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S. ABSTRACT 

We wish to report the results of immunity induction trials in the Plas

modium knowlesiRhesus monkey system. Thirteen juvenile (1.5-2.0 kg)
 

Rhesus monkeys (Macaca mulatta) were vaccinated with various non-viable
 
P.knowlesi.
fractionation products derived from the plasmodial parasite, 


were prepared from parasitised erythrocytes by differential Frenc
Samples 

Pressure Cell disintegration and centrifugation, Bio-Gel column chroma

tographic separation, and linear sucrose density gradiejt fractionation.
 

Two injections of the respective antigen preparations, emulsified in
 

Freund's adjuvant, were given at 4-week intervals, followed 4 weeks later
 

by blood-stage challenge with the homologous P. knowlesi strain. The re

sulting data reflect a significant difference in peak paras-.taemias of
 

the vaccinated monkeys a-s compared to control monkeys. In this study,
 

mortality figures (antigen in Freud's adjuvant versus control groups)
 
results of.the preceding
become significant to less than 1% only when the 


a total
vaccination series are included. Summation of the data produces 


series of twenty-five ,onkeys. Eleven of seventeen vaccinated animals
 

have survived challenge, while none of the eight control animals have
 

survived (P 1%). In summary, we have demonstrated that a significant
 

decrease in parasitaemia and an increase in survival of Rhesus monkeys
 

infected with P.knowlesi can be induced by the administration of non

viable sucrose density gradient fractions, in Freud's adjuvant, of the
 

void volume preparation used successfully in earlier studies.
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(Reprinted from Nature. Vol. 247, No.5439, pp. 304- 306, February 1,1974) 

Vaccination of Rhesus monkeys against 
Malaria by use of sucrose density 
gradient fractions of Plasmodium 
knowlesi antigens 
W, wish to report the results of immunity induction trials 
in the Plasmodium knowlesi-Rhesus monkey system. Thir-
teen juvenile (1.5-2.0 kg) Rh' sus monkeys (Macaca mulatta) 
were vaccinated with various non-viable fractionation pro-
ducts derived from the plasmodial parasite, P. knoulesi. 
Samples were prepared from parasitised erythrocytes by dif-SaplsweeFret's 
ferential French Pressure Cell disintegration and centrifuga-

tion, Bio-Gel column chromatographic separation, and linear 
sucrose density gradient fractionation. Two injections of the 
respective antigen preparations, emulsified in Freund's ad 
juvant, were given at 4-week intervals, followed 4 weeks later 
by blood-stage challenge with the homologous P. knowlsi 
strain. The resulting data reflect a significant difference in 

peak parasit'aemias of the vaccinated monkeys as compared 
to control monkeys. 

Outlined in Fig. 1 and its legend are the preparatory 
procedures used in obtaining the various parasite fractions 
which were subsequently tested for antigenic lotential. Ex-
perimental treatments and resuhs are described in Table I 
and Fig. 2. 
The first injection of the immmunisation schedile tised 

Freund's Complete Adju\ant (Difco, Detroit) comlined with 
an equal volune of antigen. The seconl injection, 1 monthI 
later, consisted of :iL eilual volunie of antigen emiulsified in 
Freund's Incomplete Adjuvant. (roups 1 and 4 were injected 

TAIh.E 1 Treatment, survival, and peak parasitetias of vaceina)ted 
and control monkey challenged with Plasniqdium knowlesi. 

Peak
 
\Ioikey pairasit emia
 

surviving 'ft,:r
 

Treatment 
Bio-Gel void voluimle 
eluate preparatio in 
Frend's adjuvant 
Peak 1 sucrose density 
gradiett fraction inadijuivanit 14911 
Peak 2 sucrose esity 149, 

gradient fraction in 3 1492 
Fretud's adjuvatit 1.197 
lio-(Cel void volume 1476 
cltiate-no adjtvant* 4 1.177 
Freitd's adjuvant- 14.79 
].aitigen 5 .t8 

Group Moonkey
No. No. 

14,86 
1 1491 

1493 
1484 " 

2 1489 

challetige iniltal 
= + hallelnge 

+ <1.5 
+ 7.5 
+ 2.5 
- o.0 
- 0.5 
+ 2. ,5
-- 6.0 

+ <(1.5 
+ <(0. 5 
- 50.0 
- ,0 
- 2-1.0 
- 48.) 

* IIt liishted data t the void vtlime eItate wilhoitearlieor 
a(ljuvattt hadlelt shtw Ito belitot-lr(ttive, t lts, this gro I) 
coLstituited 'ladIlitttaIitttirol. 

