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Macaque malaria in Thailand: molecular epidemiology, population structure, phylogeny
and evolution
Abstract

The presence of human infections caused by Plasmodium knowlesi in Thailand has highlighted the
importance of macaque monkeys as reservoir hosts that are highly populated in southern Thailand.
However, certain nonhuman primate malarias potentially causing human disease cannot unambiguously
diagnosed based on their structural features per se. Meanwhile, the emergence of Plasmodium knowlesi
infecting humans in Thailand and Malaysia has signified the importance of zoonotic malaria transmission in
these regions. Because microscopic diagnosis of malaria cannot differentiate species of these malaria
parasites, we have developed a species-specific PCR-based detection targeting the small subunit ribosomal
RNA genes of Plasmodium falciparum, Plasmodium vivax, Plasmodium malariae, Plasmodium ovale,
Plasmodium knowlesi, Plasmodium inui, Plasmodium cynomolgi, Plasmodium coatneyi, Plasmodium
fragile, Plasmodium simiovale and Hepatocystis spp. The sensitivity of this PCR detection is high, as
minimal as 1 parasite can be diagnosed. To address the prevalence and distribution of malaria in nonhuman
primates that may reflect the status of disease trend in humans, a survey of malaria in monkey populations
in Narathiwat Province and nearby areas have been conducted in 2009. In total, 665 monkeys were captured
that included Macaca nemestrina (n=455), Macaca fascicularis (n=187), Macaca arctoides (n=4), and
Semnopithecus obscurus (n=7). Of these, microscopy detected malaria and Hepatocystis in 164 samples
while nested PCR targeting the small subunit ribosomal RNA gene (SSU rRNA) yielded positive results in
190 isolates (28.6%). Microscopy could presumptively diagnose parasite species in 139 isolates comprising
Plasmodium inui (n=69), Plasmodium cynomolgi (n=2), Plasmodium knowlesi (n=1) and Hepatocystis (67).
On the other hand,, analysis of the SSU rRNA and mitochondrial cytochrome b sequences has revealed that
mixed infections of different malaria species were found in 36.3% of all PCR positive isolates. Meanwhile,
Plasmodium inui was the most prevalent species identified accounting for 36.3% and 38.9% of malaria
infected Macaca nemestrina and Macaca fascicularis, respectively. Importantly, Plasmodium knowlesi was
detected in 12 isolates (9 Macaca nemestrina, 2 Macaca fascicularis and 1 Semnopithecus obscurus) and 10
of these were co-infections with other malaria species and Hepatocystis. Although sequence analysis has
unambiguously identified 7 Plasmodium species in this survey (Plasmodium inui, Plasmodium knowlesi,
Plasmodium cynomolgi, Plasmodium coatneyi, Plasmodium fieldi and Plasmodium simiovale) and
Hepatocystis, phylogenetic inference has placed 47 malarial mitochondrial sequences into 2 distinct clades

with high bootstrap supports, suggesting that they belonged to novel Plasmodium species. The presence of



Plasmodium knowlesi in southern Thailand macaque population could reflect that these monkeys could
serve as reservoir hosts for human infections while the low prevalence of this malaria in macaques and
humans could suggest that humans mainly acquired infections from infected reservoirs through appropriate
mosquito vectors. Furthermore, we analyzed the extent of sequence diversity in the genes encoding the
merozoite surface protein-1 of Plasmodium knowlesi (PkMsp1) and those of Plasmodium cynomolgi
(PcyMspl) and Plasmodium inui (PiMsp1). Sequence alignment of these genes with that of Plasmodium
vivax (PvMsp1) has revealed that the Msp-1 genes of these malarias possess interspecies-conserved regions,
showing 90-95% amino acid sequence similarity, and interspecies-variable regions with low level of
sequence similarity, ranging from 22-68 %. The overall amino acid similarity among PvMspl, PkMsp1 and
PcyMspl was 60-65%. It is of note that 67% of the amino acid exchanges among these 3 genes retain their
hydrophobicity-hydrophilicity profiles. Some possible genetic mechanisms underlying variation in these
genes could involve point mutation, insertion/deletion and slipped-strand mispairing process in repetitive
sequence within variable regions. In addition, we have cloned the merozoite surface protein-4/5 genes of
Plasmodium cynomolgi (PcyMsp4/5), Plasmodium inui (PiMsp4), Plasmodium coatneyi (PcoMsp4) and
Plasmodium sp. (Pmsp4/5) for the first time and compared with their homoloques in human malaria
species. Characterization of vaccine candidate homologues of nonhuman primate malaria would form a

basis for further malaria vaccine studies.
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