusion distan-
ces should be low (as in microtitre wells), while time, temperature and concentrations
should be high.

Buffers, solid-phase and samples should be used at the incubation temperature. A good
alternative is to use room temperature for incubation. Using short-time incubations, small
but detectable differences are recorded between the first and last pipetted wells. Also, the
unequal evaporation with more than 1h incubation times, between the center and the
outside wells posses some problems which could be easily solved by performing incubations
in humid chambers and with at least 30 min incubation times.

Some non-specific binding can be minimized by using the same bovine serum albumin
batch used for blocking the plates in the dilution buffer in high (0.5-1 p. 100) concentration
in relation to potentially interfering proteins (Harlow, Lane, 1988). Foetal calf serum (no
immunolobulins) or milk are not suitable for dilution buffers due to their instability.
A non-ionic detergent (Tween 20) is usually added to the buffers to prevent hydrophobic
interactions with the plastic surfaces (Gardas, Lewartowska, 1988). The pH is not critical
when close to physiological values and when polyclonal antibodies are used, but it has to be
optimized if monoclonal antibodies, lectin, or other specific ligand interactions are used.
Merthiolate is a good antimicrobial agent because of its stability and non interference with
the assay. Phenol red can be added to allow visualization of wells pipetted and it also serves
for continous monitoring of pH (Martinez, Coll, 1988; Sanz, Coll, 1992). Quality control of
the dilution buffer during production includes measuring the pH and the conductivity. In
addition, the complete dilution buffer should be filtered to sterility and kept in closed
containers for kit presentation. Detectability of viral antigens can be dramatically increased
by including dissociating agents in the sample buffer. For instance, the inclusion of high
ionic strength buffers allowed more than 100-fold increase in detectability to assay for
rhabdoviruses (Sanz, Coll, 1990, 1991ab).

When using human serum for standards, pooled serum negative for both hepatitis B
surface antigen and human immunodeficiency viral antibodies should be used (Martinez,
Coll, 1987, 1988).

Washing, specially after conjugate incubation, is one of the most important problems of
ELISA, incomplete washing causing background and low reproducibility. Homogeneous
ELISA’S were no washing is needed are not yet reproducible enough to be standarized.
Flooding and shaking generates droplets of buffer or air bubbles which cause unequal was-
hing. By delivering buffer to each well, air bubbles may still form. Removing the buffer from
well to well is even more difficult. Inverting and shaking the plate might not be homoge-
neous unless done by vigorously rapping the plate on an absorbent towel placed on a flat
surface. Automation has been introduced for washing, using several commercially available
appliances with sequentially aspirate and fill twelve wells in a row simultaneously.

To avoid any loss of sensitivity, an excess of conjugate concentration is required to
obtain a saturation of the analyte (viral antibody or antigen) bound by the immunoreactant
of the solid-phase. While removing that excess of conjugate during the washing steps, the
complex could be dissociated. Under the same buffer and physical conditions, antibodies
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with low affinities (10-¢ M) tend to dissociate more rapidly than antibodies with high affini-
tes (108—10-?M). Provided that near equilibrium had been reached after each wash, by
using high affinity antibodies the measured activity is more representative of the initial
analyte concentration. Since cross-reactivity of antibodies with non-specific molecules is
very often of lower affinity, cross reacting antigens (or antibodies) with lower affinities than
the main ligand, elute rapidly through repeated washing (Boscato, Stuart, 1988). This phe-
nomenon is of value to increase specificity when polyclonal rather than monoclonal antibo-
dies are used for the assays. Alternatives for the washing buffers go from tap water or
deionized water to dilution buffer (Coll, 1989a).

Because of the large volumes of washing buffer that are needed relative to the other
components to be included in the kit, some manufacturers choose to include the washing
buffer in powder form (without Tween) whereas others prefer to use 10-20 fold concentrated
solutions.

