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Serological evidence has shown the presence of several mosquito-borne arbovirus infections among 
the inhabitants of the forest fringe areas of the tropics. Among these infections, Japanese encephalitis, 
dengue fever, chikungunya fever and Zika fever could be targeted for vaccination to overcome severe 
infection and limit the disease transmission. Seroprevalence data among this high-risk population are 
needed to provide an estimate of the potential cost-effectiveness of any vaccine programme targeting 
these infections. The present study was conducted at six indigenous people (Orang Asli) villages and 
FELDA (Federal Land Development Authority) settlements located at the forest fringes of Malaysia. All 
participants consented and provided blood samples and demographic data for the study. The blood 
samples were tested for the presence of antibodies against CHIKV, DENV, JEV and ZIKV individually 
using ELISA. Results obtained were also analysed to determine the predictors for CHIKV, DENV, JEV and 
ZIKV seropositivity. Among the 585 samples tested, 33.0% (N=193), 41.7% (N=244), 10.3% (N=60) and 
21.0% (N=123) were positive for CHIKV IgG, DENV IgG, JEV IgG and ZIKV IgG, respectively. Approximately 
one-third (N=220, 37.6%) of the participants were tested negative for IgG antibodies against all four 
arboviruses. Age of participants and type of settlement were found to be a significant predictor for CHIKV, 
DENV, JEV and ZIKV seropositivity. Level of education was a significant predictor for CHIKV, DENV and 
ZIKV seropositivity. Gender, however, was not found to be a significant predictor for infection with any 
of these viruses. These findings reaffirmed the significant presence of infection involving these major 
arboviruses among the group of people living within the forest fringe areas of Peninsular Malaysia. 
Hence, any future consideration of vaccination for these infections must take into consideration the 
marginalized and underserved communities living at the forest fringe areas of the tropics where these 
infections are present.
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INTRODUCTION

Arboviruses are viruses transmitted by arthropod vectors such as 
mosquitoes and ticks. These diseases are mostly endemic in the 
tropics due to the conducive environment for the proliferation 
of the disease vectors and their animal hosts. Globally, at least 
50 million arbovirus infections are reported to the World Health 
Organization each year (WHO, 2009). The figure is most likely an 
underestimation since most of the data were collected through 
passive surveillance which often do not include remote areas where 
healthcare facilities are limited. The actual figure could be around 
104 million, signifying the importance of arbovirus infections in the 
tropics (Zeng et al., 2021).
	 The indigenous people of Peninsular Malaysia, commonly 
known as the Orang Asli (OA), are people who most commonly reside 
in OA villages located at forest fringes or in forests (Ministry of Rural 
and Regional Development Malaysia, 2014). Similarly, FELDA (Federal 

