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Development provides step by step information for 

ELISA optimization in an environmentally sensible way. 

It includes hints, tips and troubleshooting for the de-

velopment of assays based on chromogenic detection 

of Alkaline Phosphatase (AP) and Horseradish Peroxi-

dase (HRP). 

The Guide for Eco-sensible ELISA Development starts 

with an overview of the different types of ELISA for-

mats. This is followed by sections describing the steps 

and the reagents involved in ELISA development and 

the critical factors that need to be addressed for each 

step in order to develop a successfully optimized ELISA. 

Eco-sensible properties of Kem-En-¢ŜŎ 5ƛŀƎƴƻǎǘƛŎǎΩ 

products have green highlights. 
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Introduction to ELISA 

ELISAs are used to detect and quantitate peptides, proteins, antibodies and hormones in biologi-
cal specimens. Antibodies (Ab) or antigens (Ag) are adsorbed to a solid surface and bind with high 
affinity their complementary reagents that are typically conjugated to enzymes. The enzymatic 
reaction triggered by appropriate substrates allows the quantitation of the analyte of interest. 

ELISAs are useful tools because they allow for the rapid screening or quantitation of a large num-
ber of samples. Other techniques have been developed, but ELISA remains popular because of the 
ease of performance of the assay, accuracy, and the low cost. 

This guide is divided in eight sections that follow the traditional development of an ELISA. 

1. ELISA Design 
This section introduces the most common ELISA formats, pre-
senting their advantages and disadvantages. 
 
2. Coating 
Suggestions for optimizing the coating of the solid phase are 
listed in this section. 
 
3. Washing 
Wash out excess reagent to reduce background signal and in-
crease the signal-to noise ratio (SNR). Guidelines for optimizing 
the washing buffer and the washing procedures are suggested. 
 
4. Blocking and stabilizing ELISA plates 
The critical aspects to consider for preventing non-specific-
binding (NSB) are discussed. Kem-En-¢ŜŎ 5ƛŀƎƴƻǎǘƛŎǎΩ Synthetic 
Blocking Buffer and WellChampion are ideal reagents for block-
ing and stabilizing ELISA plates. 
 
5. Dilution of samples, standards & controls 
Specimens, standards and controls need to be diluted in specific 
buffers before adding them in the microwells. Kem-En-Tec Diag-
ƴƻǎǘƛŎǎΩ SamplePLUS2, Effect Diluents, and Protein-StabilPLUS 
are the ideal diluents for reducing cross reactions and interfer-
ences. The use of AbΩǎ is also described in this section. 
 
6. Dilution and stabilization of the conjugate 
Specific diluents are used for achieving the optimal concentra-
ǘƛƻƴ ƻŦ ŎƻƴƧǳƎŀǘŜŘ !ōΩǎ ƻǊ !ƎΩǎ ǘƻ ōŜ ŀŘŘŜŘ ƛƴ ǘƘŜ ŀǎǎŀȅΦ Most of 
Kem-En-¢ŜŎ 5ƛŀƎƴƻǎǘƛŎǎΩ ŘƛƭǳŜƴǘǎ ŀƭǎƻ ƘŀǾŜ ǎǘŀōƛƭƛȊƛƴƎ ǇǊƻǇŜǊǘƛŜǎ 
to prevent loss of activity. The Alkaline Phosphatase (AP) and 
Horseradish Peroxidase (HRP) labels are also described. 
 
7. Enhanced conjugates: amplification systems 
Kem-En-Tec Diagnostics has developed an amplification system 
based on the biotin-streptavidin binding, which enables 100 fold 
signal enhancement. 
 
8. Substrates 
Adding the substrate is the last step in an ELISA. This guide fo-
cuses on chromogenic substrates for AP and HRP. The broad 
range of Kem-En-¢ŜŎ 5ƛŀƎƴƻǎǘƛŎǎΩ Ǉbtt ŀƴŘ ¢a. ǎǳōǎǘǊŀǘŜǎ ƛǎ 
described in details for the highest level of optimization.  

Figure 1. A schematic description 
of the most common type of 
ELISA, the sandwich ELISA. 
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Environmental considerations during assay development 

Over the past decade, IVD manufacturers have been working towards more enviromentally con-
scious and sustainable manufacturing. Much of this effort has been focused on reducing usage of 
facility water and energy use, reducing facility waste, increasing facility recycling, and sourcing 
recycled/recyclable product packaging. Eco-sensible options are now available for the develop-
ment and production of diagnostics assays. 

Many common components used in ELISAs contain biological and chemical hazards which were 
traditionally used to increase assay quality and to prolong assay shelf-life. Considering that the 
average automated immunoassay analyzer in a clinical lab can run 200 tests per hour while pro-
cessing samples 24/7, these components can generate a considerable amount of hazardous 
waste. ELISAs have not traditionally been eco-sensible and several components in this type of 
assay are usually environmentally harmful: 

¶ Many components contain bovine serum albumin (BSA). This is a natural product from bo-
vines and can carry disease. It is tightly regulated to avoid this issue. Kem-En-Tec Diagnostics 
totally avoids using BSA in its products. For instance Kem-En-tec Diagnostics has developed 
proprietary blockers which are more eco-sensible and block with high efficiency as well. 