AMPLIFICATION STEP

The amplification step is obtained by the reaction of the bound analyte with a specific
antibody-enzyme complex, the conjugate. The conjugate is obtained by the covalent cou-
pling of antibodies and enzymes, The use of specific antibody conjugates in kits is most
favoured because of added simplicity in handling (only one incubation-wash for this step)
and interpretation (lowest number of controls). Alternatives include the use of protein G
(Nilson et al., 1986) or protein A (Schramm et al., 1987) coupled to enzymes. The non-
competitive two-site immunometric assay using two monoclonal antibodies was the most
favoured design in a review of ELISA quantitation (Hamilton, 1987). Ideally, antibodies
used for the preparation of conjugates should be of the highest ratio of specific antibody to
total antibody. These are the monoclonal antibodies purified by affinity chromatography
over antigen. This method gave the highest vield (Table 3) with good performances and
stability. Purification by affinity chromatography over protein A or G is probably the best
alternative actually available (Campbell, 1984),

Some of the new developments in monoclonal antibodies (Coll, 1987b; Estepa ez al.,
1990; Hurtado, Coll, 1986; Iturralde, Coll, 1984; Rueda, Coll, 1988; Sanz et al., 1991) have
enabled the performance of assays in solid-phase which are more specific than the corres-
ponding polyclonal-base assays, only one step, have a high precision, with very low volumes
are polypeptide chain specific (Jijima et al., 1988), stereospecific (Bjerke et al., 1986), use
dry ready-to-use reagents and have the lowest background (Martinez, Coll, 1988).

Before monoclonal antibodies became available (Palomo et al., 1982), enzyme immu-
noassays used the immunoglobulin fraction of a hyperimmune serum. The best hyperim-
mune sera have only about 10 p. 100 of specific antibody which means about a 10-fold
. decrease in specific activity and some background and/or cross reactivity problems. The
affinity purified polyclonal antibodies are also a good reagent with which to prepare conju-
gates, though yield is not as high as with monoclonals (Table 3).

The relative detectatibily and nonspecific binding of the conjugates obtained with pero-
xidase, alkaline phosphatase and B-galactosidase (the three enzymes most used in ELISA)
varied with different assays, substrate chromogens, and coupling reagents. Optimization of
enzyme, coupling and substrate must be performed for every type of assay (Coll, 1988a).

A comparison of the relative detectability for those enzymes when considering the best
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TABLE 3

YIELD OF ANTIBODY-PEROXIDASE CONJUGATES AFTER DIFFERENT METHODS
OF ANTIBODY PURIFICATION

Rendimiento de conjugados anticuerpo-peroxidasa después de varios métodos de purificacion
de los anticuerpos

Source Purification Yield
Origen Meétodo de purificacion Rendimiento
Goat mantiserum Total serum 2.5
Goat antiserum Affinity chromatography 2.0
Rabbit antiserum Total immunoglobulin 1.5
Mouse ascites Total ascites 7.2
Mouse ascites Affinity chromatography 66.6

The yield is expressed as ml of conjugate of the same titre per ml of antiserum or ascites. The source and degree of
purification of the antigen to be used to obtain the specific antibody; source and degree of purification of the specific
poly-or mono-clonal antibody, source and degree of purification of the enzyme; coupling method; and degree of
purification of the resulting antibody-enzyme complex, all influence the final performance of the conjugates in the
amplification step. Yield, stability, specific activity, maximun ELISA signal, and lowest background are some of the
measurable characterisics that have to be optimized in order to scale up conjugate production with reproductibility.

substrates, methods of chemical conjugation and their relative cost, clearly favours peroxi-
dase obtained from horseradish roots (Tijssen, 1985). Any increase in specific activity will
increase assay detectability if non specific binding is low and highly purified peroxidase can
be easily obtained. Highly purified peroxidase is much cheaper, it is easily conjugated by
several methods, it is very stable either as a free enzyme or after coupling to the antibody
and its activity is easily detected. The usefulness of peroxidase in ELISA is attested by its
wide use in laboratories. Because of simplicity, purity, price and commercial availability,
the preparation of peroxidase conjugates is generally preferred in the kits (Table 1).