2.0). Grotups 2 and 3 rt'teivi'(d :tt average of 2.0 itl ,f tie 
respective intiiti preparatittn (avi'rate .-. , 1.0) at each 
injeetittn. ('ttnt'(,nlrat ittns ifthe risp''ive tlittid: tiien 
Irepratlito, t sed ftor iuniis:itiou Wvert appr(.ximted )1v 
ahsori: inc it .1 M..,..Itr( ix:i'tin ieiiiestreiltts wer not 
deeied ntii,.'sary it view ft tt relative iplitrity ttf the 
liretarition! and hli(,ini:ritv of a ).strli:incy totrotein P(l
cenlration. Group .5rtivet, 1.0 tttl if Frtutl'd- :itlli:int 

each time with 1.0 nilof antigen lreplartion (average A..,,,at each injititon. lijelittns were gVivin intrlitu.titl:irly tIM) 

2-
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70"o*racaion No. 20'. 

1 folltowei' 
protocol detailed Iy Se'hinki elq0.5 with th' exceltion 
that final Frentch Pressure CIll (FPC) i'Ottlnt w:is sul-
jected to moleular sieve 'olumn chroniatography oIi io-

l,';. The first, stage of attigen ptreplaration th(t 

Ot 
Gel AI.5 (Bio-Ibd, Richond, California), rathtr than on 
Sephadex G-200. Subsequent fraetiortation Itsde 'rihed 
in this report, focused on the void voluni eltiat', (arrow. 
Fig. in), shown in earlier stulit's tocontain liv immis-
ing material, ant to be free of ti'tectablh host i'ell ,oit-

--'
 tamination l.Fraitionation of lhe 11,io-(G'l void oliw 
eltmatv wtts accomplished by linear sueros, densitv gradient 
ecentrifugation6 . The gradien ts, with te,r.nal cotteentralions 
of 20-70%, were prepared by means of itgruvity flow 
alparatus at 4 C. Each cellulose tithe tontained it ttal 
of 29.0 ml. Centrifugation (it 25,000 r.p.m. for 240 iin 
at 40 C) was carried out in the Beeknian Model I,ultrtt-
centrifuge, equilied Nrithi a SW 25.1 heatid (Beckian, Spiico 
Division, Palo Alto, Cidifornia). Samples (0.7 nil)were 
collected by means of t fractionator using needle puncture
of tle gradient tubes. A typied profili' is seen in ;Fig. 1). 
Vaccination prep,'ations consisted of resitei'tiv'elv iloi 
peaks I and 2. Sampi pools wire dialysed overnight againtst 

PBS (2-3 li'inges) to remove tie sucrose. 

ill (ppitsite t1iihs. 
The eliallenge intitltuni t'onsisted ofl alplroxim:tly '2 "x 

10' P. lnoinlesi-infectid retd iH)ood cells, givet, ilrav'etously 

tho infectittn ws mionitoriti liy perceniaig.e lr:ts:ii'wtit:iis, red 
lood eloi'o111'-. 'l.~l i, (Pilil fill]l m ll Illi(cro)~l oItlle 

ninmint nalturv of the( infection, deterinatio~n of ex:ivt parlsi
teinias at d(':ith w:is difficult to) iht:6n, F1)r this re:lsoin,the 

1f "l|~,m;in~
ohsevr\'d ]paras.itc~nii:is unprotec~i'lt vt hiav(, 

been. in nwinny c~i.tg :irtifi(-A:dh low.) 
The sigtiifie:ie tf tlifferene'ts tit mortality rates w:ts t'ale

ulatedi) lisher ilireet P sianific'ance test. 
All str ci i mnk 'vs were r('halhinged with I Y 10' 

pr:tasit isel IB(' of It' h ohtilous P. kt 'lmsi stra in : 

" 


nIonthis aifter tlil, '..kAI tilnw d i 'daWoo)diiii:il ch:1h'e, 11h:0 
l 11111Smild Iliiroli:wum)toc)(rit v:lue(s of thls(v :Ilnilll 

hadl returnedito lrech:illnue levels. atd tino par:tsites weredeteertalh ill1eriliherd b~lood sni,:ars. 

Ti' nioitortirl rtspttnses to hi' initi:il c:llleintzt' cani he 

gene :tly itevoriseti into three 6 9 \:icein ltete classes: 

:1iimtll.s((ttiups 1.2 and 3) w]ih it'mlitst 1:ttltdliar:tsi
t:mi:is ttf 0-7.5; :ittl sintrvvcil :3"d v:t'31aei iitnals 
(G-;roults 1,2 and 3) wvhih deimtnstrated siutilar lir:si
leias, but did nit survive :ind. --- tontrol animals 

((rouls 4 :itd 5) which 'ioistlr:ti'i(t rtnlt'i high l:irasi
t :i'lti:is if t1) to Titt:trlv 60' and diied. 

