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PROJECT AUTHORIZATION )

Name of Entity: Interregional Project Title: The Development
of a Simple Im?unodiagnostic
Test for Malaria.

Project No.: ?31"0453,45

Grantee: KT and R
Laboratories, Inc.
Stiliwater, 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 Immunodizgnostic 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 accordance with the
A.I.D. OYB/Allotment process to help in financing the costs of
the project. , o

|
2. The project will conduct research to develop a gimplified
immunodiagnostic for detection of human malaris 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: “”7 . )
A. S&T/H, A. Van Dusen Y\V/ date M-{.-§y .
B. S&T/PO. G. Eaton . <. date . o..:i° ,
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S&T/HP ,+ James Sarn, M.D.

Agbnky Director
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ACTION MEMORANDUM FOR AGENCY DIRECTCR !
FOR HEALTH AND PUOPULATION

A . 1

I~

f’\. A ‘.; "T:"-:\"“"\.
FROM S&T/H, A. Van Dusen '\ o V© <

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

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&T, is in receipt of an
unsoiicited proposal for the development of an enzyme linked
immunosorbent assay (ELISA) which will detect actual plasmodial
infection during both clinical and subclinical (1atent) forms of
the disease.

[

The project has been reviewed by A.L.D.'s external expert panel
in accordance with FPR 1-4.909, 'and FPR l-4.910(b> and (c¢). The.
proposal contains a number of proprietary products and methods,
especially the specific methodology for the antigen binding
immunoassay. These monoclonal antibodies and research
methodologies are fundamental to the research proglam and cannot
be obtained by A.I.D. from any other source. This prohibits the
conduct of a markef search for this procurement per PR

1-4.911. The unsolicited research proposal is from:

KT and R Laboratories, Stillwater, Minnggota

1
The importance of this project to our malaria vaceine program
cannot be overemphasized, especially as we accelerate the
program under several directives from the Adminisgrator.

Recommendation: Pursuant to Handbook 13, Chapter 182(e) and the
above cited FPR's, we recommend that thlS institution 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 agreement 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 malaria
research and training. :
,d'
f\‘ ! /r
Approved 'LL_,~%u‘> //

Disapproved|( /

1
Date 11 7 ey

Clearances: .
S&T/H, W. Oglesby \LCD Date 2MvuyYy |
S&T/PO G. Raton 7. Date . : --



i

October 31,: 1984

MEMORANDUM - ' ;
TO: CM/COD/PE, Ms. Judith Johnson

rf '
FROM: S&T/HP, James Sarn, M.D.%y ‘

SUBJECT: 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 propogal is an unsolicited proposal. The
substance of the proposal is not available to the Government without
restriction from another source, nor does it resemble any pendlng v
competitive solicitation. The substance is suff1c1ent1y unique to
justify acceptance as an unsolicited proposal.’

The project officer certification with refarence to A.I.D. PR HNotice
78-~4 follows:

e

1 certify that neither I nor, to the:ﬂest of my
knowledge and belief, any other A,I.P, employee
solicited the proposal or had any prior contact with
the proposing imstitution, other thaﬁ to convey
interest in the field of malaria immpnity and
vaccination relative to the efforts ﬁescribed in the

unsolicited proposal.

A ke

Dr. James M. Erickson, groject Manager
¥

I request that you award this contract on a noq-COmpetltlve
basis to the KT and R Laboratories, Inc. without consideration
of other sources. .
|
Clearances: _ .
S&T/PO, G. Eaton o, date | S .7
S&T/H, A. Van Dusen ( ;' date -~ - n/

v
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ACTION MEMORANDUM FOR THE AGENCY DIRECTOR '
FOR HEALTH AND POPULATION |

L .,_,\.\ﬁ\\/:"‘"h'

FROM: S&T/H, Ann Van Dusen Q}J¢ﬁ\5”““'

Action: Your approval is requested for a grant of $754,000 from
Section 104 of the Foreign Assistance Act of 1961 as amended for
project 9312-0453.45, Malaria Immunity and Vaccination Research, the
KT and R Laboratories, Stillwater, Minhesota. !