Three coupling reagents are being used quite fraquently, either glutaraldehyde, biotin or
periodate. Because glutaraldehyde is very simple to use and very gentle, it is the most
popular. Some disadvantages are: the claim that antibody function is affected during conju-
gation, the heterogenicity of the molecular weight of the resulting conjugates, and the abun-
dant free peroxidase remaining after the reaction. Despite these reported problems, we
found that the use of one-step aged-glutaraldehyde (polyglutaraldehyde) (Coll, 1987) gave
results similar to those obtained when using biotin or periodate. On the other hand, the
disadvantages of glutaraldehyde as a coupling reagent are shared with other cross-linking
agents. It is to be expected that any chemical modification related to cross-linking of amino
acid side chains will have some effect in altering the activity of immunoglobulins, especially
with monoclonal antibodies. Since the carbohydrate part of the immunoglobulins is not
involved in their antigen-binding properties, its modification should not affect antigen bin-
ding. These theoretical considerations are being developed in the search for new methods of
coupling (O’Shannessy, Quarles, 1987). Assays will require some optimization to reach a
decision in each case (Campbell, 1984).

When confronted with reproducible scaling up, further advantages of the one-step aged-
glutaraldehyde method were noted. The greated volumes per batch could be obtained only
by this method, which saved time and minimized the characterization steps to standarize
the reagents for the largest possible number of kits. Stability was also very good (Martinez,
Coll, 1987).
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Most conjugate preparations are optimally used in 1,000-fold dilutions of the concentra-
tion used for storage. Storage of concentrated conjugates in research laboratories has gene-
rally been carried out at — 20° C in the presence of glycerol and protein. Several procedures
for keeping kighly concentrated peroxidase conjugates in research laboratories were found
to be unsuitable for long-term storage in the kit form. The best conditions were obtained by
using ammonium sulphate precipitates at 4 °C for up to 2 years (Montoya, Castell, 1987).
However, the clinical use of ELISA kits requires highly stable conjugates which can be
stored at 4 °C but at ready-to-use highly-diluted concentrations. Some of the practical pro-
blems associated with the storing of a few microlitres of conjugate include: buffer evapora-
tion, the necessity of using very small containers, the dificulty in processing on a large scale,
the need for reconstitution steps, and their low reproducibility. The problem arises because
the activity of diluted conjugates decays more rapidly than that of 1,000-fold concentrated
preparations. The concentration-dependent loss of activity seems to relate to the decrease in
peroxidase activity, since this loss could be prevented by the addition of heme (Coll, 1987c).
By using this method, the peroxidase conjugates could probably be included in the ELISA
kit at the required dilution. In order to increase volume and dilution, one could allow the
free peroxidase to remain in the storage buffer; however, the elimination of free peroxidase
permitted the reduction of backgrounds. Lyophilization, because of the low volumes, re-
constitution steps, standarization from batch to batch and non-reproducible loss of activity
is not used (Coll, 1987¢).

ENZYME ASSAY

The relative merits of some enzyme/substrate combinations have been studied and subs-
tantial differences in both dose-response kinetics and assay reproducibility have been de-
monstrated (Andersen, 1986). Given a workable assay, the sensitivity, the background, the
detectability and the difficulties for scale-up to production may also influence the choice.
Two combinations are now most widely accepted for use in ELISA kits: alkaline phosphata-
se/p-nitrophenylphosphate and horseradish peroxidase/o-phenylenediamine, For the rea-
sons put forward before, the peroxidase/o-phenylenediamine ELISA system is favoured and
this will be discussed further.

