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Abstract 

Introduction  Malaria continues to pose a considerable public health challenge in Southeast Asia, necessitating con-
trol efforts that consider region-specific vulnerabilities. Although global risk factors are well-documented, the inter-
play of social determinants of health in shaping malaria vulnerability within SEA populations is less thoroughly 
explored.

Objective  This scoping review aims to determine elements influencing vulnerabilities towards malaria in SEA popu-
lations. In addition, this study seeks to explore how various social determinants of health contribute to the increased 
malaria vulnerabilities in this region.

Method  This review adhered to the PRISMA-ScR guidelines. A systematic literature search was performed in PubMed, 
Scopus, and Web of Science from October to November 2024, focusing on peer-reviewed, open-access quantitative 
studies published from 2014 to 2024. Studies that addressed the risk or vulnerability of malaria in SEA populations 
were included. Multiple reviewers independently conducted screening, data charting, and thematic synthesis.

Result  Twenty-two studies met the inclusion criteria, encompassing various malaria-endemic settings in SEA, 
including cross-border regions and migrant populations. The findings were synthesized using a social determinants 
of health lens, resulting in five thematic domains: biological influences, demographic and socioeconomic parameters, 
built and lived environments, behaviour and practices, and access to healthcare services and information.

Conclusion  The vulnerability of SEA population to malaria is multifaceted and deeply entrenched in a web of com-
plex, interrelated factors. Effective control requires region-specific, multi-sectoral strategies that address these vulner-
abilities through targeted interventions, strengthened health systems, and equitable public health policies.
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Introduction
Malaria continues to be a significant public health con-
cern in Southeast Asia (SEA), despite considerable 
advancements in control measures over the last decade 
[1]. The region persists in facing considerable differences 
in malaria incidence attributable to variables including 
population movement, vector resistance, and inconsist-
ent execution of control methods [2, 3]. Countries such 
as Vietnam, and Cambodia have significantly reduced 
transmission rates, whilst others, including Myanmar, 
Laos and Indonesia, continue to experience a substantial 
disease burden [4, 5]. Recent reports indicate a resur-
gence of malaria in western Thailand near the Myanmar 
border, along with new cases in previously low-incidence 
areas, highlighting the changing and inconsistent land-
scape of malaria susceptibility in the region [4, 6]. Despite 
recent years experiencing a deceleration in advancements 
attributed to drug resistance (particularly to artemisinin), 
difficulties in reaching distant communities, and geo-
political instability, SEA documented a 77% decrease in 
malaria cases, from 22.8 million in 2000 to 5.2 million in 
2022 [2, 5]. Nevertheless, the region had more than 8000 
malaria-related fatalities in 2022 and constituted 18% of 
the worldwide malaria burden, highlighting the enduring 
vulnerabilities there [1].

Malaria control strategies in SEA have focused on a 
combination of vector control and treatment protocols. 
Insecticide-treated bed nets (ITNs), indoor residual 
spraying (IRS), and extensive distribution of artemisinin-
based Combination Therapies (ACTs) are fundamental 
to national malaria programmes [5, 7]. Countries includ-
ing Cambodia, Myanmar, and Laos have augmented 
ITN distribution and IRS implementation, particularly 
in high-risk rural and forested areas [2]. Global health 
organizations, such as the World Health Organization, 
endorse these initiatives by prioritizing targeted inter-
ventions for at-risk populations. The implementation of 
rapid diagnostic tests (RDTs) has markedly augmented 
diagnostic capabilities in remote regions, facilitating 
expedited treatment and improving surveillance [8]. 
Regional cooperation focused on standardizing treat-
ment and enhancing cross-border surveillance have been 
crucial in combating the proliferation of drug-resistant 
malaria [9, 10]. Furthermore, in order to reach people 
in remote locations and educate them on how to avoid 
malaria, many SEA countries have adopted more com-
prehensive strategies, like community engagement and 
community health workers [11, 12].

