SPOROZOITE ELISA DIRECTIONS

Enzyme‑linked immunosorbent assays (ELISAs) were developed to detect Plasmodium falciparum, P. vivax‑210 and P. vivax-247 circumsporozoite (CS) proteins in malaria-infected mosquitoes.  The sensitivity and specificity of the ELISAs are based on the monoclonal antibodies (mAbs) used.  The ELISAs detect CS protein, which can be present in the developing oocyst, dissolved in haemolymph, and on sporozoites present in the haemocoel or in the salivary glands.  A positive ELISA on a mosquito does not establish the mosquito species as vector, and ELISA results may not be synonymous with salivary gland sporozoite rates.

The ELISAs can be carried out on fresh, frozen, or dried mosquitoes.  If specimens are to be dried, they must be processed quickly and kept dry (store with desiccant) to prevent microbial growth that can result in high background values in the ELISAs. Voucher mosquito specimens should also be collected and saved for future use.

The "sandwich" ELISA is begun by adsorption of the capture MAb to the wells of a microtiter plate (Figure 1).  After the capture MAb has bound to the plate, the well contents are aspirated and the remaining active binding sites in the well are blocked with blocking buffer.  Mosquitoes to be tested are ground in blocking buffer containing Nonidet P‑40 and an aliquot is tested.  Positive and negative controls are also added to specific plate wells at this time.  If CS antigen is present it will form an antigen‑antibody complex with the capture MAb.  After a 2-hour incubation at room temperature, the mosquito triturate is aspirated and the wells are washed.  Peroxidase‑linked MAb is then added to the wells, completing the formation of the "sandwich".  After 1 hour, the well contents are aspirated, the plate is washed again and the clear peroxidase substrate solution is added.  As the peroxidase enzyme reacts with the substrate, a dark green product is formed (Fig 1.10), the intensity of the color is proportional to the amount of CS antigen present in the test sample.  Results are read at 405 nm using an ELISA plate reader 30 minutes after the substrate has been added. 

ELISA positive mosquitoes should be retested to:  a) confirm positives and B) estimate the amount of CS protein per mosquito.

The ELISA kits are individually assembled to meet the needs and resources available to investigatores using the assay.  ELISAs for P. malariae and P. ovale sporozoites are also available.  All items except the positive control materials, supplied be SmithKline Beecham, and the Mabs are available commercially.  Development of these assays was a cooperative effort among the National Academy of Sciences (BOSTID), National Institute of Health, Centers for Disease Control and Prevention (CDC), Naval Medical Research Institue, New York University, Walter Reed Army Institue of Researcha dn the World Health Organization.
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SPOROZOITE ELISA SOLUTIONS

1.  PHOSPHATE BUFFERED SALINE (PBS), pH 7.2: Use stock laboratory PBS OR Dulbecco's PBS (Sigma #D5773); adjust pH if necessary. Store 4ºC; shelf life is 2 weeks.

2.  BLOCKING BUFFER (BB): Shelf life is 1 week if stored at 4ºC; BB may be frozen – the shelf life is basically indefinite, provided it is kept frozen.  Use ELISA grade BSA and Sigma casein, bovine milk (C‑0376).

Boiled casein BB:

Casein (0.5%)
2.50 gm
5.00 gm

0.1 N NaOH

50.00 ml
100.00 ml

PBS, pH 7.4

450.00 ml
900.00 ml

(1) Suspend casein in 0.1 N NaOH and bring to a boil.

(2) After casein is dissolved, slowly add the PBS, allow to cool, adjusting the pH to 7.4 with HCl.

3. GRINDING SOLUTION (BB-NP40):  This is the mosquito grinding solution.
 To: 1 ml BB add 5 ul NP-40

       5 ml BB add 25 ul NP-40

  Mix well to dissolve the NP-40 in the BB.  Shelf life at 4C is 1 week

4.  WASH SOLUTION (PBS-Tw): PBS plus 0.05% Tween 20.  Add 0.5 ml Tween 20 to 1 liter of PBS.  MIX WELL.  Store at 4ºC.  Shelf life is 2 weeks.

