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Sheryl G. Hohle

PREFACE

This final report is submitted to the U.S. Army Medical Research Acquisition Activity as a
summary of work conducted for the Phase II contract No. DAMD17-90-C-0082, entitled "TRI-ELISA
FOR SIMULTANEOUS ANALYSIS OF THREE ANALYTES" issued from Walter Reed Army
Institute of Research (Dr. Robert Wirtz, Contracting Officer's Technical Representavivz). It contains a
logical, efficient and potentially productive approach for improving an existing analytical assay for
malarial sporozoites in mosquitos. The resulting assay can be used by the World Health Orgaaization for
epidemiological studies designed to monitor, and through preventative mechanisms, potentially eradicate
this disease which currently threatens approximately 56% of the world's population.

As Contractor, Bio-Metric Systems, Inc, independently and not as an agent of the Government,
has furnished the necessary personnel, facilities, equipment and supplies, and otherwise exerted its best
effoits to do all the things necessary for or incident to the accomplishment of the Government's
requiremeat set forth in the subject Contract. '

Bio-Metric Systems, inc., (BSI) offers personnel, experience and facilities highly suitable for the
assessment and advancement of the "state of the art” in surface modification, as it pertains to biological,
toxin and chemical agent detection or to improvements in biocompatibility of implantable medical
devices. Questions conceming the technical aspects of this work effort should be directed to the
undersigned or to Sheryl G. Hohle, Principal Investigator. For administrative matters, please contact the
undersigned.
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ABBREVIATIONS USED IN THIS REPORT

Antigens:

Pyaig Plasmodium vivax variant 210

Py Plasmodium falciparum

Py247 Plasmodium vivax variant 247

BC boiled casein

Cs circumsporozoite

Enzymes and Substrates:

B-gal p-galactosidase

ONPG o-nitrophenyl galactopyranoside (3-gal substrate)
alkaline phosphatase
horseradish peroxidase

3,3',5,5"-tetramethylbenzidine (HRP substrate)

50 mM Tris, 150 mM NacCl, 0.05% Tween 20, pH 7.2




Sheryl G. Hohle

L. Purpose and Scope of Research Effort.

The goal uf this research effort was to develop a three-enzyme ELISA system in which three
malarial analytes can be quantitated concurrently from a single biological sample. During the Phase I
effort, we were able to develop a non-quantitative tri-ELISA that was capable of differentiating between
three Plasmodium antigens/antibodies previously identified and optimized by Dr. Robert Wirtz at the
Walter Reed Army Institute’ of Research. During this Phase 11 effort, we improved and optimized the
system, and provided both antibody pre-coated microplates and final kits for analysis by Dr. Wirtz. The
resulting system provides an efficient and potentially productive approach for improving an existing
diagnostic assay for malarial sporozoites. The assay can be used by the World Health Organization for
epidemiological studies designed to monitor, and through preventative mechanisms, potentially eradicate
a disease which currently threatens greater than 56% of the world's population.

IL Overall Progress.

The technical objectives of this Phase II project were to: 1) optimize chemistries enabling the
immobilization of monoclonal capture antibodies; 2) determine stability of the capture antibodies on the
pre-coated plate; 3) reduce non-specific protein adsorption, and therefore improve signal to noise ratio
and reduce the number of steps in the ELISA procedure; 4) optimize assay conditions for the -
simultaneous measurement of three enzyme/chromogen systems: §) determine stability of the antibody,
antigen and substrate components for the final diagnostic kit system; 6) determine detection limits of the
tri-ELISA using mosquitos and human serum; and 7) prepare test kits for independent laboratory
evaluation of mosquitos infected with Plasmodium (detecting sporozoites) and human serum samples
(detecting anti-Plasmodium antibodies). While the majority of this work was successfully completed, the
DOD was unable to supply us with sporozoite samples or with human serum samples due to the
associated health hazards. Therefore, objective number six was deferred to Dr. Wirtz at the Walter Reed
Army Institute of Research. : :

This Phase II study was designed to answer the following questions: 1) Will pre-coated plates
provide more stability, improved signal:noise ratio, and greater ease-of-use? 2) Can the three enzyme-
antibody conjugates which we propose work at a sufficient activity level to be sensitive in the proposed
format? 3) Are the optimal swbilities for each component and for the whole kit practical for the intended
field use?; and, 4) Will the complete tri-ELISA assay kits demonstrate utility when tested with mosquitos
and human serum samples? This firal report outlines the affirmative answers to these issues and
describes the preparation and use of the final malaria kit.

