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Vaccination of Rhesus monkeys (Macaca mulatta) 
against Plasmodium knowlesi by the use 
of nonviable antigen 
ROBERT H. SCHENKEL, 1 GARY L. SIMPSON,2 & PAUL H. SILVERMAN 3 

This study was part ofa long-term project with the ultimate goal ofdeveloping a malaria
vaccine for use in man. Rhesus monkeys thu: had been vaccinatediwith a nonviable antigen
given in combination ivith Freund's adjutant were protected against a normally lethal 
challenge of Plasmodium knowlesi. Use of the antigen alone or in combination with other 
adjurants was not successful. The fact that ntonkeys were protected against an infection 
that is normally lethal suggests that a similarll, prepared antigen might be of use against 
mta/aria in human behgs. 

Successful vaccination of monkeys against P. know!-
esi was reported by Freund et al. (1945), Targett & 
Fulton (1965), and Brown et al. (1970). In each of 
those experiments either killed infected cells or killed 
whole parasites were the vaccinating material. The 
feasibility of vaccinating Rheus monkeys against 
P. knowlesi with a partially purified plasmodial anti
gen fraction was briefly reported by D'Antonio et al. 

(1971). Our study, which confirms and expands those 

results, has shown that it is possible to immunize 

animals with only 2 injections of plasmodii,1 antigen 

in Freund's adjuvant. lowever, it was not possible 

to immunize monkeys successfully with antigen alone 
or in combination with BCG or the synthetic poly-
nucleotide Poly A : U-the two other experimental 
adjuvants tested. Upon examination of blood smears 
after inoclation with viable parasites, the animals 
that were protected demnonstrated only slight tran-
sient parasitaemia or no parasites at all. 

MA'IF'RIAI.S ANI) MITIIOIiS 

Animals 
Rhesus monkeys were used in all the experiments. 

The aninials were citlicr juveniles (3-4 kg) or adults 
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(6-7 kg), as specified in each experiment. Adults and 
juveniles were not mixed in any experiment. All mon
keys were quarantined and conditioned for at least 
2 months before use and were in good health, as 
determined by the staff veterinarian, at the beginning 
of each experiment. 

Antigen 
Antigen was prepared following a modified pro

cedureofD'Antonio(1072) (Table 1). Disintegration 
of both cells and parasites was carried out in a 
French Pressure Cell and Press. 4 Parasites were 
freed from red blood cells at 5.86 x 106 N/m- and, 
after the prescribed washes, the parasites themselves 
were disintegrated at 1.24x 108 N/m2. The superna
tant, which was obtained after centrifugation of this 
material, was subjected to m'tlecular sieve chromato
graphy through Sephadex G-200. The antigen used 
for vaccination was that recovered from the void 
volune; 1.0 ml of antigen, alone or combined with 
adjuvant as indicated, was utilized for each injection. 

Adjutvants 
Three adjuvants were utilized in an attempt to 

enhance the effect of the antigen. In Experiment 1,
Freund's complete adjuvant 5 was combined with an 
-_ 

I American Instrument Co., Inc., Silver Spring, Md.,
USA. The pressures at which the instrument was used are 
indicated in newtons per square nietre, in accordance with the 
ISO international standard. 

' Difco Laboratories, Detroit, Mich., USA. 
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Table 1. Flow diagram illustrating the procedure for preparing nonviable P. knowlesi 
antigen with the French Pressure Cell (FPC) technique 

parasite-containing blood in sodium citrate 

centrifuge at 1 020 g 

plasma Etbuffy RBC
 
coat: discard
 

wash with PBS 

2 
disintegrate 20% suspension at 5.86x 106 N/m

French-press the effluent 

centrifuge at 1 020 g 
(to remove undisintegrated host cells) 

sediment (containing supernatant (containing free parasites & parasite 
undisintegrated ROC & any fragments, free haemoglobin, E RBC stroma) 
remaining WBC): discard 

centrifuge at 16 000 g 

supernatant (containing sediment (containing host-free parasites Erparasite 
haemoglobin E RBC stroma): fragments) 

discard 

wash 3 times 
I 

disintegrate 10% suspension at 1.24 10" N/m 
2 

French-press the effluent 

centrifuge at 30000 g 

sediment: discard supernatant (host-free parasite extract)
I 

molecular sieve chromatography 

void voljmo cluate retarded fractions 
protective antigen nonprotective 

equal volume of antigen for the first injection. The used as an ;idjuvanl.t For the first injection, 3.0 mg 
second injection consisted of Freund's incomplete of Poly A were combined with 3.0 mg of Poly U, 
adjuvant combined with an equal volume of antigen. dissolved in 2.5 ml of pyrogen-free saline (8.5 g/I), 