Peroxidase catalyses the reduction of H,O, with the oxidation of a chromogen producing
a measurable colour. Among the many chromogens tested, o-phenylenediamine seems to
perform best. O-phenylenediamine is a hydrogen donor; the oxidized form (orange) can be
measured at low concentrations at 450 nm (pH 5) or at 492 nm (pH 1-2). For minimal
background, o-phenylenediamine should be white, stored in the absence of metal ions, in
the cold and in the dark, since it is photosensitive. The HCI form should be avoided since
decreases the pH of citrate/phosphate buffers and thus lowers the activity. The use of com-
mercial preweighted pills has increased reproducibility and simplicity (Hamilton, 1987),

The substrate generally used is H,O, which is unstable in stock solutions and is also
photosensitive. Since H,0, is not only a substrate but also an inhibitor for peroxidase,
optimal and reproducible results are obtained only in a limited concentration range. The
real concentration of H,0, can be obtained by absorbance at 240 nm (E =43.6 M~!/cm™!).
When the substrate buffer containing H,0, and o-phenylenediamine are combined, any
traces of iron and any light, initiate the reaction and, in a few hours, the o-phenylenediami-
ne is spontaneously decomposed. Most probably this is one of the reasons why the ELISA
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based on peroxidase/o-phenylenediamine has high backgrounds and relatively high inter-
assay variations. The low stability of the final mixture makes it necessary to keep the
o-phenylenediamine separated from the rest of the components in the kits. Substrate buffers
containing H,0, are commonly stored by using tightly closed and dark containers
(Coll, 1989b).

Since spontaneous decomposition of the o-phenylenediamine is lower at low pH and
peroxidase activity has an optimal pH which depends on the isoenzyme composition it
should be possible, to decrease the background by using peroxidase isoenzymes of lower
optimal pH (Portsmann, 1987).

Most tests are designed so that, after a 30 min incubation period, the build-up of colou-
red product is enough for measurements. These procedures require the stopping of the
reaction for all samples at the same time. The degree of variation also depends on the time of
incubation, because the enzyme products become distributed by diffusion. For instance,
within-assay variation can be decreased simply by shaking the plates before measurement.
Absorbance values could be 2-fold higher when the plate has been shaken because the
enzyme products concentrated near the surface of the walls of the wells are dispersed into
the center, were the light path of the spectrophotometers is situated. Reported alternatives
include ultrasound to accelerate and distribute the enzyme products.

In a solid-phase immunoassay there is a proportionality between the number of bound
molecules and the number of molecules detected. This proportionality is responsible for the
sensitivity of the analysis where background also plays an important part. When back-
ground increases, it is difficult to distinguish samples containing low concentrations of
analyte. Background is favoured by a multitude of factors, such as, endogenous enzymatic
activity in the samples, non-specific binding of labeled reagents, spontaneous decomposi-
tion of substrate, cross-reactivity of reagents, etc. A major factor affecting the sensitivity of
ELISA in the most used designs shown in Fig. 1, is the enzyme activity. A single molecule of
enzyme converts 105 molecules of substrate into product per minute. Hence, analytes can
be detected down to femtomol levels. In the case of viruses, Table 4 shows the ranges of
maximal sensitivity obtained. If the analytes to be measured are in still lower concentra-
tions, some of the methods used to increase detectability include: luciferin derivatives,
cascades in which the first enzyme produces a substrate for a second enzyme, optimization
of the assay such as increasing sample size, reaction time, temperature, or decreasing volu-
me and photodensitometry which consists in photographing the plates and then densitome-
tizing the amplified photographs. A new approach which would probably facilitate automa-
tion is the use of electrodes to detect the enzyme products (Wehmeyer et al., 1985).

There has been no report so far on the potential of using double wavelength measure-
ments to detect two viruses or anti-viruses in the same ELISA. However, dual staining has
been used in histochemistry and in blotting. This was achieved either by sequentially ap-
plying two different enzymes (Falini, 1986), or different substrates for the same enzyme
(Lee et al., 1988).