Notwithstanding these initiatives, vulnerabilities per-
sist significantly, especially within marginalized groups. 
The transmission of malaria in Southeast Asia is signifi-
cantly affected by a confluence of geographical, environ-
mental, and socioeconomic factors [13, 14]. The region’s 

tropical climate, marked by elevated temperatures, 
humidity, and precipitation, creates optimal circum-
stances for the reproduction of Anopheles mosquitoes 
[15, 16]. Economic inequalities intensify health risks, as 
disadvantaged groups frequently lack access to adequate 
diagnoses, treatment, and preventive measures [17]. 
Rural communities encounter further obstacles owing 
to inadequate healthcare facilities and protracted access 
to care [17, 18]. Migrant workers, refugees, and peo-
ple residing in conflict-affected areas face heightened 
vulnerability due to overcrowded living conditions and 
interrupted health services [17]. The lack of awareness 
regarding malaria symptoms and prevention strategies 
exacerbates delays in diagnosis and results in suboptimal 
treatment outcomes [19]. Control efforts are also made 
more difficult by the emergence of drug-resistant strains 
of malaria and environmental factors such as deforesta-
tion and climate change [20].

Although malaria vulnerabilities have been investigated 
globally, Southeast Asia (SEA) presents unique ecologi-
cal, social, and political contexts that necessitate focused 
investigation. The objective of this scoping review is to 
identify, categorize, and map the key vulnerability factors 
that influence the risk of malaria infection among com-
munities in malaria-endemic regions of Southeast Asia. 
Adopting a social determinants of health (SDH) frame-
work, the review evaluates the influence of environ-
mental, socioeconomic, and other variables on malaria 
vulnerability. Vulnerability is not merely a biological risk, 
but rather a consequence of systemic exclusion, weak 
health systems, environmental exposure, and limited 
access to services [21]. Synthesizing current evidence 
through this lens underscores the complex and intersect-
ing drivers of risk, reinforcing the need for equitable, 
multisectoral, and context-specific strategies to support 
malaria elimination and health equity in the region.

Methodology
The review protocol
This scoping review was conducted following the 
PRISMA-ScR (Preferred Reporting Items for System-
atic Reviews and Meta-Analyses Extension for Scoping 
Reviews) guidelines, which consist of 22 essential check-
list items to ensure transparency and methodological rig-
our [22]. The review process was methodically integrated 
with key elements taken from PRISMA-ScR, including 
the study selection, data extraction, goals, eligibility cri-
teria, search strategy, and synthesis of the results (see 
Additional file  1). A research question was developed 
to explore the study gaps on malaria in SEA region. The 
guiding question of this review is: what are the key vul-
nerability factors influencing the risk of malaria infec-
tion among communities in malaria-endemic regions of 
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Southeast Asia? The population, exposure and outcome 
(PEO) framework of the current study were established 
as follows:

•	 P: Communities in SEA, particularly those in 
malaria-endemic regions, including individual, fam-
ily, and communities level.

•	 E (Exposure): Risk factors and vulnerabilities, defined 
as increased exposure to malaria and limited capac-
ity to avoid, prevent, or manage the disease. This 
includes socioeconomic, geographic, behavioural, 
and health system-related factors that influence both 
infection risk and access to malaria-related services.

•	 O (Outcome): Variations in malaria infection and 
transmission, including incidence, prevalence, and 
reported access to diagnosis, treatment, or preven-
tion services.

Data sources and search strategy
The literature search in this study was conducted from 20 
October 2024 to 20 November 2024. The search strategy 
was conducted using three major English databases that 
include PubMed, Scopus, and Web of Science (WOS) 
to explore and identify potentially relevant studies that 
reported risk factors and vulnerabilities among SEA 
countries towards malaria, between January 2014 and 
October 2024. The search strategy combined keywords 
and Boolean operators to capture articles containing 
terms related to “malaria”, “vulnerability”, “risk factors”, 
and the names of Southeast Asian countries, which 
include: Brunei, Cambodia, East Timor (Timor-Leste), 
Indonesia, Laos, Malaysia, Myanmar, the Philippines, 

Singapore, Thailand, and Vietnam. Table  1 displays the 
particular search string created for this purpose.

The searches were applied to titles and abstracts using 
controlled vocabulary (e.g., MeSH terms in PubMed) and 
keyword variations. Search results were imported into 
EndNote™ 20, a reference manager used to organize cita-
tions, automatically detect and remove duplicates, and 
streamline the screening process.

Eligibility criteria
Included studies were original research published from 
2014 to 2024, concentrating on vulnerabilities to malaria 
infection in SEA populations. Only studies focusing on 
SEA communities as the population and malaria as the 
primary outcome were included. Non-original works 
such as reviews, commentaries, books, reports, and con-
ference proceedings were excluded from consideration. 
Research on additional vector-borne diseases, including 
dengue and filariasis, was also excluded. Articles pub-
lished in languages other than English were considered 
only if full-text English translations were publicly availa-
ble on the publisher’s website or accessible through insti-
tutional databases. This decade-long period guarantees 
the incorporation of current and pertinent evidence.