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

In the past several months, several major advances have been
achieved in the sporozoite and merozoite blood stages oI Plasmodium
falciparum and P. vivax. This research has brought A.L.D. to a
pomnt where large scale primate trials are required of prototype
vaccines. Human trials may begin soon after advanced non-human
primate trials if the data generated utilizing Aotus monkeys are
fully acceptable to FDA. Of critical importance for field clinical
trials 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 suggest 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 will 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 1985 Congressicnal Presentation, Annex V, Centrally funded
Programs, page 53.

4

Clearances Obtained: This project was approved by the A.I1I.D.

external expert panel on the basis of scientific methodology,
qualifications and experience of the proposed 1nvest1gators, nd the
institutional capablllty in accordance to FPR 1+4.909, FPR 1-4.910
(b) and (c), and FPR 1-4.911.

Recommendations: 1. That.you sign the attached authorization.
2. That you sign the attachea justifications
for non-competitive procurement.

x

Clearance: .
S&T/PO, G. Eaton . . - Date ., __ =

Attachments:
1. Project Authorization
2. Non-competivie Justifications
for Cooperative Agreement
3. Project Paper

Tt
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Contains Propristary Infesmation

RESEARCH PROPOSAL

VYDEVELCPMENT OF A SIMPLE IMMUNODIAGNOSTIC
TEST FOR MALARIA SUITABLE FOR
PERFORMANCE IN THE PHYSICIAN'S OFFICE"

NOTE

This document contains
patentable andjor :npynqh’cab\e
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SUMMARY OF THE PROPOSED STUDY
A novel and simple microimmunodizgnostic test for malaria
which can be nerformed by a physician, coven under {icld

conditions, is pwvoposed, The test is based upon micro-enzyme-

“h
o]

jote

linked Immunosorbent Assay (ELISA) for detection of speeific

oo
{

» Test

4]
+

blood plasma circulating antigen. The attribut?s of th
include: 7rapidity, sensitivity, specificity, simplicity and
cost~effectiveness, In the first phase of the study, the test
will be developed and optimized in the Belivian Squirrel Monkey

(Simiri scuireus) to which Plasmodium falciparum has been adapted,

The acute course of experimental malaria blood phase infection in

this animal model mimics the human clinical picture of P. falciparuwm

malaria including the cerebral syndrome. The study will alsoc include

~

assays of free and complex

b
4]
< ¥
tn

pecific antigens in both mild and
convalescent stages of malaria in order o standardize the optimal
operational conditions according to the kinetic variation of
antigsn-antibody ilmmune complex proportions. The results of

these studies will then be critically evaluated using & series

now available to us.

The pronosed version of ELISA is the DOT-:LISA system on
nitrocelluliose membranes, For purposes of standardization the
DOT-ELISA i1 be cvaluated zgainst the standard microplate

ELIS5A, The following controls will be routinely included:
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1. A plasua standard with a known strong positive

reaction Tor P. falciparun aat:gen (free orx

complexed}.

Ny

. A standerd eiving an intermediate (woderate)
reaction for antigen and immumic complexes.
3. A standard giving a weak (borderline) reaction.

£

4, A negative plasma standard,

One micreliter of test and standerd samples will be
dotted onto mitrocellulose rembranes. Monospecific antiserum

will then be added, followed by an enzyme conjugated antibody

and finally by a precipatating substrate, The resultant color

test suitable for detection of actual plasmodial infection
during both c¢linical and subclinical {latent) forms of the

disease. In this test, large numbeys or samples may be
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sample. The advantages of this procedurc in compariso
the currently used parasitologic procedurss for diagnosis of

malariz are discussed.