The malaria kit, shown in Figure 1 and detailed in the attached instruction "booklet," is actually
comprised of three separate assays. The goal of this project was tc prepare a kit which could be used for:
1) the visual or instrumented screening of mosquito samples for the presence of any one or all of three
Plasmodium species; 2) the specific quantitative instrumented analysis of any "positive” sample for one of
the three malarial sporozoites; and 3) the analysis of human serum samples which contain anti-
Plasmodium 1gG. We refer to these assays as the "Tri-ELISA," the "Quantitative ELISA," and the
"Human Serum ELISA," respectively. Collectively, they are referred to as the "Malaria Kit." Each of the
separate assays shares components with the other assays, thus making the kit format logical and efficient.

In designing the kit, several product attributes were considered desirable. First, we intended to
make the system user-fricndly, requiring as few steps as possible, with color-coded labels to prevent
confusion. A second desirable characteristic was that the reagents should be relatively safe, with no
highly toxic or carcinogenic compounds. Third, the completed assay should yield coiors and color
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Sheryl G. Hohle

combinations that can easily be visualized by eye, or that can be read conclusively using a plate reader;
i.¢., no precipitating snbstrates, and the colors must be as close to primary colors as possible. Finally, the
components must be stable to storage for at least | year at 4°C. Each of these attributes was successfully
achieved during this Phase 11 project effort.

The development of a Malaria Kit required the optimization of 6 basic components: 1) antigens;
2) pre-coated antibody plates; 3) HRP-antibody conjugates; 4) enzyme conjugate cocktail; S) HRP
substrate; and 6) common substrate. Extensive studies were conducted on each component to determine
optimal conjugation methods, stabilization chemistries, formats, and ease-of-use. The details of the many
attempts are contained in previous technical progress reports. Final methods were chosen based on those
chemistries that yielded optimal results when used in combination with other kit components. The
reviewer can refer to the kit instruction booklet for details pertaining to each assay system, protocols, and
component composition.

Malana Test Kt

FIGURE 1. THE MALARIA TEST KIT. The complete kit. shown in the top photogtaph, 1s compnsed of the following components:
2 pre-coaied antibodv plates, 8 plate scaters, 1 lyophilized M 210 antigen ired). | iyophilized Pf antigen (yellow), 1 lyophilized Pv247
w tgen (blue), 1 lyophidized ensyme conjugate cockial, 1 hiquid P 210-HRP conjugate, | liquic °f HRP conjugate. 1 hquid A 247 HRP
sompugate, 1 bguid ant human [gG HRP conjugate, 1 lyophilizad common substrate, | HRP suustrate, and detailed kit instructions.
T e wmponents whien are used for the tn-ELISA are shown ia the lower phatograph All components contained 1 this it are
coecied to reman stadie for a mmmum of 1 year when stored at 4°C

5
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Einal Malarie Kit Evaluation. Samples of the completed kits were evaluated for their sensitivity in
both the Tri-ELISA and Quantitative ELISA formats. The Human Serum ELISA was not tested due to
lack of sero-positive samples. However, the components of this assay were tested for background noise,
and for activity us‘ag sero-negative human serum.

Tri-ELIS ). The tri-ELISA was performed with both the kit antigens and freshly prepared
antigens. Photographs of the completed tri-ELISA are shown in Figure 2. Graphed results of this same
assay are shown in Figure 3. For this assay, substrate incubations were conducted for 30 minutes at 37°C
for the common substrate and at RT for the HRP substrate. Using fresh antigens, the assay sensitivities in
this screening test were 0.39 ng/ml for Prand P,,210, and 7.8 ng/ml for P,247 using the plate reader. By
eye, color was observed down to the 0.78 - 1.56 ng/ml range for Prand P,210.and 15.6 ng/ml for P,247.