5.  SUBSTRATE SOLUTION: Mix KP&L ABTS (Solution A) and hydrogen peroxide (Solution B) 1:1 immediately before use.  Add 100μl to each well.

SPOROZOITE ELISA DIRECTIONS

(See following notes for details)

1.  Place 50μl of MAb solution in each well of the ELISA plate (Costar 2797). 

See Table 1 for dilutions:

P. falciparum  capture  = 0.10μg / 50μl PBS

P. vivax-210   capture  = 0.025μg / 50μl PBS

P. vivax-247   capture  =  0.05μg / 50μl PBS

Use a separate plate for each sporozoite species. Cover plate and incubate for 30 minutes at room temperature or overnight.

0.5 HOUR  OR OVERNIGHT

2.  Aspirate well contents and fill with BB (ca. 200μl per well). Incubate for 1 hour at RT.

3.   Place the mosquito in a labeled 1.5 ml micro centrifuge tube and grind in 50ul BB:NP-40 (5 ul NP-40/ml BB).  Rinse pestle with 2-75 volumes of BB, catching the rinses in the tube (Total=200 ul).  Test sample or store frozen.  Rinse pestle in PBS-Tw twice: dry to prevent contamination between mosquitoes
1 HOUR

4.  Aspirate well contents and add 50μl mosquito triturate/well. Add positive and negative controls to wells. 

2 HOUR

5.  Wash wells twice with PBS-Tw.

6.  Mix MAb‑peroxidase conjugate in blocking buffer: 0.05μg / 50μl BB (see Table 1 for dilutions).  Place 50μl of conjugate per well. Incubate for 1 hour in the dark.

P. falciparum   peroxidase = 0.05μg / 50μl BB

P. vivax -210   peroxidase  = 0.05μg / 50μl BB

P. vivax -247    peroxidase  = 0.01μg / 50μl BB

Mix substrate (ABTS and hydrogen peroxide 1:1) 1 hour before it is to be used. Wrap in aluminum foil to keep it in the dark.

Check enzyme activity by mixing 5μl of conjugate with 100μl substrate.  There should be a rapid color change within 1‑2 minutes indicating that the peroxidase enzyme and the substrate are functional. 

1 HOUR IN THE DARK
7.  Wash wells 3 times with PBST.

8.  Add 100μl of the substrate solution per well. Incubate for 30 minutes in the dark. 

0.5 HOUR IN THE DARK

9.  Read @ 405nm with a Vmax® or Emax® (Molecular Devices) or comparable plate reader, 30 minutes after adding substrate.

10. For Quantitative Testing: Calculate through comparison to standard curve from positive control antigen stocks the estimate of CS antigen in each sample. From this estimate, calculate the equivalent number of sporozoites for that sample by chart comparison (Figures 3, 4 and 5).

NOTES FOR SPOROZOITE ELISAs

1.
Dissolve the lyophilized MAb and the peroxidase‑conjugated MAb in diluent (1:1 mixture of distilled water and glycerol) to give stock solutions of 0.5 mg/ml (0.5μg/μl).  The water:glycerol diluent allows routine storage at ‑20ºC without freeze thawing.

2.
Do not add sodium azide to solutions, as it is a peroxidase inhibitor.

3.
To fill each of the 96 wells on a plate with 50μl requires 4.8 ml.  It is convenient to make up 5.0 ml of each MAb solution and 10.0 ml of substrate (100μl per well) per plate.

Table 1. Dilutions for MAb capture and peroxidase solutions. 