ELISA is gradually proceeding towards automation (Catty, Raykundalia, 1989), ELISA
has. been measured mainly by using end-point analysis since the basic requirements to
measure initial linear rates of reaction are difficult to obtain practicably. These include,
uniform distribution of the chromogen, uniform temperature within the reading chamber,
short reading intervals and highly automated data-processing capability. Although new pho-
tometric instruments with the above mentioned characteristics are beginning to be marke-
ted, they are not yet in general use (Kung, Humphries, 1987). The use of simplified calibra-
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TABLE 4
COMPARISON OF SENSITIVITY OF SANDWICH ELISA FOR THREE VIRUSES
Comparacion de la sensibilidad de sandwich ELISA para 3 virus

Ab+ PV cs TE*
VIRUS wg/well ng/ml TCID/ml TCID/g
IPN " 03P 10 10 104
100 P 50 10 104
1.0P - 103 -
02M 10 103 -
VHS 100.0 P - 105 105
1.0M 1 103 103
1.0M 0.2 103 103
THN 100.0 P - 103 106
100.0 P - 106 106

Sensitivity was defined as the minimal amount of virus that produced double absorbance than the background.
PV, purified virus; CCS, cell culture supernatant; TE, tissue extract. +, Each well was coated with 100 pl by humid
absortion at 37°C with the immunoglobulin fraction. *, For IHNV and VHSV calculated from 5 x 108 TCID/g of
tissue and 5-fold diluted extracts. P, polyclonal; M, monoclonal, Ab, antibody; —, not determined. From Sanz and
Coll, 1991b. IPN, infectious pancreatic necrosis; VHS, viral haemorrhagic septicaemia; IHN, infectious haematopoie-
tic necrosis. TCIDyy, tissue culture infective dosage at 50 p. 100.

tion with only one standard is another indication of progress (Meller, Keller, 1988).
Computer programs are also available which speed-up the processing of data. Three labora-
tories evaluated an automated commercial ELISA processor with good overall results. Para-
meters evaluated include, precision, interference, stability of conjugate, carry-over of rea-
gents in the dispenser system or in the aspiration comb, efficiency in washing, linearity,
spectrometer, and statistical procedures (Steinmann et al., 1988).

CONCLUSIONS

The most practical viral diagnosis is still obtained through isolation of virus in monola-
yers of cells, followed by neutralization of the virus with PAbs, Unfortunately, this is also be
most time consuming technique. Immunofluorescence has provided a rapid yet specific
alternative, however it is much less sensitive. Detection of virus by ELISA with MAbs
depends on the stage of infection (acute) and on the onset of host Ab formation. Virus titre
(either alive or non-infectious) may be depresed below the sensitivity margin in pooled
samples containing organs of Ab-producing animals, therefore being advisable to examine
individual rather than pooled organ samples in such cases.

Quantitation of viral antigens or antibodies by ELISA requires high inter-and intra-assay
reproducibility and low background (Sanz, Coll, 1991a y b). To obtain these results all
reagents must be tested, not only for performance but also for stability. To perform an
ELISA in the research laboratory one must obtain all the reagents, freeze aliquots of the
reagents that are not stable enough or prepare them fresh just before use. In addition, the
analysis is performed by highly trained technicians in a well equiped laboratory with results
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interpreted by highly skilled personnel. In a clinical or veterinary laboratory resources are
limited. At best, there is probably limited space at 4 °C, average level technicians and some
pieces of normal equipment. Furthermore, samples to be assayed come daily in unpredicta-
ble numbers, and there is not much time to process them. Kits must be able to solve all
these problems. The study and use of procedures to produce kits is of mutual benefit to both
research and development laboratories. New ideas first appear in research laboratories and
then are scale up in development laboratories. The adaptation of the new assays to the kit
phylosophy involves, mainly, increasing the stability of reagents, the reproducibility and the
simplicity of manipulations. All these, are very valuable to the research laboratory which in
turn will work in new ideas faster and easier than before.

