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INTRODUCTION rnercial reproducible enzyrne irnrnu- 

Solid-phase, heterogeneous enzy- 
me linked irnrnunosorbent assays 
(ELISA) for both antigens and anti- 
bodies are being developed at a 
very . rapid rate (Sánchez Vizcaíno 
and Alvarez, 1987). The acceptance 
of the solid-phase forrnat in various 
areas of clinical or veterinary as- 
says is due to the stability of rea- 
gerits, unitized packaging, conve- 
nient and srnall instrurnents, and 
rninirnal preparation by users befo- 
r e  testing (Burkhardt, 1987). For 
practica1 reasons, these assays are 
generally rnade in 96-well rnicroti- 
tre plates which allow easier hand- 
ling of a large nurnber of samples. 
Although enzyrne irnrnunoassays 
are based either on activity amplifi- 
cation (non-cornpetitive) or activity 
rnodulation (cornpetitive), the for- 
rner is preferred because of easier 
interpretation and wider applica- 
tion. This chapter will focus on a 
review the latest advances which 
could be applied to the production, 
scaling-up and performance of corn- 

noassays. 
An analysis of the different featu- 

res in solid-phase ELISA, reveals 
four cornrnon steps (fig. 1): 1) at- 
tachrnent of the irnrnunoreactant to 
the solid-phase; 2) incubation with 
the test sarnple; 3) arnplification 
step, and 4) enzyrne assay. 

ATTACHMENT OF THE 
IMMUNOREACTANT 
TO THE SOLID-PHASE 

Types of solid-phase 

A variety of rnaterials and confi- 
gurations have been used as solid- 
phase for enzyrne irnmunoassays 
(Burkhardt, 1987). Probably the 
most cornrnonly used reaction ves- 
se1 is the rnicrotitration plate (Larn- 
bre and Kasturi, 1979) as it is inex- 
pensive, convenient to use, readily 
available and appears to work for 
rnost assays. The standardized pla- 
te containing 96  wells (300 p1 per 
well) also has the advantages of 
cornpact geornetry, econorny of rea- 
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Fig. l .  Scheme of enzyme immunoassays for antibody or antigen Cetection in 
microtitre wells. Al1 non-competitive enzyme immunoassays have four common 
steps: (1) coating of the solid-phase with immunoreactant (antigen, or antibody), 
(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 product by comparlson with known calibrated standars. : antigen; : anti- 
body; : conjugate; S: substrate; P: product. 
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gents, and fixed order for each sam- 
ple, thus avoiding mistakes and un- 
necessary labelling (Palomo e t  al, 
1982; Ablin, 1987). 

Most microtitre plates are made 
either of polystyrene or of polyvinyl 
plastic. In polyvinyil plates, slightly 
stronger reactions can be obtained, 
and the plate can be cut into pieces 
but the polystyrene plate is more 
difficult to handle and to sead. The 
rigid polystyrene is easier to use 
but produces, weaker reactions 
(Zouali and Stollar, 19861, costs 
nearly three times as much as the 
polyvinyl, and a complete plate has 
to be used for each assay. However, 
in recent years polystyrene plates 
divided in rows, with different con- 
figurations, have been available, 
wich easily adapt the number of as- 
says to the daily variable number of 
samples, which occur in clinical la- 
boratories. 

New designs and/or materials 
will probably be evolved in this 
area. For example, Hargreaves e t  
a1 (1987) have developed novel im- 
munoassays in which the solid- 
phase is generated in situ after the 
specific binding reaction has occu- 
rred. In these assays, the antibody 
is conjugated to a monomer that is 
either polymerized upon reaction 
with the antigen or is precipitated 
when there is a change in the tem- 
perature. Another type of solid- 
phase is the microporous membra- 
ne. A higher ratio of surface area to 
volume within the microporous so- 
lid-phase assures shorter diffusion 
distances and, therefore, a rapid 
binding of the liquid-phase rea- 
gents. Flow of reagents through the 
membrane increases the speed, de- 
tectability and simplicity of the as- 
say (Valkirs and Barton, 1985). 

Attachment 
of immunoreactants 

Physical or chemical bonds can 
be used for the attachment of im- 
munoreactants (antigen or anti- 
body) to the solid-phase (Andersen, 
1986). A physical binding is made 
through out al1 parts of the molecu- 
le, whereas a specific chemical 
reaction, generally, orients the mo- 
lecule in the solid-phase and, in ad- 

dition, is stronger and more stable. 
However, with the best solid-phase 
on the market, the physical bonds 
can bind as strongly as the chemical 
bonds. 

The number of immobilized mo- 
lecules is a function of time, tempe- 
rature, concentration of immuno- 
reactant and buffer (Hutchens and 
Porath, 1987). Coating of the solid- 
phase with the immunoreactant ta- 
kes place at either 37 "C for 4-6 h 
or at 4 "C overnight, in buffers at 
basic pH and low ionic strength 
(Engvall and Perlmann, 1972; Lam- 
bre and Kasturi, 1979). Alternati- 
ves for scaling-up the coating of the 
solid-phase with high reproducibi- 
lity. in large batches are, the elimi- 
nation of the liquid containing the 
immunoreactant by incubation at  
37 "C (Jturralde and Coll, 1984) or 
by liophylization (Institute Pasteur 
Production). Both procedures are 
generally carried out by using disti- 
lled water for dissolving the immu- 
noreactant. Whatever the method 
for coating, protein molecules at- 
iach so well to the solid-phase that 
subsequent exposure to 0.5 M ionic 
strength will not cause detectable 
detachment. 

The quantity of antibody which 
can be adsorbed to the well of a 
microtitre plate is limited both by 
the fraction of specific antibodies 
present in the immunoglobulin pre- 
paration and by the surface of the 
well. Assuming a maximum adsorp- 
tion of 1.5 ng/mm2 and 150 kDA for 
an immunoglobulin molecule, the 
maximum attainable concentration 
for an antigen-affinity purified mo- 
noclonal antibody is about 10-7M. 
For affinity purified polyclonal anti- 
bodies, hyperimmune antisera or 
post-infection sera, about 3, 10  or 
100 times less specific immunoglo- 
bulin will be bound (Tijssen, 1985). 
The relationship between coating 
concentration, purity of immuno- 
reactants, epitope density, and pro- 
zone phenomenon will have to be 
studied for every system to define 
the correct specificity and to obtain 
the maximum detectability of the 
assay (Vos e t  al, 1987). 

For maximal sensibility. t he  
amount of protein bound to the sur- 
face must be maximal. The optimal 

amount of protein to be coated, ho- 
wever, could be lower than the ma- 
ximal attainable concentration. An 
excess of coated protein over the 
optimal concentration would increa- 
se unspecific protein-protein inte- 
ractions which would increase, per- 
centage of background, unstability, 
possibility of being washed, etc. 
Furthermore, a non-optimal amount 
of protein bound could cause false 
positives (Vizcaino and Cambra, 
1987). Finding the optimal concen- 
tration depends slightly on the type 
of ELISA and the proteins (antigens 
or antibodies) used. The best met- 
hod is to test different dilutions of 
conjugate against successive dilu- 
tions of the protein coating the pla- 
tes. The best dilution produces the 
lowest non-specific reaction (back- 
ground colour) with negative sam- 
ples and the highest reaction with 
positive samples. As the coating do- 
sage increases the optical density 
increases, reaching the maximum 
point generally but not always, 
around the maximal attainable con- 
centration that a well is capable of 
adsorbing. The exact concentra- 
tions to be used for coating must, 
therefore, be determined in each 
case, by similar titrations. 