In Experiment 2, a combination of nucleotides 
and aluminium hydroxide (Poly A: U-Alsol) was See Acknovledgements. 
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and stored overnight at 4 C. The mixture was then 
warmed in an 80'C water bath for 10 min and 
cooled to room temperature, after which 3.0 ml of 
antigen were added. The mixture was stored at 
room temperature for at least an hour. It was then 
shaken vigorously while 5.0 nil of Alsol No. 3 
(aluminium 3.1 g/l) %wereadded to it. The preparation 
was kept reirigerated until used. For the second 
injection, the same protocol was followed, the only 
change being that each animal received 10 mg of 
Poly A: U. 

In Experiment 3, BCG was used as an adjuvant. 
For this purpose, 3.0 Ing of lyophilized organisms 
were reconstituted ina small quantity of sterile 
physiological saline and combined with the antigen 
to be injected, 

Infjectihs 

All injections were given intramuscularly in the 
flank. The second injection was given I month after 
the lirst. When Freund's adjuvant and BCG were 
used, tile injection was given into the rightfirst 
hlank and tilesecond into the left. When Poly A : U 
was used it was necessary to inject the preparation 
into both tlanks at each injection because of the 
larger volume of adjuvant. 

Challen 


The challenge inoculation was with approximately 
1 I01IP. knovwlsi-infected red blood cells given 

intravenously I month after the second vaccination. 
The parasites used for challenge were either from 
an active infection or from infected blood that had 
been stored at )90C. 

The percentage of parasitaemia was calculated 
from giemsa-stained thin blood smears, made daily. 
Red blood cell counts were made with a Coulter 
particle counter. t 

Seven weeks after the initial challenge all surviving 
animals in Fxperinent I were rechallenged with 
approximately I ..101 P. knowh'si-infected red cells, 

RESLITS 

.7erii,'nt / 
Juvenile nionkeys weighing 3-4 kg were used exclu- 

sively in this experiment. Of the 5 animals vaccinated 
with Freund's adjuvant and antigen as described 
(Nos. 4141, 4252, 4753, 4249, and 4168), 3 survived 

Fla.,
Coulter Electronics, Iialcah, USA. 

(Fig. I). One animal (No. 1223) that had been kept 
unvaccinated as a control but that was challenged 
at the same time as the other animals died following 
a normal course of the infection. One animal 
(No. 4253) of the experimental group showed only 
slight parasitaemia and most probably died of a 
heavy bacte rial infection that was observed in blood 
smears just before death. Of the 3 surviving vac
cinated monkeys, 2 did not demonstrate parasites 
in blood smears, whereas I had a peak parasitaemia 
level of 2.6°/,. The 2 with no demonstrable parasites 
maintained a normal red blood cell count, whereas 
the red blood cell count in the animal with a slight 
infection dropped to an extremely low level before 
rising back to a normal level (Fig. 2). One of the 
experimental animals (No. 4168) gave no evidence 
of being protected by the vaccination. Upon rechal
lenge 6 weeks after the initial challenge, the red 

blood cell count in all surviving monkeys remained 
normal and parasites were not observed in blood 
smears. 
Experiment 2 

All monkeys in this exper:'nent were adult females 
weighing between 6 and 7 kg. Animals vaccinated 
with BCG and antigen showed no evidence of being
protected against challenge with P. knowlesi (Fig. 3 
and 4). All 3 animals in this group died with very 
high parasitaemia. Control animals that received 
BCG alone also died of a fulminating infection. 
Animals that received antigen without adjuvant also 
died without indicating any evidence of protection 
(Fig. 5 and 6). 
r.\'perhlent 3
 

All monkeys in this experiment were adult females 
weighing between 6 and 7 kg. The 3 that were vac
cinated with the Poly A : U-Alsol mixture combined 
with antigen (lied following a normal course of infec
tion. Parasitaeniia at death ranged from 42,','to 75 % 
with a concomitant drop in the red blood cell count 
(Fig. 7 and 8). Control animals that received the 
adjuvant without antigen also (lied following a 
normal course of infection. As a further control in 
the experiment, itgroup of animals was included 
that had received the same schedule of Freund's 
adjuvant and antigen as in Experiment I: 2 out of 
3 animals in this group survived the challenge with 
parasitacmia never exceeding I (Fig. 9 and 10). 
One aninal demonstrated parasites in its blood for 
only I day and did not show a marked drop in the 
red Hood cell count. Tile other surviving monkey 
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Fig. 1. Parasitaemia in monkeys vaccinated with 
P. knowlesi antigen in combination with Freund's 
adjuvant and challenged on day 0 with 1 106 P. know-
Iesi-infected red blood cells (1 223 unvaccinated 
control). 

showed a trace infection for 5 days with a noticeable 
drop in its red blood cell count. 