¶ Reagents can also contain toxic preservatives such as mercury, azide and other toxic compo-
nents which can be environmentally harmful. Kem-En-Tec Diagnostics avoids using any toxic 
chemicals as preservatives, but still maintains long product stability. 

¶ In order to maintain stability, substrates can be solvent based. Kem-En-Tec Diagnostics sub-
strates are all aqueous based and contain no harmful organic solvent, but still maintain supe-
rior activity and stability. 

¶ The acid used to stop the ELISA reaction can be hazardous (ex. greater than 0.5M H2SO4).  
Kem-En-Tec Diagnostics TMB is formulated to require a non-hazardous concentration of sul-
phuric acid for stable stop stability, less than 0.3 M H2SO4. 

¶ During the execution of ELISAs, water is wasted in the washing steps. Kem-En-¢ŜŎΩǎ ²Ŝƭƭ 
Champion alleviates the need for 2 to 3 washing steps in the normal assay procedure allow-
ing for less water wasting. 

 
Kem-En-Tec DiagnosticsΩ eco-sensible options do not compromise assay stability or quality, and 
can reduce production costs. In some cases, non-hazardous alternatives can enhance perfor-
mance, simplify assay production, and facilitate product transportation and distribution. The de-
velopment and use of eco-sensible approaches enable individual IVD manufacturers to achieve 
more sustainable practices and allows other members of the IVD ecosystem (including the 
healthcare consumer) to improve their environmental sustainability as well, so that in the end, 
everyone benefits. 
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1. ELISA Design 

ELISA procedures currently used for diagnostic testing are developed as combinations and modifi-
cations of a number of basic assay formats. 

 
Figure 2. A representative diagram showing the different formats used for making an ELISA 

 

Type of antigen immobilization 

The immobilization of the antigen of interest can be accomplished by direct adsorption to the 
assay plate. This normally occurs through passive hydrophobic interactions between the plate and 
non-polar protein residues of the antigen.  Alternatively a capture antibody, i.e. a primary anti-
body that recognizes an epitope of the antigen or an anti-Ig (or protein A/G), is adsorbed to the 
plate and can be used to immobilize the antigen of interest. Using a capture antibody is normally 
the preferred method when the antigen concentration is low and when the antigen does not ad-
here properly to the solid phase. 

 

 
Figure 3. Schematics of the two types of analyte immobilization. Left) An example of direct adsorption: the antigen is 
adsorbed to the microwell surface; Right) An example of immobilization via a capture antibody: the capture antibody is 
adsorbed on the microwell surface and binds to the antigen to be detected. 
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Competitive vs. Noncompetitive Format 

ELISAs can be designed in a competitive or a noncompetitive format. The difference is based on 
the presence of excess (noncompetitive) or limiting (competitive) antibody binding sites. 
 

 Competitive Noncompetitive 

Plate 
adsorption 

 
Figure 4. Competitive assays can be performed 
either using direct adsorption or capture Ab. 

 
Figure 5. Noncompetitive assays can be based 
either on direct adsorption or capture Ab. 

Format 
descritpion 

When the reference Ag is bound to the solid 
phase, the sample Ag competes with it for a 
limited amount of labeled Ab in solution 
(Figure 4, Direct adsorption). 
When the Ab is adsorbed on the solid phase, 
the labeled reference Ag in solution competes 
with sample Ag for binding to a limited amount 
of Ab (Figure 4, Capture Ab). 
It is essential for the Ab to be in limited quanti-
ties in the assay.  This allows for the reference 
Ag and the sample Ag to compete for the 
ƭƛƳƛǘŜŘ !ōΩǎ ōƛƴŘƛƴƎ ǎƛǘŜǎΦ LŦ ǘƘŜǊŜ ƛǎ ŀ ǎŀǘǳǊŀt-
ing amount of Ab, a small amount of Ag might 
show no detectable change. 

The Ab binding sites exceed the number of Ag 
being detected (Figure 5).  This property 
makes the noncompetitive format the most 
sensitive. 

Advantages ¶ Better for quantitation 

¶ Preferred in case of small Ag size or when 
the Ag has only one antibody-binding site. 

¶ Can be highly specific, even in the presence 
of cross-reactivity 

¶ More sensitive assay 

¶ Can be used to assay multi-epitope mole-
cules 

Disadvantages ¶ Only a limited amount of Ab can be used ¶ Not recommended when the Ag is small and 
has only one epitope or Ab-binding site 

Quantitation A decrease in signal indicates the presence of 
the Ag in the sample when compared to wells 
without sample. This happens because the 
sample Ag and the reference Ag compete for 
the same Ab binding site. Quantitation is ob-
tained by generating a standard curve of con-
centration of added reference Ag vs activity. 
The activity in the standard curve is inversely 
related to the Ag concentration in the sample. 