	TYPE


	LOT #
	Mab
	μgm / 50μl /WELL
	μgm / 5 ML
	μgm / 5 ML

	Pf

	WE092
	CAPT
	0.100μg / 50μl
	10.0μg
	20μl stock / 5ml PBS

	Pv - 210
	KA52-5
	CAPT
	0.025μg / 50μl
	2.5μg
	5μl stock / 5ml PBS

	Pv - 247
	XE081
	CAPT
	0.05μg / 50μl

	5.0μg
	10μl stock / 5ml PBS

	
	
	
	
	
	

	Pf

	WE092
	PEROX
	0.050μg / 50μl
	5.0μg
	10μl stock / 5ml BB

	Pv - 210
	KA51-5
	PEROX
	0.050μg / 50μl
	5.0μg
	10μl stock / 5ml BB

	Pv - 247
	XE081
	PEROX
	0.010μg / 50μl
	5.0μg
	2μl stock / 5ml BB


4.
Cover plate with a 2nd plate during incubations to prevent evaporation.

5.
Place the mosquito in a labeled 1.5 ml micro centrifuge tube and grind in 50ul BB:NP-40 (5 ul NP-40/ml BB).  Rinse pestle with 2-75 volumes of BB, catching the rinses in the tube (Total=200 ul).  Test sample or store frozen.  Rinse pestle in PBS-Tw twice: dry to prevent contamination between mosquitoes

6.
Negative controls: Triturate laboratory reared, known uninfected female mosquitoes (same as test species if possible) by same process in #5 above and place 50ul from each into negative control wells.

7.
Positive controls (summary of dilutions in Table 2):

P. falciparum:  Dissolve lyophilized positive control stock solution in 25μl of distilled water (do not use glycerol:water mAb diluent) for 1μg / 1μl.

Vial I = Transfer 5μl (5μg) of stock solution (1 mg/ml) to 500μl BB for 100ng / 10μl.  

Vial II = Transfer 10μl (100ng) Vial I to 1000μl BB for 1000pg / 10μl. 

Vial III = Transfer 20μl (1000 pg) Vial II to 1000μl BB to yield 100pg / 50μl BB (Use 50μl in well 2A).  

Dilute 1:1 with BB (500μl Vial III plus 500μl BB, etc.) for positive control curve for quantitative testing (Fig. 3) of 100 (Vial III), 50, 25, 12, 6, 3 and 1.5pg / 50μl BB. 

Freeze the stock solution and Vial I for continued use, discard the others at the end of each day’s trials. 

P. vivax-210:  Dissolve lyophilized positive control stock solution in 25μl of distilled water for 1μg / 1μl (do not use glycerol:water mAb diluent).

Vial A = Transfer 5μl (5μg) of stock solution (1mg / ml) to 500μl BB for 100ng / 10μl.

Vial B = Transfer 10μl (100ng) Vial A to 1000μl BB to yield 2000pg / 20μl.

Vial C = Transfer 20μl (2000pg) Vial B to 500μl BB to yield 800pg / 200μl.

Vial D = Transfer 200μl (800pg) Vial C to 800μl BB to yield 40pg / 50μl BB (Use 50μl in well 2A).  

Dilute 1:1 with BB (400μl Vial D plus 400μl BB, etc.) for positive control curve for quantitative testing (Fig. 4) of 40 (Vial D), 20, 10, 5, 2.5, 1.25 and 0.6 pg / 50μl BB. 

Freeze the stock solution and Vial A for continued use, discard the others at the end of each day’s trials. 
P. vivax–247: Dissolve lyophilized positive control stock solution in 25μl of distilled water for 1μg / 1μl (do not use glycerol:water mAb diluent).

Vial 1 = Transfer 5μl (5μg) of stock solution (1mg / ml) to 500μl BB for 500ng / 10μl.

Vial 2 = Transfer 40μl (40ng) Vial 1 to 1000μl BB for 20ng / 50μl.

Vial 3 = Transfer 100 ul of Vial 2 to 700 ul BB for a 2.5 ng/50 ul.

Dilute 1:1 with BB (500μl Vial 3 plus 500μl BB, etc.) for positive control curve for quantitative testing (Fig. 5) of 1250, 625, 312.5, 156, 78, 39, and 20/ 50μl BB and then a blank (0 pg). 