Provided that all the above considerations are met most of the sandwhich ELISA based
on monoclonal antibodies would be able to detect virus in acute-cases (high virus concentra-
tion), however to detect virus in carrier-cases, other techniques such as the ones based on
viral genome amplification by polymerase chain reactions (Sobrino et al., 1989) could only
be used.
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RESUMEN

Los ensayos inmunoenzimaticos en fase sélida (ELISA) para antigenos y anticuerpos virales estin
teniendo amplia aceptacién en laboratorios tanto clinicos como veterinarios. Ello es debido a la rapi-
dez, sensibilidad, estabilidad de reactivos, simplicidad de aparataje y no existencia de residuos. Las
técnicas de cultivo celular usadas para la amplificacion y las técnicas mds usadas para la identificacion
virologica, tales como la neutralizacién y la inmunofluorescencia, ademas de otras menos usadas, como
la inmunoperoxidasa, fijacién de complemento, hemaglutinacién, microscopia electrénica, inmunodi-
fusion o radioinmunoensayo, estin siendo sustituidas por enzimoinmunoensayos (inmunodot y ELI-
SA) y por sondas de DNA, La técnica ELISA ha sido el objetivo de la reciente experimentacién para
producir kits més reproducibles, especificos y sencillos de utilizar. Ello redundard en un incremento de
su uso con una mayor fiabilidad y exactitud. En el desarrollo de kits, todo ello es importante debido a
que la reproducibilidad intra e inter ensayo, ademas de la inter lote, deben ser altas. Los esfuerzos para
escalar esta tecnologla beneficiardn no sélo la produccion de kits a gran escala, sino también la investi-
gacién bdsica de virus y las nuevas aplicaciones.
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ELISA
Virus
Anticuerpos antivirales
Placas

REFERENCES

ANDERSEN I, 1986. Guide to solid phase Immunoassays. Nunc. GMBH public. Kamstrup, Den-
mark,

BJERKE R. J., COOK G., RYCHLIK N., GJIKA H. B., VAN VUNAKIS H., LANGONE J.J., 1986.
Stereospecific monoclonal antibodies to nicotine and cotinine and their use in enzyme-linked im-
munosorbent assays. J. Immunol. Methods., 90;203-213,

58




ENZYME INMMUNOASSAYS FOR VIRUS AND VIRAL ANTIBODIES

BOSCATO L. M., STUART M. C., 1988. Heterophilic antibodies: A problem for all immunoassays.
Clin, Chem., 33:27-33.

CATTY D., RAYKUNDALIA C., 1989. In, antibodies a practical aproach. Vol. II (Catty D. ed.).
ELISA and related enzyme immunoassays. 97-154 IRL Press at Oxford University Press. Oxford.

CAMBELL A. M., 1984. In Burdon R. H., Van Knippenberg P, H. (eds.). Laboratory Techniques in
Biochemistry and Molecular Biology. Monoclonal Antibady Technology. Elsevier, Amsterdam.

COLL J. M., 1987a. Microtitre latex C-reactive protein test for screening large numbers of sample.
Clin. Chem. 33:1258.

COLL J. M., 1987b. Injection of physiological saline facilitates recovery of ascitic fluids for monoclonal
antibody production. J. Immunol. Methods, 104:219-222.

COLL J. M., 1987c. Heme increases peroxidase-antibody activity in aged conjugates. J. Immunol.
Methods, 104:259-263,

COLL J. M., 1988a. Diagnéstico en bacteriologia animal con anticuerpos monoclonales y sondas de
DNA. Med. Vet., 5:263-274.

COLL J. M., 1988b. Analysis of the Ca+ +-dependence phosphorylethanolamine binding-region in the
C-reactive protein by monoclonal antibodies. Rev. Esp. Fisiol., 44:45.55,

COLL J. M., 1988c. Qualitative screening of C-reactive protein by latex in microtiter trays. Rev. Esp.
Fisiol., 44:39-44.

COLL J. M., 1989a. Development of a fast qualitative ELISA test for C-reactive protein. Rev. Esp.
Fisiol., 44:359-368.

COLL J. M., 1989b. Low-background. substrate buffer for peroxidase-o-phenylenediamine enzymeim-
munoassays. Rev. Esp. Fisiol, 45:41-46.