Land Development Authority) settlers reside in FELDA settlements 
located on forested lands cleared for plantation purposes. FELDA 
settlers were primarily engaged in the plantation sector while OA 
sustained themselves by working in plantations and foraging the 
forests for food and other resources (Bahrin, 1977; Howell et al., 
2010; Tay et al., 2013). These forest fringe dwellers formed bulk 
of the marginalized and underserved communities that could be 
at increased exposure risks to spillover zoonotic infections in the 
tropics (Gottwalt, 2013). 
	 CHIKV, DENV, JEV and ZIKV are among the major vector-borne 
pathogens found endemic in Malaysia (Ministry of Health Malaysia, 
2019, 2023). Incidences of CHIKV and DENV infection are commonly 
reported throughout the year (Ministry of Health Malaysia, 2023). 
Whereas, incidences of JEV and ZIKV infection were scarce despite 
serological evidence suggesting otherwise (Khor et al., 2020). Mild 
JEV and ZIKV infections are often indistinguishable from DENV 
infections due to the similar clinical presentations at the early 
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phase of the infection where most will present with fever, malaise, 
nausea, loss of appetite and myalgia (Ioos et al., 2014; Ma’roef et 
al., 2020). While access to healthcare is often accessible to these 
communities, clinics within these areas are inadequately equipped 
to perform pathogen detection. Hence, the lack of reporting on JEV 
and ZIKV infections may have been caused by the limited access to 
laboratory detection for these pathogens.
	 Vaccines against a number of these arboviruses are available. 
Vaccines against Japanese encephalitis in particular received initial 
approval in 2009 (USFDA, 2019). The inactivated JEV strain SA14-14-2 
has been widely used in countries such as Indonesia, South Korea 
and Thailand (Sohn, 2000; Liu et al., 2008). Vaccination against JE 
is also mandatory in Taiwan (Yang et al., 2006). Whereas Qdenga®, 
a live attenuated tetravalent dengue vaccine has been approved in 
Indonesia, European Union, and Brazil (Takeda, 2022). The Qdenga® 
is the second vaccine for dengue following the introduction of 
Dengvaxia® in 2015 (Shim, 2017). Several Chikungunya and Zika 
vaccine candidates have progressed to Phase 1 and 2 clinical trials 
setting the stage for possible introduction of these vaccines soon in 
the future (Schrauf et al., 2020). To ensure that these vaccines would 
benefit the intended population when introduced, additional data on 
the prevalence of CHIKV, DENV, JEV and ZIKV, especially in the high-
risk populations are required. The present study, hence, intends to 
determine the seroprevalence of CHIKV, DENV, JEV and ZIKV among 
the communities living at forest fringes of Malaysia representing 
the marginalized and underserved population vulnerable to the 
infections.  

MATERIALS AND METHODS

Ethics statement
This study protocol has been reviewed and approved by the Universiti 
Malaya Medical Centre-Medical Research Ethics Committee (UMMC-
MREC) (MREC ID NO: 20161115-4602). Permissions were obtained 
from the Department of Orang Asli Development (JAKOA) (Ref No: 
JAKOA/PP.30.052Jld11(8)) and Federal Land Development Authority 
(FELDA) (Ref No: UM.TNC2/TIDREC/628), Malaysian government 
agency overseeing the conduct of the study in OA villages and 
FELDA settlements, respectively. All subjects or legal guardians of 
the subject consented to participate in this study.

Study sites, study population, and sample collection
A total of nine study sites were allocated for this study. These 
study sites were recommended by JAKOA and FELDA due to their 
willingness to participate in research studies. The study sites 
comprised of six OA villages (Donglai Baru, Paya Lebar, Tumboh 
Hangat, Sungai Perah, Tanah Runtuh and Buluh Nipis) and three 

FELDA settlements (Soeharto, Ijok and Jengka 8) located in central 
part of Peninsular Malaysia. OA and FELDA settlers aged more than 5 
years old were thoroughly briefed before being invited to participate 
in this study. Approximately 5ml of blood specimen was obtained 
from consented participants through venipuncture. The blood 
samples were allowed to clot at room temperature, then centrifuged 
to separate serum from blood cells. The sera were aliquoted 
into separate tubes and stored in –80°C freezer for subsequent 
analysis. Demographic data (age, gender, level of education and 
type of settlement) were obtained from the participants through 
an administered questionnaire. Data were statistically analysed to 
determine if there were correlation between CHIKV, DENV, JEV and 
ZIKV seropositivity and the demographic data.

Serological detection of CHIKV, DENV, JEV and ZIKV immunoglobulin 
G (IgG) antibodies
The presence of CHIKV, DENV, JEV and ZIKV IgG antibodies in the 
serum samples were determined using the NovaLisa Chikungunya 
Virus IgG capture enzyme linked immunosorbent assay (ELISA) kit 
(NovaTec Immundiagnostica, Germany), SD Dengue IgG Capture 
ELISA (Standard Diagnostics, South Korea), JE Detect™ IgG ELISA 
kit (InBios International Inc., USA) and Anti-Zika Virus ELISA (IgG) 
ELISA kit (Euroimmun, Germany) respectively. All ELISA procedures 
were performed strictly according to the protocol provided by the 
respective ELISA kit manufacturers.