(1

The

Hh
™)

rst phase of study {(approximatcly 14 years), using
clinically defined human and monkey scrum samples will be
followed by application of the test to humdan populations

residing in various regions of wmalaria endemicity. The

r

Y

results of the study will then be statisticaily analvzed for

'Jl

reproducibility, predictive value, seasitivity, specificity

{with reference to actual infcetion with P. falciparum) and

nd nedical
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INTRODUCTION
During the last two decades the immmogenicity and
antigendcity of varicus protozoal parasites, including malaris,

have been extensively investigated (i, 2, 3, 4}. However,

{3

attention has focused predominantly on antibody detection
merhods, which in strict terms, simply measure cvidence of
exposure to the eticlogic agent. In most cases the presence
of antibody cannot differentiate between current and previous

infection. These nmethods, therefore, provide basically a

presumptive diagnosis (4, 5, 6). The fundamental problen

iong after initial exposure and persists beyond clinical cure.
Further, the absence of antibody responsc does not

preciude infection 1n the prasence of concomitant factors

such as malnutrition, immumosuppression (5. 7), polyparasitism (7, 8),
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antigenic variation and the complexing of antibody with its
specific antigen,

Most of the diagnostic procedures for parasitic discases
have been geared to major diagnostic and research laboratories,
The ordinary physician relies heavily, however, on the laboratery
data to support clinical observations befors o definitive
diagnosis can be reached, For a timely, lifesaving diagnosis
the physician should be able to porform the test in his office

thereby cutting down the
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he patient

2
cost of laboratoxy tests, minimizing the dclay of the
appropriate therapy and reducing the duration of hospitalization,

By -

Currently, pazasitologic methods ore considered to be the

nost realiable Lechrlques cf diagnesis but they are time

consuming and ave liable to give false negative results in

{-r

low intensity infections or situations of long prepatent pericds,

Specific antigen detection methods, on the other hand, are

based on metabolic products of the invading parasite (5,12, 15
Based on studies of various erythrocytic protezoan infections,
including melaria, there is a direct correlation betweon the

levels of parasitemia and civculating soluble piasma antigens
(¢, 10, 11, 12, 13)}. Free plasima soluble antigens would thus

be diagnosticaily detectable before, during and after peripheral

blood parasitemia is in evidence. When immune complexes Torm
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in the zone of cquivalencs and antibody excess, detection of

2
complexed antigen would be Indiceted. Thus, derection of
or complexed antigen would cuv across the entire clinical

profile of malaria including subclinical, early onset zcute,

convalescent and carrvier stoies.
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complexes in the pathogenesis of plasmodizl infeclfions has

been confirmed in a number of experimental models (34, 157,

1

and in clinical humen =malariz (16, 17, 18). University of

ke

Teacts with plasma from childrven with acute malsxriz (18], thus
demonstratang the presence 0of soludle antigen 1n coute human

malaria. The technique used in thi
double diffusion, a rather inscnsitive metnod for Toutine use.

Subseguently, Mackey, et al (IB), developed o radiolmmnozssay

5



&

T ]

the development of improved ELISA techriques such os DOT-ELISA

a

{22, 23}, it should now be possible to dotcot anvigen, anti
S | H I b}

o

ody
Or immae complexes 1 nanogram GUARTITLES.
The DOT-ELISA system will be used throyghout this study,

first in the nonkay model of melaris in correlatior with

o

roat global importance, particularly

in tropical and subtropical countTies. Malaria causes approNi-

=

rorTality casualitias each year, and it is cstinated that some

laboratories throughout the world., Hewever, ncither vacclnss

nor chemotherapy can Se rationally wmplementad Dy any medical

gorfic identiTicayion o7 cutvvent malsaria
. s

iniection is aj ¢ssentia

tation of control measuves. Within the United States itsel
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imported malaria 1s of major public
importance (27, 28, 29} anc early dlagnosis is urgently

required. According o reports from the Center For Disense

=¥

Control (29}, the nuwber of imported cases in the ihnite
States escalated by over 1CG0% among civiiians in 1880,
The same situation existis in other countries generally

considered to be fres Ivom malavia {27). Also, deployment

areas will demand 2 fast and accurate diagnostic meihod,

g ?
o malaria. Like marny Scuth and Comtral Anerican countries,
Colombia and Venezuela have & Righ incidence and prevalence
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reters. A mojor problem is that chloroquine resistant P
“alciparum has been shown in 211 mciarvio-cndenns arens of
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Fig 1 Areas of Risk for Malana Transmission

