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Using ELISA to Detect a West Nile Virus Outbreak

Rapid Single Antibody Based ELISA 

     Excerpts from Edvokit 267

INTRODUCTION

The 2012 outbreak of the West Nile virus was the largest ever documented in the United States – over 1,100 cases were 
reported to the Center for Disease Control (CDC).  Join us to discover how the Enzyme Linked Immunosorbant Assay 
(ELISA) can be used as a diagnostic tool for detecting disease outbreaks. In this workshop, you will perform our new, 
foolproof single antibody ELISA.   This assay can be completed in 40 minutes or less - much faster than a traditional 
ELISA! 

BACKGROUND INFORMATION

Antibodies (also called immunoglobulins, or Igs) are specialized proteins that allow the immune system to distinguish 
between “self” and “non-self” proteins or polysaccharides.  These Y-shaped molecules comprise four linked polypeptide 
chains: two identical “heavy chains” and two identical “light chains” (Figure 1).   The antigen binding sites are located 
at the ends of the short arms of the Y.  The amino acid sequence region of the antigen binding sites is variable, allowing 
for each antibody to recognize a unique epitope (a particular location within an antigen).  

Antibodies used in scientifi c research are produced as an immune response when animals (i.e. rabbits, mice and guinea 
pigs) are injected with an antigen.  Specifi c immunoglobulins are then purifi ed 
from the serum. This solution will contain a mixture of antibodies that vary in 
their ability to bind the antigens because many different immune cells within 
the animal produce antibodies in response to the antigen.  This heterogeneous 
mixture of antibodies is called a polyclonal antibody.  If we isolate and culture 
individual immune cells from these animals, we can create monoclonal antibod-
ies.   These antibodies they are directed against a single epitope, and thus are 
very specifi c.

Because of their specifi city, antibod-
ies can be used to detect the presence 
of specifi c biomolecules  (i.e. peptides, 
proteins, antigens and hormones) in a 
complex sample. One technique, called 
western blotting, allows us to detect the 
presence of a protein in a mixed sample, 

but not to quantify its levels. To quantitatively detect the presence of molecules 
within a sample, scientists use the Enzyme Linked ImmunoSorbent Assay (ELISA).  
These samples can be single proteins or complex mixtures like cellular lysates.  
The ELISA is commonly used for medical diagnostics, as it is can be used to iden-
tify antigens in blood and other biological samples.

ELISAs are performed in transparent plastic (usually polystyrene or polyvinyl 
chloride) microtiter plates. The plates contain many small wells, into which our 
reagents are deposited.  This allows us to easily visualize our results.

The traditional ELISA requires two antibodies.  One antibody, called the primary, 
recognizes the antigen of interest.  For example, an ELISA that detects the HIV 
virus would use an antibody that recognizes one of the virion’s coat proteins.  
The secondary antibody recognizes the primary antibody – if a rabbit produced 
our primary antibody, we would use a secondary antibody that recognizes rabbit 
antibodies.  The secondary antibody is covalently linked to an enzyme (usually 
Alkaline Phosphatase or Horseradish Peroxidase) that lets us detect the presence 
of the antibody-antigen complex (Figure 2A). 

When developing an ELISA, scientists carefully choose the antibodies that 
produce the best signal to noise ratio while having a robust, reproducible 
interaction.  Antibodies that have a high affi nity for non-specifi c antigens will 
have unwanted cross-reactions that can result in high backgrounds.  In contrast, 
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Schematic of traditional ELISA 
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an antibody with a weak affi nity may not be sensitive enough for antigen detection.   
These antibodies would produce results with a high false-positive or false-negative rate. 

In this workshop, we will be performing a single-antibody ELISA.  A secondary antibody 
is not required for this experiment because our primary antibody is directly conjugated 
to the Horseradish Peroxidase (HRP) enzyme (Figure 2B). By eliminating the secondary 
antibody, we have decreased the time necessary to perform the assay and any back-
ground from non-specifi c interactions of the secondary antibody.

To detect antibody-antigen interactions, we add hydrogen peroxide and amino salicylate 
to each well.  HRP converts hydrogen peroxide (its substrate) to H2O + O2, which in turn 
oxidizes the amino salicylate, turning the clear substrate solution to brown.   HRP has a 
high catalytic activity – its substrate turnover rates exceed 106 per second – allowing us 
to quickly detect even the smallest amount of antigen.  