Direct immobilization of antibo- 
dies or antigens on surfaces limits 
the usefulness of solid-phase assays 
for at  least three reasons: a) varia- 
tion in the physical structure of the 
surfaces are extended to the analy- 
tical system; b) lateral surface inte- 
ractions of the adsorbed protein 
could distort the molecules, and c) 
interaction of lipophilic domains of 
the proteins with the hydrophobic 
solid-phase might either include the 
binding site or provoke steric hin- 
drance for the binding. These are 
some of the reasons why indirect 
immobilization methods are being 
used in some systems. These inclu- 
de, for example, plates coated with 
protein G (Nilson et al, 1986), pro- 
tein A (Schramm et al, 1987a), anti- 
immunoglobulin antibodies (Sankolli 
e t  al, 1987). specific binding pro- 
teins (Delpech et  al, 1987), or spe- 
cific ligands (Martínez and Coll, 
1987). Schramm e t  al (1987b), de- 
monstrated a higher reproducibility 
for enzyme immunoassays based on 
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monoclonal antibodies bound to pro- 
tein A-coated polystyrene plates 
than for those immobilized directly 
on the plates. 

Solid-phase enzyme immunoassays 
were of limited use for assaying 
hydrophobic immunoreactants such 
as biological membrane proteins, 
because of difficulty in disrupting 
the structures of the analyte while 
preserving the binding capacity of 
the solid-phase immunoreactant. 
Very recently, however, the coating 
of polystyrene wells with membra- 
ne proteins in the presence of high- 
critical micelle concentration deter- 
gents (zwittergent 3-08 or octyl-P- 
glucoside) has been reported (Gar- 
das and Lewarthowska, 1988). 

Covalent attachment of the im- 
munoreactant to the solid-phase has 
the theoretical advantages of in- 
creased capacity, added stability 
and higher reproducibility. A 50 to 
100-fold enhanced tota: capacity 
has been demonstrated by using 
gamma irradiation and carboxyla- 
tion of both polystyrene and poly- 
vinyl surfaces (Larsson et  al, 1987). 
Glutaraldehyde, either alone or 
with poly-lysine, has also been used 
to increase stability by covalent at- 
tachment of immunoreactants  
(Zouali and Stollar, 1986; Martínez 
and Coll, 1987). 

To perform the coating on a lar- 
ge scale, automatic dispensing devi- 
ces are needed so that variations 
from well to weli and from plate to 
plate are low enough to allow com- 
mercialization. Some of these appa- 
ratús have recently become availa- 
ble in the market. To perform the 
incubations needed for the coating, 
air forced incubators with homoge- 
nous temperatures are preferred, 
to decrease individual plate varia- 
tions. With the use of both of the 
above mentioned methods, variabi- 
lity of the enzyme immunoassay 
due to coating could be in the range 
of 2 %-4 % CV from well to well 
and less than 6 % CV from plate to 
plate (CV, coefficient of variation, 
SD as percentage of the mean). 

Blocking 

Nonspecific binding of immuno- 
globulin, conjugate or interfering 

proteins to the solid-phase can re- 
duce both specificity and detectabi- 
lity (Ekins, 1981). During incuba- 
tion periods, al1 proteins will bind LO 

a certain extent to available sites 
remaining in the solid-phase after 
attachment of the immunoreac- 
tantc. Methods to reduce nonspeci- 
fic binding (blocking) are designed 
both to occupy remaining bindings 
sites after adsorption of either anti- 
gens or antibodies and to prevent 
adsorption of undesired molecules 
by adding agents to the appropiate 
buffers (Hutchens and Porath, 
1987) .  T h e  optimal blocking 
agent(s) for any particular ELISA 
system, must be determined by em- 
pirical testing. By testing nine diffe- 
rent proteins, Vogt e t  al (1987) 
found milk and casein to be the best 
blockers for nonspecific binding in a 
peroxidase-o-phenylenediamine 
ELISA. For commercial purposes, 
however, pretested batches of bovi- 
ne serum albumin are preferred be- 
cause of their much higher stability 
in ready-to-use buffers. In many ca- 
ses, the blocking can be reduced to 
a washing step with an appropiated 
buffer, and then drying (unpublis- 
hed at the moment of writing the 
article). 

Kit presentation 

The aspect for siorage of the pla- 
tes deals with stability problems 
when it have to be kept in a kit at 
4 "C. 

Water content of the atmosphere 
where they are to be kept is critical 
for the stability of most coated pla- 
tes. Plates kept in a humid atmosp- 
here for a few weeks not only lost 
their binding capacity, but also in- 
creased their intra-assay coefficient 
of variation (unpublished observa- 
tions). Alternatives for storing coa- 
ted plates in the research labora- 
tory include freezing them at  
-20 "C, sealing them with silica gel 
at -4 "C, keeping them in boxes 
under vacuum, or keeping them va- 
cuum sealed in individual contai- 
ners. For commercial purposes, the 
plates are best kept in individual 
plastic or aluminium containers va- 
cuum sealed at 4 "C. Under these 
conditions most coated plates are 

stable for up to two years and they 
can be stored at room temperature 
for months. 

INCUBATION AND WASHING 
PROTOCOLS 

Incubation 

In solid-phase techniques, mole- 
cules must make contact with a sur- 
face. To increase the probability of 
theim doing so, diffusion distances 
should be low (as in microtitre 
wells), while time, temperature and 
concentrations should be high (An- 
dersen, 1986). 

Incubations at 3 7  "C give a 
physiologycal temperature that the 
molecules should be able to tolerate 
as well as a high mobility, so that 
equilibrium is soon reached. A com- 
mon mistake. however. is to use a 
buffer or a Sample coming from a 
cold room and then incubate it at 
37 "C. In a microtitre plate of 96 
wells, these changes mean a cooler 
inner portion and a warmer outer 
portion, which causes different dif- 
fusion velocities and high intra as- 
say variation (Ekins, 1981). 

Buffers, solid-phase and samples 
should, therefore, be used at the 
incubation temperature. A good al- 
ternative is to use room temperatu- 
re for incubation. Although this 
slows down the assay, higher repro- 
ducibility can thus be obtained (un- 
published observations). Using 
short-time incubations, small (less 
than 1 0  ~ e r c e n t )  but detectable dif- 
ferences'are recorded between the 
first and last pipetted wells. Also, 
the unequal evaporation with longer 
incubation times (more than 1 h), 
between the center and the outside 
wells poses some problems which 
could be easily solved by perfor- 
ming incubations in home-made hu- 
mid chambers (Bookbinder and Pa- 
nosian, 1986). Incubation times 
should be o~timized. 