7] Low nuk
L ) Moderaleto High nsk

'Based on map publishedin W H O Weckly Epidermiologse
Record, No 31, 1980.
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Until only reccntly the neighboring country of Yenczuela
was considered freec of malaria. During 1982 only 600 clinical

cases were reported in tha , during 1983 ihe
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rumber of cases escalated to 25,000. Further information
indicates that malaria is rapidly spreading in several other

regions of Venezuela and currently constitutes a major concern

L

of the newly electoed govermment of that country (Personal
communication: Dr. Andres Sucre, Director Malaria Control

Program of Verczuela, 1984). This confirns the published

at risk of chloroguine resistant welsyla; in particular, rural
areas of Terr., Fed., Amazons, Apure. Boliivia, PBerinas, Tachir

and zZulia. Turther, accordin

£ to Gebaldon (30), a single case

introduced in a nighl) susceptible population may spread

H
# By Iy

rapidly in surrounding villagss. Bue to 2 previously successiul

bl
Ui

anti-malaria campaign a large population of Veneruela

to arrest the spread of malaria,
OBJECTIVES
The objective of this research proposal is 1o cenvelop

evaluate and standardize the DOT-ELISA system 23 & definitive
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diagnostic test for humen P. falciparum malarza. The test is
based upon detection of plasma soluble plastodial cntigens
and specific immune complexes,
(approximately 1Y; years) will utilize samples from primary
human infections and those from squirrel monkeys infected
with P. Falcipazum. The second phase of equal duration will
consist of evaluation of the test under faeld conditions in
Colombia and Venezuslz, South America. Data gathered in the

second phase of the study will be statistically analyzed for

valuation also in regicns other than South America,

MATERIALS AND METHODS

1. Plasmodivm falciparum strains
Strains of P, falcaiparum from Southeast Asia, Africa and

-

Central Ameraca, adapted to and propegated in 2elivian
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monkeys, will be used throughout The 3tug

< -

represent a spectrum of chloroquine sensitive and chloroguine

resistant P. falciparum organisms.

2. Experimental animals and samnle colleciion

b
i

[



to the cxperiment a1l monkeys will be screencd by

fluorescent

antibody (IFA

N
L

-

exposure to Plasmodium spp.

o8t

(r.

excluded from the experiment.

be coliected from

sarples for hewmatologic and immunolog

possible.
aliguoted and stored at
bloocd samples collec

will be preserved for lia

3. Clinical categories

-70°

ter y

of

all monkeys.

After centrifugation
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falciparum and P, br

evidene

Monkeys positive in the IFA at 1:10 serun di
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Following infection,
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vninfected monkeys

as I;own negative controls,
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c. XNaturally recovered morkews: from section (b)

above shall be monitored at 2 weekly Intervels
for parasitemis, antigen, antibody and immunc

complexes for a period of 12 weeks.

iy

antibody and immune complexes for a peried o
12 weeks.

4. Preparation of monospecific anti-P. falciparum antibody

(autologous antibody)

The zbove P, falciparum strains will be propagated in
cultures using hemologous squirrel monxey ervihrocytes and

serum according to the previously described procedure (31} whicl
1

then be injected repeatedly inte sguirrel monheys rTor production

of hyperimmune seyum. This method of antibody production was
proven as a relieble means for production of menospecific anti-

P. falciparum antibodies. ihen indicated the antiserum may bpe
adsorbedé with plasmodzum-frec monkey ervithrocyte culiures,

; s anO o
aliquoted and stored at -70 C.