SINGLE ANTIBODY ELISA PROCEDURE: 

Step 1:  The sample to be analyzed is added to the wells of the microtiter plate, where 
it non-specifi cally adheres to the plastic through hydrophobic and electrostatic 
interactions.  Some samples may exhibit low binding to the plastic.  In these 
cases, they can be covalently crosslinked to the plastic using UV light or chemi-
cal crosslinkers. 

  The plates used today in this workshop have been pre-coated with antigen, so 
they are ready to use right away!

Step 2:  After washing away any unadsorbed sample, the wells are “blocked” with a protein-contain-
ing buffer (commonly casein or bovine serum albumin).  This prevents non-specifi c interactions 
between the antibody (added in Step 3) and the plastic wells.

Step 3:  The enzyme-linked antibody is added to the wells.  Excess antibody is removed from the wells 
by washing several times with buffer.  If the antibody can bind with the adsorbed antigen, it 
will remain in the well. 

Step 4:  The substrate is added to all the wells.  A positive signal (brown color in wells) is observed in 
wells with antigen-antibody interactions.

USING THE ELISA TO DETECT DISEASE: WEST NILE VIRUS

Every summer, we prepare ourselves for warm weather, sunshine, and (unfortunately) mosquitos.  Mos-
quitos are both a nuisance and a public health concern, as diseases can be transmitted through their 
bite.  West Nile Virus (WNV) is a mosquito-borne contagious disease that was originally identifi ed in 
Uganda.  The virus has spread all over the world, including the United States.  In fact, the 2012 outbreak 
of the WNV was the largest ever documented in the United States – over 1,100 cases were reported to 
the Center for Disease Control (CDC).  There is no vaccine currently available, but controlling mosquito 
populations and protecting oneself from mosquito bites can prevent WNV infections.

West Nile disease is often asymptomatic in healthy adults.  Symptoms of West Nile disease last 3-6 days 
and are fl u-like (fever and chills, sore throat, severe headaches, coughing, weakness, nausea, and muscle 
aches).  A very small number (<1%) of cases result in neurological diseases resembling encephalitis, men-
ingitis, or poliomyelitis.  Medical professionals use an ELISA to identify WNV infections in patients with 
severe symptoms.  Positive ELISA results are further confi rmed using PCR or immunohistochemistry. 

Figure 2B: 
Schematic of ELISA with one 
antibody.
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EXPERIMENT OVERVIEW

Enzyme Linked 
Immunosorbent 
Assay (ELISA)

Antigen

Antibody

Substrate

Product
(Color)

Substrate
(Colorless)

Covalently linked
      enzyme

2

3

5

Label pipets:      “-”,   “+”,   “DS1”, 
“DS2”, “PBS”, and “Sub”.  These 
are designated for adding samples 
and removing washes - save these 
pipets!
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Label wells:  “-”,   
“+”,  “DS1”, and  
“DS2” directly on 
the microtiter plate, 
or place the plate on 
a labeled sheet of 
paper. 

Put your initials or 
group number on 
the plate.
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Add 0.1 ml or 5 drops of the substrate 
solution to all of the wells.

Wash each well with PBS buffer by 
adding the PBS buffer until each well is 
almost full.  The capacity of each well is 
approximately 0.2 ml. Do not allow the 
liquids to spill over into adjacent wells. 
Remove all the PBS from each of the 
wells with the transfer pipet designated 
for each row.

ANTIBODY CONTROLS AND SAMPLES:

SUBSTRATE:

LABEL MATERIALS: 37°C

Incubate for 
10 minutes.

37°C

Remove the plate for analysis.

If color is not fully developed 
after 10 minutes (step 11), 
incubate at 37°C for a longer 
period of time.

ANALYSIS:

This is a direct ELISA where one antibody is used to which the enzyme is bound.   The microtiter wells are 
pre-treated with the antigen.   After the simulated patient serum sample is added to the wells, washed, and sub-
strate is added, the conversion of the substrate to product results in the color formation for positve samples.

Incubate for 10 minutes.

Remove all liquid using the transfer pipet 
designated for each row.

Add 50 µl or 3 drops of Negative Control 
to all three wells in the 1st Row.  

Add 50 µl or 3 drops of Positive Control 
to all three wells in the 2nd Row.

Add 50 µl or 3 drops of Simulated Donor 
Serum 1 to all three wells in the 3rd 
Row.

