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Capture enzyme-linked immunoassay for the detection of RVFV N antigen in spleen and liver tissues of domestic ruminants
 1. Background
Rift Valley fever (RVF) is a mosquito-borne viral disease. It causes abortion in sheep, goats and cattle, and deaths of young animals. Humans can acquire infection from contact with infected tissues of livestock, or less frequently from mosquito bite.
2. Technique
The ELISA is based on a sandwich format in which the plates/strips are coated with sheep anti-RVFV rN serum and then reacted with the test specimens and controls. The antibody-antigen complexes are then detected with rabbit-anti RVFV rN serum and anti-rabbit IgG HRPO plus ABTS substrate. The dilutions stated in test procedure are for reagents as tested at the NICD-SPU and when necessary should be re-optimised under the conditions of other laboratories. None of the reagents contain RVFV since all antigens are recombinant and antisera were generated against this recombinant N protein. Within the limits of sensitivity of the methods used to detect viable virus the products are safe.
3. The RVF ELISA kit
Provided reagents and controls allow for testing 2 individual specimens in duplicate on 50 separate test runs or 20 individual specimens in duplicate on 5 separate assay runs. 

The kit contains:
Sheep anti-RVFV rN serum, freeze-dried, 1 x 200 µl;
Sheep negative serum, freeze-dried, 1 x 200 µl;
RVFV recNP antigen (Use for Ag++ and Ag+), Freeze-dried, 1 x 200µl;
RVFV negative control antigen (Ag-), liquid, 1 x 100µl;
Rabbit anti-RVFV rN serum (detecting antiserum, freeze-dried, 1 x 200µl;

Goat anti-rabbit IgG horseradish peroxidase (HPRO) conjugate, 1 x 100µl;

Phosphate-buffered saline (PBS) powder, 5x sachets;
Skim milk powder, 1 x 50g;
Tween 20, 1 x 100ml; ABTS-substrate 1 x 100ml

SDS-stop solution 10 x concentrated 1 x 100ml

Immunoplates, 13 x, each containing 12 individual strips (156 ELISA strips).  

4. Preparation of reagents and working dilutions
PBS, 0.01M, pH 7.4: dissolve the required number of sachets of PBS powder 

in sterile distilled  water, 1 sachet per litre of  water.

Wash buffer: dilute Tween 20 in PBS to a final concentration of 0.1%.

Diluent buffer: prepare 2% skimmed milk in PBS.

Blocking buffer: prepare 10% skimmed milk in PBS.

Inactivation buffer: Prepare 1% Tween 20 in PBS.

Sheep sera: rehydrate each in 200µl of sterile distilled water.

Detecting rabbit antiserum: rehydrate in 200 µl of sterile distilled water.
RecNP Antigen: rehydrate in 200ul of sterile distilled water. 

Working dilution of sheep sera: dilute 1:400 in PBS

Working dilutions of antigens: dilute in diluent buffer RVFV recNP Antigen 1:3000 for Ag++ and RVFV Negative control Antigen 1:3000 for Ag-. Dilute RVFV recNP Antigen 1:25 000 for Ag+ in diluent buffer.
Preparation of specimens: Prepare 10% tissue homogenate of each specimen, centrifuge 10 000 x g for 10 min at 4˚C. Dilute an aliquot of each specimen supernatant (minimum 200 µl of specimen) in an equal volume of Inactivation buffer and incubate 1 hour at 56˚C. Use inactivated specimen undiluted.

Detecting rabbit antibody: dilute 1:3000 in diluent buffer. 
HRPO conjugate: dilute 1:6000 in diluent buffer.

Substrate: use as supplied (bring to room temperature before each test)
Stop solution: dilute 1:10 in distilled water.
For each day’s test the required volumes/working dilutions of reagents should be

freshly prepared from undiluted stocks. 

 5. Plate layout for testing 20 samples on one ELISA run (each strip allows for testing two individual tissue homogenates in duplicate)
     Ag++

High positive control antigen
     Ag+

Low positive control antigen
     Ag-

Negative control antigen
     1-20

Inactivated specimens
     Rows A-D 1-12
Sheep anti-RVFV rN
     Rows E-H 1-12
Sheep negative serum 
6. Test procedure

Unless otherwise stated volumes used are 100µl /well, and all washes are performed 3 times for 15s using 300µl of wash buffer per well.

1. Coat top half of plates (rows A-D 1-12) with 100µl sheep anti-RVFV rN serum, and bottom half of the plates (rows E-H 1-12 ) with 100 µl sheep negative serum, diluted 1:400 in PBS and incubate plates covered with lids at 4○C overnight. Wash plates.