Statistical analysis
ELISA results and demographic data were analysed using the IBM 
SPSS Statistics v26 (IBM Corp, USA). Unadjusted logistic regression 
was used to assess the correlation between age, gender, level of 
education, and type of settlement (independent variables) and 
CHIKV, DENV, JEV, and ZIKV seropositivity (dependent variables). 
The data from OA villagers and FELDA settlers were analysed 
independently using logistic regression. Samples with equivocal 
JEV ELISA results were regarded as negative due to the potential 
cross-reactivity among flaviviruses. Samples with insufficient volume 
or incomplete demographic data were removed from the analysis.

RESULTS

A total of 602 participants consented to participate in the study. 
Due to insufficient sample volume and incomplete demographic 
data (N=17), only 585 participants from the six study sites were 
included in the analysis. The participants recruited consist of OA 
(N=330, 56.4%) and FELDA settlers (N=255, 43.6%) residing at the 
study sites (Table 1). Ten samples with equivocal results for JEV IgG 
were defined as negative instead to generate binary variable. The 

Table 1. Demographic information of participants from OA villages and FELDA settlements

Type of	 Study site (District)	 Main	 N	 Age	 Female	 Level of education*
settlement		  ethnicity		  Mean ± SD	 N (%)	 (%)

OA village	 Buluh Nipis (Rompin)	 Jakun	 58	 42.5 ± 12.7	 35 (60.3)	 Primary school (47.4)
	 Tanah Runtuh (Rompin)	 Jakun	 25	 26.7 ± 15.2	 18 (72.0)	 No formal education (52.2)
	 Tumboh Hangat (Perak Tengah)	 Semai	 80	 26.7 ± 16.2	 54 (67.5)	 Primary school (47.4)
	 Sungai Perah (Perak Tengah)	 Semai	 111	 34.9 ± 17.4	 73 (65.8)	 Primary school (48.6)
	 Donglai Baru (Hulu Langat)	 Temuan	 27	 28.4 ± 14.7	 14 (51.9)	 Secondary school (44.4)
	 Paya Lebar (Hulu Langat)	 Temuan	 29	 36.9 ± 13.9	 23 (79.3)	 No formal education (48.3)

	 All OA villages	 330	 330	 34.1 ± 16.5	 217 (65.8)	 Primary school (42.9)

FELDA	 Ijok	 Malay	 102	 52.5 ± 16.7	 62 (60.8)	 Primary school (44.6)
settlement	 Jengka 8	 Malay	 105	 51.7 ± 16.8	 66 (62.9)	 Primary school (39.0)
	 Soeharto	 Malay	 48	 45.8 ± 18.3	 27 (56.3)	 Primary school (44.1)

 	 All FELDA settlements	 255	 255	 50.9 ± 17.2	 155 (60.8)	 Primary school (42.1)

All participants		  585	 585	 41.4 ±18.7	 372 (63.6)	 Primary school (42.6)

*Level of education is a categorical variable with more than two levels. Only category with highest percentage was displayed.
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mean age of participants was 41.4 years old (standard deviation 
= 18.7, range 5 to 82) and 63.6% (N=372) of them were female. 
Gender composition of participants from OA settlements and 
FELDA settlements was approximately the same, however, the mean 
age and level of education were significantly different (p<0.01). 
Participants from OA settlements (mean age ± SD = 34.1 ± 16.5; 
received tertiary education = 0.6%) has lower mean age and level 
of education as compared to participants from FELDA settlements 
(mean age ± SD = 50.9 ± 17.2; received tertiary education = 10.6%). 
	 Serological tests performed revealed that 33.0% (N=193), 
41.7% (N=244), 10.3% (N=60) and 21.0% (N=123) of the samples 
tested positive for CHIKV IgG, DENV IgG, JEV IgG and ZIKV IgG 
respectively (Table 2). At least 37.6% (N=220) of the participants 
tested negative for IgG antibodies for all four arboviruses. On the 
other hand, 31.3% (N=183) of the participants were seropositive for 
multiple arboviruses. Only 31.1% (N=182) of the participants were 
seropositive for just one of the four arboviruses tested. 
	 Univariate logistic regression analysis performed revealed 
that type of settlement (p<0.05) and age (p<0.01) were significant 
predictors for CHIKV, DENV, JEV and ZIKV seropositivity (Table 3). An 
increase of 1 year in age reduced the risk for CHIKV seropositivity 
by 0.986 times, however, the risks for seropositivity for DENV, JEV 

