
 
 
 
 
ELISA PROCEDURE for COVID 19 Serology   July 25, 2020 
 
This procedure applies to S1 with RBD, RBD alone, AND Nucleocapsid protein 
 
 
PURPOSE: Testing for antibodies to antigens associated with SARS-CoV2 can 
determine who has been previously had an immune response.  If antibodies are present, 
then there is likely a memory T cell response as well, which is harder to measure.   
 
 
PRINCIPLE:  This is a classical indirect semi-quantitative ELISA procedure which 
measures IgG antibody to SARS-Cov2 antigen targets.  Recombinant protein antigen is 
adsorbed to a 96 well polystyrene plate.  The rest of each well is blocked to prevent any 
binding of patient sample or antibody conjugate. Patient sample is added at a determined 
dilution or dilutions or titered and incubated.  If present, patient antibody directed to the 
protein target binds to the target.  The well is washed clean of everything that is not 
specifically bound. Then HRP conjugated antibody to human IgG is added, incubated, 
and washed.  If the patient sample contained human IgG which then bound to the target, 
the conjugate will detect that patient’s IgG.  When substrate (TMB) is added to the 
enzyme HRP a blue color develops.   In most cases the result is obvious to the naked eye.  
However, if there is a question, the absorbance may be measured at 620 or 650.  To stop 
the reaction at any point in time, acid is added, which turns the color to yellow/orange 
which can be measured at an absorbance of 450 nm.  The results can be compared to 
controls.  The result is reported as color detection or absence at a particular dilution. 
 
 
MATERIALS:  Along with the usual equipment found in a standard research or medical 
laboratory, the following must be purchased: 
 
Recominant proteins S1, RBD, and N protein, as well as HRP conjugate to anti-human 
IgG (Raybiotech Inc., Peachtree Corners, Georgia).  
 
Tetramethylbenzidine 3,3’, 5, 5’ (TMB), 2 part. (Biolegend Inc., San Diego, CA) 
 
Either primary chemicals or pre-prepared powders for mixing pH 7.2-7.4  .1 M (1 X) 
phosphate buffered saline buffer and pH 9.6 bicarbonate buffer. (Millipore Sigma, St. 
Louis, MO) 
 
 
 
 
 



 
 
 
 
Cluster tubes (Corning Inc., Corning, NY) 
 
Polypropylene test tubes, 15 ml (Corning, Inc., Corning NY) 
 
Tween 20 (Millipore Sigma, St. Louis, MO) 
 
Distilled or deionized water (Grocery store) 
.  
Hammarsten Grade Casein (Bioworld Inc, Dublin, Ohio) 
 
Lactose free fat free ultrapasteurized milk may be substituted (Grocery store) 
 
Plastic food wrap (Grocery store) 
 
Paper towels (Grocery store) 
 
Microtiter plates, 96 well, Maxisorp (Nunc, Denmark from ThermoFisher scientific, 
Waltham Mass) 
 
H2SO4 stop solution (Sigma Chemical) 
 
 
 
 
PLATE PREPARATION: 

1) Mix coating buffer by diluting 1 ug/ml protein antigen in pH 9.6 bicarbonate 
buffer, preferably in a polypropylene tube. 

2) Add 100 ul of the dilution to each well not abutting an edge of the plate. 
3) Cover microtiter plate with plastic wrap. 
4) Place in refrigerator at ~4 degrees centigrade overnight (12-18 hours) 
5) Remove plastic wrap, and throw off the antigen, then wash twice with 1 X PBS, 

striking off on a paper towel after each wash. 
6) Add 300 ul (1.5%) Hammarsten Casein in 1 X PBS buffer adjusted to pH 7.2-7.4 

to each well.  Cover with plastic wrap and incubate at room temperature for 2 
hours. 

7) Throw off the blocking buffer and wash plate twice with 1 X PBS, striking off on 
a paper towel after each wash. 

 
 
 
 
 



 
 
 
 
SAMPLE PREPARATION: 

1) Dilute patient plasma or serum to 1: 10 dilution in 1 X PBS buffer in a cluster 
tube, for example 30 ul in total of 300 ul 1 X PBS. 

2) Cap the tube and incubate at 56 degrees C for 30 minutes in a water bath. 
 
 
 
SAMPLE APPLICATION: 

3) For positive/negative screening, mix 10 ul of the 1:10 sample in total 160 ul 1 X 
PBS with 1.5% Casein and .01% Tween 20; 150 ul of the buffer should be placed 
in the microtiter well first.  This is a final dilution of 1:160. Pipette up and down 
gently several times for mixing. 