Add 50 µl or 3 drops of Simulated Donor 
Serum 2 in all three wells in the 4th 
Row.
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Experiment Results and Analysis

• Color should appear only in Rows 2 and 4.

• Row 1 is a negative control.

• Row 2 is a positive control.

• Row 3 is a negative patient sample.

• Row 4 is a positive patient sample. 
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Single Antibody ELISA Diagnostics
Teach your students the ELISA technique in less than half the time of traditional ELISAs!  This 
experiment eliminates the need for the primary and secondary antibody normally needed 
for ELISAs because the detection antibody has an enzyme linked to it directly.  Simply add 
substrate to discover which patient is infected.

Kit includes: instructions, antigens & antibodies, substrate, phosphate buffered 
saline, tubes, plates, and transfer pipets.

All you need: distilled or deionized water, 37° C incubation oven, automatic 
micropipets with tips, laboratory glassware.

For 10 Lab Groups

Complete in 20 min.

Cat. #267 $99 

Related Products
Introduction to Immunology

Introduction to ELISA Reactions
Your students will learn the basic principles of the Enzyme-linked 
Immunosorbent Assay (ELISA) in this precise and sensitive antibody-based  
detection kit.  Experiment components do not contain human serum.

Kit includes: instructions, antigens, primary & secondary antibodies, peroxide 
co-substrate, hydrogen peroxide, ABTS substrate, phosphate buffered saline, tubes, 
plates, and transfer pipets.

All you need: distilled or deionized water, 37° C incubation oven, automatic 
micropipets with tips, laboratory glassware.

For 10 Lab Groups

Complete in 45 minutes

Cat. #269 $99 
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Related Products
Introduction to Immunology

Quantitative ELISA Laboratory Activity
Antibodies are highly specifi c in their recognition of antigens. This ELISA experiment 
demonstrates the quantitation of varying concentrations of viral antigens as detected by 
the intensity of the color reaction due to the accumulation of products.  This laboratory 
activity meets the requirements in the BSCS Blue Biology curriculum.

Kit includes: instructions, antigens, primary & secondary antibodies, 
substrate solution, phosphate buffered saline, blocking agent, stop solution, 
tubes, plates, and transfer pipets.

All you need: distilled or deionized water, 37° C incubation oven, automatic 
micropipets with tips, laboratory glassware.

For 6 Lab Groups

Complete in 2 hours

Cat. #278 $99 

Radial Immunodiffusion
Radial immunodiffusion quantitatively determines the level of an antigen.
Antibody is incorporated into liquefi ed agar and allowed to gel. The antigen is added to 
small wells and radiates throughout the antibody-containing medium, leaving a precipitate 
throughout the gel.  The amount of amount of diffusion is quantifi ed. 

Kit includes: instructions, antigen and antibody, petri plates, pipets, well 
cutters, agarose, buffer, microtest tubes.

All you need: automatic micropipets with tips, waterbath, microwave or hot 
plate, incubation oven, laboratory glassware, pipet pumps or bulbs, rulers, 
paper towels, distilled water.

For 10 quantifi cations
6 reactions each

Incubation overnight

Cat. #273 $105 

Cat. #5019 $379

Mini EdvoRokr™
The Mini EdvoRokr™ features a tilt 
angle and optimizeds speed for gel 
blotting, washing and staining. With 
the tri-directional motion, the rocker 
provide thorough and gentle mixing 
ability. The 10.5” X 7.5” autoclavable 
plat mat can accept stakable platforms 
and are safe to use in cold rooms and 
incubators (4°C to 65°C) .

EdvoPette™ Pipet 
Controller
The all-new EdvoPette™ Pipet Controller is 
a lightweight cordless pipetting controller 
ideally suited as an aliquoting tool for in-
structors and teaching assistants. It utilizes 
all standard serological pipets. The speed 
can be fi ne-tuned by applying varying 
fi nger pressure to the operating buttons.

Cat. # 594 $315

Incubation Oven
This economical bacterial incubator 
features a digital temperature control 
with a range from Ambient +1° C to 
60° C.  Ideal for growing bacteria on 
agar plates at 37° C or for Southern and 
Western Blot analysis at 60° C. Includes 
two adjustable/removable shelves for 
increased capacity. Accepts bottles and 
fl asks up to 2 L.   