and ZIKV increased by 1.023, 1.036 and 1.019 times, respectively. 
Volunteers from OA villages were 5.282, 1.513 and 3.886 times 
more likely to be seropositive than those from FELDA settlements 
for CHIKV, DENV and ZIKV, respectively. In contrast, volunteers 
from FELDA settlements were 3.136 times more likely to be 
seropositive for JEV than those from OA settlements. The level of 
education (p<0.05) was a significant predictor for CHIKV, DENV and 
ZIKV seropositivity. Having higher level of formal education was 
associated with a reduction in the likelihood of being seropositive 
for CHIKV, DENV and ZIKV. Since none of the tertiary educated 
volunteers were found to be seropositive for JEV and ZIKV, tertiary 
education was omitted from the analysis when logistic regression 
was performed. Gender was not found to be a significant predictor 
for any of the arboviruses.
	 Univariate logistic regression analysis performed solely on data 
from OA villager (N=330) revealed that age (p<0.05) were significant 
predictors for DENV, JEV and ZIKV (Table 4). The increase of age 
increases the risks of being seropositive for DENV, JEV and ZIKV by 
1.066, 1.030 and 1.056 times respectively. The level of education 
(p<0.05) was a significant predictor for DENV and ZIKV seropositivity 
as well. Those who received formal education were about 50% 
(48.5% to 66.6%) less likely to be tested seropositive for DENV and 

Table 2. Seroprevalence of CHIKV, DENV, JEV and ZIKV among OA and FELDA settlers of Malaysia

				                          Seroprevalence, N (%)
Type of settlement	 Study site	 N

	 CHIKV IgG	 DENV IgG	 JEV IgG	 ZIKV IgG

OA village	 Buluh Nipis	 58	 27 (46.6)	 36 (62.1)	 9 (15.5)	 19 (32.8)
	 Tanah Runtuh	 25	 13 (52.0)	 11 (44.0)	 0 (0.0)	 14 (56.0)
	 Tumboh Hangat	 80	 30 (37.5)	 23 (28.8)	 1 (1.3)	 6 (7.5)
	 Sungai Perah	 111	 57 (51.4)	 59 (53.2)	 6 (5.4)	 39 (35.1)
	 Donglai Baru	 27	 17 (63.0)	 12 (44.4)	 1 (3.7)	 9 (33.3)
	 Paya Lebar	 29	 12 (41.4)	 11 (37.9)	 2 (6.9)	 11 (37.9)

 	 All OA villages	 330	 156 (47.3)	 152 (46.1)	 19 (5.8)	 98 (29.7)

FELDA settlement	 Ijok	 102	 8 (7.8)	 30 (29.4)	 13 (12.7)	 4 (3.9)
	 Jengka 8	 105	 22 (21.0)	 40 (38.1)	 26 (24.8)	 14 (13.3)
	 Soeharto	 48	 7 (14.6)	 22 (45.8)	 2 (4.2)	 7 (14.6)

 	 All FELDA settlements	 255	 37 (14.5)	 92 (36.1)	 41 (16.1)	 25 (9.8)

All participants	 	  585	 193 (33.0)	 244 (41.7)	 60 (10.3)	 123 (21.0)

Table 3. Univariate analysis on predictors for CHIKV, DENV, JEV and ZIKV seropositivity using logistic regression

	                                     Dependent variables, p-value (Odds ratio)
Independent variables

	 CHIKV IgG	 DENV IgG	 JEV IgG	 ZIKV IgG
 				  
Age	 <0.05 (0.986)	 <0.05 (1.023)	 <0.05 (1.036)	 <0.05 (1.019)