4) For titers, mix 50 ul of the 1:10 dilution in total of 200 ul 1 X PBS with 1.5% 
Casein and .01% Tween 20 in the microtiter well.  150 ul of the buffer should be 
place in the microtiter well first. This is a final dilution of 1:40.  Pipette up and 
down gently several times for mixing.  Place 100 ul of buffer in the titration wells.  
Then pick up 100ul from the initial well, mix in the next well. Repeat to desired 
dilution. Discard the last 100 ul.  For example:   1:40  1:80 1:160 1:320 1:640 

5) Add a known positive control to one well of the plate. Titer if desired. 
6) Add a known negative control to one well of the plate. Titer if desired. 
7) Cover microtitre plate with food wrap. 
 
 
INCUBATION: 
 Incubate on a shaking incubator at 37 degrees C and 500 RPM for 45 minutes. 
 
 
 
WASHING: 
 Remove food wrap and discard wrap.  Aspirate and wash 3 times with 1 X PBS 
with .1% tween 20, striking off between each wash on a paper towel placed on a firm 
surface, until there is no detectable moisture coming off the plate. 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
CONJUGATE PREPARATION: 
1) Mix 3.5 ul of the IgG conjugate to a dilution of 1:4000 in 1 X PBS using the first 

of two 15ml polypropylene tubs. Store the 1:4000 mixture at 4 degrees C for up to 
3 days. 

2) In a second polypropylene tube, add 13 ml 1.5% Casein in 1 X PBS buffer 
w/0.1% tween 20. 

3) Add 1 ml of the 1:4000 dilution of the antibody conjugate to the second 
polypropylene tube to make a IgG conjugate dilution of 1:56000.  This is the 
working dilution, which may be stored for up to 24 hours at 4 degrees C. 

 
 
CONJUGATE ADDITION: 
1) Add 100 ul of the working dilution of conjugate to each well.  
2) Cover with food wrap. 
3) Incubate on a shaking incubator at 37 degrees C and 500 RPM for 35 minutes. 
 
 
WASHING: 
 Remove and discard food wrap. Aspirate and wash 4 times with 1 X PBS with 
.1% tween 20, striking off between each wash on a paper towel placed on a firm 
surface, until there is no detectable moisture coming off the plate. 
 
 

       ADDITION OF TMB: 
1) Bring Part A and Part B of TMB to room temperature. 
2) Estimate amount of TMB needed at 100 ul/well.   
3) Mix equal parts of part A and part B of TMB in a polypropylene tube. 
4) Start timer. 
5) Add 100 ul/well working from left to right. 

 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
COLOR DEVELOPMENT: 
1) Color will develop first in the wells containing the highest concentration of 

antibody conjugate.  Note these. 
2) Ordinarily, blue color is seen within 2 minutes of addition of the TMB. 
3) Assessment of positive or negative, or assessment of highest positive dilution 

may be made with the naked eye in nearly all cases. 
4) If desired, the microplate may be scanned on a microplate scanner using the 

620nm or 650nm filter at 6 minutes for S1 and RBD.  10 minutes for N. 
5) If desired, the addition of stop solution will stop color development.  Working 

once again from left to right, start adding 50 ul of stop solution when timer 
indicates 6 minutes (or 10 minutes for N).  Scan on microplate scanner using 
450nm filter immediately. 

 
 

INTERPRETATION: 
1) If the positive and negative control worked, interpret as follows: 
2) If a spot positive/negative test was performed at dilution of 1: 160, the color in 

the well will be blue above the level of the negative control, or yellow if the test 
was stopped with stop solution. 

3) If a titer was performed, note the last well with color above the negative control. 
4) If there is any question, use the plate scanner to determine the last well with color 

above the negative control. 
5) Document the result as either positive/negative or as the last positive dilution. 

 
 

SIGNIFICANCE: 
 When executed according to the above procedure, with freshly made up buffers, 
the result is clear, reliable, and reproducible; plasma positive for antibody has 
distinct color above the level of the negative control. 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
TIPS AND TROUBLESHOOTING:   
 
If all materials are fresh and buffers are made the same day, the method is successful. 
 
If controls did not work, or results are not clear, bacterial contamination is possible.  
Bacteria in the environment may grow in buffers, especially Casein buffer.  Casein 
must be kept refrigerated, and preferably used on the day of preparation.  Steps 
should be taken to work in as sterile a manner as possible. 

 
       Antibody conjugates stored per manufacturer recommendation are good for at least 2  
       Months, but may have declining potency after that time.  The same applies to  
       recombinant proteins. 
 
       Repeated freeze thaw cycles reduce the quality of antibodies, proteins, and controls. 
       Avoid freezing and thawing.  Aliquot what is needed to avoid thawing an entire vial 
       when a weekly supply is needed.       
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