Freeze the stock solution and Vial 1 for continued use. Discard the others at the end of each day’s trials. 

8.
Order supplies from suggested vendors to ensure that they are identical to those recommended (Appendix 4).  Different 1.5-ml tubes have different internal dimensions and may not work with the pestles, microtiter plates have different binding qualities, and different caseins are less efficient in blocking and may result in decreased sensitivity or higher background OD values. Use the Costar 2797 flex, u-bottom plates only.

ELISA TEMPLATE FOR QUANTITATIVE TESTING

SPOROZOITE ELISA NO:______________   

DATE:  _______________ 

NEG
  POS. CONTROL 

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	A
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	D
	
	
	
	
	
	
	
	
	
	
	
	

	E
	
	
	
	
	
	
	
	
	
	
	
	

	F
	
	
	
	
	
	
	
	
	
	
	
	

	G
	
	
	
	
	
	
	
	
	
	
	
	

	H
	
	
	
	
	
	
	
	
	
	
	
	


____ 1) Coat PVC plate with capture Mab. (lot #__________ ). 

 
______μg/50ul PBS = ________μl stock in_______ml  PBS. 

(  0.5 hr incubation

____  2) Aspirate; fill wells with blocking buffer (BB).

(  1 hr incubation

____  3) Add mosquito triturate and positive control (lot#___________).  

Total volume/mosquito: ________ μl. 

(  2 hr incubation

____  4) Aspirate and wash twice with PBS‑0.05% Tween 20. 

____  5) Add peroxidase‑MAb (lot #:________________). Mix substrate (1:1). 

     
0.05 μg/50 ul BB    =  ______μl stock  (0.5 μg/ul) in _________ ml BB

(  1 hr incubation

____ 6) Aspirate and wash 3 times with PBS ‑ 0.05% Tween 20.

____ 7) Add substrate:  ____ a) Enzyme check;  ____ b) 100 μl/well.

(  0.5 hr incubation

____ 8) Read absorbency 405nm at 30 minutes.

Analysis: Calculate through comparison to standard curve from positive control antigen stocks the estimate of CS antigen in each sample. From this estimate, calculate the equivalent number of sporozoites for that sample by chart comparison.

Table 2. Summary of Serial Dilutions for Positive Control Antigens for CS-ELISA

	Plasmodium 

species
	Solution 

Number
	Volume of Positive Control Antigen
	Volume of Blocking Buffer
	Antigen 

Concentration in 50 (l

	P. falciparum
	Stock
	Lyophilized Pf 
	25(l of water
	----

	
	          I
	5(l of stock
	500(l BB
	500ng

	
	          II
	10(l of I
	1000(l BB
	5000pg

	
	       * III
	20(l of II
	1000(l BB
	100pg

	
	       * IV
	500(l of III
	500(l BB
	50pg

	
	       * V
	500(l of IV
	500(l BB
	25pg

	
	       * VI
	500(l of V
	500(l BB
	12pg

	
	       * VII
	500(l of VI
	500(l BB
	6pg

	
	       * VIII
	500(l of VII
	500(l BB
	3pg

	
	       * IX
	500(l of VIII
	500(l BB
	1.5pg

	
	       * X
	0  (Blank)
	500(l BB
	0 (blank)

	
	
	
	
	

	P. vivax 210
	Stock
	Lyophilized Pv210
	25 (l of water
	----

	
	        A
	5(l of stock
	500(l BB
	500ng

	
	        B
	10(l of A 
	1000(l BB
	5000pg

	
	        C
	20(l of B
	500(l BB
	200pg

	
	      * D
	200(l of C
	800(l BB
	40pg

	
	      * E
	400(l of D
	400(l BB
	20pg

	
	      * F
	400(l of E
	400(l BB
	10pg

	
	      * G
	400(l of F
	400(l BB
	5pg

	
	      * H
	400(l of G
	400(l BB
	2.5pg

	
	      *  I
	400(l of H
	400(l BB
	1.25pg

	
	      * J
	400(l of I
	400(l BB
	0.6pg

	
	      * K
	0 (blank) 
	400(l BB
	0  (blank)

