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PROJECT AUTHORIZATION 

Name of Entity: Interregional Project Title:' The Development 
of a Simple Imillunodiagnostic 

j 

Test for Malar+a. 

Project No.: 

Grantee: 

931-0453.4.5 , 

KT and R 
La~oratories, Inc. 
St~llwater, Minnesota 

1. Pursuant to Section 104 of the Foreign Assistance Act of 
1961, as amended, I hereby authorize the research project 
entitled "The Development of a Simple Immunodilitgnostic Test for 
Malaria" involving not to exceed $754,000 of S~T Bureau grant 
funds over a three year period from the date of authorization 
subject to the availability of funds in accord~nce with the 
A.I.D. OYB/Allotment process ~o help in financing the costs of 
the project. 'J 

I 

2. The project will conduct research to deve19P a simplified 
immunodiagnostic for detection of human malaria at the clinical 
and' subclinical (latent) levels of the disease, to aid in the 
future conduct of malaria vaccine clinical trials in the 
developing world. 

Clearances: II! 
A. S&T/H, A. Van Dusen \0JO date it-i-.· )-1 
B. S&T/PO. G. Eaton _........::_""':---.: . ..:..=-.. _.date - .. , ( 

\ 

S&T7HP,~James Sarn, M.D. 
Ag~nJ::y Director 

fdr Health and Population 

(Date 

c 
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ACTION MEMORANDUM FOR AGENCY DIRECTOR 
FOR HEALTH AND POPULATION ~ 

\ ,~) I 

/ D I"', \J C'-'~'- ", <.' <-:::. C ,'----. S&T H, A. Van use~\,..'v~ , FROM: 

SUBJECT: Selection of Assistance Recipients for the Malaria 
Immunity and Vaccination Research Program 

I 

Problem: Your approval is required to negotiate a cooperative 
agreement on the basis of an unsolicited proposal'without 
inviting applications from other entities. 

Discussion: The Office of Health, S&1', is in receipt of an 
unsolicited proposal for the development of an enzyme linked 
immunosorbent assay (ELISA) which will detect acthal plasmodial 
infection during both clinical and subclinical (latent) forms of 
the disease. ' 

The project has been reviewed by A.I.D.'s external exper~ panel 
in accordance with FPR 1-4.909, 'and FPR 1-4.910(b) and (c). The: 
proposal contains a number of proprietary product~ and methods, 
especially the specific methodology for the antig~n binding 
immunoassay. These monoclonal antibodies and res~arch 
methodologies are fundamental to the research program and cannot 
be obtained by A.I.D. from any other source. Thi~ prohibits the 
conduct of a market search for this procurement p~r FPR 
1-4.911. The unsolicited research proposal is frpm: 

I 

KT and R Laboratories, Stillwater, Minn~sota 
I 

The importance of this project to our malaria vaccine program 
cannot be overemphasized, especially as we accelerate the 
program under several directives from the Administrator. 

, 
Recommendation: Pursuant to Handbook 13, Chapter, lB2(e) and the 
above cited FPR! s, we recommend that this institu,tion be 
selected as the assistance recipient to carry out. the program 
outlined in their respective unsolicited proposal,. We ask that 
you approve the negotiation of cooperative agreem~nt without 
inviting applications from other entities. Our recommendation 
is based both on our review of the unsolicited proposal and our 
determination that the proposers are the most appropriate 
institution to carry out the proposed program in ~alaria 
research and training. 

,I 

i,\ // 

I i I? if. Approved . ,.(_~' ,"==--,=-

Disapproved ( ) ' . 

Clearances: 
S&T/H, W. Oglesby \JXD Date 2.,\'...\ifi 
S&T/PO, G. Eaton .-' '. "_ Date~, -", __ 

,. 



October 31,,1984 

MEMORANDUM 

TO: 

FROM: 

SUBJECT: 

CM/COD/PE, Ms. Judith Johnson 
!fl S&T/HP, James Sarn, M.D. 'If 

Justification for non-competitive procurement of 
unsolicited proposal from the KT and'R Laboratories, Inc. 
entitled "The Development of a Simple Immunodiagnostic 
Test for Malaria" 

The subject research proposal is an unsolicitea proposal. The 
substance of the proposal is not available to the Government without 
restriction from another source, nor does it r~semble any pending C 

competitive solicitation. The substance is sufficiently unique to 
justify acceptance as an unsolicited proposal.' 

" 

The project officer certification with reference to A.I.D. PR Notice 
78-4 follows: I 

0' 
I certify that neither I nor, to the' best of my 

I 

knowledge and belief, any other A.I.D. employee , 

solicited the proposal or had any pr'ior contact with 
I 

the proposing institution, other tha~ to convey 

interest in the field of malaria imm?nity and 

vaccination relative to the efforts described in the 

unsolicited proposal. 

/ 

I 

i I-~ 
'-!-:,-

/ , 
,~ 

..,­
/ 

~j -"";. /':.----~. 

Dr. James M. Erickson, P,roject Manager 

, 
I request that you award this contract on a no,n-competitive 
basis to the KT and R Laboratories, Inc. without consideration 
of other sources. 

Clearances: 
S&T /PO, G. Eaton '.-, .... date " 
S&T/H, A. Van Dus-e-n-':"'-:-I-,_-'-;"i-; ,-:-.. dat'-e~-, .':"--,':".--:-:r,-:-; 

I, 
" 

:.' . 