Quantitative ELISA. An ELISA was also run according to the kit instructions, using both the kit
antigens, and freshly prepared antigens. Results of the quantitative ELISA after incubation with TMB
substrate at RT for 30 minutes are given in Figure 4. Using fresh antigens, the assay sensitivities were
3.13 pg/ml P, 210, 12.5 pg/ml Py, and < 7.8 ng/ml P,,247. When analyzing these results, it is important to
point out that the kit will most likely be used to test for the presence of malarial sporozoites; therefore the
activity of BC-antigen does not necessarily reflect the ability of the assay to detect the natural analyte.
One can see from the results that the lyophilized BC-P,,247 has lost activity relative to a non-lyophilized
conjugate; the use of fresh BC-antigens is more representative of the assay's true sensitivity. An
additional point should be made conceming this assay; the background absorbances are higher than
typically seen. This is likely due to a faulty plate washer on the day this assay was run. If background
color does become a problem in these assays, a blocking protein such as BSA may be added at 1% to
improve the signal to noise ratio. '

IIL. Problem Areas.

There are no problem areas.
IV. Work to be Accomplished.

All work is complete for this contract.
V. Administrative Comments.

There are no additional comments.
VI. Gantt Chart.

See attached.
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FIGURF 2. PHOTOGRAPHS OF COMPLETED TRI-ELISA. An assay using fresh anugen was run as diagramme.d in the map
< wnatthe top of the page  The common subsirate was added to cach well of the plate and allowed to 1acubate at 37°C for 30 minutes
Af*~r reading the plate at AST and A0S, and taking the first photograph (red. yellow). HRP substrate was added to the plate, and was
~cvelped for an additienal 30 minutes. this nme at RT - The plate was then read at A655, and the second tblue) photograph was taken
Tre data in Figure 3 corresponds to these plates.
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FIGURE 3. Tri-ELISA ANALYSIS -- FINAL KIT. Assays were conducted using the tri-enzyme ELISA malana kit for the analysis
of the three Plasmodium anugens. In each test, fresh non-lyoprulized antigens were used both individually and as a mixture (P{-BC,
Pv210-BC, and Pv247-BC). The background (no antigen) wosorbance values were as follows. for the Pv210-BC read at AS70, 0.000, for
the muixture read at AS70. 0000, for the Pf-8C read at A405, 0.000, for the mixture read at A405, 0.006 + 0.000, for the Pv247-BC read
at A655,0.052 % 0.006, and for the mixture rcad at A655, 0.081 + 0.016. n=4 for all samples.
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FIGURE 4. QUANTITATIVE ELISA -- FINAL KIT. Assays were conducted using the malana kut for the quantitative analysis of
the three Plasmodium antigens  The "KIT Iyophilized and reconstituted antigens were compared to the "FRESH" non-tyophilized
artig.*ns  The nackground (no antigen) absorbance values were as follows: for the Pv210 Kut, 0.163 = 0.026; for the Pv210 fresh, 0.124

= 01, for the PfKit. 0418 = 0029, for the Pf fresh, 0 312 = 0.009, for *he Pv247 Kut, 0 161 = 0 007, and for the Pv247 fresh, 0 191

= (1321 These unusually high backgrounds are most likely due to a faulty plaie washer. n=4 for all samples.
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| Malaria Test Kit introduction

This kit contalns the components necessary for rur.ning three different malaria ELISAs. The
Tr-enzyme ELISA and the Quantitative ELISA have been designed for the detection of FPlasmodium
vivax-210, Plasmodium faiciuarum, and Plasmodium vivax -247 type sporozoites (solated from the
sallvary giands of infected mrosquitoes. The Human Serum ELISA has been developed to tast human
subjects for titers raisad against the three types of Plasmodium sporazoltes listed above.

Kit Abbreviations
HRP=  Horseradish peroxidase enzyme.
TNT= 50 mM Tds, 150 v M NaCl, 0.05% Tween 20. Store up to one week at room
temperature or one morith at4°C.