Solid-phase enzyme immunoas- 
says have beeri plagued both by non 
specific binding to the solid-phase, 
necessitating multiple washing 
steps, and by slow reaction kinetics 
relative to reactants that are free 
to diffuse in solution. Some of the 
non-specific binding can be minimi- 
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zed by the dilution buffer used. 
(Hutchens and Porath, 1987). The 
dilution buffer contains the same 
bovine serurn alburnin batch use for 
blocking the  pla tes ,  in high 
(0.5 %-1 %) concentration in rela- 
tion to potentially interfering pro- 
teins, thus significantly reducing 
the binding of molecules which can 
add background to the systern. Foe- 
tal calf serurn (used because of the 
absence of immunoglobulins) or 
milk are not suitable for cornrner- 
cial dilution buffers due to their ins- 
tability (unpublished observations). 
A non ionic detergent (Tween 20 or 
80) is usually added to the buffers 
to prevent weak, non specific, 
hydrophobic interactions with the 
plastic surface (Engvall and Perl- 
rnann, 1972; Gardas and Lewar- 
towska, 1988). The pH is not criti- 
cal when close to physiological va- 
lues and when polyclonal antibodies 
are used, but it has to be optirnized 
if rnonoclonal antibodies, lectin, or 
other specific ligand interactions 
are used in the assay. Merthiolate 
is a good antirnicrobial agent becau- 
se of its stability and non-interfe- 
rence with the assay. Phenol red'or 
any other colorant can be added to 
allow easy visualization of wells, pi- 
petted onto the 96  wells plates, and 
it also serves for continuous rnoni- 
toring of pH (Martínez and Coll, 
1988). Quality control of the dilu- 
tion buffer during production inclu- 
des rneasuring the pH and the con- 
ductivity. The complete dilution 
buffer should be filtered to sterility 
and kept in appropiate tinghtly clo- 
sed containers for kit presentation. 

Because of the high detectability 
of rnany enzyrne-irnrnunoassays, in 
rnany assays the sarnples have to be 
diluted 1000-10000 fold in dilution 
buffer (Harnilton, 1987; Highton 
and Hessian, 1984; Kramer e t  al, 
1987). Such high dilutions are tirne- 
consurning and very susceptible to 
error. To avoid these massive dilu- 
tions, the sarne irnrnunoreactant 
that is bound to the solid-phase 
could be added to the dilution buf- 
fer. The added irnmunoreactant 
would compete with the analyte in 
the sample shifting the calibration 
curve to higher analyte concentra- 
tions, as it has been reported for 

particle-couriting irnrnunoassays 
(Collet-Cassart e t  al, 1983). 

When using hurnan serum for 
standards of the calibration curve, 
pooled serurn negative for both he- 
patitis B surface antigen and HIV 
antibodies should be used. Stan- 
dards are best prepared, when pos- 
sible, by rernoving the analyte frorn 
the pooled serurn, and then adding 
the purified analyte to  the dilution 
buffer and to the diluted analyte-free 
pooled serurn, used a t  the same 
dilution as that for the individual 
test samples (Martínez and Coll, 
1987; Meyer and Keller, 1988). 

Washing 

Washing represents one of the 
rnost irnportant problerns of ELISA, 
incornplete washing causing interfe- 
rence in background and low repro- 
ducibility. Washing after conjugate 
incubation is the most critical. Ho- 
rnogeneous ELISA, where no was- 
hing is needed in order to rneasure 
the specific reaction, are not yet 
reproducible enough to be cornrner- 
cialized (Ekins, 1981). 

Flooding and shaking with was- 
hing buffer is inadequate unless ca- 
refully done. Each well might allow 
droplets of buffer or air bubbles to 
be trapped and so prevent sorne 
wells frorn being filled, causing une- 
qual washing of individual wells. By 
delivering buffer to each well, air 
bubbles may still forrn (Ashorn and 
Krohn, 1986). Rernoving the buffer 
frorn well to well is even more diffi- 
cult. Inverting and shaking the pla- 
te rnight not be hornogeneous un- 
less done by vigorously rapping the 
plate on an absorbent towel placed 
on a flat surface. When working 
with infectious agents, however, a 
vacuurn suction tube attached to a 
side-arm flask half-filled with a di- 
sinfectant solution should be used. 
More recently, autornation has 
been introduced for washing, using 
severa1 comrnercially available ap- 
pliances which sequentially aspirate 
and fill al1 twelve wells in a row 
sirnultaneously. At each of the twel- 
ve positions there is an aspiration 
and a delivery tip. A vacuum purnp 
aspirates the solution into a side- 
arm flask that may contain disinfec- 

tant. Sorne rnodels can deliver rnea- 
sured arnounts of washing buffer 
(25-300 pl per well) or can aspirate 
and fill the 96 wells sirnultaneously. 

A large excess of either antigen 
or antibody is required to obtain a 
reasonable saturation of the anti- 
body or antigen bound to the solid- 
phase (Engvall and Perlrnann, 
1972). Removing tha t  excess  
during the washing steps disso- 
ciates the antibody-antigen corn- 
plex to reestablish their equilibriurn 
as dictated by their K value. Low 
affinities M) result in rapid 
disocciation even with one wash- 
ing, whereas, with high affinities 
(10-8-10-9 M), the antibody-antigen 
cornplex is highly stable and the ac- 
tivities obtained are truly represen- 
tative for initial concentrations. It is 
therefore recomrnended that high 
affinity antibodies be used in solid- 
phase ELISA (Tijssen, 1985). Cross 
reacting antigens (or antibodies) 
with lower affinities than the main 
ligand, elute more rapidly through 
repeated washing than the specific 
antigen (or antibody). Successive 
washings can, therefore, be benefi- 
cial for the elimination of cross 
reacting irnrnunoreactants (Boscato 
and Stuart, 1988). 

Choosing and adequate washing 
buffer can be of great help in redu- 
cing nonspecific reactions. Alterna- 
tives for the washing buffers go 
from tap water (Ashorn and Krohn, 
1986) or deionized water (Delpech 
e t  al, 1987) to dilution buffer (Coll, 
1987 c). An interrnediate cornposi- 
tion is often preferred for washing 
buffer either as diluted dilution buf- 
fer or incomplete (no albumin, for 
exarnple) dilution buffer, because of 
its cornparably higher reproducibi- 
lity with tap water (tap water corn- 
position varies greatly from labora- 
tory to laboratory and in the sarne 
laboratory even from day to day). 

Kit presentation of the washing 
buffer poses problerns because of 
the large volurnes that are needed 
relative to the other cornponents to 
be included into the kit. Sorne rna- 
nufacturers choose to include the 
washing buffer in powder form (wit- 
hout Tween) whereas others prefer 
to use 10-20 fold concentrated solu- 
tions. 
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The optirnal plate incubation and 
wash protocol will therefore inclu- 
de, short diffusion distances; an as- 
say facilitated by not too low con- 
centrations; a buffer with low visco- 
sity; incubation at roorn ternperatu- 
re; prewarrned cornponents; was- 
hing with a controlled buffer for an 
adequate number of times, and a 
not too short incubation time. Inter- 
and intra-assay reproducibilities 
should be less than 10  % CV, provi- 
ded that standards are used with 
every run and the incubation times 
are long enough (at least 1 h) to 
rninirnize differences between oppo- 
site ends of the plates. 

