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An Effective Immunization of Experimental Monkeys
Against a Human Malaria Parasite, Plasmodium falciparum

Abstract. This is the first report of successful immunization of experimental mon-
keys against a human malaria parasite, Plasmodium falciparum. Of the five owl mon-
keys (Aotus trivirgatus) used in this pilot study, two served as controls and the other
three were immunized with P. falciparum antigen consisting primarily of mature seg-
menters containing fully developed merozoites. Two injections of antigen emulsified
with Freund's complete adjuvant were administered intramuscularly 3 weeks apart.
Three weeks after the second vaccination, all monkeys were challenged with the
homologous strain of P. falciparum. The control monkeys died with high levels of
parasitemia within 2 weeks of challenge. The three immunized monkeys survived and
showed strong protection against P. falciparum. These results are encouraging for
the possible future development of an effective vaccine against human malaria.

rocytic merozoites from tissue culture
(2), irradiated sporozoites from the mos-
quito (3), extracts from blood schizonts
), and emulsified erythrocytic mero-
zoites (5). Most studies of these vaccines
were made on bird, rodent, and monkey
malarias. This report describes the first
successful immunization of owl monkeys
(Aotus trivirgatus) against infection with
a human malaria parasite (Plasmodium
falciparum).

The Uganda—Palo Alto strain (FUP) of

Attempts to develop a vaccine against
malaria began half a century ago but
gave way to searches for new drugs dur-
ing World War II and to antimosquito
programs afterward. However, resist-
ance to drugs and insecticides and lack
of money have reduced the prospects of
malaria eradication, and thoughts have
again turned to the possibility of devel-
oping a malaria vaccine (/).

Four different kinds of vaccines are
currently under investigation: exoeryth-

Table 1. Vaccination of Aotus monkeys against Plasmodium falciparum [Uganda-Palo Alto
strain (FUP)] malaria.

Composition of vaccine*

Number
Parasite Parasite of infected
Mon- KGSt FCA% protein protein Total erythrocytes
key _per per (mg) in (mg) in parasite in the
"tliJ:I(;- l?ijsg' 0.5 ml KGS 0.5 ml KGS protein izgzgg’éﬁ
(injection 1, (injection 2, (mg)
(ml) (mb day 0)§ day 23)| (day 44)
A266 1.0 6.2 x 10°
A267 0.5 0.5 6.2 X 10°
A268 0.5 1.83 0.9 2.73 6.2 X 10°
A269 0.5 1.83 0.9 2.73 6.2 X 10°
A270 0.5 1.83 0.9 2.73 6.2 < 10°

*Freund’s complete adjuvant plus antigen mixed, using a double-hubbed needle and two syringes. Adminis-
tered intramuscularly in alternate thighs. tKreb’s glucose saline; No. A266 was given two injections of
KGS (intramuscularly) on day 0 and on day 23. $Freund’s complete adjuvant (Baltimore Biological Labo-
ratory, division of Bioquest); No. A267 was given two injections (intramuscularly) of FCA mixed in KGS on
day 0 and on day 23. §More than 60 percent segmenters containing individual merozoites. Remainder of
the parasite material consisted of schizonts and mature trophozoites. |[More than 50 percent segmenters
containing individual merozoites. Remainder of the parasite material consisted of schizonts and mature
trophozoites. YInfected blood was obtained from an ongoing FUP infection. Inoculum was given intra-
venously.
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P. falciparum used in this study is being
maintained in the laboratory by serial
passages of blood-induced infections in
owl monkeys (6). Modified Harvard me-
dium supplemented with fatty acid-free
bovine albumin was used for in vitro cul-
tivation of P. falciparum (7). Parasitized
blood from owl monkeys was cultured in
sterile 500-ml sidearm flasks fitted with
stoppers with entry ports for a mixture of
95 percent air and 5 percent CO,. Medi-
um (126 ml) was introduced into each
flask and allowed to equilibrate with the
gas mixture for 1 hour at 37°C. Then 7 ml
of whole heparinized, parasitized blood
was introduced into each of the flasks
and the gassing was resumed. At the end
of a 35- to 40-hour incubation, most of
the parasites had developed to mature
segmenters containing fully developed
individual merozoites. Segmenters were
concentrated and merozoites were har-
vested relatively free of other cellular
elements as described previously (8). In
the final preparation, the antigenic mate-
rial consisted of 60 to 70 percent mero-
zoites and the remainder, of immature
schizonts (Fig. 1).