 

Quantitation is obtained by comparing the 
activity obtained with a sample to the activity 
measured from a standard curve made with 
reference Ag. Since the measured signal is 
proportional to the concentration of Ag pre-
sent, this assay is often referred to as a pro-
portional ELISA. The activity in the standard 
curve is directly proportional to the Ag con-
centration in the sample. 
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Direct vs Indirect Detection 

The antigen can be detected directly by means of a labeled primary antibody or indirectly by 
means of a labeled secondary antibody that binds to the unlabeled primary antibody. 
 

 Direct detection Indirect detection 

Plate 
adsorption 

 
Figure 6. Direct detection in an assay based on 
direct adsorption of the Ag: the primary Ab is 
conjugated to the enzyme and binds to the Ag 
to be detected. 

 
Figure 7. Indirect detection in an assay based 
on direct adsorption of the Ag: a secondary Ab 
is conjugated with the enzyme and binds to 
the primary Ab that had specifically reacted 
with the Ag to be detected. 

Format 
descritpion 

In a direct ELISA the enzyme is coupled to the 
primary/detecting Ab that binds directly to the 
Ag. It is not frequently used in ELISAs. 

In an indirect ELISA the enzyme is conjugated 
to a secondary Ab that is specific for the de-
tection of primary Ab only, and not for the 
eventual capture Ab.  
In order to avoid interferences, capture and 
primary antibodies should be from different 
host species. 

Advantages ¶ Only one Ab is used 

¶ No cross-reactivity of secondary Ab 

¶ Simple, quick assay procedure 

¶ The same Ab-conjugate can be used to 
analyze different samples  if all the primary 
!ōΩǎ ŀǊŜ ŦǊƻƳ ǘƘŜ ǎŀƳŜ ǎǇŜŎƛŜǎ 

¶ There is a large choice of  labeled secondary 
!ōΩǎ  ŀǾŀƛƭŀōƭŜ ƛƴ ǘƘŜ ƳŀǊƪŜǘǇƭŀŎŜ 

¶ maximum immunoreactivity of the primary 
Ab is retained because it is not labeled 

¶ Signal amplification can be obtained as a 
consequence of the several epitopes availa-
ble on each primary Ab that can be bound 
by the labeled secondary Ab 

¶ Possibility to use different detection mark-
ers with the same primary Ab 

Disadvantages ¶ Potential matrix effects (interferences of an 
unknown cause from a biological sample) 

¶ Labeling of the primary Ab can affect its 
immunoreactivity 

¶ Each new ELISA requires the labeling of a 
primary Ab (a time-consuming and expen-
sive process) 

¶ Limited signal amplification 

¶ Requires an additional incubation step 

¶ More non-specific binding issues due to the 
cross-reactivity of the secondary Ab. 
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Sandwich ELISA 

The most common type of diagnostic ELISA is the sandwich assay. The sandwich ELISA is a combi-
nation of different formats that results in a powerful detection tool for diagnostic markers. It is a 
typically non-competitive method where the immobilization of the antigen is accomplished via a 
capture antibody, so that the antigen is bound between two antibodies (from here the name 
άǎŀƴŘǿƛŎƘέύΦ ¢ƘŜ ŘŜǘŜŎǘƛƻƴ Ŏŀƴ ōŜ ŘƛǊŜŎǘ ƻǊ ƛƴŘƛǊŜŎǘΦ 

 
Figure 8. A representative diagram showing the formats used to design a Sandwich ELISA 

 
The label on the secondary antibody can vary, but most commonly is the horseradish peroxidase 
(HRP) or the alkaline phosphatase enzyme (AP). Detection and quantitation of the bound labeled 
secondary antibody is accomplished by assessing its enzymatic activity in the presence of a sub-
strate. 

 
Figure 9. Schematic of a direct sandwich ELISA and an indirect sandwich ELISA: the analyte is immobilized using a cap-
ture Ab adsorbed to a microwell plate.  In a direct sandwich ELISA a labeled secondary Ab is ǳǎŜŘ ǘƻ άǎŀƴŘǿƛŎƘέ ǘƘe 
analyte. Lƴ ŀƴ ƛƴŘƛǊŜŎǘ ǎŀƴŘǿƛŎƘ 9[L{! ŀ ǎŜŎƻƴŘŀǊȅ !ō άǎŀƴŘǿƛŎƘέ ǘƘŜ ŀƴŀƭȅǘŜ ŀƴŘ ŀ ƭŀōŜƭŜŘ !ō ǎǇŜŎƛŦƛŎŀƭƭȅ ōƛƴŘǎ ǘƘŜ 
secondary Ab. Washing occurs between each step of the process, allowing for only analyte-specific complexes to re-
main bound to the plate. 
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An overview of procedures for the most common ELISA formats 

  






