, 



ACTION MEMORANDUN FOR THE AGENCY DIRECTOR 
FOR HEALTH AJ.':W POPULATION 

FROM: 8&T/H, Ann Van Dusen 

Action: Your approval is requested for a grant 'Of $754,.000 from 
Section 104 of the Foreign Assistance Act of 19b'1 as amended for 
project 9312-0453.45, Malaria Immunity and Vaccination Research, the 
KT and R Laboratories, Stillwater, Minnesota. ' 

Discussion: Attempts tO,find a vaccine against malaria began in'the 
1930's but were supplanted by new drugs developed during world War 
II and later followed by world-wide anti-malaria' programs based upon 
adulticiding with DDT. Resistance to drugs and 'insecticides, lack 
of money and political instability, have reduced the prospects of 
malaria eradication and have stimulated renewed 'interest: in a 
malaria vaccine. 

In the past several months, several major advances have been 
achieved in the sporozoite and merozoite blood stages of Plasmodium 
falciparum and P. vivax. This research has brought A.I.D. to a 
point where large scale primate trials are required of prototyp-e 
vaccines. Human trials may begin soon after adv'anced non-human 
primate trials if the data generated utilizing Aotus monkeys are 
fully acceptable to FDA. Of critical importance for field clinical 
tria~s is a simple microimmunodiagnostic test to measure specific 
blood plasma circulating antigens of the various' human malaria 
species. The test must be rapid, sensitive, specific, simple and 
low in cost. Current biomedical technologies su~gest that a 
micro-enzyme linked immunosorbent assay (ELISA) as a DOT system on 
nitrocellulose will allow the development of the' required field 
assay. This proposal from KT & R Laboratories w'ill focus on part of 
the immunodiagnostic development so very critical to the A.I.D. 
malaria program acceleration. 

Justification to the Congress: Project Funding 'is included in the 
FY 1965 Congressional Presentation, Annex V, Centrally funded , 
Programs, page 53. 

Clearances Obtained: This project was approved by the A.I.D. 
external expert panel on the basis of scientific methodology, 
qualifications and experience of the proposed investigators, and che 
institutional capability in accordance to FPR 1-4.909, FPR 1-4.910 
(b) and (c), and FPR 1-4.911. 

Recommendations: 1. That_y.ou sign the attached authorization. 
2. That you s~gn the attachea Justifications 

for non-competitive procurement. 

Clearance: 
S&T/PO, G. Eaton ~~_:_Date 

Attachments: 
1. Project Authorization 
2. Non-competivie Justifications 

for Cooperative Agreement 
3. Project Paper 

'.. --' 

, 
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J. SU~fl\l'\'RY OF THf, PROPOSED STuDY 

A novel rmd sif.1plc microimr.iunociiagnostic test for i:\(t] aria 

1~<h.ich can be !1cTformed by a physici~PlJ C'~/cn tH!de1.' field 

conditions, is Pl'oposed. The test is based u!)oe RicTo-e::-tzyme­

linked IrrmlUnoscl2'oent Assay (ELISA) for detection of specific 

blood plasma circulating antigen. The attributes of the test 

include: rapidity, sensitivity, specificity, simplicitya!1ci 

cost-effcC'civeness. In the first phv.se of the study, the tes~ 

1 

will be developed and optimized in the Bolivian Sqt:iTTel "ionkey 

(Sirai:ri scuireus) to ,,\'hich PlasrlodiuIl. falcipaxuI'l has been adapted. 

The acute course of experimental 8alaria blood ph~sc infectio~ in 

this animal iElodel mimics the human cli:tical picture of ~. ralcipaTLln' 

malaria including the cerebral syndror.le. The study \\"ill also inc lude 

assays of free and corr.plexed specific antigep.s i~ both iDild and 

convalescent: stages of malaria in oreer ~o standClTdi::e the opti;:-:al 

operatiOilal conditions accordlng to ~he kinetic ya::-iution of 

antlgen~antibody iIillITLme cOwplex propoTtions ~ The results of 

these studies \.;ill then be cri~lcall; e':aluated usiYlg a series 

of ser~1 samples frof.1 jJri.marr human F. falciparull1 infections 

nOh' available ~o us. 

The pro!)osed vCTsion of ~LISA is tl-}c DOT-i:LIS.~ SystCh' oro 

nitrocellulose membra.nes. For pl!~oses of standardi::atloli the 

OCT-ELISA hill be c1:Clluated <:gainst :he 5tancar-G i:!iCTo~)late 

Ei:..ISA. The IolloKing controls y;ill be routiT1cly lHcl:"lc.eci: 

http:optin.al


1. }\ plasl.1a stdndard h'lth a kno\·:n strong positivo 

complcxcd). 