DISCUSSION 

The vaccinating material used in this series of 
.xperiments was prepared by the method first re-

ported by D'Antonio et al. (1966a), in which the 
French press was used. At a pressure of 5.68 y 
x 10"'N/M 2, the parasites are releaseed from the red 
blood cells. As reported by KilIby&Silverman 1969), 
cell disintegration by this technique releases a large 
proportion of intact parasites that generally lack 
closely associated red cell membranes. The pressure 
of 1.24 N/m utilized in the last step of this procedure 
disrupts the parasites so that, after final centrifuga-
tion to remove whatever unbroken parasites may 
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Fig. 2. Red blood cell count of monkeys vaccinated with 
P. knowlesi antigen in combination with Freund's 
adjuvant and challenged on day 0 with 1 lOb P. know
Iesi-infected red blood cells (1 223 unvaccinated 
control). 

remain, the material-which after column chromato
graphy will be used for vaccination- -is free of whole 
parasites as assessed by light microscopy. Preliminary 
studies with the electron microscope demonstrate 
trilaminate membrane-like structures in this material. 
Since D'Antonio et al. (1966b) presented serological 
evidence suggesting that tile material is frec of sig
nificant host cell contamination, there is a likelihood 
that the.,e membranes are of palasitic origin and 
actually contain the protective antigen. 

'I his material, as reco,.ered from !'.Ir.li
infected mouse blood, has been utilicd by l)'Antonio 
et al. (1970) to protect mice against infection with 
the homologous strain. l'Antonio etal. (1971) sub
sequently reported that a similar antigen prepared 
from '. kno,.si-infectcd blood ,'rotected monkeys 
against the homologous strain n the latter study 

36 
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Fig. 3. Parasitaemia in monkeys vaccinated with 
and 

challenged on day 0 with 1x1Or P. knowlesi-infected 
red blood cells. 
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Fig. 4. Red blood cell count of monkeys vaccinated with 
P. knowlesi antigen in combination with BCG and 
challenged on day 0 with 1xlOl P. knowlesi-infected 
red blood cells. 
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Fig. 5. Parasitaemia in monkeys vaccinated with 
P. knowlesi antigen without adjuvant and challenged
on day 0 with 1x106 P. knowlesi-infected red bloodcells. 
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Fig. 6. Red blood cell count of monkeys vaccinated with 
P. knowlesi antigen without adjuvant and challenged 
on day 0 with 1x1O6 P. .,;w/lesi-infected red blood 
cells. 
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Fig. 10. Red blood cell count of monkeys vaccinated 
with P. knowlesi antigen in combination with Freund'sadjuvant and challenged on day 0 with 1 x 101 P , know
/esi-infected red blood cells. 

0 only the animals that received alntige n inlravenou ly 
and intramuscularly in combination with [1reund'S

0 2 12 14 16 18 adjuvant were protected. We have now delmion'IA S stra ted thIiat only 2 inhIraniuscu Jar injec.t ioni or a 
Fig. 8. Red blood cell count of monkeys vaccinated with small quantity " a d r 'so aigen mulsili in un 

P. knowlesi antigen in combination with Poly A : U-
Alsol and challenged on day 0 with 1 x106 P. knowlesi- adjuvant arc needed to induce good protection in 
infected red b'ood cells. Rthcsus monkeys. 
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So far, owiing to the lethal nature of P. knowlesi 
infection in Rhesus monkeys, protection has been 
measured solely on the basis of survival. Protected 
monkeys, however, always show a low level of para-
sitaemia, even when the red blood cell count drops 
drastically. We have not yet quantified the amount 
of antigen necessary vi induce such proection, 
although experiments to tht end are currently neing 
conducted with lyophilized antigen. 