AMPLIFICATION S T E P  

Design 

The amplification step is gene- 
rally obtained by the reaction of the 
bound analyte with a specific anti- 
body-enzyme cornplex, the conjuga- 
te. The conjugate is generally obtai- 
ned by the covalent coupling of 
antibodies and enzyrnes (Avrarneas, 
1969). Good performance of conju- 
gates largely depends on high speci- 
fic activity or purity of both antibo- 
dies and enzyrnes (Ekins, 1981). 
Although sorne more cornplicated 
desings are theoretically posible 
(for example, use of universal anti- 
irnrnunoglobulin antibodies species 
specific coupled to enzyrnes, use of 
avidin or streptavidin cornplexes, 
etc.), the use of specific antibody 
conjugates in cornrnercial kits is 
most favoured because of added 
sirnplicity in handling (only one in- 
cubation-wash for this step) and in- 
terpretation (lowest nurnber of con- 
trol~).  Alternatives include the use 
of protein A (Marril et  al, 1986) or 
protein G (Nilson e t  al, 1986) cou- 
pled to enzyrnes. 

The source and degree of purifi- 
cation of the antigen to be used to 
obtain the specific antibody; source 
and degree of purification of the 
specific poly-or rnonoclonal anti- 
body (Fraeyrnan e t  al, 1987; Kels- 

Streefkerk, 1976 a), al1 influence 
the final performance of the conju- 
gates in the amplification step. Sta- 
bility, specific activity, maxirnurn 
ELISA signal and background (non- 
specific binding) are sorne of the 
rneasurable characteristics that 
have to be optirnized in order to  
scale-up conjugate production with 
reproducibility (Engvall and Perl- 
rnann, 1972; Boscato and Stuart, 
1988; Avrarneas and Ternynck, 
1969; Andersen, 1986; Clark and 
Price, 1987; Palomo e t  al, 1982). 

Antibodies 

Although rnany variation of solid- 
or liquid-phase, non-cornpetitive or 
cornpetitive binding irnrnunoassay 
forrnats have been sucessfully used, 
the non-cornpetitive two-site irnrnu- 
nornetric assay using two rnonoclo- 
nal antibodies was the rnost favou- 
red in a recent review of hurnan 
irnrnunoglobulin quantitation (Ha- 
rnilton, 1987). Ideally, antibodies 
used for the preparation of conjuga- 
tes should be of the highest specific 
activity available, that is the highest 
ratio of specific antibody to total 
antibody. These are probably the 
rnonoclonal antibodies purified by 
affinity chrornatography over solid- 
phase coupled antigen (Martínez 
and Coll, 1988). This rnethod gave 
the highest yield (table 1) with good 
perforrnances and stability. Purifi- 
cation by affinity chrornatography 
over protein A is probably the best 
alternative actually available (Ma- 
rril e t  al, 1986). 

The use of and new develop- 
rnents in rnonoclonal reagents  
(Carnpbell, 1984; Sarnoilovich et  al, 

1987; Rueda and Coll, 1988) have 
enabled the performance of assays 
in solid-phase (Schrarnrn et  al, 
1987a); which are more specific 
than the corresponding polyclonal- 
based assays (Felder e t  al, 1987); 
they are very rapid (5 rnin) (Chand- 
ler et  al, 1987); in only one step 
(Houwers and Schaake, 1987); have 
a high precision (Shahangian e t  al, 
1987); with very low volurnes down 
to 5 1 1  (Macario e t  al, 1986); are 
polipeptide chain specific (Iijirna e t  
al, 1988); stereospecific (Bjerke e t  
al, 1986); using dry, ready-to-use 
reagents (Macario e t  al, 1987); and 
have the lowest background (Martí- 
nez and Coll, 1988). 

Methods for the in vivo produc- 
tion of rnonoclonal antibodies in 
mice are used to obtain small volu- 
mes of highly concentrated anti- 
body even when there is a dernand 
for larger quantities (Iturralde, 
1983; Iturralde and Coll, 1984). In 
vitro rnethods still yield concentra- 
tions that are severa1 orders of 
rnagnitude lower than those produ- 
ced in vivo (Reuveny et al, 1986a, 
1986b; Vélez et al, 1986). Sorne 
rnethods designed to increase asci- 
tic fluid production in rnice have 
recently been reported. For exarn- 
ple, large arnounts of polyclonal an- 
tibody were obtained by inducing 
ascitic fluid with a cornbination of 
pristane, Freund's complete adju- 
vant, irnrnunogen and non-producer 
rnyelorna cells (Lacy and Voss, 
1986). Moreover, prirning with in- 
complete Freund's adjuvant instead 
of pristane perrnitted production of 
larger arnounts of rnonoclonal anti- 
body in a short time, using low 
numbers of hibrydornas (Mueller e t  

TABLE 1. Yield of antibody-peroxidase conjugates by different methods 
of antibody purification 

Source Purification Yield 

Goat antiserum Total serum 
Goat antiserum Affinity chromatography M Total Total immunoglobulin ascites Rabbit Mouse antiserum ascites 

Mouse ascites Affinity chromatography 66.6 
ten et 1988); 'Ource and degree 

T h e  yield is expressed a s  mi of conjugate of t h r  same titre per m, of antiserum o r  awitcs  (I/IOOO). T i t r r  o: 
of ~urification of the enzyrne; cou- coniuzate was defined a s  the dilution at  which an absorbance of 2 (A492-620 nm) was reached in the bindinv 

2 

pling rnethod; and degree of purifi- of human C-reactive protein to solid-phase phosphorylethanolamine at  1 6 0  mg/l of C-reactive protein 

cation of the resulting antibody- d e x n b e d  in Martinez and Coll, 1987 
- Antiserum from hyperimmun~zed aoats and rabbits had about the same amount of antibodies aaainst 

enZyrne cornplex (Boorsrna and C-reactive protein i;npublished resi l ts)  
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al, 1986; Gillete, 1987). In another 
recent study, crosses between two 
different strains yielded mice pro- 
ducing four times more ascitic fluid 
than the BALB/c parent (Brodeur 
and Tsang, 1986). There are, ho- 
wever, some production problems 
when large amounts of antibody are 
required. For example, the mainte- 
nance of a large colony of animals 
for the purpose of collecting and 
processing milliliter quantities of 
ascitic fluid from each animal lacks 
industrial efficiency because this is 
a time-consuming effort. However, 
injection of sterile physiological sa- 
line, followed by extraction of the 
diluted ascitic fluid facilitates and 
speeds up further processing of as- 
citic fluid such as centrifugation. 
The procedure is especially useful 
for the recovery of large amounts 
of ascitic fluid for production purpo- 
ses (Coll, 1987 b). 

Before monoclonal antibodies be- 
came generally available, most 
enzyme immunoassays (Engvall and 
Perlmann, 1972) used the immuno- 
globulin fraction of a hyperimmune 
serum to prepare the conjugates. 
The best hyperimmune sera have 
only about ten percent of specific 
antibody (Palomo e t  al, 1982); 
which means that about a 10-fold 
decrease in specific activity is to be 
expected and that some background 
and/or croos reactivity problems 
probably cannot be avoided (High- 
ton and Hessian, 1984; Ng e t  al, 
1987; Plebani e t  al, 1986). The affi- 
nity purified polyclonal antibodies 
are also a good reagent with which 
to prepare conjugates though yield 
is not a s  high as with polyclonals 
(table 1). The advantage of using 
pure, isolated antibodies for conju- 
gates, is debatable since they exhi- 
bit potential instability and a ten- 
dency to aggregation (Snoijink, 
1987). In addition, immunoglobulin 
fractions of antisera have been used 
by many laboratories with adequate 
results in respect to  specificity, 
performance, and reproducibility. 