2. :\ standard givL:",:g ~n ir.tcrjncd.~3't(' (n1oder;:rt.e.) 

reactl.on for antigen and irmmmc camp] exes_ 

3. A s"t:::mcia:-d giving a weak (bordeTline) l'eaction~ 

OT1e micTclite1' of test and stu71dard sHm~)les y;ill bE' 

dot:ted onto rni trocellulos(' hlcrPbrar~es. ~foT!osflecific ant is ert.lEI 

~.;ill then be added, follo:'icd by aT! er:.zyrr.e conjugated 3.ntibody 

and finally by a p:recipl~ating substrate. T1:.e resultant colol' 

2 

hill be visually sco:-:cd as strongly positi\ e (4.:.); intelT.ledia~e 

reaction (3':";; ,,;ca}: posj tiYe (2+) or negative (0) hy direct 

cO!TIparison. ... ;i~h thE' -:reference antigen standa~:ds. 

The proposed DOL-ELlS.\. system 1;ill be the first diagnostic 

test sUltable fOT detection of actual: plasmodlal infection 

during both clinical and subclinical (late";1tj roTI.1S of the 

dlseasc. In this test, lEtrgc numbers or s;"'iffiples IT!ay be 

processed vdthlTI a. 2-:-tOUT period.. The test can be carried out 

at rOOIll tempeT[u:ur8 and can be T0ad \·~.sua11y. The yc.;:gents 

used iI~ DOT -LLISA are eSl:iI:13.t8d to cost] ess thJ.Il 5, cents per 

sawple. The advantages of this pToceciurc in coopa:tison to 

the currc;)tly used parasj tologic pToceduTcs for diagnosis of 

malal'irr are disctlssec. 



The Ilrst phase of study Capproxim~ltc] y 11i years) ~ using 

cl jnically dcfinecl ht:rr:an and monkey Serum s~rr:ples \·;ill be 

follo·.~ed by applicat:lon of the test to hl~r.1o.n popul~ttions 

residing in various Tc~ion$ 0f mala:ria endemiclty. The 

Tesults of 'i:hc stc.Gy \-::;"11 then b(! statistic;:.lly analyzed for 

l~epToducibility, predictive YnIue, sensitivity, speci:=ic1ty 

(Y.'ith reference to actual infection ;,;ith ~. falclpartbl1) <.=tp.d 

its practicabili't)" in the hc:nds of physiclans and i;leclical 

technologists. 

II . I ,\TRODUCTI O~ 

During the !Qst t.,.,-o decades ti ... e iiTJ:iUTIogenicity and. 

antigenicity of VEt"!'iol's PTo--cozoill pc~rasites! including 1':.a~a".i.~ia, 

have been extensIve1y investigat.ed (1, 2, 3) .1.). Howe1r er; 

:lttention has focuscc! pTedominantlY on anti·Dody oetec"L-ion 

w.cLhods ~ ,dli.:h in s-::l'ict terms, sinr.:'ly 3le2.Sure C\.-j deneB of 

In most cases The prese~ce 

of antibodr Ctlnnot d:'::ferentiate bet\"reen CU1T8Et and prev::.ous 

infection~ These ne-:hods, tllel~efo:re, pro-..:ide basi-cally a 

preSUFlptive diagnosis (4., 5, 6). The funda:nental problem 

is that "the measurabie htunoral iIT' .. 7une response generally occurs 

long 2ftCT initiG..l exposure and persists beyond clinical cure. 

Further, "the abS'?ilCC of antibocy response does not 

preclude in::cction In the pJ.'esencC' of concoiai t:J.nt factors 

such as m3.1nutritioi1: inununosuppressioTl (5_ 7), pOlyparasitjsPl ("; v, 8) , 
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antigenic v.ll'iation Hnd the cOii1plcxing of antibody \·;i th :i ts 

specific antigen. 

llIost 0:: the diagnostic: procedures rOT parasitic diseases 

have been geared to major ell.agnostic and Tese~~rch laboratories. 

The ordinary physician relies heavily, hOHC'VCT, on the labol'Gtory 

data t.o support clinic:-il observatlons before· 3. d('finiti\"e 

diagnosis can be reachec. For 3. ti:rlely, lifesaving diagnosis 

the physiclan should be able to porIor;r. the test: in !1is office 

or on the bedside of the patient, there-by cat.-cing dm,'n the 

cost of laboratory tests, minir.d:ing the delay of the 

appropriate Lherapy and reducing the GuraLion of hospitalization. 

Currently, pa:::-a.si tologic 1:-,et~ods <lre coasidered to be the 

rlOst realiable tcCh.tiiques of diagnosis but the:; aTe ti;ne 

conslUning and a:'.;' liable to give raise negati\'e Tesults i.n 

101'; intensir.y infections or situat.ions of long pTepate11"t periods. 

Specific antigen detection iaethods, on the other hand, are 

based on metabolic pToducts of thE' in":aciing parasite (5,1:2, 

Based on stUGleS of various erythrocytic }"n'oto::o£..:1 infections, 

inclucill:g malaria, "there is a dil'ec~ correlation beth'ecn the 

le\'els of parasitemia and circulatlng soluble pl.?s:na antigens 

(9, 10, 11, 12, 13). Free pl.?~SiP,a soluble" antigens \';ould thus 

be diag110stically detectabl e before, during (;'lId a f:er peripheral 

blood parasi t.emio :!..s in cyicience. h'hen immune cOwpl exes form 
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in the zone of e'quj\'alt'nc~ and ~lf1tlbo(1:, excess, (!(~tcctJon of 

Thus, (l.2't(:cT~on of free 

OT complcxed ant::"gcH \'iou}ti C!.l"t ac:r:o~~s tilL" cntl1'0 clinIcal 

profile of f.1;Jl.1~·la including subcllrlical, ear)y O';lset ac.ute, 

convalescej}:: ('.nd carrj el' stc.tcs. 