	
	
	
	
	

	P. vivax 247
	Stock
	Lyophilized Pv247
	25(l of water
	----

	
	1
	5(l of stock
	500(l BB
	500ng

	
	2
	40(l of 1
	1000(l BB
	20ng

	
	3
	100(l of 2 
	700(l BB
	2.5ng

	
	4
	500(l of 3 
	500(l BB
	1250pg

	
	5
	500(l of 4 
	500(l BB
	625pg

	
	     * 6
	500(l of 5 
	500(l BB
	312.5pg

	
	     * 7
	500(l of 6 
	500(l BB
	156pg

	
	     * 8
	500(l of 7 
	500(l BB
	78pg

	
	     * 9
	500(l of 8 
	500(l BB
	39pg

	
	     *10
	500(l of 9 
	500(l BB
	20pg

	
	     *11
	0 (blank)
	500(l BB
	0 (blank)

	
	
	
	
	


SPOROZOITE ELISA REAGENT PROFORMA QUOTE

To Whom It May Concern:
25 January 2000

Attached is the information requested on the malaria sporozoite ELISA reagents. The following are reimbursement costs for the sporozoite ELISA monoclonal antibodies (MAbs) required for the assays  (Plasmodium falciparum = Pf, P. vivax‑210 = Pv210, P. vivax‑247 = Pv247 and P. malariae  = Pm sporozoites).

ITEM
CAT #


DESCRIPTION




COST

1.
Pf‑CAP
Pf capture MAb, 1 mg (5,000 assays)


$50.00

2.
Pf‑HRP
Pf peroxidase MAb, 0.25 mg (5,000 assays)

$100.00

3.
Pf‑PC

Pf positive control protein, 25 μg



$10.00

4. 
Pv210‑CAP
Pv‑210 capture MAb, 0.5 mg (10,000 assays)

$50.00


5.
Pv210‑HRP
Pv‑210 peroxidase MAb, 0.5 mg (10,000 assays)
$100.00

6.
Pv210‑PC
Pv‑210 positive control protein, 25 μg


$10.00

7.
Pv247‑CAP
Pv‑247 capture MAb, 0.5 mg (10,000 assays)

$50.00


8. 
Pv247‑HRP
Pv‑247 peroxidase MAb, 0.5 mg (10,000 assays)
$100.00

9.
Pv247‑PC
Pv‑247 positive control peptide, 25 μg


$10.00

10.
Pm‑CAP
Pm capture MAb, 0.5 mg (2,000 assays)


$50.00


11.
Pm‑HRP
Pm peroxidase MAb, 0.5 mg (2,000 assays)

$100.00

12.
Pm‑PC
Pm positive control peptide, 25 μg


$10.00

Quote is in US dollars and does not include shipping costs.  A street address and phone number are required for shipment by courier.  When MAbs are in limited supply, WHO grantees and Centers for Disease Control and Prevention (CDC) collaborators have priority. Billing invoices and payment will continue to be processed by the University of Maryland School of Medicine in Baltimore, MD.  Reimbursement is used to cover future reagent production costs.  Reagents should be used with specific microtiter plates, blocking buffer, and substrate to insure optimal sensitivity (see attached sheet for suggested vendors).  Send requests for ELISA reagents to:

Robert A. Wirtz, Ph.D.

CDC - Entomology Branch – F22

4770 Buford Highway, NE

Atlanta, GA 30341‑3724

Tel: 770‑488‑4240; fax: 770‑488‑4258

E‑mail: bew5@cdc.gov

ADDITIONAL SPOROZOITE ELISA SUPPLIES

The following are expendable supplies and reagents used in the ELISAs.  Quotes are August 2000 open market prices.  Equipment needed to conduct ELISAs includes: pH meter, stirrer‑hot plate, pipettes/tips, plate washing system and plate reader.