Another way of obtaining conju- 
gates with high specific activity is 
to use protein A (Marrill e t  al, 
1986) or protein G (N'ilson e t  al, 
1986), both from Staphylococcus 
aureus, and coupled to the enzy- 

mes. Proteins of this kind specifi- 
callv react with the Fc ~ o r t i o n  of 
come immunoglobulin classes and, 
therefore, they can be used to de- 
tect immunoglobulins (Sánchez Viz- 
caíno and Alvarez, 1987). The use 
of Lectin-antibody conjugates have 
also been described (Guesdon and 
Avrameas, 1983). 

Enzymes 

The relative detectability and 
nonspecific bindi,lg of the conjuga- 
tes obtained with peroxidase, alkali- 
ne phophatase and B-galactosidase 
(the three enzymes most used in 
ELISA) varied with different assays 
(Ishikawa, 1983; Scharpe e t  al, 
1987; Kato e t  al, 1975), substra- 
techromogens (Al-Kaissi and Mos- 
tratos, 1983), and coupling rea- 
gents (Ishikawa, 1983; Tijssen, 
1985; Boorsma and Streefkerk, 
1976b). Optimization of enzyme, 
coupling and substrate must be per- 
formed for every type of assay 
(King and Kochoumian, 1979; Ford 
e t  al, 1978). 

A comparison of the relative de- 
tectability for several enzymes, 
when considering the best substra- 
tes, methods of chemical conjuga- 
tion and their relative costs, clearly 
favours peroxidase obtained from 
horseradish roots (Tijssen, 1985). 
Highly purified horseradish peroxi- 
dase is much cheaper than any ot- 
her enzyme used to-date and, furt- 
hermore, it is easily conjugated by 
severa1 methods; it is very stable 
either as a free enzyme or after 
coupling to the antibody and its ac- 
tivity is easily detected (Kramer e t  
al, 1987). The uselfulness of peroxi- 
dase in ELISA is attested by its 
wide use in research laboratories. 
Because of simplicity, purity, price 
and commercial availability, the 
preparation of peroxidase conjuga- 
tes is generally preferred in com- 
mercial kits (table 1). 

Coupling reagents 
Two coupling reagents are cu- 

rrently being used quite frecuently, 
either glutaraldehyde (Avrameas, 
1969) or periodate (Nakane and Ka- 
waoi, 1974). Glutaraldehyde can be 
used in the one-step or two-step me- 

thod (Boorsma and Kalsbeeck, 1975). 
Although neither glutaraldehyde 

nor periodate are the only coupling 
reagents (Wold 1972; Weston e t  al, 
1980; Endo et  al, 1987; King e t  al, 
1978; Tijssen, 1985; Deedler and 
de Water, 1981), because glutaral- 
dehyde is very simple to use and 
very gentle, it continues to be the 
most popular for commercial purpo- 
ses. Some disadvantages are: the 
general claim that antibody function 
is seriously affected during conjuga- 
tion (Boorsma and Streefkerk, 
1976 b); the heterogenicity of the 
molecular weight of the resulting 
conjugates (Tijssen, 1985); and the 
abundant free peroxidase remaining 
after the reaction (un published ob- 
servations). Despite these reported 
problems, we found (Coll. 1987 c) 
that the use of old glutaraldehyde 
(polyglutaraldehyde) (Rembaum e t  
al, 1978) gave results similar to 
those obtained when using perioda- 
te to obtain conjugates and, further- 
more, the use of old glutaraldehyde 
was much more simple and repro- 
ducible for either poly-or monoclo- 
nal antibodies. The disadvantages 
of glutaraldehyde as a coupling rea- 
gent are few and are shared with 
other cross-linking agents. I t  is to 
be expected thant any chemical mo- 
dification related to cross linking of 
amino acid side chains will have 
some effect in altering the activity 
of immunoglobulins, especially with 
monoclonal antibodies (Endo e t  al, 
1987). Since the carbohydrate part 
of the immunoglobulins is not invol- 
ved in their antigen-binding proper- 
ties, its modification (as with the 
method for periodate) should not 
affect antigen binding. These theo- 
retical considerations are being de- 
veloped in the search for new met- 
hods of coupling (O'Shannessy and 
Quarles, 1987). The heterogenicity 
of the high molecular weight of pe- 
roxjdase conjugates obtained by the 
glutaraldehyde method, can be vie- 
wed either as a disadvantage (for 
example, because of decreasing pe- 
netrability in immunohistology) or 
as an advantage (for example, to 
increase detectability in ELISA). 
Assays require optimization to  
reach a decision (Nakane, 1979; 
Montoya and Castell, 1987). 
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When confronted with reproduci- 
ble scaling-up, further advantages 
of the one-step old-glutaraldehyde 
method were noted. The greatest 
volumes per batch could be obtai- 
ned only by this method, which sa- 
ved time and minimized the charac- 
terization steps to standarize the 
reagent for the largest possible 
number of kits. Stability was very 
good. The two-step old-glutaral- 
dehyde procedures makes scaling- 
up to production more difficult and 
irreproducible. 

Kit presentation 

An optimum concentration of la- 
belled antibody yielding maximum 
assay detectability exists, the exact 
value of which depends both upon 
the equilibrium constant of the anti- 
body, and the extent of its non spe- 
cific binding to the solid-phase 
(Engvall and Perlmann, 1972). An 
increase in specific activity will, in 
general, increase assay detectabi- 
lity if non-specific binding is low 
(Ekins, 1981). Most conjugate pre- 
parations are optimally used in 
1000-10000-fold dilution of the 
concentration used for storage. 

Storage of concentrated conjuga- 
tes has generally been carried out 
at -20 "C in the presence of glyce- 
rol and protein in research labora- 
tories. Severa1 procedures for kee- 
ping highly concentrated peroxida- 
se conjugates in research laborato- 
ries were found to be unsuitable for 
long-term storage. The best condi- 
tions were obtained by using ammo- 
nium sulphate precipitates at 4 "C 
for up to 2 years (Montoya and Cas- 
tell, 1987). However, the clinical 
use of ELISA kits requires highly 
stable conjugates which can be sto- 
red at 4 "C but at ready-to-use 
highly diluted concentrations. Some 
of the practica1 problems associated 
with the storing of a few microlitres 
of conjugate include: buffer evapo- 
ration, the necessity of using very 
small containers, the difficulty in 
processing on a large scale, the 
need for reconstitution steps, and 
low reproducibility. The problem 
arises because the activity of dilu- 
ted conjugates decays more rapidly 
than that of 100-1000 fold concen- 

trated preparations. The concentra- 
tion-dependent loss of activity of 
antibody-peroxidase conjugates 
seems to relate to the decrease in 
peroxidase activity (Shannon et  al, 
1966; Kay et  al, 1967), since this 
loss could be prevented by the addi- 
tion of heme in buffers containing 1 
percent of protein. Inclusion of 
heme in the storage buffer preser- 
ved the peroxidase activity more 
efficiently than for similar conjuga- 
t e s  kept without heme (Coll, 
1 9 8 7 ~ ) .  By using this method, the 
peroxidase conjugates could pro- 
bably 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 a reduc- 
tion in background leve1 in some 
systems. Lyophilization also pre- 
sents problems because of the low 
volumes, reconstitution steps, stan- 
dardization from batch to batch and 
non-reproducible loss of activity 
(unpublished results). 