The ::ollo'r'dng sec1:ion \\ill surrti]~rlZ( the T~itio!"!al fOT 

the use of spec~fic solubJ e £1:1rigens :_:id sI1c.:ifj c aa-cigen-

_antibody conplexcs ~s a scientlfic.::lly sOllnd _ C.-iCli;'TIostic 

criterIa. 

IIi:. TEE SCIE~TIFIC BASIS ?OR T~iE PR0PO~E11 STUDY 

been contirncc! in a number of e:-:pcrimental iilodel s (l'~ J 15), 

and in clini~;:d hum~n 'i!al3.ri.:::. 06, 17, 18). Uniycrsity of 

Illinois sc~enti.sts 1.>.:'ere a:z.;)ng tr.t~ pioncel~s in cienonst.T2.tin6 

the prorectlYE and diagnos:i:: va.:l.!e of these antigens ir: =:1a12~la 

(9) 10 .. 11, 2.2, 13). Adul"t hu~an liJF1i.me 5e:ta fro;;> the Ga~biH 

reacts \dth plasITla from childTen Ki:h 2.cute lllol.::.:::-ic-. (IS) .. ~:-lUS 

dcm::mstrat;l.ng "the presence of 5o:!.u~le antIgen i:l ,-Ctl~e huma:-: 

:nalaria. The technique used in 

cioublf' diffuSlOH .. 3. rathe:- inS0nsit.l\-c Method -:0:' rOutine usc. 



(22, 23), it should nOh be I)O~sjblc to de~CCl a[~Tigerl, afltihody 

0]' im.Intrne co@pJcx('s .ia ;wnogra!h quar:t.!tJ.(,s .. 

The DOT-ELlS.\ system , .. 'j 11 be useci thl"01 .... !"::hout this study, 

sarr.ples from }:no;.n prinary hUIilc~;l infect'ions, and l~!tcr in 

hU1TI2.n pOpc.latlons resident In aTcas of \'2T)'i:1g dCgT8CS o::~ 

TIlalal"ia endemici ~r of Color.l.oia and ;'enc:ucl a. 

1\. JUSYIrIC.TIO'< 

~!~l3.ri:l is d disease of great glob21 i;::po:~::anc~, paTticulurly 

~aLel\.· 200 Dillion cases of. mOTo:;'dity a71J 3 ~o 5 million 

POTta:"ity casuali tles each rear, a~~d i: is ('st.ina-::ed ~h2: SOllie 

. d' .. (~'?-? .::.5 en eT.UC to i.'a::.]rln~ cegrees -!..hh, _~, _b, ~'12jor efforts 

labo'!.~J.~oYies t~rough()lLt the }"orld. HC;~'8\'er: '1( i ther Va.CClIlE;S 

ream Kithout ,1dequ~te Kilv .... iedgc o~ the ;Jye~ise cise.:tse s"ta-cus 

l.nfectjo;~ .is prercquisi te 

~2..tlO;1 of cont.l'ol iileaSl:TCS. 

http:quantit.es


, . 
irnpC>Ttc-d r.n1 aTia. 1S of FlRJor pub 1 i..::. he~lth ,Jntl !-.ilit~iry 

reQulred. .A.ccorC!in~ reports from 

Control (29), the i,uitber OI~ imported cases ::'n ~h('- tIllite-c 

St.ates esc<:lated by OVC'T loCt. among cj,:i:;'i::ns in 1980. 

The same situ3tion ex.iS~5 in othC'y CO:'~jltTLCS genera ~ly 

c:onsideTed to be Il'ee f~OiLl r.m.la:-iu C::::-). :\lso) deployment 

to t.hc 

al'eas r;jll dena.:1d a fast and accuyC':.t:e G.!.<:,f,T'.ostic. filc7.hoci . 

. ':"gain} DOT-tL!SA See-'s to be a very P:'OIi'u .. Si;1t; tes~ for such 

eaTly d.lagnosis~ 

0: i:l.dl:ll'ia. 

CO~I):nbia. and Verre:::ucl&. have Ii i:.i.'Sh i:-::::.:..t:e:lce and pre\ :tienee 

In geneT2.l J a~ 1 2.~C:lS q-: Colorilb:a 

al'(, at. Tist c:c:::cpt Bo:;:ota 2..nd \·ic.i:ti ty _ Risk exists in 

"the ye8.!- al7.ong pOpt:1.a"tions residing 1.!"'. altitudE'S below 800 

Col oI'1t'ia. 



Fig 1 ArGas 01 lilsk for Malclrla Tlanslnlssion I 

I Based on map publisi1eciln WHO Weekly EpiciGIlllolo91C 
Recorci, No 31. 19130. 