Malaria Test Kit Components {Store at 4°C)

* 2 Precoated Antibody Plates
Microtiter plates coated with 2 ug/mi each of Plasmodium vivax-210, Plasmodium
faiciparum, and Plasmodium vivax-247 monocional antbodies and  stabilized with
StabliCoaf™ Immunoassay Stabilizer, Plates are supplied in foil packages contalning
desicoant,
. 8 Plate Sealers
Dynatech Laboratory plate sesiers, Catalog # 001-010-3501.
L 1 lyophlitzed P.vivax-210 Antigen (red cap)
Plasmodium vivax 210 protein ( NS1V20 ) conjugated to bolled casein.
Contsins 500 ng of lyophlilzed antigen. Reconstitute with 1 mi diH,Obefore use.
* 1 lyophiiized P.falciparum Antigen (yeliow cap)
Piasmodium falciparum R32tet32 protein - bollad casein conjugate.
Contains 500 ng of lyophitized antigen. Reconstitute with 1 mi diH,O before use.
¢ 1 tyophiiltzed P.vivax -247 Antigen (blue cap)
Plasmodium vivax-247 peptide (Ala-9-Gly), conjugated to bofled casein.
Contains 10 g of lyophilized antigen. Reconstitute with 1 mi diH,O before use.

] 1 tyophilized Enzyme Conjugate Cocktail
Contains a mixture of 160 ug Plasmodium vivax -210 antibody-slkaline phosphatase
conjugats and 160 ug Plasmodium faiciparum antibody-§- galactosidase conjugate. For use
in Tr-enzyme ELISA, Reconstitute with 20 mis of diluted (1ug/mi) P. vivax 247 Enzyme
Conjugate before use.

. 1 liquldP.vivax-21G Enzyme Conjugate
Plasmodium vivax antbody-horsera fish peroxidase (HRP)conjugate. For uss In the
Quantitative ELISA. 20 mi suppiiec’ al use concantration (0.5 ug/m) in SuperZym stabilizer

’

+0.01% thimerisol.

1 1 liquid P.falciparum Enzyme Conjugate
Plasmodium faldparum antibody-HRP conjugate. For use in the Quantitative ELISA.
20 mi supplied at uss concentration (0.5 ug/ml) In SuperZym stabliize:+0.01% thimerisol.

* 1 liquid P.vivax 247 Enzyme Conjugste

Piasmodium vivax-247 antibody-HRP conjugate, For use in theQuantitative ELISA.. 2 mi
supplied at & 10x concentration (10 ug/mi) in SuperZym stabilizer+0.01% thimerisol.

¢ 1 iquid Anti-igG Enzyme Conjugate
Antl-human 1gG-Fc-horseradish peroxidase  conjugate. For use In the Human Serum
ELISA. 20 mi supplied at use concentration (0.5 pg/mi) in SuperZym stabliizer+0.01%
thimerisol.

* 1 lyophiiized Common Subetrate
Reconsttuts with 20mi of diH_O betore uss In Tri-enzyms ELISA, Contains o-nitrophanyt
galactopyranoside and momfphmalun diphosphate In glycine butler.

L 1 HRP Substrate .

25 m! bottle of TMB, 3,3'5,5-tetramathylbenzidine. Use as substrate for the Quanttative,
Human Serum, or Tr-Enzyme ELiSA.
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important tips for optimal assay performance

¢ Usae high quaiity delanized H,0 to reconstitute the lyophlitzed reagents

¢  For optimal assay sensitivity and reproducibility, we suggest performing sil assay
incubstions at 37°C in an environmental shaker, with the sxception of the HRP substrate
Incubations which should be performed at room temperature. All assay Incubations may be
performed at room temperature, but the sensitivity and reproducibiiity may be reduced.