COLL 1. M., 1991a. Las enfermedades producidas por virus, Hojas de divulgacion. Servicio de Exten-
sién Agraria, 13/90 H. D,

COLL J. M., 1991b. Posibles métodos de cuantificacion de la proteina C-reactiva para uso clinico. Rev.
Esp. Microb. Clin., 6:9-14,

COLL J. M., 1991c. Reproducible solid-phase enzymeimmunoassays. Inmunologia, 10:73-85.

COLLJ. M., 1991d. Hybridization of peroxidase labelled DNA probes to microtitre solid-phase bound
DNA (Hybrelisa). Technique, 3:29-32.

DELPECH B., BERTRAND P., CHANZY C,, 1987. An indirect enzymeimmunological assay for
hyaluronidase. J. Immunol. Methods, 104:223-229,

ESTEPA A., DE DIEGO C., COLL J. M., 1990. Clonaje del RNA mensajero de linfocitos. ;Una nueva
tecnologia para obtener anticuerpos monoclonales? Biotecnologia, 9:7-9.

FALINI B., 1986. Description of a sequential staining procedure for double immunoenzymatic staining
of pairs of antigens using Monoclonal antibodies. J. Immunol, Methods., 93:265-273.

GARDAS A.,, LEWARTOWSKA A., 1988, Coating of proteins to polystyrene ELISA plates in the
presence of detergents, J. Immunol. Methods, 106:251-255.

HAMILTON R. G., 1987. Human IgG subclass measurements in the Clinical Laboratory. Clin, Chem.,
33:1707-1725.

HARLOW E., LANE D., 1988. In antibodies: A laboratory manual. Detection of enzyme labeled
antigens, antibodies of secondary reagents. Cold Spring Harbour Lab. New York.

HARGREAVES K. A.,, HOUGHTON R. L., MONJI N., PRIEST J. H., HOFFMAN A. S., NOWINS-
KIR. C,, 1987, Phase-separation immunoassays. Clin, Chem., 33:1509-1516.

HURTADO S. M., COLL J. M., 1986, Otras tecnologias relacionadas: Tecnologia de hybridomas.
(161-172), en Aplicaciones de la Ingenieria genética. J. R. Pellén. Madrid.

IJIMA Y., ENDO Y., HATA N,, FUINITA H., UNOKI M., MIYAI K., 1988. Highly specific enzy-
meimmunoassay for the B-subunit of human thyrotropin with use of monoclonal antibodies. Clin,
Chem., 34:98-102, '

ITURRALDE M., COLL J, M., 1984, High stability hybrids producing monoclonal antibodies against
human C-reactive protein, Rev. Esp. Fisiol., 40:279-288.

KUNG V.T.,, HUMPHRIES G.M. K., 1987, Kinetic ELISA in microtiter plates. Clin. Chem.,
33:1573.

LARSSON P. H., JOHANSSON S. G. O., HULT A., GOTHE S., 1987. Covalent binding of proteins to
grafted plastic surfaces suitable for immunoassays. I. Binding capacity and characteristics of grafted
polymers. J. Immunol. Methods, 98:129-135.

LEE N., ZHANG S., TESTA D., 1988: A rapid multicolor western blot. J, Immunol, Methods., 106.

MARTINEZ J., COLL J. M., 1987, Preliminary clinical studies on C-reactive protein quantification by
ELISA. Clin, Chem., 33.

Invest. agr.: Prod. Sanid. anim., 7 (1), 1992 59

e



J. M. COLL

MARTINEZ J., COLL I. M., 1988. Selection and clinical performance of monoclonal anti-C-reactive
protein in ELISA quanutatlve assay. Clin Chim. Acta, 176:123-132.

MEYER H. D., KELLER H., 1988. One-point recalibration of heterogeneous enzyme immunoassays
with non-linear calibration curves, Clin. Chem., 34:113-117.

MONTOYA A., CASTELL 1., 1987. Long-term storage of peroxidase-llabelled immunoglobulins for
use in enzyme immunoassay. J. Immunol. Methods, 99:13-20.