[~] Ivlorlnr <riC, \0 HI()1r ,,~I( 
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Until only recently 'the neighboring country of Venezuela 

was considered free- of malaria. Our-info 1982 only ()OO clinica~ 

cases \~ere reported in that country. Iio;.;cvcr, d~iring 1983 t.he 

number of cases escalated to 25,000. Fllrther information 

indicates t.hat J<lalaria is ra?idly spl:cadlng In se ..... e;--al o-:hel-

regions of VCJlezuela and curre;:tl} C0;1s7itutes a mnjor cone err! 

of the newly elec'tcQ govCTTtJil€T!:t of th:1t c01.li'1try (Person<.:tl 

communication: D2.~. Anci:!:"es Sucre, Director ~j(! 12.ria Contr~l 

Program of \'epc:uela J 19S~i). Thjs confirns the published 

CDC report (29) w~ich states l::--lat r!~any a:rea~ of \'ene:'u.elz. are 

at Ti.S}; of chloroquine re~lstant it2.1~ria; in pa:-~Jc!;..lt3..T, m::al 

areas of Ter:-.) Feel., A:na::ons. /'.rure. 3cliYia, R2.Tinas, TachiT3. 

and Zulia. FUTtneT J accorc.in; to G::b:'!.ldon (?i0) 1 a sin~le case 

l.ntroduc:ed in a flighiy susceptible ?opul~_1:ioi1 i:tay spread 

rapidly in surrotmding villages. Dl~e to a p:~e\"iously successf...:! 

extxewelv st:sc~jJ1:ibl~. 
'"' ' 

Jus"C as in Colombia .. a rapid ai:.G cosl.-ef:e~~i\*e 

diagrwstic r.:ethoc. ::.,5 u:!:'gent.ly r..eccieo in Vene!.lwla ll! G'l~dE=!:' 

to arrest the spres..d of malarlu. 

V. OBJECTIVES 

T~1C objecti\*e of this l'ese.:1:-cn pTGposal :is 1.0 dp\elop, 

evaluate and standardize the DOT-ELlS), syster.l DS a defi.ni ti-..'c 
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diagnostic ~cst rOT hUr.l:lI1 r. falcl.parul'l maL1TJa. The test is 

based upon detection of plClSIH3. .soluble pl~t:-;i;<odjC11 ~:nl:igcf1s 

and specjfic inITiune co:nplexcs. The first phGse of t.he s:=t.:.dy 

(approximately l}j rears) Hill uti.li:;:c sar:lplcs iTem pr:ima.ry 

~u;nan infections and those £ro'U squirrel monKeys irr£ectcG 

\·.-ith p ~ falcipG.Ium. The second phase of equal dU~-&Lion ~..-il1 

c.onsist of eYnlua~ioi! of the test UT!d(·y f.::cld conditions in 

Colombia and Vene:.uela, South l'J1erlca. Data gathered in the 

second phase of the study ''''ill be s-:.atistically 2.nalyzed for 

specificity, sensiti\',ity, predictive value, l'e?roaucibil:'t:y 

and pT3.cticabili ty in the hands or phy5icl~ns and medical 

technolog]sts. It is anticipat:ed that at the end of this study 

~hE' DOT -ELlS ... \ tec}Ltology .,;ill be rea.dy fo'J~ l.:!.rgc sCG.le flClc! 

e~,ra Iuation also in rcgio:ls othe::- than South ;\i:leYlca. 

1. P::"asmodiuir. :alciuartu:l strains 

St.ralns of P. falclparu.l1 from Sou~heast .-'.sia, Africa &i1C 

Cen\:yal Amer1.ca, ad,-lpted to a:1d propc:~ated lil Bol i\·:ar. Squirrel 

;I;onkeys ~ ;,.;ill be used t:tl'oughout: 'Cile stl!d:.·. "?tese isoJ ants 

TcpTesent a snect:rUR of chloroqui:1e s8nsi ::i\'e ~nd cl-}loroquine 

resistanL P. TJlcipaYU@ organishls. 

t·ra Ie Gdul t 3011 vian Squi rre I monkeys (Sir. . .L Y i scui :-e'..!.s) : 

h'elghing bct~· .. ecn 600 ana 1,000 grams \;il1 be used. PTjOl' 



1 ' .1 

to tIle experiment all monkeys Kill be s2Tccncd by the ipdirect 

fluoTcscent antibodY (IFA) test :.OT cviciCT!CC' of prCVlOUS 

E'xposure to Plasmodiuiil spp~ (~. falc:ipsrum a:1d E.. D;.-aSl1 iani..i:n) . 

~·lo:lkeys positive in the 1;::\ at 1 :10 serw-I dilutlon shall be 

excluded £TOr.l th0 ex~eTimcnt. Pre-inocula.tlon plasma inll 

be collected from all wonkeys. Follow::'ng infC:::tion~ ~\'eekly 

saFlples for he~atologJ.(, and inullll.TJologi,: studles w'ill be 

collected. Urine sZ!.1TI?les \o.'ill also be collec~ed wneneve::, 

possible~ AfteT centrifugation the plasma sar::ples 'rGl1 be 

I " d d ~. -0° C " - 1 d 3. lqUotE" an store ..... aL. -I untj 1 an,Ly:e· . Also, -"hole 

blood samples collected diTectly onto nit:rocell'J.lose r.;embranes 

""ill be preser\'ed fOT later use in tt!e D01-ELISA. 