5. Prepavation of referencc reayents

a, Culture-derived antigens: P, falciparum soluble

antigens shall be prepared fron cell culture supernatants

as described elsewhere (31}. These will be used for initisl

-

standardization of the test in the monkey model.

b. Plasma soluble circulating antigoen(s): Sera (or

plesma) from primary P. falciparum human infection, positive
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immune conplexes

- The principle of the system 1is diagramatically illustrated

in figure 2 and is a wmodification of the technnigue of Singh
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IgG wil

phase serves as a ''capture' mechanism for antigen in the test

antizen present in the test sampis. A blue dot develops on the
nembrane and the intensity of the dot depends on antigen
concentration.

The Clg-binding assay (Fig. 31 will De based on the high

immune compiexes for
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rig. 2 Standard Microplate £ L1S Afor Soluble Circulating

Ag {or Cuiture Derived P. falciparum Ag)
[Ag "Capture” method]

1 Monkey monospeciiic anti-F faiciparum
adsorbed to plate

Wash PBS-Tween
2 Test sample containing
antigen added .
Ry f
Wash PB3S-Tween
3 Add enzyme labelied
specific antibody 3
2
1
Wash PBE-Tween
— O L‘_"; E c.. —
A A \_' v 1 £a i ,-T [ ; -] -~
L Add enzyme subsiraie :ﬂciﬁ;:f:aiﬁga ng4
b 2
ﬁ“’.ﬂ_:f;;s; 1
Amount hydrolysis= Amount antigen present
"Ag may aiso be direclly adsorbed {coated) cnto plate or

ora

nitroceliulose memprane in the DOT-ELISA



fig 3 The Cig-pnding Ag specihc mmunoassay for P
falciparurs depends on afhinly of Ag-Ab complexeas
for Cig

1 P:aie coated wih Cigin l

L) _‘,“
i‘::w l

V/ash PBS-Tween

)
s |

coaiung bicarbonate buffer

no

Test plasma sample added
{7Ag-Ab complexes)

3 Mongsgecific anu-P faciparum Enzyme lapatied

anu-2 laloiparum

Wasn PBS-Tween Wash PBS-Tween

EeN

[
anu-Spp usad to proguce E{aYE
morospeciic Ab . /\\}

(&1}

Snzyme subsirals aodee
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labelled with peroxidase will then be used to locat
. falcinernm  antagen in the immune camplex bound by
the optical density

of the hydrolysate corresponds to the guantity of soluble

immune complexes in the test sampl
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. Since s precipitating

substrate (4-chloro-1-Nanththol) is used, a biue dot
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participants will include: a) "normel" - meElaria-ifres

indivadualis from high altitude areas known to be free from

St
Yot
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recoversd cases; ) “earriers'.,.individuals who are clinical

normal but with demonstrable P, falciparum in hlooC smears:

) chemotherapeutically Yeured" individuals.

8. Collaborating scientists in Colombia and Vencuels

2. Colemhia: Dr. Carlos Zspinal, Director Malariz Vaccine
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sopulation clusters in Colombiz,



A hospitezl in Villavicencio (malaris endos
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21lth ©Ff the anirals will be monatored dzily
b, Oryanizatieon and analysis of data., AXl daia

the focul point for the puilents

Program in Maracay, Venezuela will oversee pa
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Specificity =

Tue aegatives x 106
eyatl i

Predictive value = Pa
Pa = (i-p)} (1-b)

~ S P - o ~ [l L o mae o ~31
In all cases the standard error (SE,) of percentage chall
:

be computed as follows:

%]
i
1
o
<

ithere = % sensitiviiy or specificity
g = 1-P; p = scmple size
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the sticlogic agent reather thanh provide an evidence 0f an ongoing
infection. In most cases the presence of antibody cannot éifferen-
tiate between current and previous infectien. These methods,
thersfore, provide basicslly a presumptive digznosis with a
fundamentzal problem being that the measurable humoral immune
respense generally occurs long after initizal exXposure and persists
peyens clinicsl cure,

Yhile results of tibo

5

dy detvection tests are only indicators
of fThe host's exposure to & given organism, detection of
circulating parasite antigens is a strong evicence of an ongoing
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lation between the level ol parasitaeniz znd circulating soluble
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