ENZYME ASSAY 

Enzyme-substrate-chromogen 
combinations 

Choice of an anzyme-substrate- 
chromogen alternative is important 
if optimal results are desired. The 
relative merits of some combina- 
tions have been studied (Ford e t  al, 
1978; Deedler and de Water, 1981; 
Ishikawa, 1983) and substancial dif- 
ferences in both dose-response ki- 
netics and assay reproducibility 
have been demonstrated. Given a 
workable assay, the sensitivity, the 
detectability and the difficulties for 
scale-up to production may also in- 
fluence the choice. Two combina- 
tions are now most widely accepted 
for use in commercial ELISA kits: 
alkaline phophatase/p-nitrophenylp- 
hosphate (Zouali and Stollar, 1986) 
and horseradish peroxidaselo-p- 
henylenediamine (Gallati and Brod- 
beck, 1982; Lambre and Kasturi, 
1979; Voogdet e t  al, 1980). For the 
reasons put forward before, we fa- 
voured the peroxidase-o-phenylene- 
diamine ELISA system; this will be 
discussed further. 

Peroxidase /o-phenylenediamine 
Peroxidase catalyses the reduc- 

tion of H202 with the concurrent 
oxidation of a chromogen producing 
an optically measurable colour. 
Among the many chromogens tes- 
ted, o-phenylenediamine seems to 
give the highest absorbance rea- 
dings but also one of the highest 
backgrounds (Al-Kaissi and Mostra- 
tos, 1983). O-phenylenediamine is a 
very suitable hydrogen donor; the 
oxidized form (orange) can be mea- 
sured at low concentrations at 450 
nm (pH, 5) or at 492 nm (pH, 1-2) 
(Gallati and Brodbeck, 1982). For 
minimal background, o-phenylene- 
diamine should be white, and stored 
in the absence of metal ions, in the 
cold and in the dark, since it is 
highly photosensitive. The source 
of o-phenylenediamine is also im- 
portant. The HC1 form conside- 
rably decreases the pH of citratel 
phosphate buffers and thus lowers 
the activity. The use of the recently 
available commercial preweighted 
pills of o-phenylenediamine has in- 
creased reproducibility and simpli- 
city. 

The substrate generally used 
(H202) is not only a substrate but 
also an inhibitor for peroxidase 
(Tijssen, 1985). Optimal and repro- 
ducible results are obtained only in 
a limited concentration range. The 
real concentration of H,02 can be 
obtained by absorbance at 240 nm 
(E = 43.6 M-' cm-'). 

When the substrate buffer contai- 
ning H202 and o-phenylenediamine 
are combined, any traces of iron 
and, above al1 any light, initiate the 
reaction and, in a few hours, the 
o-phenylenediamine is sponta- 
neously decomposed. Most pro- 
bably this is one of the reasons why 
the ELISA based on peroxidase/o- 
phenylenediamine system has high 
backgrounds and relatively high in- 
ter-assay variations (Gallati and 
Brodbeck, 1982). The low stability 
of the final mixture makes it neces- 
sary to keep the o-phenylenediami- 
ne separated from the rest of the 
substrate buffer components in 
commercial kits. Substrate buffers 
containing H202 are commonly sto- 
red by using tightly closed and dark 
containers. 
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about 2-fold the percentage of back- me converts lo3-10' even lo6,  mo- Automation and reporting 
ground in ELISA as compared with lecules of substrate into product results 
other commerciallv available subs- per minute. Hence, analytes can be 

TABLE 11. Comparison of a Iow-background substrate buffer sixty-fold lower concentrations 
with commercial buffers (Miska and Geiger, 1987); cascade 

trate buffers (tablé 11). detected down to  femtómol levels ELISA is gradually proceeding 
(Puget e t  al, 1977). If analytes to towards automation. In the mean 
be measured are  in still lower con- time progress is being made in se- 

Measurement of enzyme centrations, the methods used to vera1 directions (La Belle, 1987; activity increase detectability include: luci- Quee and Johnson, 1984; Karpinski 
Most tests a re  designed so that, ferin derivatives (quantified by a lu- et  al, 1987). 

after a short incubation period (for minometric detec t ion sys t em)  ELISA has  been  measured  
example, 30  min), the build-up of which allow determinations of about mainly by using end-point analysis. 

Absorbances at  492 nni 

Abbot Pasteur Behring Substrate buffer 
L 

Spontaneous 0.67 0.58 O .44 0.062 
decomposition 

ELISA + CRP 0.90 +- 0.01 0.67 -t 0.01 0.66 2 0.04 0.69 2 0.04 
ELISA - CRP 0.20 2 0.03 0.10 -t 0.01 0.12 + 0.03 0.07 -t 0.01 
ELISA (%) (22) (14.9) (18) (10) 

systems in which the first enzyme 
produces a substrate for a second 
enzymelsubstrate system with de- 
tectabilities about 30  to 50-fold hig- 
her (Carr et  al, 1987); optimization 
of ,,,ay conditions such as increa- 
,ing sample size, incubation time, 
reaction time, temperature, and de- 
creasing final reaction volume with 

Substrate buffer from Abbot (carcynoembryonic antigen hit) contained citrate/phosphate buffer pH 5.6 (pH S about a 5-fold increase in detectabi- 
aiter addition of 1 mg/nil OPD). Substrate buffer from Pasteur (Kit for hepatitis B) contained 50 mhl 
citrii/iitraie buffer pH 5.5 (pH 5 after addition of 1 rng/inl OPD). Substrate buffer froni Behring (Kit for T 4) l i t ~  (Shahangian e t  al, 1987); and 
contained 100 nihl citrate/phospliate buffer pH 5 (pH 4.5 alter addition of 1 mg/rnl OPD) it also iontained photodenSitometry which consists 
sodiuni perborate. iiot H,O,. Low-bachyround substrate buffer was 50 rnM citrate 150 mM phi~sphate pH 5 .5  
(pH 4.5 after ctddition oi 1 nig/nii OPD) 0.01 percrnt merthiolate. 1.5 mM acetanilide, S rnM NTA, 0.14 in photographing the plates and 
13-mercaptoethanol and 3 mM H20, .  OPD usrd Lxme froni Sigma. Ail substrates were assayed by the ELlSA then densitometizing the photo- 
as described (Coll, 198;~).  .4veragrs froni duplicates and rariges are yiven. Spontaneous deconipositiori was 
iiieasured after addiny OPD to thr  substrate buffer, and exposing the mixture to 1 h of incident light 

graphs with a 5 to 10-fold increase 
(unpublished rrsults). in detectability (Labrousse and Av- 

rameas, 1987). Other methods 
Spontaneous decomposition of coloured product is enough for which in theory should be far supe- 

the o-phenylenediamine is lowe at measurements. These procedures rior, such as fluoroimmunoassay, 
low pH. On the other hand, peroxi- requiere the stopping of the reac- have not demonstrated any impro- 
dase activity has an optimal pH tion for al1 samples at the same vement in detectability (Schmidt 
which depends on the isoenzyme time. For reproducible results, it and Steinmetz, 1987). A new ap- 
composition (Shannon et  al, 1966; appears important to  ensure an proach which would probably facili- 
Kay et  al, 1967). Therefore, it equal distribution of enzyme pro- tate automation is the use of elec- 
should be possible, to  further de- ducts throughout the wells before trodes to detect the enzyme pro- 
crease the background by using pe- the absorbance is measured. Wit- ducts. An electrode that detects 
roxidase isoenzymes of lower opti- hin-assay variation can be greatly phenol as the product of alkaline 
mal pH (Porstmann e t  al, 1987). decreased simply by shaking the phosphatase has been described 