3. Clinical _c:?.tegor~es of experimental monkeys 

EX't>criRental ;tonkeys \\'111 be di'lied into d. categorj es: 

a. Clean r.tonkeys: l~ninfected Donkeys to scr:e 

as }:aO~l1 negat.Jve controls. 

b. Infected monkevs: J.D orcle!' to cut aC;:05S t~!e 

cl inical spectru!J of the disease, ".;eeklj" blood 

sa:np2.es y;ill be collected ror .l5say of pa.rasitem] 2 .• 

an'tige71, an'Cioody and iiil:.l' .. me complexes) be.i8:-e 

onset of infection .. early phase of infection: in 

overt disease, artd folloKi1:g natural recovery. 

\"cry severely ill Plonkeys Kith a poor ?rogr:03is 

'>~'l.) 1 bc ci1emothcrapE'utic{l11y t:oeateci. 
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c. ~';atuTallr recovered mOTl}~0yS: from section (b) 

:lbove 5:1311 be monitoTcd at 2 l,o,ce}:ly Intcn:8.1s 

for parasitemia, antl.gcn, antibody and ir.unune 

complexes for OJ. period of 12 ","ee}~s. 

ci. ChemotheTapcll'tically clc<l':'cd (cuTcd): monkeys 

ITom sect::on rb) 3.bo\"c shall be filO1il-:::o:n;d at 

2 \~'eek]y jntervals for parasite..-,ia .. <ii1ti2cn 

antibody and inurn .. tne co:aplexes for (~ perj ad of 

12 l,I,eeks. 

4. PTeparation of mor:.ospecific anti-P ~ f3-1cinarLliFl crnt.loody 
~~==~~--=------~ 

(autologo~s antibody) 

The &bo\"e P. falcipanim- strains Kill be pro!)aga:.ed i!1 

cultures usiT!g homologous squirrel r.1on~ey er::thl~OCr1:C5 and 

sorum accoTdii1~ to the pl'ev:iouslr de:;cl'i~eL IJTOC0cii...::re (31) h"hi.ch 

lS Ci iilodific3.tlon of TrageT 3.nc! Jensen I S Re:hod (3~), Soluble 

antigens deriyed from the sUFernatz.nt cul"ture medi:.:.:n \.;il:i. be 

emulsif:!'eC: h'itt: Sapo71iT! (Quil-~) adju.:ant. The er:!l..l.lsion Ki~l 

then be inJected repeo.tedly into squirrel monkeys ror produc-:ion 

of h~peYiiimil.lI1e sen.lIit. This !i"tethod of antiboc.y prociuctlon 1,>,'2.S 

proven as g reli2ble means fOT produ.ction of mcnospec::..fic anti-

.c. falclparum al~tibodies. i';hen inci.lC'ated the antisen..1ffi 'nay De 

adsorbed i~'ith plasmoc::,unl-fyee '1lonkc)" erythrocy"tC' cultures, 

aliquoted and stoTed at _700 c. 



S. P1'epara~ion 0:: reference 1:'Cagcflts 

a. Culture-derived anti~.;cl1s: P. f~11c.Jp;-;'1.1.1m soiuole 

antlgcns sha 11 be prepared fro .... ! cell nIl ture 5upCTna to.nts 

as described elsc\,'here (31). These Kill be used fOT initial 

standal'clization of the tCSi: in the monkey model. 

b. Plasma soluble Cil"Culatlng antlgC'n(s): S~'3.·a (OT 

plG.sma) from prJPlOTY ~. falciparum hU:7:o.TI inIC'c-::ioft, positive 

for circula.ting an~igen will be u~ed as a S~c.ndaTd. ar,tige:L 

6. DOT-ELISA ~or dctectlon of ? ~ falc::..po:!'um ahtlgens and 
= .. 

immune conplexes 

The pTinciple of the sys~eli! is diagram~ttically illustrated 

in figure 2 and is a modificaLion of the tecnni~ue of Sin6h 

and Tl·~nl·e l'-:::-;::\ ,....bT..;""oF'I\· mnn,.....,'-.c.v·i-f'~c on-':_D "::':::~l~;n"ru~ .16 " ..... v). __ ... _.t~, IIU .v_!-'''- .... __ ..... c:..l LJ.. .:.... ~':..=..:..~ 

IgG hill bc acisorbec: onto ni1:l'ocellulose nerrt~l'ane. Th:5 solid 

!lhase SeT\"€,S as a IIcapture tr ~echaTl.ism for a.ntigen in ":.he test 

labellcd-:nonospecific antibod}: is added. Su~sequeY!t addition 

to hydrolysis y;hich is directl y propoTtio:1a2. to the a'lou;n: of 

antigen pTeSe!1t i:-! tne test sa::1?:i..e~ A blue do~ deyelops on t!1e 

membrane and '(he ln~enslty of the dot depends on antigen 

concentra.tion. 