Gender				  
Male	 Ref	 Ref	 Ref	 Ref
Female	 NS	 NS	 NS	 NS

Type of settlement				  
OA village	 Ref	 Ref	 Ref	 Ref
FELDA settlement	 <0.05 (0.189)	 <0.05 (0.661)	 <0.05 (3.136)	 <0.05 (0.257)

Level of education				  
No formal education	 Ref	 Ref	 Ref	 Ref
Primary education	 NS	 <0.05 (0.549)	 NS	 <0.05 (0.426)
Secondary education	 NS	 <0.05 (0.414)	 NS	 <0.05 (0.291)
Tertiary education	 <0.05 (0.050)	 <0.05 (0.194)	 NA	 NA
 				  

Ref: Reference group.
NS: Not significant.
NA: Not applicable. Logistic regression cannot be performed for this category due to lack of seropositive participants (N=0).
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ZIKV. Gender was not found to be a significant predictor for any of 
the arboviruses. When logistic regression was performed on data 
from FELDA settlers (N=255), age (p<0.05) was the only significant 
predictor (Table 4). The increase of age increases the risks of being 
seropositive for CHIKV, JEV and ZIKV by 1.025, 1.026 and 1.028 times 
respectively. Level of education and gender were not found to be 
significant predictors for any of the arboviruses.
	

DISCUSSION

This study found high CHIKV (33.0%) and DENV (41.7%) seropositivity 
rates among volunteers from OA and FELDA settlements. The high 
seropositivity observed were within expectation since both infections 
are endemic in Malaysia. Seropositivity of CHIKV and DENV reported 
in Malaysia ranges from 5.9% to 72.5% (Ayu et al., 2010; Azami et al., 
2013; Khor et al., 2020) and 4.9% – 91.6% respectively (Muhammad 
Azami et al., 2011; Dhanoa et al., 2018; Abd-Jamil et al., 2020; Ng et 
al., 2022). The differences in seroprevalences reported were most 
likely due to different study populations. In comparison, moderate 
ZIKV (21.0%) and JEV (10.3%) seropositivity were observed. The 
moderate seropositivity for ZIKV and JEV were expected as only few 
incidences of these diseases have been documented in Malaysia 
(Kumar et al., 2018; Woon et al., 2019). Seropositivity found in other 
studies ranges from between 6.2% to 30.3% for ZIKV (Ngwe Tun et 
al., 2021; Khoo et al., 2022) and 22.4% to 48.4% for JEV (Nealon et 
al., 2019; Khor et al., 2020). Overall, the seroprevalences from this 
study were consistent to the earlier findings conducted elsewhere 
(Abd-Jamil et al., 2020; Khor et al., 2020). However, collectively the 
data showed increasing seropositivity for DENV and ZIKV among the 
OA over the years. 
	 The seroprevalences of CHIKV, DENV, JEV and ZIKV were 
different between OA communities and FELDA settlements. These 
differences could be due to the different presence of mosquito 
species at the study sites. Ae. aegypti and Ae. albopictus are the 
two most common vectors for CHIKV, DENV and ZIKV (Saleeza et al., 
2011, 2013). The high prevalence of CHIKV and ZIKV among the OA 
could reflect the higher presence of these mosquito species breeding 
sites (Chandren et al., 2015; Sabri, 2015). On the other hand, the 
absence of Culex tritaeniorhyncus and other Culex mosquito species 
resulted in the lower seroprevalence of JEV (Vythilingam et al., 
1997). The clearing and infrastructure development of forested 