T o  reduce the background of 'a  plates before measurement. The (Wehemeyer et  al, 1985). 
peroxidaselo-phenylenediamine degree of variation also depends on There has been no report so far  
ELISA (Martínez and Coll, 1988) a the time of incubation with the on the theoretical potential of using 
systematic study of the effect of enzymatic substrate, because the double wavelenght measurements 
concentrations of o-phenylenedia- enzyme products become distribu- to detect two analytes in the same 
mine, H,O,, citrate and H+ in the ted by diffusion. Absorbance values ELISA. However, dual staining has 
substrate buffer was undertaken. could be 2-fold higher when the pla- been used in histochemistry and in 
The addition of acetanilide (a stabi- te has been shaken because the blotting. This was achieved either 
lizer used for H,O, preservation) enzyme products concentrated near by sequentially applying two diffe- 
and/or P-mercaptoethanol to the the surface of wells are dispersed rent enzymes, e.g., peroxidase and 
substrate buffers further delayed into the center, were the light path alkaline phosphatase (Falini, 1986) 
spontaneous decomposition. Nitrilo- of the spectrophotometers is situa- or different substrates for the same 
triacetate (an iron quelant) was also ted (Kemp e t  al, 1985). Reported enzymes, e.g., peroxidase with 3,3' 
included to neutralize possible tra- alternatives include ultrasound to diaminobendizine, brown, 4-chloro- 
ces of iron. The resulting low- accelerate and distribute the enzy- lnaphtol, purple, and 5-bromo-4- 
background substrate buffer redu- me products (Chen et  al, 1984). chloro-3-indoxil phosphate, blue 
ced 5-10 fold the spontaneous de- The enzymes most commonly (Tabibzadeh and Gerber, 1986; Lee 
composition (decreasing the inter- used in ELISA are very effective et  al, 1988). 
assay variation about 3-fold) and catalysts; a single molecule of enzy- 
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This method is the sirnplest since 
the basic requirements to measure 
initial linear rates of reaction are 
difficult to obtain practicably. The- 
se include, uniform distribution of 
the chromogen, uniform ternperatu- 
re within the reading chamber, 
short reading intervals and highly 
automated data-processing capabi- 
lity. Although new photornetric ins- 
truments with the above mentioned 
characteristics are beginning to be 
marketed, they are not yet in gene- 
ral use (Kung and Humphries, 
1987). 

The use of sirnplified calibration 
with standards is another indication 
of progress (Fraser, 1987). Meyer 
and Keller (1988) described a pro- 
cedure to recalibrate preceding 
curves by using a single point. Tlie 
validity of the procedure was de- 
monstrated by cornparing it to full 
calibration with several standards. 

Computer prograrns are also now 
available which speed-up the pro- 
cessing of data. For exarnple, 
Beatty et  al (1987) described a 
computer program utilizing logit- 
log linear regression analysis of sig- 
moid serial dilution curves plus a 
weighted least-squares best curve 
fit analysis and an iterative rnanipu- 
lation to eliminate errant  data 
points. On the other hand, three 
laboratories recently evaluated a 
highly autornated cornrnercial ELI- 
SA processor with good overall re- 
sults. Pararneters evaluated inclu- 
de, precision, interference, stability 
of conjugate, carry-over of reagents 
in the dispenser systern, carry-over 
by the aspiration cornb, efficiency in 
washing, linearity, spectrorneter, 
dispenser and statistical procedures 
used by the processor (Steinrnann 
et  al, 1988). 

Results in quantitative ELISA 
may be given in two forms, expres- 
sing the activity of the antiserum in 
international units or expressing 
the concentration of antigen (mg/ 
ml). Standard unit-response curves 
must be constructed with aliquots 
of a highly positive serum or puri- 
fied antigen diluted with a negative 
sample. The aliquots are then assa- 
yed, calibrated with international 
standards and expressed in interna- 
tional units. Calibration aliquots of a 

positive sample diluted with a nega- 
tive sarnple should be then included 
as interna1 markers for between- 
run, between-laboratory and bet- 
ween-method normalizations to 
provide analytical consistency to 
the measurernents. 

The selection of a suitable cut-off 
value is important to minimize false 
responses in qualitative assays. 
This level can be moved upwards or 
downwards to incur more in false 
positive or in false negative errors, 
depending on which adjusment has 
less grave consequences. Results in 
the intermediate area classified as 
doubtful can be re-assaved in more ~ ~ 

replicates to increase the confiden- 
ce of the result. The general use of 
standard deviation to define cut-off 
values is strictly speaking not valid 
because of the longer tail observed 
towards higher values in negative 
standards. Due to this effect false 
positives occur with significant hig- 
her frequency than expected frorn a 
normal  d is t r ibut ion.  Various 
systems have been proposed to de- 
termine cut-off levels taking ac- 
count of the daily variations in a 
particular systern. The cut-off level 
is sornetirnes set at 2 or 3 times the 
mean of the results with sera frorn 
the negative group, at the mean 
plus 2-3 standard deviations of the 
mean if a large nurnber of normal 
reference sera could be tested or at 
0.2-0.3 absorbance units. The per- 
cent of positives rnethod expresses 
the absorbance of the test sarnple 
as a percentage of that of a positive 
reference sarnple rneasured simul- 
taneously. Background absorbance 
mean value is sometirnes added to 
that percentage. In each case it re- 
mains, nevertheless, necessary to  
decide at which level the response 
is to  be considered positive by tes- 
ting a large number of samples clas- 
sified by other methods (Martínez 
and Coll, 1987). 

STANDARDIZATION 
OF ASSAYS 

ELISA is highly dependent on the 
quality of reagents for its sensiti- 
vity and specificity (Fraser, 1987). 
Where possible, purification proce- 
dures should be applied to antigens, 

antibodies, and conjugates so that 
reproducibility is assured (Bookbin- 
der and Panosian, 1986). In com- 
mercial assays this is especially im- 
portant since reproducibility is ex- 
pected to be high not only between 
intra-and inter-assay but also frorn 
batch to batch (Brubaker et al, 
1987). To-date, it has been neces- 
sary for users to select reagents oii 
the basis of specifications provided 
by the manufacturer and then to 
undertake extensive "in house" 
checks of performance (Snoijink et  
al, 1987). Quality control and stan- 
dardization are not yet functional 
realities in ELISA. 