® Do not expose the assay components to suniight and do not perform the sssays outdoors.
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The Tri-enzyme ELISA is a screening assay which enables the assayer to visually
detact the presence of zero to three species of Plasmodium sporozoitss in a single assay well
by the development of zero to three different colors (red, yeliow, and biue) where aach color
corrasponds 1 a different Plasmodium sporozoite. (See figure 1),

The Td-enzyme ELISA is a "sandwick” ELISA which works on the following
principle: Preccated antibody plates provided in this kit are coated with a stable, dry mixture of
the three different monociunal capture antibodies developed against Plasmodium vivax-210,
Plasmodium falciparum, and Plasmodium vivax -247 sporozoites., The antibody plates are
reconstituted by soaking the plates with assay buffer for at least 15 minutes and then washing
the plates with fresh buffer. Then mosquit triturate test samplas, positive controls
{[circumsporozoite (CS) proteins or peptidas conjugated to boled cassin] and negative controls
(assay buffer or known negative moaquito triturate) are added to wells and incubated for one
hour to allow the CS antigen, if present, to form an antibody-antigen complex with the
appropriate antibody. Then the wells are washed and an enzyme conjugase cocktail is added
which contains the P. vivax-210, P. falciparum, and P. vivax-247 monocional antbodies
conjugated to thvee different enzymes {alkaline phosphatase, p-galactosidase and horseradish
peroxidase, respectively). If one or more of the antigens is presant in the well, tha appropriate
antibody-enzyme conjugats or conjugates will bind and complete the “sandwich.” After another
hour, the plate is washed and the substrate is added in two steps. The Step 1 Common
Subsirats Solution is a coloriess solution which contains chromagenic substrates for akalne
phosphatase {AP) and B-galactosidase (8-gal). The Common Substrate Solution will produce a
yellow color in the well if the P. falciparum-p-gal conjugam is present and a red color in the weld
it the P. vivax-210-AP conjuga®e is present [f both the P. falparum-p-gal and P. vivax-210-
AP conjugates are present, the wel wil be orange. After a 30 minume incubation with the
Common Substrate Solution, a coloriess Step 2 HRP Substrate Solution (TMB/H,0.,) is added
which produces a biue color in wells containing P. vivax -247-HRP conjugate. Simuitaneoisly,
the HRP Substrate Solution completely quenches all the red color and most of the yeliow color
(highly positve P. falciparum wells may retain some light yallow color). Therefore, if ak tree
CS antigens are present, the well wil be orange after the addition of the Siep 1 Commcn
Substrate Solution and biue (or possibly green if highly positive for P. falciparum) after additon
of the Step 2 HRP Substrata Solution

Tne Trn-enzyme ELISA is less sensitive than the Quantiatve ELISAs that folow,
and i3 intanded to be used only as a screening tool. Once the type or types of sporozenies
present in a sampie have been dentified, a Quanttatve ELISA should be run for verticaton
and quanttation of the sporozoie or spoarazortes present.
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THE TRI-ENZYME ELISA ASSAY

Add TNT duttar (100-200 ulwell) to Precoated Antibody Plates, soak at laast 15-20 minutes.
Mcanwhile, prepare test samples and positive antigen conlrols Reconstitute positive antigen
controls with 1 ml diN,0 and dilute as foilows In TNT butter.
P.vivax -210 Antigen:

Roconstltuted stock = 500 ng/ml. Dilute contral to 25 ng/mi.

75 ng/mi m 50 i stock plus 950 i TNT butter.
P. lalciparum A igen:

Reunnstituted stock = 500 ng/ml. Dilute controt to 25 ng/mi.

25 ng/ml = 50 pi stock plus 950 u! TNT butter.
P.vivax 247 Antigen; '

Reconstituted stock =10 pg/mi. Dilute control 10 500 ng/mt.

500 ng/m! = S0 pl stock plus 950 ! TNT bulfer.
Mixture of all thres antigens:

25 ng/ml P.vivax 210 Antigen + 25 ng/mi £. faldiparum Antigen + 500 ng/mi
P.vivax-247 Antigon: = 50 ul of each stock 850 wl TNT.
[(Note- if only one plate Is being run in the assay, the unused reconstituted antigen stocks
may be stored ~afrigerated for up i 1 week. For longer term storage, store frazen),

Wash plates 3 timos with 250 1 TNT buiter. Then add test samples (50-100 plwell),
negative controls {TNT butfer or negative mosquito triturats, 100 ul/well) and positive antigen
control® (109 plweil),

incubate for 1 hour at 37°C.

Wash p'ates 3 times with 250 wl TNT buffer. Prepare the thres enzyme conjugate mixture as
given below and add the cunjugate mixture to the piate (100 ulweli).