Cat. #546 $429
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Related Products
Introduction to Immunobiotechnology

Simulation of HIV Detection by ELISA 
An HIV test detects HIV infection indirectly using an ELISA test against HIV antibodies in the blood.  The 
test works by taking antibodies from the patient’s blood and adding them to a microtiter plate coated 
with HIV antigen.  If HIV antibodies are present in the blood, they will bind to the antigens on the plate.  
This binding is detected with an enzyme-linked secondary antibody that causes a color change upon ad-
dition of substrate.  In this experiment, your students will perform an ELISA test by coating micotiter plate 
wells with simulated HIV antigen and then test simulated donor serum for anti-HIV antibodies.

Kit includes: instructions, serum samples, antigens and antibodies, various solutions, 
microtiter plates, various pipets and microtest tubes.

All you need: 37°C incubation oven, automatic micropipets with tips, pipet pumps, 
laboratory glassware, distilled or deionized water.

For 10 groups

Requires 1 hour

Cat. #271 $99 

In Search of the “Kissing Disease”
Infectious mononucleosis is commonly known as the “kissing disease”. The causative 
agent is Epstein-Barr virus (EBV) which can be transmitted through saliva during kissing. 
In this experiment, students search for the presence of EBV using the ELISA reaction to 
detect specifi c viral proteins.

Kit includes: instructions, samples, anti-
gens & antibodies, various solutions and 
reagents, pipets and microtest tubes.

All you need: 37°C incubation oven, au-
tomatic micropipets with tips, laboratory 
glassware, distilled or deionized water.

For 10 groups

Requires 50 min.

Cat. #274 $99 

Immunology of Pregnancy Tests
One of the most commonly used over-the-counter diagnostic tests is the pregnancy 
test, based on the Enzyme-linked Immunosorbent Assay (ELISA). The experimental 
concepts and methodology involved with the ELISA will be introduced in the context 
of testing for pregnancy. None of the components have been prepared from human 
sources.

Kit includes: instructions, samples, antibodies, various solutions and reagents, 
microtiter strips, pipets and tubes.

All you need: 37°C incubation oven, automatic micropipets with tips, 
laboratory glassware, distilled or deionized water.

For 10 groups

Set up 60 min.
Experiment 60 min.

Cat. #279 $99 
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HIV Detection by Simulated Western Blot
The second assay used to confi rm a positive HIV ELISA result is the Western Blot.  Students 
separate protein samples from hypothetical patients on agarose gels, transfer the samples to 
a membrane and detect the simulated HIV proteins.  This kit is an introductory level experi-
ment.  For a comprehensive advanced course, we recommend Cat. #317.

Kit includes: instructions, samples, standard molecular weight markers, protein aga-
rose, various buffers and reagents, PVDF membrane, fi lter paper, stain, 1 ml pipet, 
100 ml graduated cylinder.

All you need: electrophoresis apparatus, power supply, automatic micropipets with 
tips, microwave or hot plate, incubation oven, shaker platform, lab glassware, small 
plastic trays, microtest tubes, pipet pumps or bulbs, metric rulers, distilled water, 
isopropanol, glacial acetic acid. 

For 6 Blots

Prep & Electroph. 1.5  hrs.
Blot overnight
Detection 25 min.

Cat. #275 $99 

Western Blot Analysis
In Western blot analysis, protein identifi cation is based on antibody and antigen reactions. Proteins 
are separated on a polyacrylamide gels and are transferred (blotted) to a nylon membrane. The 
membrane is exposed to solutions containing primary antibody, followed by a secondary antibody 
coupled to an enzyme. The membrane is then soaked in a substrate solution to develop the color 
reaction, which results in identifi cation of the antigen protein band. The molecular weights of the 
visible bands are measured using prestained protein markers of known molecular weight. This kit 
does not require an electrotransfer apparatus.

Kit includes: instructions, negative control, all samples & antibodies, various reagents 
and buffers, membrane and fi lter paper.

All you need: 3 polyacrylamide gels (12%),  Vertical gel electrophoresis apparatus, 
power supply, automatic micropipet with fi ne tips, laboratory glassware, metric rulers, 
distilled or deionized water, glacial acetic acid, methanol.

For 6 Blots

Electrophoresis 60 min.
Blot overnight
Detection 2.5 hours

Cat. #317 $199 

Related Products
Introduction to Immunobiotechnology


