
Recent prevalence of human malaria caused by Plasmodium knowlesi in communities in 
Kudat area, Sabah, Malaysia: mapping of the infection risk using remote sensing data

Plasmodium knowlesi (Pk) is a protozoan parasite that naturally infects macaque monkeys in South East Asia. This parasite has been known to 
cause a zoonotic Pk malaria on humans and threat the health of people living in Malaysia, especially Sabah and Sarawak in northern Borneo Island. In 
Sabah, the investigation of Pk malaria was started in early 2010s. An early epidemiological study carried out in the Kudat district suggested that 
transmission of this zoonotic malaria may occur close to or inside the houses of people living in the area. In contrast, Pk malaria has been believed to 
transmit to a human only very close to or within a deep forest.
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The research area, the 
Kudat district, is a malaria 
endemic area (Fig. 1). 
According to the census 
data, there lived about 
84,000 people in 2010. In 
2016/2017, total 107 Pk
malaria cases were reported 
from 133 villages within the 
Kudat Peninsula. These 
cases showed a 
geographically accumulated 
pattern rather than being 
scattered. This implies that 
some spatial factor affects 
distribution of Pk malaria 
cases in this area. 

General Background & Methodology

Parasite-borne mosquito is supposed to depend on LULC 
surrounding them. In this study, LULC within 1.5 km radius 
from the center of each village was considered as the spatial 
factor and used as the explanatory variable in a statistical 
modelling process. Poisson multivariate regression was 
applied for estimating Pk malaria cases (ie, explained 
variable). 
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Fig. 2. How to evaluate spatial factors and 
the concept of Pk malaria infection risk model
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Discussion

Our GLM model predicted that the Pk malaria risk is associated with LULC landscapes of both oil palm 
plantation mosaic (c3) and dense evergreen forest (c5) nearby the village. The Pk malaria risk in each village 
appears to depend on the size of these two LULC (“Fixed effect”; Fig. 5). There are several villages which had 
significantly more Pk malaria cases than expected from the LULC of its surrounding. The GLMM model 
considering the random effect explained those excessive Pk malaria cases well. We suspect that the random 
effect might be associated with the number of the rubber tapping workers in each village. The rubber tapping 
workers are likely bitten by mosquitoes more than other villagers because they work outside from early 
morning to late evening. Indeed, occupation of 35% (23/65) of the patients identified in the 25 villages in 
the highest malaria incidence area in Kudat district was rubber tapping. 

Maps on which environmental information and the Pk malaria risk are visualized together will help 
discovering the hidden key factors behind the spread of this zoonosis. Such maps will be especially useful in 
rural area where available epidemiological information is limited.
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Fig. 5. Pk malaria infection risk model
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The generalized linear model (GLM) was used to estimate the LUCL 
classification. All the c1-c7 classes were included in the model 1 (Table 
1). From Model 1, insignificant factors in the tree model (c2; P = 0.25) 
and in Model 1 (c4 and c6) were removed to obtain a simplified model 
2 (Table 2). Then, c1 and c7 were removed for Model 2 to obtain a 
further simplified model 3 (Table 3). Although AIC of Model 2 was the 
smaller than AIC of Model 3, Model 2 was overestimate against more 
villages (Fig.3). 

Therefore, c3 and c5 were used for explanatory variables in a 
generalized linear mixture model (GLMM) considering unknown group 
difference of each village as a random factor. For estimating 
parameters of GLMM, Bayesian inference with MCMC sampling by 
RStan was used. 2N*WAIC (= AIC) of this model was 209.53, which was 
much smaller than all Models of the GLM. This GLMM model well 
estimated the Pk malaria incidence of the villages (Fig.4).

Result

Observed (Real) values
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Pk incidence (cases / 
population) estimated by 
GLMM (75 % tile value)
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coefficient     stdev 95%lower  95%upper
(Intercept)  -10.493056 0.8381434 -12.288333 -9.090382
c3                 10.695529 2.2537963   6.489978 15.321648
c5                  5.885959 2.2055714   1.734202 10.257209

Fig. 4. Estimation Pk malaria cases of each villages 
by GLMM with LULC (c3, c5) as explanatory 
variables
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Fig. 3. "Residuals vs Fitted" plot of 
Models 2 and 3
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Note: all pixel size used for 
GLMM were normalized (0-1) by 
“pixel size / 137 (maximum size)”