The Clq-binding assay C::ig. 3) h'ill be based on the high 

a=fin~ty of immune comp.lE.'XCS f01' Clq (:;:=;). :.lonospec_ific antibodr 



Fig. 2 Standard Microplate ELI S;' Tor Soluble Circulating 
Ag (or Cu:ture Derived P. fa!clparum Ag) 
[A ~ .. " t -" 'h'1> .\oj vap,u;e met, ad] 

1 Monkey monospeciflc anti-P 
adsorbed to plate 

Wash PBS-Tween 

2 Test sample containing 
antigen addee! 

Wash PBS-Tween 

3 Add enzyme labelled 
specific antibody 

Wash PBS-Tween 

4 }\dd enzyme substrate 

l 

, Ag may also be directly adsorbed (coated) onto plate or 
nltroce!lulose membrane in the DOT-EL!S.A 

14 



P:ate coated w,ih C 1 q In 

coatIng blca(bonate buffer 

2 Test Dlasma sample added 
(?,o.g-Ab complexes) 

3 Monospeclilc ann-Po ia:clfJarun? 

4 an:i'SpP used to proouce 
IT.orospeclfic Ab 

5 ::r:zyme substrate 2.odec 

The C1 q-D·ndtng Ag specIfic Immunoassay fo, P 
ia1clparu(;7 de;:>ends on affinity of fog-Ab cor:-.plex2s 
for C1 q 

I 

I ~~ 
Viash PBS-Tween 

metnod /.., _ ",method 8 

)- Vv'ash PBS- i ween ~ 

15 

I E I ! El/--i E 
~ I 

Enzyme laoalJed 
antl-P ialc!parUIT! 

I 
~ I 
~ I ::,..E,;,;i@ , 

VVasn PBS-Tween Was .. PBS-I ween 

\'Vash PBS-I"\'e2n 

Amoum hyarolysed ;- Amount of Ag-Ao comolex present 
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latcil~d ,,;:itfl peToxidasc 1\'111 t!~cn be used to loc.:;1te 

r Talc j:;[:..TlIYi'l ~lntJ.gcn in the :'m.r.n .. me c('"iffi"tJlcx bounc by 

Clq. ..\ftc:,:' addit.ion of substrntc) the optic.a! density 

of the hydTolys3tf cOTreSpO:1c-s to the q1.Jal1ti tr of sOluble 

jmmllilG complexes in the test sample. Since a pTecipi tating 

sub~tTatc (4-chl~ro-l-:\apththol) is use6, 3 bJ 1.10 do~c represent 5 

?. posit~xe reaction. Posi 1:i Yit)' \--;ill be seoTed on a sea] e of 

0-4 by reiel'e:1ce and Ylsual com:?~rison h"ith the st:D.nc.aras 

g:iYing a }.:nohll debTee of react-lon. 

7~ Field s~udies in human pcpul~tions i~ Colo~bia and 

Venezuela 

In order to 2yoid st2tistlcQl bias, Tancorr-e:!.y Sc:'l.e2tec 

particip3uts 1,'i11 incluo0: al lInorffi~lq - malaria-free 

il1[!.] ~:ria; b} I' suspects!l-e~Tly cases (pa:~asi tGlogically ne£atiye); 

c) ful;J"linatin~ ma.laT13 i.'.asc.s: ci) clinically confinped na"turally 

re:::overed cases; e) aTe cli;}icall y 

normal bU1: \d th dei:"lons"tTable ~. ~alclparJ.m in blo0G smeaTS; 

f) cherrlothcrapcutic~lly lTCUTeO" indi Yiduals. 

S. CollaooJ:'ating scient:] sts in Colombia and \'enc::1l121a 

2. Calomi)] a: Dr. Carlos 2spinal: DiTec"toT ~·1::!1~Tl2 \"acc=-ne 



fi£:Id in\ (>stig8tlons. 

b. \Cl~c::uc}a: Dr. Ai!drcs Su:::rc) DircctOT, :·1r-13yia 

Cont.TO} PTOg:~::l1tl in j·jaT3::ay, Vene:,u'21:! -,,;i12 0\ C'!"SCE p<1tie-nt 

selecti01! afld cal'e ITI \ enc:ucl~l 'ilon~ th:: ScrolL! l:nes stipul2.t:eci 

for Colo;;:sia. 

9. St~tistlcal methods 

he~lth ci ~hc a:liF,2~ls i:iLi hE: tlO:11torea daily (nutriti.OH, etc.). 

st:n.s=-1:iyit\ and p::-edictiye \"alue of tLc ELIS.\ t.f'st u.sing the 

The follo\-;:'T!g Io:-rnulas ,,;ill ::--: used: (£olloi'.'i~b pf:ge) 



Sensi tj \"j ty = 

Prcdicti-n:c valuE.. = Pa 
"P,:a----:-;C"i--=-p J (1-b ) 

< c­
.:." 

A. 100 

x 100 

Efficiei1c:,- = 100 x True Fe:::] -ci\"es ~ Tr~!e !\egatives 
Gr<ii:c Tot,-l 

In a.ll C2ses :::e 5:&n~c:rd er::::o:!:' (52,) of percentage shall 

be compl:t.ed a:: fo:!.10i~·5: 

52 = p Po 
-' 
n 

i\here P = !o sensiti;'-l"L.y 0::: 5pec:'ficity 
q = 1-P; r: = s:::mpl e Sl ze 

95~ confidence liTu 1.:S ;; 



VII. RESEARCH TIt,1ETASLi.. A!~:) DlJf' ... \TION 

Phase r: Standardizo.tjon of DOT-[LISA 1ft expe-:-iJilent.2;' 

:nontey filodel - l!i years. 

Phase I'i" Fieid eyo.luc."tion of DO-;- -ELIS.~. in Colomb] a 
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KT &: R laboratories, j"c. 
PO. BOX 406 STlLL'NATER. f",INNESOTA 55082. 