In all experiments carried out by ourselves and 
other workers, animals injected with antigen alone 
were not protected (Eaton & Coggeshall, 1939; 
Targett & Fulton, 1965). As the eventual goal is to 
produce a vaccine for use in man, an adjuvant was 
sought which, when combined with antigen, would 
induce protection but would not produce the serious 
side effects of Freund's adjuvant. Although BCG 
and Poly A :U are not commercially used as adju-
vants, they have been shown experimentally to be 
potent stimulators of the immune system. Hiu & 
Lamiel (1970) reported that a BCi cellular extract 
was an efTective adjuvait, and Morton et al. (1971) 
and Zbar et al. (1971) reported that immunization 

with BCG induced a heightened response to tumour 
cells. We were not able to induce protection by 
injecting our antigen in combination with BCG. 
Such inoculation also resulted in the formation of 
large open abscesses. It is possible that the use of 
smaller quantities of BCG might reduce the abscess 
problem. However, as protection was not accom
plished %sith the large quantity used in this study, 
there seems to be little purpose in pursuing the use 
of BCG as an adjuvant. 

Synthetic polynucleotides can stimulate both cel
lular and humoral immunity (see review by Braun 
et al., 1971). However, as small mammals were used 
itscxp.' rimental animals in all the reported studies 
using Poly A: U, the amount of material that 
must be used in primates has not yet been determined. 
Braun and his group report that, although initial 
antibody response to a given antigen is elevated as 
effectively by Poly A :U as by Freund's complete 
adjuvant, a prolonged high antibody titre is accom
plished more effectively by the latter. This may 
explain why Poly A :U, when combined with our 
antigen, failed to induce a protective response. 
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R-SU M I' 

VACCINATION DI: SINGIS Rlf.suS M',.C.-tC..t MULI.AI) CONIRE PL.IS.fO)DIUl KNOIIT.ESI 
AU NIOYN D'UN ANTIGf.-NE" NON VIABLE 

Au cours d'une s,~rie d'experiences, on a iutilis6 tin '. nmvo'h,.i. Trois singe; ont surV&Ll 'I cette infection
nialtriel plasmodiqte non viable, pa:rlieltMnIt purii' rc,d'ipnVC. norniatcmeCnlt inortelle: chz deux d'entre cuix, 
pour iniitiniser tiessinge,, hs tlConl re iilfcetione title pa rasiteauiCtin n 'a t th&cld&dans lesang priphlrique;
d*'pretive par Ihjmodium Anowi'h.i. I.'antigne. pr~par le3 a presetltn tine parasitminlie lpassant pas 2,6",.a parlir eti inl'et isang par I'. knowh.i, ne contenait Chel I'u1ln des deux singes qui ont sucellih6, I'infection 
anetill rite intat e ,ait exemtn te mute coma- A I'. knoichsi a suivi tine evolution noriale avec inemain:ation par Lieshkillnts elllaires dc I'h6te. 

r 
parasiniiie de 42", atlestant l'chec de lavaccination;

I)ans tllI cssai. cintlinges i t 1 till 1nmois cheiz l'autre, laparasitkinie n'a pas dtl1;ass6 5'', et l'aniniall'inlervaIle. deux injections inL iisetdLires d I'a ti- est probablenient inort d'Lne infection bactkricnne segene addilionit d'adjuva ittieFretind. tilliois aplks la condlaire. Un singe teiioin non vaccinL' est iort aprsdernikre injection, ilsont 1tinoculIs par voic intra- avoir pr~sentt uee parasitkm ic de I'ordre de 55",'.
veineucse par cnviron It0t)t0 rivthrocytes inl'ects par Lors d'autres essais, on a tent6 d'iniunniser des singes 
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soit par !'antig~ne seul soit par l'antigane associ Ad'au-
tres adjuvants (BCG ou un m6lange de nuclotides et 
d'hydroxyde d'aluminium). Tous les animaux ayant requ 
l'un ou l'autre de ces schdmas sont morts, l'infection 
d'ipreuve par P. knowlesi suivant son cours normal avec 
une parasitmie elevde indiquant une absence compldte 
de protection. 

Cette 6tude d~montre qu'il est possible de vacciner 

efficacement des singes rhesus contre P. knowlesi 4
 
I'aide d'un antigonc ne contenant aucun parasite intact.
 
Dcux injections de doses relativement faibles de matdriel
 
antig6nique suflisent. Jusqu'a present, la vaccination
 
n'est effective que si l'antigne est associd A I'adjuvant
 
de Freund. Des recherches sont en cours pour ddcouvrir
 
un autre adjuvant actif qui pourrait dventuellement tre
 
incorpor6 Aune prdparation vaccinale destin6e i I'homme.
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