2. Add 200µl /well blocking buffer and incubate for 1h in moist chamber at 37ºC. Wash plates.

3. Add 100µl of: inactivated specimen, RVFV recNP Antigen diluted 1:3000 (Ag++), RVFV recNP Antigen diluted 1:25 000 (Ag+) and RVFV Negative control Antigen diluted 1:3000 (Ag-) into wells as shown in plate layout and incubate for 1h in moist chamber at 37ºC. Wash plates.

4. Add 100µl /well rabbit anti-RVFV rN detecting antibody diluted 1:3000 in diluent buffer and incubate for 1h in moist chamber at 37ºC. Wash plates.
5. Add 100µl /well anti-rabbit IgG HRPO conjugate diluted 1:6000 in diluent buffer and incubate for 1h in moist chamber at 37ºC. Wash plates.

6. Add 100µl of ABTS/well. Leave plates for 30 min. at room temperature (22-25ºC) in dark, add 100µl of 1x concentrated SDS stop solution and read optical density at 405nm.

7. Results, data expression, acceptance criteria and diagnostic interpretation

The amount of colour developed is proportional to the amount of RVFV antigen that has bound to the sheep anti-RVFV rN serum and is available to react with the detection system. First calculate net optical density (OD) values for each specimen and controls by subtracting the OD readings with sheep negative serum from corresponding OD readings in wells with sheep anti-RVFV rN. The net OD values recorded for Ag++ should not be lower than 0.7; if the results of two or more of the four replicates of Ag++ are below this reading then the plate must be rejected and repeated. If the plate is accepted, then the two intermediate net OD values of Ag++ are used for the calculation of the net mean OD value of Ag++. This value is then used in subsequent calculations of percentage positivity (PP) of Ag+, Ag- and test samples as follows:  


Net OD serum (Ag+, or Ag-, or Specimen) 

         
               
               Net mean OD Ag++ 
Using the thresholds PP values provided below, both replicates of the Ag+ and Ag- control sera must fall within the same interpretive group, i.e. positive or negative. 
The same principle is applied for the acceptance of individual test samples if they are assayed in duplicate.
PP values for Ag+ must be above and for Ag- below the recommended threshold.

Threshold PP values: liver and spleen homogenates producing PP values ≥5.0 PP are considered to be positive, and less than these values are considered to be negative.
------------------------------------------------------------

Notes on the ELISA for the detection of RVFV Antigen
The reagents and materials supplied in the kit are sufficient for single testing of 100 liver or spleen tissue specimens in duplicate. It is recommended that specimens be rather tested in duplicate in laboratories that do not routinely perform ELISA or use the kit for the first time. Usually the net OD of Ag++ reaches the lowest recommended net OD value of 0.7 after 30 min. of substrate incubation. It is recommended, however, that before stopping the colour development, plates are pre-read, and when necessary, incubation of substrate extended for additional 10-15 min.  If the problem persists, contact the NICD-SPU and include all internal quality control data with the correspondence. 

The ELISA has only been subjected to limited validation using homogenized liver and spleen tissues from sheep and bovine spiked with RVFV. Its detection limit is approximately 10 2.8 – 3.3 TCID50 (tissue culture infectious dose) of RVFV per one gram of tissue. However, the concentration of the virus in organs of naturally infected animals is usually at least 100 x higher above this detection limit. 
The rabbit anti-RVFV rN serum, coating sheep antibodies and rec NP antigen are supplied freeze dried. The HRPO conjugate is supplied wet. While in use reconstituted reagents with the exception of the RVFV rec NP, can be stored at 4ºC, provided sterile procedures and tips are used to remove aliquots. The concentrated RVFV recN stock (as provided with the kit)  should be aliquoted in smaller volumes and always stored at -20°C or -70°C.  After the required amount of the antigen had been taken from an aliquote to run the ELISA, the remianing aliquote must be immediately placed  -20°C or -70°C. It is recommended that if tests are performed infrequently the reagents, excluding the RVFV recNP Antigen, negative control antigen, and HRPO, should be diluted 1:10 in PBS, aliquoted in small volumes, and stored at -70ºC until required.  Remember to account for the dilution factor when aliquots of 1:10 dilution of reagents are used. IMPORTANT: DO NOT DILUTE RVFV RECNP AND RVFV CONTROL ANTIGENS 1:10. THESE SHOULD BE STORED IN THE CONCENTRATED FORM AT -20 ºC AND +4ºC RESPECTIVELY.
Kit batch number:
Expiry date: 

Jansen Van Vuren, P. and Paweska, J.T.  2009.  Laboratory safe detection of nucleocapsid protein of Rift Valley fever virus in human and animal specimens by a sandwich ELISA.  Journal of Virological Methods, 157: 15-24.
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