Dr, JE-mes Erickson 

j,!2..1ari8. T.Jesc::!X'c.; C'~ fJ.cer 
Cf~!ce of :e~lth1 ?ureau for 
Science 8.nc 'Iechnology 

j-.gency for Ipternation&.l Development 

Was!-.lingtoD, D .. C. 20523 

Dear Dr~ Erickson, 

tel. ('71::» 294 3[70 

July ~O, 1884 

Our company is plec-..sed 'Co submit for' your consideratJ..on 8. 

researcb gra.jt proposal enti-cled "Development of a sirrlple 

Inimu..nodiagnos-r;ic Test for !\~alarJ..a sui table IO!"' perforIi1aJ'Jce in the 

Physician f S o:ffice ll 
& 

::our oi'f'j_ce s?onsors major research ef:forts ~oy;arcis the 

development of' llale-rie. vacc~_nes and sll":1ilar studies 2.re undt:;r"'i2y 

in many other labora-cories t:hroughout 'the v:orl do :iov:ever! nei ther 

vaccines nor chemoi:herapy can be ra-cioDa.lly liTiplemented by any 

Plec.ical -:earn 'Wi thollt adequa-cG kno\;ledge of the precise d~sease 

status of the respective patien:: and. the popula-cion. Consequently, 

the need for differentie.l speci::-ic identifica'tion of current malaria 

infection is aD essential pre:--equj_si te to the ef'I-'ective imp} eP1en-

tat~oD of con~rol measures. 

At the present time, faost frequently used methods fo£, dia,gnoslS 

of malaria are limited to clinical observations and microscopic 

eX8:n:"natior: of s-ce.inec ~lood films of respective pc.:cien-cs. Such 

methods may be useful for -cne dlagnosis of acute for:Ls of the 

disease but their use is limited a!Jd usually :Lneff'ect.ive fo.c the 

diagnosis of subciiDJ.ca.l and carrier forms of malarie:.. For this 

reason serologic me'tDOaS are being use::: in an effor1; &.scertalDine 

the presence 'of the latt:er t\'!O forms of' the ciisec=.se. ~:o\.;everJ these 

ant:ibody detection !Ilet11ods simply Pleasure eVidence of exposure to 
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the etiologic agent rathe~ than provide aD evidence of an ongo1.Dr: 

infection.. In most cases -che presence of a:1"'cibody canno"C differen­

tiate betv.reen current and previous infection" These met!1ods, 

therefore, provide basically a presumptive diagnosJ.s with a 

fun6.amenta:::" problem being tha"t the measurable humoral immune 

res!Jonse genere:.lly occm--s long after inltial exposure and persist-s 

beyond clinical cure. 

V.nile results of antibody de-cec-cion tests are only indicators 

of the host's expos~~e to a given organism f detection of 

circulating parasit::e antigens is a strong ev~aence of an ongoing 

curren-c infection. Based on studies of v&:.rious erythrocytic 

p~otozoa...T) infections, includiDg malaria, there is a direcl:. corre­

lation between 1;he level of parasi -::ae!11ia &.nd circulating soluble 

plasma lI exoantigens" .. Free plasm.:.. exoani;igens would thus be 

diagnostically detectable before, durinf, and aft::er peripneral 

t:lood parasi taerl'lia is in evidence. 

T!le proposed DOT-EllS!, sys"ceI'l Kill be the J:irs'c di8.gnostic 

tes-'.; sui L:able :for the detection of' actual plasnodial inf'ection 

during both clinical Q..:.'Jc subclinical (la'Cent) forms of the diseas€ .. 

In thJ.s test~ large numbers of s2s:1ples may be processeci ';iithin 

a t"iO hour period~ The test can be carried out a.t room "Cem;Jerature 

and can be read visually. The reagents used in the DOT-ELISA are 

estima-cea to cost less than 5 cents per sample. 'l'he adva.!Jtage 

of this procedure in comparison t? the currently used j)arasitologic 

procedures for diagnosis of malaria are discussed in the enclosed 

research proposal. 

1'his proposal is intendep for internal revie\J of the agency. 

Tne pro;,osc-_l con"!:ains highly proprief.:::n""'y me.teri21 &.nd must not be 

released as a public information to anybody. 

Sincerely 

W.J n 1/ iJf 
,{~ 1 r--J V(.tA...f' v~ _________ 
cf"C-c~fied Eellerl~1ann PhD 

Enclosures: 2 copies of proposal President 
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Year 1 

f.\. S2.1ar':'es a'1d Fringe Benefits 138, 000 

2 person yea~s - professional 
3 person years - technicians 
1 person year - consultant 
0.5 person year - cleric~l 

E. A:Jimals 

Primates, Rabbi~s 

c~ Equipment 

CirculC<.tory appa~atus :Lor 
cc-;ti,'1en procuc-cion 

:., .. '!rsveJ. 

To~~l Direct Cos~s 

?oi:al Costs 

5,000 

6,000 

1':',500 

4,c>00 

170,000 

C~,60{J 

23.:1, 600 

Year 2 Yea. 

148,028 161 i 02f.. 

5,500 5,000 

6,600 5,500 

17,650 18,000 

4,900 ~,ooo 

1&2, ':;76 19~, 52c 

70,5-.0 

252,085 267,06b 