With :he rapid acceptance of 
ELlSA (Legros e t  al, 1988), more 
ernphasis must be placed on prepa- 
ring standard reagents and on for- 
mulating a unified standard proce- 
dure. No ELISA rnethod can be 
succesfully applied until reagents 
are cornrnercially available, which 
means that standardization and, 
therefore, quality control are requi- 
red (Fraser, 1987; Fraser and Sin- 
ger, 1985). International collabora- 
tive studies on standarization of 
reference material should be ca- 
rried out more frequently (Srnith e t  
al, 1987; Brubaker e t  al, 1987; Zu- 
gaza et  al, 1987; Legros et  al, 
1988; Steinrnann et  al, 1988). The 
use of reference material in enzyrne 
irnrnunoassays has the potential of 
greatly irnproving the world-wide 
cornparison of rneasurernents by ad- 
justing to the requirernents sugges- 
ted by the World Health Organiza- 
tion Expert Cornrnittee on Biologi- 
cal Standards (Schrarnrn e t  al, 
1987a). 

Sorne of the variables which must 
be reported, evaluated and standar- 
dized for each analyte (Delfert e t  al, 
1987; Sung and Neeley, 1985; Fra- 
se  and Singer, 1985) are: 

1.  The assay conditions, such as 
the solid-phase upon which the 
reaction is performed; the type 
and purity of the irnmunoreac- 
tant attached to  the surface; the 
method of washing; the incuba- 
tion conditions; the type of con- 
jugate to be prepared with what 
enzyme; the effects and advanta- 
ges of the various substrates or 
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chromogens; the method of rea- 
ding and reporting results and 
the costs per unit of sample. 

2. The ckaracteristics of the cali- 
bration or standard curve inclu- 
ding both the change of respon- 
s e  per unit, amount of reactant 
or sensitivity which corresponds 
to the slope, and the lowest con- 
centration of reactant which can 
be measured or detectability, 
which mainly depends on back- 
ground (Karpinski et  al, 1987; 
La Belle, 1987; Linnet, 1987; 
Meyer and Keller, 1988; Vos e t  
al, 1987; Rodbard, 1978; Thi- 
baut et  al, 1987). 

3. The variabilities or interference 
involved in the sera being tes- 
ted, include serum dilution (Bos- 
cato and Stuart, 1988), immuno- 
globulins (Plebani e t  al, 1986; 
Clark and Price, 1987), excess 
of lipids (Martínez and Coll, 
1987), inhibitors of coagulation, 
reconstitution experiments, and 
excess of specific, potentially in- 
terfering components such as 
rheumatoid factors (Highton and 
Hessian, 1984). 

4. The precision, including intra- 
assay, inter-assay and batch to 
batch are  expressed relative 
scatter of values around the 
mean which is normally expres- 
sed as the variation coefficient 
CV, in percentage (Bookbinder 
and Panosian, 1986; Fraser,  
1987). 

5. Accuracy, which includes studies 
with reference to a previous 
method or to a specific disease, 
to estimate the conformity of 
the new results with a standard 
or true value, respectively (Fra- 
ser,  1987; Linnet, 1987; Bruba- 
ker e t  al, 1987). These quantita- 
tive studies can be expressed as 
correlation coefficients and re- 
gression lines (Bookbinder and 
Panosian, 1987). The distribu- 
tion of analyte values obtained 
by ELISA in samples from 
healthy individuals must also be 
compared to those obtained with 
previosly used assays (Coll, 
1987a) and to those from indivi- 

TABLE 111. Evaluation criteria for commercial ELISA 

1 Step 1 Concepts 1 Best solution 1 
Solid-phase Geometry 

Flexibility 
Stability 

Incubation-washings Sample preparation 
Cont rols 
Stability 
Pippe tting/pH 
Temperature 
Time 
Simplicity 
Washing buffer 

Amplification Stability 
Sensibility 
Reproducibility 

Enzyme-assay Simplicity 
Interassay 

reproducibility 
Intraassay 

reproducibiiity 
Sensibility 
Interferences 
Linearity 

96-well polystyrene plates 
Plates divided in rows 
Vacuum closed containers 
10-100-fold optimal dilutions 
+/- included 
Merthiolate included 
Colour indicator included 
Room temperature 
Incubations 2 30 min 
1 3 washing 
10-fold concentrated included 
500-fold concentrated 
Peroxidase/OPD 
Monoclonal reagents 
Preweighted pills 
cv i 20 % 

Low background (5 0.1) 
Absent 
At least 2 logs 

duals with diagnosed diseases. CONCLUSIONS 
Clinical significance of the data 
can thus be evaluated (Zugaza e t  
al, 1987; Thibaut e t  al, 1987) 
and cut-off values between nega- 
tive and positive samples defined 
(Delfert e t  al, 1987). 

6. Identification of the types of 
errors. Errors should be minimi- 
zed by the design of the assay 
and its presentation form in a 
kit. Errors can be systematic, 
experimental or mistakes. A 
systematic error or bias, can be 
corrected by regular evaluation 
and quality control of reagents. 
These are for example, storage 
effects, improper calibration, 
non specific binding, inhibitors of 
enzymes, etc. Experimental or 
random errors are for example, 
temperature, evaporation, light 
conditions, composition of sam- 
ples, etc. They can be corrected 
by including interna1 standards 
run with each assay. Mistakes 
are experimental errors that can 
be prevented by a simple design 
of the assay, clear labelling of 
each reagent or a good instruc- 
tion manual. These are, for 
example, pippetting twice in the 
same well, bad reconstitution of 
reagents, poor washes, etc. 

Quantitation of antigens or anti- 
bodies by ELISA requires high in- 
ter-and intra-assay reproducibility 
and low background. T o  obtain the- 
se  results al1 reagents must be tes- 
ted, not only for performance but 
also for stability. To  perform an 
ELISA in the research laboratory 
one must obtain al1 the reagents, 
freeze aliquots of the reagents that 
are not stable enough or prepare 
them fresh just before use. In addi- 
tion, the analysis is performed by 
highly trained technicians in a well 
equiped laboratory with results in- 
terpreted by highly skilled person- 
nel. In a clinical or veterinary labo- 
ratory resources are limited. At 
best, there is probably limited spa- 
ce at 4 "C, average leve1 techni- 
cians and some pieces of normal 
equipment. Furthermore, samples 
to be assayed come daily in unpre- 
dictable numbers, and there is not 
much time to process them. 

These are some of the reasons 
why the assay and the reagents for 
the practica1 every-day use of quan- 
titative ELISA, should (table 111): 

Be stable at 4 "C and able to 
stand room temperature for limi- 
ted periods of time. 
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Be presented in liquid solutions 
to avoid reconstitution s teps that  
a r e  u n n e c e s s a r y  s o u r c e s  of 
errors and lead to  additional wor- 
king-time. 

Be presented in a small and well 
identified number of bottles, pre- 
ferably in t h e  form of a kit contai- 
ning al1 that is needed to perform 
the assay. 

Be able to  process a variable 
number of samples and to  be  au- 
tomated. 

Have a minimum number of s teps 
and a short processing time. 

Not require sophisticated equip- 
ment. 

Be easy of interpretation. 

Because of the high detectability, 
high stability of reagents  and no 
required sophisticated equipment 
or disposal of residues, the  ELISA 
technique has been the  target  of 
recent experimentation to  produce 
kits that a re  more reproducible, 
more specific and more simple t o  
employ, so that it will be used in- 
creasingly, with a higher degree  of 
reliability and accuracy. 
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