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SUMMARY 

Twenty residue peptides from the 185-200-kD and 45-kD merozoite surface antigens of the 
malaria parasite Plasmodium falciparum were covalently linked to diphtheria toxoid as a carrier 
and used to immunize human volunteers with aluminium hydroxide as an adjuvant. Significant 
antibody levels were elicited by two boosting injections. The antibodies reacted with acetone-
methanol fixed merozoite membranes in an immunofluorescence assay, but no inhibition of 
merozoite reinvasion could be detected in in vitro cultures containing the antibodies. Antibody 
levels against the immunizing peptides declined markedly within 77 days after the third injection. 
No hypersensitivity was observed against the peptides. However, the volunteers developed 
hypersensitivity against diphtheria toxoid, and in particular a pronounced type III (Arthus) 
hypersensitivity after three injections with the toxoid. This effect might appear to limit the use of 
peptide-diphtheria toxoid conjugates for human immunization. Several biochemical, haemato-
logical and immunological tests done on the volunteers showed no other adverse effects from the 
immunizations. 
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INTRODUCTION 

Synthetic vaccines based on peptide-tetanus toxoid conjugates 
[1,2], peptide polymers [3,4] or recombinant proteins [5-7] 
directed against sporozoites [1,2,5-7] and asexual blood 
stages [3,4] of the malaria parasite Plasmodium falciparum 
have undergone phase I and II clinical trials in man. Partial 
protection against malaria was reported with sporozoite vac­
cines based on the repetitive region of the circumsporozoite 
protein [1,5]. A synthetic disulphide linked polymer based on 
peptides derived from 35- and 55-kD P. falciparum antigens, 
the P. falciparum circumsporozoite protein repeat and a 185-
200-kD precursor glycoprotein to the major P. falciparum 
merozoite surface antigen or MSA-1, was reported to protect 
four out of five volunteers after immunization using alum as an 
adjuvant [3]. In subsequent field trials with this vaccine, termed 
SPf66, significant protection against P. falciparum was reported 
[8,9]. 

MSA-1 (alternatively termed PMMSA or PfMSP-1) [10,11] 
and a 45-kD glycosylated and myristilated smaller surface 
antigen on P. falciparum merozoites (termed GYMSSA, 
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MSA-2 or PfMSP-2) [12,13] are potential candidate molecules 
for designing an asexual blood stage vaccine. Immunization 
with MSA-1 in Freund's adjuvant completely protects Aotus 
monkey against falciparum malaria [11]. Antibodies to MSA-1 
[14] and MSA-2 [15] inhibit P. falciparum growth in in vitro 
culture, presumably by inhibiting merozoite invasion. Because 
of its widespread use in vaccination, diphtheria toxoid (DT) is a 
possible alternative to tetanus toxoid as a carrier molecule in 
synthetic peptide vaccines for human use. DT was used as a 
carrier in a phase 1 clinical trial of a birth control vaccine based 
on the p subunit of human chorionic gonadotropin (0-hCG) 
[16]. We report here on the immunological and clinical outcome 
of immunizing volunteers with two peptides derived from 
MSA-1 and MSA-2 that were linked to DT as a carrier 
molecule. 

MATERIALS AND METHODS 

Peptides 
Based on the sequence of MSA-2 in the FC27 isolate [13] and 
MSA-1 in the Kl isolate of P. falciparum [17], two peptides 
were synthesized by standard t Boc chemistry [18] using a 
/7-methyl benzhydrylamine resin. The peptides were cleaved 
from the resin with HF containing 2-5% thiocresol and 7-5% 
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