Ii GrioupI 1.:ll lirt' :linmils sttrvived chall'n,ze with (le 
atvi'rolge Li:xiiiiuni p:Itr:siitni;i hi'in , 4. Group 2. twit 

:ithol thv l' lrlii
tvimias of atlanianils iLtthis tzrotu)i w'rie extretielY Itw (l:o
iragi ti txitI i:trasitit. I. . At tr tilt it 
the two ntn-stirt'ivin Ittl<oil,' s (I.1 s)) showi'l ,vidvle' tif :i 

(if three atiinals died :tfttr cl:ilenge, h 

nit t 
surv'ive! chl('lviei. The p:lr:tsit:wmias of :dl :IIiilit :ti:s wer(, 
vtry low" an that Ofit]I'srvivtors iid nl tx'i,'il 0.5r. 

.A wide rancte tif indir't e'vidh'nee sutz-t's IltitPlak I 
ett:6ned irin:irihl ilmriA piIc, to

resltirati)ry infl'tion. Two of tlt r'ee il roup 3 

h:.,n Oz,)i). 

't t t t 
geter witli iri(tt :ntitiinit iattrial. 'i',k 2 st'e'ted to 
li' essetti:lly fre(,of irtn. is :i'.essd bY"atoniv :tistorlption 



spectrophotometry, and contained protective antigenic ma- The aetiology of the anaemia could be postulated as due to 
terial. Thus, it had been anticipated that both sucrose gra- some complication of the vaccination process and/or the 
dient peaks would confer protect;,' against a challenge of natural course of the infection, as erythrocyte destruction 
P. krowlesi. greater than that predicted from the percentage of cells in

- " All animals in Groups 4 and 5 died of a rapidly fulminating fected has been well documented l . Also, certain factors 
infection, reflecting the normal course of the disease in non- of the present experimental design may be r-levant. Unlike 
protected Rhesus monkeys. The parasitemias and RBC previous trials, in this experiment juvenile Rhesus monkeys 
counts of these monkeys were indistinguishable from the (1.5 kg weight), rather than adult animals (6 to 7 kg), were 
numerous non-injected controls used in previous experiments, used, thus more closely simulating the immune status of 
The lack o protection of animals in Group 4, which received children, and the challenge inocula were extremely status of 
Bio-Gel void volume eluate without adjuvant, corroborated (Analysis of minimum infective dosage in ihe P. knowlesi

0our earlier experiments and those of other investigators. 1, 1 , Rhesus monkey system has demonstrated that the number 
and emphasised the importance of combining the antigen of parastised erythrocytes sufficient to cause death ap
with an effective adjuvant. Group 5 represents a control to proaches five: L. Schmi(lt, personal communication.) The con
detect non-specific resistance induced by Freund's adjuvant tributions of each of these Itarameters, or combination of 
alone. No such resistance was observed, parameters, to the observed lhaemolysis is unkown. 

The peak parasitaemias of the nine animals in experimental In this study, mortality figures (antigen in Freund's ad-
Groups 1, 2 and 3 were similar, whether or not the animals juvant versus control groups) hecome significant to less 
survived, and were ignificantly lower than those of the than I% only when the results of the preceding vaccination 
animals in t, control 'oups 4 and 5 (Table 1). Figure 2 series1 ,5 are included. Summation of the (lata produces a total 
indicates th:.i the cour-, f the anaemia was similar in all series of twenty five monkeys. Eleven of seventeen vaccinated 
animals. animals have survived challenge, while none of the eight 

Upon reci,,llenr,' no, of the surviving monkeys suc- control animals have survived (P <1%). 
cumbed to the ml, tio and peak parnsitaemias were not in In summary, we have demonstrated that a significant 
excess of 1%. decrease it parasitaernia: and anl increase in survival of 

These results confirm and extend the earlier findings of Rhesus monkeys infected with 1). knoulehsi can be induced 
Schenkel et a. ' -' concerning the feasibility of vaccinating by the administration of n(m-'iable sucrose density gradient 
sub-human primates. However, one of the more striking ob- fractions, in Freurl :ldjuv;int, of the void vohi prepara
servations concerns the drop in red blood cell profiles fol- tion us.d slcces.c'uhy in earlier studi(,sl*. 
lowing challenge. After a slight initial rise in both RBCs and We thank Drs B. DeLIannoy and F. Beluhan, Medical 
microhaematocrits, the blood indices dropped dramatically, Research L.aboratorv, lniv(rsity of Illinois Medic:l ('enter, 
even in protected groups where parasitaemias remained Chicago for mnaintaining the monkeys. This work is supported 
<5% or were entirely undetected. A similar but smaller by the Agency for International Development, United States 
decline was observed upon rechallenge of surviving animals. )epartment of State. 
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