Enzyme Conjugate Mixture Preparation:
Dilute the vial containing 2 ml of 10 pg/mi P.vivax-247 Enzyme Conjugate w th 18
mi of TNT+ a blocking protein (we recommend 1% BSA). Then use the diluted
P.vivax -247 Enzyme Conjugate to reconstitute the iyophllized Enzyme Conjugate
Cocktall. Mix weil.
(Note- if only one piate is being run, reconstitute the Enzyme Conjugate Cocktall with 2 mi
diH,0. Then prepare the enzymae conjugate mixture by mixing 1 mi of reconstituted Enzyme
Conjugate Cocicadl, 1 mi of 10 yg/mi P.vivax -247 Snzyme Confugate and 8 mis of
TNT+blocking protsin . Store the unused reconstituted Enzyme Conjugats Cocktail at 4°
C and use within a few days for optimal activity ].
incubate for 1 hour at 37°C.

Wash plates 5 times with 250 jJ TNT. Add the Common Substrate (100 pulwall).

Common Substrate Preparation:
Add 10 mi H,0 and mix vigorously; it may teke 5-10 minutes for ail of
the iyophliizea reagent to dissolve,
[Note- Store unused Common Substrate for up to 1 week at £ C, Discard if the solution
becomes cioudy or noticeably d!scolored (a light pink or yellow hue Is acceptable)].
incubate for 30 minutes at 37°C.

Idently weils contalning P. vivax Antigen and P. faiciparium Antigen.

P. vivax 210 Antigen = recdish or pink colored weils, absorbance may be read at 570 nm.
P. faldparium Antigen = yellow colored walls, absorbance may be read at 405 nm.

P. vivax -210 Antigen and P. falciparium Antigen mixture = orange, pinkish orange or
yellowish orange colored wells; absorbance may He read at 405 and 570 nm.

Next, add the HRP Substrate. (Note -When the HRP Substrate is added, the red color will
disappear and the yetiow color will either lighten or disappear)
Incubate for 30 minutes at room tempaerature .

After 30 minutes, visualize wells as {olows or read on a plate reader at 655nm.
Pvivax -247 Antigen a blug cclorad weils (ar possibiy graen wells if the test sample
contains a bigh lavel of P. faloparium antigen), absorbances may te read at 655 nm
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Figure 1: Tri-ELISA

The tri-ELISA is to be used for screening mosquitoes in the presence of one, two, or three species of
Plasmodium. 1t is a qualitative, noninstrumented sandwich ELISA, compris.d of a polystyrene 96
well plate pre-coated with three capture antibodies (2. vivax-210, P. falciparum and P. vivax-247);
malaria antigen peptides/proteins coupled to boiled casein (BC) [P. vivax-210-BC ( O ), P.
falciparum-BC ( & ), and P. vivax-247-BC ( A )); a common enzyme conjugate mixture; and a \wo
step substrate. The assay steps are represented by the following diagram:

Precoated antibody plates are

removed from their package,

soaked with buffer for 15 minutes,

and washed. . I

P.v-247 Ag+ P.v-210 Ag+ PfAg+
Next, BC-aatigen controls and
mosquito extract samples are
added to separate wells and allowed
to incubate 1 hour. I

After a wash step, the common

enzyme conjugate cocktail mixture -
is added and allowed to incubate > :e

for 1 hour. ¢ gl

% =anti-P.v-247-peroxidase % =anti-P.v-210-alkaline phosphatase o =anti-F f-Bgalactosidase

Following s wash step, the
common substrate solution is
added. Wells containing P.v-210
aotigen turn red, and wells
containing P f sutigen turn yellow.