1.  COSTAR 2797 microtiter plates
Fisher Scientific

711 Forbes Avenue

Pittsburgh, PA 15219-4785

Orders/Prices:  1-800-766 7000

Fax: 1-800-926 1166

www.fishersci.com
#07-200-99
Costar 2797, flex, U-bottom plates, 100/pkg


$ 96.00

Note: 100 plates/pkg x 96 assays/plate = 9,600 assays/pkg.  Plates cannot be reused.

2.  ABTS Peroxidase Substrate

Kirkegaard & Perry Laboratories, Inc.

2 Cessna Court,  

Gaithersburg, MD  20879

Tel: 301‑948 7755  or  1-800‑638 3167

Fax: 301‑948 0169

www.kpl.com
#50‑62‑00
ABTS Peroxidase Substrate, 600 ml



$78.00

#50‑62‑01
ABTS Peroxidase Substrate, 2.7 L



$243.00

Note: You need 10 ml/plate, therefore 600 ml is sufficient for 60  plates or 5,760 assays; the 2.7 L for 270 plates or 25,900 assays.

3.  Tubes for grinding mosquitoes
Thomas Scientific 

99 High Hill Road

Swedsboro, NJ 08085‑6099

Tel: 1-800-524 1364

Fax in U.S: 1-800-345 5235

Fax outside U.S:  609‑4673087

#2591‑E60
1.5 ml tubes, 500/box





$19.00 Eppendorf #22 36 380‑8

Note: You may buy tubes from different suppliers, however, they must be Eppendorf #22 36 380‑8 to insure proper fit of the Kontes pestle.  You need one tube/mosquito when testing individual mosquitoes, or 1 tube/pool of mosquitoes.  Tubes can be washed and reused.

4. Pellet pestle and tubes for grinding mosquitoes
Kontes Life Sciences Products 

1022 Spruce Street

Vineland, NJ 08360‑2841

Tel: 609‑692‑8500  or 1-800‑223 7150

Fax: 609‑692‑3242

#749520‑0000
Pellet pestle with 1.5 ml




$62.48

matching tubes, 100/pkg

#749521‑1500
Pellet pestle without tubes, 100/pkg


$51.51

#749560‑1500
Microtubes, 1.5 ml, 500/pkg



$30.70

Note: This is the only source I know of for the pestles.  The pestle fits the Kontes or the Eppendorf #22‑36‑380‑8 tubes.

5.  Reagents

Sigma Chemical Co., 

P.O. Box 14508

St.  Louis, MO 63178

Tel: 314‑771‑5750  or 1-800‑521 8956

Fax: 314‑771‑5757 or 1-800-325 5052

#C7078
Casein, 500 gm






$20.10

#D5773
Dulbecco's PBS, 10 x 1 L





$11.20

Dulbecco's PBS, 10L



$8.10

#P1379
Polyoxyethylenesorbitan, monolaurate (Tween 20), 500 ml
$17.30

#P4758
Phenol red, sodium salt, 1 gm




$9.60

#H9892
Hydrochloric acid, 1.0 N, 100 ml




$8.60

#S2770
Sodium hydroxide, 1.0 N, 100 ml




$8.20

#G9012         Glycerol, 100 ml






$23.10

Note:  Sigma has replaced casein #C0376 with casein #C7078, which should be used for the boiled casein blocking buffer.  Nonidet P‑40 is no longer available from Sigma. 

Pierce 

3747 Meridian Rd.

PO. Box 117

Rockford, IL 61105

Tel: 815-968 0747 or 1-800-874 3723

Fax: 815-968 7316

www.piercenet.com
# 28324ZZ
Surfact-Amps NP-40, 6 ampules of 10ml each


$58

Stock laboratory PBS, HCl and NaOH can all be used.  Glycerol and other reagents can be purchased from other vendors and should give comparable results.
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