areas surrounding the OA settlements may have contributed to 
the reduction of Culex populations (Ministry of Finance Malaysia, 
2011; Mayi et al., 2019). Whereas, these activities increased the 
potential breeding sites for Aedes spp. mosquitoes, which resulted 
in increased CHIKV, DENV and ZIKV transmission rate (Cheong et al., 
2014).
	 Age was commonly reported as a significant factor for 
seroprevalence of arboviruses (Conlan et al., 2015, Vongpunsawad 
et al., 2017). Antibodies generated in response to previous infections 
can endure for years following the infection (Imrie et al., 2007), 
increasing the likelihood of seropositivity with age (Katzelnick & 
Harris, 2018). The result of this study varies from consensus, as 
age did not emerge as a significant predictor for both CHIKV and 
DENV seropositivity when the analysis was conducted separately 
for OA villagers and FELDA settlers. CHIKV seropositivity is uniformly 
distributed across age groups among OA villagers, while DENV 
seropositivity is evenly spread among age groups in FELDA settlers. 
This indicates that OA villagers were exposed to CHIKV from a young 
age, and similarly, FELDA settlers were exposed to DENV from a 
young age.
	 Antibodies induced by Flavivirus infections in general cross-
react with each other across the different flaviviruses. The envelope 
protein (E) of Flaviviruses is often the main antigenic protein targeted 
by the antibody responses. Amino acid sequences of E were 40% 
– 79% identical across the mosquito-borne Flaviviruses (Hou et al., 
2022). Despite the variations some of the epitopes located in E are 
conserved among different Flaviviruses, leading to cross-reactivity 
of antibodies (Chan et al., 2022). While the seropositive samples 
detected may be caused by cross-reactivity, previous study has 
shown that most flavivirus seropositive samples were able to 
neutralize the respective flavivirus (Khor et al., 2020). Hence, it is 
likely that most of the seropositive subjects found in this study were 
caused by actual exposure to the respective viruses. 
	 Results from the present study provide important insights 
into the epidemiology of CHIKV, DENV, JEV and ZIKV among the 
forest fringe dwellers represented by the OA communities and 
FELDA settlers. A more comprehensive studies in other regions of 
the tropics amongst the forest fringe communities will need to be 
undertaken to obtain better estimate of the potential burden of the 
infections and the potential benefits should vaccination is considered 
for these arbovirus infections.

Table 4. Univariate analysis on predictors for CHIKV, DENV, JEV and ZIKV seropositivity among OA and FELDA settlers using logistic regression

		  Dependent variables, p-value (Odds ratio)

Independent variables		                                 OA (N=330)				                         FELDA (N=255)

	 CHIKV IgG	 DENV IgG	 JEV IgG	 ZIKV IgG	 CHIKV IgG	 DENV IgG	 JEV IgG	 ZIKV IgG
								      
Age	 NS	 <0.05 (1.066)	 <0.05 (1.030)	 <0.05 (1.056)	 <0.05(1.025)	 NS	 <0.05 (1.026)	 <0.05 (1.028)
								      
Gender								      
Male	 Ref	 Ref	 Ref	 Ref	 Ref	 Ref	 Ref	 Ref
Female	 NS	 NS	 NS	 NS	 NS	 NS	 NS	 NS
								      
Level of education								      
No formal education	 Ref	 Ref	 Ref	 Ref	 Ref	 Ref	 Ref	 Ref
Primary education	 NS	 <0.05 (0.490)	 NS	 <0.05 (0.515)	 NS	 NS	 NS	 NS
Secondary education	 NS	 <0.05 (0.334)	 NS	 <0.05 (0.375)	 NS	 NS	 NS	 NS
Tertiary education	 NA	 NA	 NA	 NA	 NA	 NS	 NA	 NA

Ref: Reference group.
NS: Not significant.
NA: Not applicable. Logistic regression cannot be performed for this category due to lack of seropositive participants (N=0) or insufficient observations in the 
category (N < 5).
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CONCLUSION

Results from the seroprevalence study among the forest fringe 
dwellers of Peninsular Malaysia found dengue and chikungunya were 
the most prominent arbovirus infections followed by zika and JEV. 
Age, type of settlement and level of education are the significant 
predictors of exposure to these arboviruses. This study highlights 
the potential health burden caused by arbovirus infections among 
the underserved communities in the tropics.
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