Five owl monkeys (Aotus trivirgatus),
weighing approximately 700 g, were used
in this pilot experiment. (Composition of
the vaccine and the vaccination schedule
are summarized in Table 1.) Two mon-
keys (Nos. A266 and A267) were used as
controls; the other three (Nos. A268,
A269, and A270) were immunized with
P. falciparum (FUP strain) merozoites
emulsified with equal volumes of
Freund’s complete adjuvant. This mate-
rial was administered twice, 3 weeks
apart, intramuscularly to each of the
three monkeys, with a total of 2.73 mg of
parasite protein (1.83 mg on day 0 and
0.9 mg on day 23) being administered to
each animal. Immunization never pro-
duced a detectable infection. On day 44,
that is, 3 weeks after the second vaccina-
tion, the five monkeys were challenged
by intravenous injection of 6.2 x 10°
parasites (FUP strain of P. falciparum).
Thick or thin blood films (or both) were
made daily to follow the course of infec-
tion in all monkeys (see Fig. 2). Both
control monkeys died within 2 weeks af-
ter the challenge: No. A266 died on day
12 with an 81.1 percent infection and No.
A267, with a 64.3 percent infection, died
on day 13 after challenge. In contrast,
the three immunized monkeys survived;
No. A269 showed complete protection,
while No. A268 became patently infect-
ed on day 18 and, after 2 weeks of infec-
tion below 0.1 percent, became negative
on day 34. However, in No. A270, para-
sites were first detected on day 11 and
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Fig. 1. Plasmodium falciparum: segmenters
containing fully developed individual mero-
zoites (X 2100).

the peak parasitemia of 7.0 percent was
reached on day 17. By day 30 the para-
sitemia dropped below 0.1 percent, and
since day 34 the animal has been nega-
tive. Although the number of monkeys
used in this experiment was small, the
difference between the course of infec-
tion in immunized and nonimmunized
animals is indeed very significant, con-
sidering the high virulence of P. falcipa-
rum (FUP) for owl monkeys.

It is concluded from these results that
P. falciparum merozoite vaccination
protects A. trivirgatus against homolo-
gous infection with intraerythrocytic
stages of the normally lethal P. falcipa-
rum parasites. Two previous attempts to
induce immunity in A. trivirgatus against
this malaria parasite were not very suc-
cessful (9). This is the first report of an
immunization experiment with human
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Fig. 2. Course of infection of Plasmodium fal-
ciparum (FUP strain) in control and vacci-
nated monkeys (Aotus trivirgatus).

malaria (using segmenters, cultured in
vitro for a short time and containing indi-
vidual merozoites as antigenic material)
in which 100 percent survival has been
achieved following a dose of P. falcipa-
rum lethal to owl monkeys. The same de-
gree of specific immunity has been re-
ported with a nonhuman malaria para-
site, P. knowlesi, in a rhesus monkey
system (5). Results reported here are sig-
nificant with regard to the development
of an effective vaccine against human
malaria. Through short-term, in vitro
cultivation of the blood derived from owl
monkeys infected with P. falciparum
and having high parasitemia, it is pos-
sible to obtain potent antigenic material
for immunization experiments in these
monkeys. The recent landmark discov-
ery that this malaria parasite can be
propagated in a continuous culture sys-
tem in human erythrocytes (/0) provides
significant hope for the availability of
merozoites for immunization experi-
ments.

WasiM A. SIDDIQUI
Department of Tropical Medicine,
University of Hawaii School of
Medicine, Honolulu 96816
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