After 30 minutes, HRP substrate
is added and incubated 30 minutes T
We'ls cortainiag P.y-247 antinen I
turo blue, while the red and yellow :
BLUE RED

onlors are quenched.
YELLOW

4
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This kit contains the components for running three different quantifative ELISAs: the
Piasmodium vivax -210 sporozolte ELISA, the Plasmodium faicipmum sporozolte
ELISA, and the Plasmodium vivax -247 sporozoite ELISA (see figure 2). Each of these
assays is a sandwich assay simiar to the tri-ELISA assay given above except that only one
enzyme conjugate is added per ELISA [ vivax-210-HRP, P. falciparum-HRP, or [.vivax-247-
HRP]. TMB/H,0, Is used as the substrate for the HRP conjugates, and the absorbances of
thatestsamplesandconn'olsamwadonaplabmadaratmnmafterSOmlnutes The
amount of CS antigen in the test sample Is quantitated by comparing the absorbance of the test
sample to a standard curve of CS antigen-boiied casein (BC) conjugates. The number of
sporozoites present per mosquito may then be estimated from the amount of CS antigen
present If the absorbance of the sample is higher than the highest absorbance on the
standard curve, the sample should be diluted in assay buffer and run again.

QUANTITATIVE ELISA ASSAY
1. Add TNT butter (100-200 plwell) to Precoated Antibody Plates, soak at ieast 15-20 minutes,
Meanwhile, prepare test samples and dilute the appropriate posiive antigen contro!
Reconstitute positiva antigen controls with 1 mi dlH,0 and difuts In TNT butfer as foliows.
P.vivax 210 Antigen:
Reconstituted stock = 500 ng/mi. Dilute control to 25 ng/ml.
25 ng/mt = 50 i antigen plus 950 ul TNT butter,
Prepare a 200 pg/mi stock (20 jl of 25 nvmi + 2.48 ml TNT)
Next, serially dilute in two fold diiutions (1 mi sampls +1 ml TNT) to
100, 50, 25, 12.5, 8.25, and 3.13 pg/m!,
P.falciperum Antigen:
Reconstituted stock = 500 ng/mi. D'lute control 10 25 ng/mt.
25 ng/mi = 50 pl aniigen plus 950 ul TNT butter.
Then prepare a 800 pg/mi stock (80 w of 25 ng/mi + 2.42 ml TNT)
Next, serlally dilute in two foid dliutions (1 ml sample +1 ml TNT) to
400, 200, 100, 50, 25, and 12.5 pg/mi.
P.vivax -247 Antigen:
Reconstituted stock =10 ug/mi. Diiute control to 500 ng/mil.
500 ng/mi = 100 pl antigen plus 1900 ul TNT bufter.
Next. serlally dilute to 250, 125, 82.5, 31.3, and 15.8 ng/mi
[Note- The unused raconstituted antigen stocks may be stored for 1 week at £
C. For longer term storage, store frozen].
incubate for 1 hour st 37°C.

2. Wash plates 3 times with 250 ul TNT butfer. Add test samples (50-100 ul/well), negative
controis (TNT buffer or negative mosqulto triturate, 100 ul/weil) and positive antigen
controls (100 ulwell). incubate for 1 hour at 37°C,

Wash piates 3 times with 250 .t TNT buffer. Add the appropriate conjugate, 100 pliwell.
The P.vivax -210 and P.falciparum Enzyme Conjugates are supplied at use concentration
and may be directly added to :ha piate without dilution. The P.vivax -247 enzyme conjugate
should be diluted !n 18 mis TNT+a blocking protein (we recommend 1% BSA) prior to
addition to the plate. Incubsate for 1 hour at 37°C

(R}

4 Wash 5 times with 250 ul TNT. Add HRP subs'-ate. Incubate 30 minutes st RT and read
on a clate reader al 655 nm,




Figure 2: Quantitative ELISA

Components for the quantitative determination of each type of sporozoite in mo3quitos are included
in the kit. This assay was previously developed by Dr, Wirtz and associates; the only difference is
that this assay will be performed using |.re-coated antibody plates. The quantitative ELISA is also a
sandwich assay but it does not differentiate between Plasmodium species in a single well,

Precoated antibody plates are
removed from their package,
soaked with buffer for 15 minutes,
and washed.