NILSON B., BIORCK L., AKERSTROM B., 1986. Detection and purification of rat and goat immu-
noglobulm G antibodies using protein G-based solid-phase radioimmunoassays. J. Immunol. Met-
hods, 91:275-281.

O'SHANNESSY D. J., QUARLES R. H., 1987. Labeling of the oligosaccharide moieties of immuno-
globulins. J. Immunol. Methods, 99:153-161.

PALOMO C., MARTIN S. H., COLL J. M., 1982. Obtencion de anticuerpos monoclonales y posible
uso en diagndstico clinico. Inmunologlka 3:332-347.

PORSTMANN T., PORSTMAN B., EVERS U., WIETSCHKE R., NUGEL E., SCHMEACHTA H.,

1987. Coupling of different i 1socnzymes of horseradlsh peroxidase influences the sensitivity of enzy-
meimmunoassay. Biomed. Biochim. Acta, 46:867-877.

RUEDA A., COLL J. M., 1988. Cloning myelomas and hybridomas in fibrin-clots. J. Immunol. Met-
hods, 114:213-217.

SANZ F., COLL J. M., 1990. Mayor eficacia y sensibilidad en el diagnéstico de rabdovirus. Biotecnolo-
gia, 6:7-9.

SANZ F., BASURCO B., BABIN M., DOMINGUEZ I., COLL J. M., 1991. Variability of viral hae-
morrhagic septicaemia virus studxed with monoclonal antibodies against its five structural proteins.
J. Fish Dis.

SANZ F., COLL J. M., 1992a. Detection of viral haemorrhagic septicagmia virus by ELISA using two
non-competitive monoclonal antibodies to the early nucleoproteins at high salt concentration. Am
J. Vet. Res. (en prensa),

SANZF., COLLJ. M., 1991a. Diagnéstico de la septlccmxa hemorrégica viral. Vet. in Praxis, 6:25-32.

SANZ F., COLL I. M., 1991b. Diagnostic of salmonid viruses. J. Aquatic. Dis.

SANKOLLI G. M., STOTT R.A.W., KRICKA L.J., 1987. Improvement in the antibody binding
characteristics of microtitre wells by pretreatment w1th anti-IgG Fe immunoglobulin. J. Immunol.
Methods, 104:191-194,

SCHRAMM W., YANG T., MIDGLEY R., 1987. Surface modification with protein A for uniform
binding of monoclonal antlbodxes Clin. Chem., 33:1338-1342.

STEINMANN J,, MILBRANDT H,, STEINKOPF A., SCHMIDT B., HELLMUT M., WEBER C.,
HAECKEL R., 1988. Multi-Centre Evaluation of the Behring ELISA processor II. J Clin. Chem,
Clin. Biochem., 26:43-56.

SOBRINOF., ESCRIBANO J.M., COLL J. M., 1989, Diagnéstico de virus por ampliacion especifica y
deteccidn no radioactiva. ontecnologla 5. 8 10.

TLSSEN P., 1985. In: BURDON, R. H. and VAN KNIPPENBERG, P. H. (eds.), Laboratory Techni-
ques in Biochemistry and Molecular Biology, vol. 15, Practice and Theory of Enzyme Immunoas-
says. Elsevier, Amsterdam.

VALKIRS G. E., BARTON R., 1985. Immunoconcentration: a new format for solid-phase immunoas-
says. Clin, Chem 31:1427- 1431

VOS Q., KLASEN E. A, HAAIIMAN 1. J., 1987. The effect of divalent and univalent binding on
<antibody titration curves in solid-phase ELISA J. Immunol. Methods, 103:47-54,

WEHMEYER K. R., HALSALL H, B, HEINEMAN W. R., 1985. Hetereogeneous enzyme immu-
noassay with electrochemical detection competitive and sandwich-type immunoassays. Clin.
Chem., 31:1546-1549.

ZOUALIL M STOLLAR B. D., 1986. A rapid ELISA for measurements of antibodies to nucleic acid
antigens using uv-treated polystyrene microplates. J: Immunol. Methods, 90:105-110.

60




