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Background.  In Southeast Asia, Plasmodium knowlesi, a parasite of long-tailed macaques (Macaca fascicularis), is an important 
cause of human malaria. Plasmodium cynomolgi also commonly infects these monkeys, but only one naturally acquired symptomatic 
human case has been reported previously.

Methods.  Malariometric studies involving 5422 subjects (aged 6�months to 65�years) were conducted in 23 villages in Pailin and 
Battambang, western Cambodia. Parasite detection and genotyping was conducted on blood samples, using high-volume quantita-
tive PCR (uPCR).

Results.  Asymptomatic malaria parasite infections were detected in 1361 of 14 732 samples (9.2%). Asymptomatic infections with 
nonhuman primate malaria parasites were found in 21 individuals living close to forested areas; P.�cynomolgi was found in�11, P.�know-
lesi was found in 8, and P.�vivax and P.�cynomolgi were both found in�2. Only 2 subjects were female, and 14 were men aged 20�40�years. 
Geometric mean parasite densities were 3604 parasites/mL in P.�cynomolgi infections and 52 488 parasites/mL in P.�knowlesi infections. 
All P.�cynomolgi isolates had wild-type dihydrofolate reductase genes, in contrast to the very high prevalence of mutations in the 
human malaria parasites. Asymptomatic reappearance of P.�cynomolgi occurred in 2 subjects 3�months a�er the �rst infection.

Conclusions.  Asymptomatic naturally acquired P.�cynomolgi and P.�knowlesi infections can both occur in humans.
Clinical Trials Registration.  NCT01872702.
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Human infections with some monkey malaria parasites are 
well recognized, although the majority of reported cases have 
resulted from experimental infections [1]. �e exception is 
Plasmodium knowlesi, a natural parasite of the long-tailed 
macaque (Macaca fascicularis) and the pig-tailed macaque 
(Macaca nemestrina), which is now the predominant cause of 
human malaria in Malaysia [2]. Laboratory-acquired human 
infections with Plasmodium cynomolgi, which naturally infects 
several monkey species, including long-tailed and pig-tailed 
macaques, is well described [1, 3, 4], but there is only a single 
case report of a natural human infection, involving a symptom-
atic 39-year-old female nurse in peninsular Malaysia [5].

A malaria elimination agenda has been endorsed by all 
countries of the Greater Mekong Subregion in Southeast Asia 
[6]. However, the persistence of a monkey reservoir of malaria 
parasites confounds malaria elimination objectives. For exam-
ple, Malaysia has done very well to eliminate nearly all human 
malaria but is le� now with residual P.�knowlesi in the monkey 
population as a source of human infections [6]. Submicroscopic 
malaria parasite infections [7] are important contributors to 
malaria endemicity in areas of generally low seasonal transmis-
sion [8, 9]. In the course of conducting malariometric surveys 
in western Cambodia, we discovered asymptomatic human 
infections with both P.�knowlesi and P.� cynomolgi and present 
here a molecular evaluation of these infections.

MATERIALS AND METHODS

Sample Sites and Locations

Malariometric surveys were conducted in 23 villages in the 
Pailin and Battambang provinces of western Cambodian as 
described previously [8, 10, 11] (Figure�1). In brief, a�er exten-
sive community engagement and obtaining individual informed 
consent, anthropometric and demographic data were collected, 
including tympanic temperature, height, weight, health status, 
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malaria history, bed net use, travel history, and occupation. In 
addition, a 1.5-mL venous blood specimen was collected in tubes 
containing ethylenediaminetetraacetic acid and kept cool until 
storage at �70°C. If a participant was febrile (tympanic tempera-
ture,��37.5°C), a malaria rapid diagnostic test was performed (SD 
Bioline Malaria Ag P.f/P.v, Standard Diagnostics, Gyeonggi-do, 
Republic of Korea), and if the result was positive, treatment was 
provided by the village malaria worker according to national 
guidelines. In brief, during 2013�2014 in 3 villages in Pailin 
Province and during 2015�2016 in 5 villages in Battambang 
Province, all residents aged 6�months to 65�years were invited to 
participate in cross-sectional surveys conducted over a 12-month 
period. From March to May 2015, 1000 residents of 20 villages 
in Battambang were surveyed using a strati�ed sampling method 
to obtain approximately equal numbers of adults aged �18�years 
from 4 groups (men aged <30�years, men aged >30�years, women 
aged <30�years, and women aged >30�years).

Of 6100 invited participants, 5422 provided a blood sample at 
least once. A�total of 14 732 samples were sent to the reference 

laboratory in Bangkok for testing by high-volume quantitative 
PCR (uPCR) targeting the gene encoding Plasmodium genus�
speci�c 18S ribosomal RNA (rRNA) as described previously. 
�is has a lower limit of accurate quanti�cation of 22 genomes/
mL [12]. Ethics approval was obtained from the Cambodian 
National Ethics Committee for Health Research (reference 
numbers 012, 29.01.2014; 042, 20.02.2015; and 051, 18.02.2016) 
and the Oxford Tropical Research Ethics Committee (reference 
number 1017-13). �e collecting, processing, and handling of 
venous blood samples were performed in accordance with the 
Appropriate Technology in Health (PATH) guidelines.

P.�cynomolgi and P.�knowlesi Molecular Identi�cation

Samples testing positive by uPCR were then assessed by real-time 
PCR, using species-speci�c probes for detection of the 5 human 
malaria parasites: Plasmodium falciparum, Plasmodium vivax, 
Plasmodium malariae, and the 2 Plasmodium ovale species. A�sub-
set of samples containing Plasmodium DNA did not amplify with 
these species-speci�c probes and were investigated further.
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Battambang province

Pailin
province

Pursat province

Figure�1.  Locations of subjects asymptomatically infected with Plasmodium cynomolgi and Plasmodium knowlesi. The inset (bottom right) shows the natural host, Macaca 
fascicularis (above), and the area in Cambodia under study (below).
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