P.y-247 Ag+ Py-210 Ag+ PfAg+

Next, BC.antigen controls and

mosquito extract samples are

added to separate wells and allowed

to inicubate 1 hour. Y I

AW
A

After u wash step, the enzyme 4
conjugate is added and allowed
to incutate for 1 hour.

b =anti-P.v-247-peroxidase g =anut-P v-210-peroxidase Y =anti-P f-peroxidase

Following a wash step, the ‘ v
HRP substrate sok tion is I \
added and allowed to incubate

30 minates. The plate is read

using a microtiter plate reader,

BLUE BLUE BLUE




Figure 3: Human Serum ELISA

The Human Serum ELISA will be used o screen human serum samples for antibodies developed
against circumsporozvite antigens. The pre-coated antibody plate will be used to capture the

appropriate antigen, then the seryr
conjugate and enzyme substra ..

Precoated antibody plates are
removed from their package,

" soaked with buffer for 15 minutes,

aod washed.

Next, BC-antigen controls and
mosquito extract samples are

added to ¢ eparate wells and allowed
to incubate 1 hour.

Following a wash step,
serum samples diluted 1:100

in buffer are added and incubated
for 1 hour.

After a wash step, the enzyme
conjugate is added and allowed
to incubate for 1 hour,

'5 =anu-human-IgG-peru. - fase

Following a wash step, the
HRP substrate solution is
added and allowed to incubate
30 minutes. The plate is read
using & microtiter plate reader,

P.v-247 Ags

ant-p.v-247+

BLUE

4
Y

P.yv-210 Ag+

and- P y-210 -

~ »

S

NO CO: OR

TIR T TY ST o~ "

~unples will be added followed by anti-human 1gG enzyme

PfAg+

and-Pf -

Y4

NO COLOR




The Human Serum ELISA is used to test human serum samples for exposure ©
Plasmodium vivax-210, Plasmodium falciparum, or Plasmodium vivax-247 malada. in this
assay, precoated antibody plates are incubated with one of the CS antigen-BC conjugates.
Then, human serum test samples and controls (positive and negative serum control samples)
are added and incubated for 1 hour. if human antibodies against the CS antigen are present in
the sample, the antibody will bind to the CS antigen-BC conjugate. The sampie is then washed
and a goat anti-human-lgG-F¢ HRP conjugate is added which will bind to human antibodies
present in the well. Aftar incubation for one hour, HRP substrate is added and biue color will
develop in wells containing positive serum samples. (See figure 3).

Human Serum ELISA

1. Add TNT butter (100-200 ul/wel) to Precoated Antibody Plates, soak at teast 15-20 minutes,
Meanwhile, dilute the appropriate positive antigen control. Reconstitute positivo antigen
controis with 1 mi diH,0 and dilute In TNT butfer as follows.

P.vivax-210 Antigen:

Reconstituted stock = 500 ng/mi. Dilute control to 25 ng/mi.

25 ng/mi = 50 pi antigen plus 950 w TNT butfer.

Then prepare a 200 pg/'mi stock (200 pl of 25 ng/ml + 24.8 mi TNT)
P. falciparum Antigen:

Reconstituted stock = 500 ng/mi. Dilute control to 25 ng/mi.

25 ng/mt = 50 ! antigen plus 950 ui TNT butfer,

Then prepare a 800 pg/mi stock (800 W of 25 ng/mi + 24.2 mI TNT).
P.vivax 247 Antigen: :

Reconstituted stock =10 pg/mi. Dilute controt to 500 ng/mi.

500 ng/mi = 1000 puf antigen plus 19 mi TNT buffer,
(Note-Uinusad reconstituted antigen stocks may be siored for 1 week at4* C. For longer
term storage, store frozen).

2. Wash plates 3 timas with 250 pl TNT buffer. Then add positive antigen controls o both
plate (100 ulwell).

{ncubate for 1 hour at 37°C.,

3. Wash plates 3 times with 250 wl TNT buffer. Then add positive and  negative serum

controis as well as ssrum samples (100 pbwell),
incubate for 1 hour at 37°C.
4, Wash piates threa times with 250 ul TNT butter. Add the Antl-igG Enzyrne Conjugats 1o the

plates,100 pl'well,
incubaste for 1 hour at 37°C.

s. Wash piates five times with 250 ui TNT. Add HRP Substrate and incubate for 30
minutes at room tempersture. Read plates after 30 minutes at 655 nm.
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