Study selection
All titles and abstracts were screened independently by 
two reviewers using the agreed inclusion and exclusion 
criteria. Studies that reported malaria cases and related 
risk or vulnerability factors were selected for full-text 
review. Then, the full-text articles were checked by three 
reviewers. Each article was reviewed by at least two peo-
ple, and the third reviewer helped confirm the decision 

Table 1  Search string for review

Database Search String

Scopus TITLE-ABS-KEY (("vulnerabilities" OR "vulnerability" OR "risk" OR "risk factors" OR "factors" OR "determinant" OR "determinants" 
OR "exposure" OR "exposures" OR "susceptibility" OR "susceptibilities" OR "susceptible") AND ("malaria" OR "plasmodium") AND ("indi-
vidual" OR "family" OR "families" OR "community" OR "communities" OR "society" OR "societies" OR "neighborhood" OR "neighbour-
hood" OR "person" OR "people") AND ("southeast asia" OR "south east asia" OR "malaysia" OR "indonesia" OR "brunei" OR "singapore" 
OR "philippines" OR "thailand" OR "myanmar" OR "lao pdr" OR "laos" OR "vietnam" OR "cambodia" OR "timor leste"))

Web Of Science ALL (("vulnerabilities" OR "vulnerability" OR "risk" OR "risk factors" OR "factors" OR "determinant" OR "determinants" OR "exposure" 
OR "exposures" OR "susceptibility" OR "susceptibilities" OR "susceptible") AND ("malaria" OR "plasmodium") AND ("individual" OR "fam-
ily" OR "families" OR "community" OR "communities" OR "society" OR "societies" OR "neighborhood" OR "neighbourhood" OR "person" 
OR "people") AND ("southeast asia" OR "south east asia" OR "malaysia" OR "indonesia" OR "brunei" OR "singapore" OR "philippines" 
OR "thailand" OR "myanmar" OR "lao pdr" OR "laos" OR "vietnam" OR "cambodia" OR "timor leste"))

PubMed ("vulnerabilities"[All Fields] OR "vulnerability"[All Fields] OR "risk"[All Fields] OR "risk factors"[All Fields] OR "factors"[All Fields] 
OR "determinant"[All Fields] OR "determinants"[All Fields] OR "exposure"[All Fields] OR "exposures"[All Fields] OR "susceptibility"[All 
Fields] OR "susceptibilities"[All Fields] OR "susceptible"[All Fields]) AND ("malaria"[All Fields] OR "plasmodium"[All Fields]) 
AND ("individual"[All Fields] OR "family"[All Fields] OR "families"[All Fields] OR "community"[All Fields] OR "communities"[All Fields] 
OR "society"[All Fields] OR "societies"[All Fields] OR "neighborhood"[All Fields] OR "neighbourhood"[All Fields] OR "person"[All Fields] 
OR "people"[All Fields]) AND ("southeast asia"[All Fields] OR "south east asia"[All Fields] OR "malaysia"[All Fields] OR "indonesia"[All 
Fields] OR "brunei"[All Fields] OR "singapore"[All Fields] OR "philippines"[All Fields] OR "thailand"[All Fields] OR "myanmar"[All Fields] 
OR "lao pdr"[All Fields] OR "laos"[All Fields] OR "vietnam"[All Fields] OR "cambodia"[All Fields] OR "timor leste"[All Fields])



Page 4 of 16Md Hanif et al. Tropical Medicine and Health          (2025) 53:105 

or stepped in when the results were unclear. Disagree-
ment regarding the fulfilment of study criteria or the 
interpretation of specific details were settled through 
discussion until consensus was achieved. Two reviewers 
independently charted data using a standardized data 
extraction form piloted on five studies to ensure consist-
ency and clarity. The process was duplicated to reduce 
bias and improve reproducibility. The extracted data were 
organized into three sections: (1) general study details, 
(2) study design, population, and methodology, and (3) 
key findings and outcomes. Since the purpose of this 
review was to map the breadth and scope of the body of 
current literature rather than evaluate the risk of bias or 
the quality of the evidence, a formal critical appraisal of 
individual studies was not carried out in accordance with 
its aims.

Results
The literature search across three databases—Web of Sci-
ence (1279), PubMed (914), and Scopus (683)—yielded 
2876 articles (Fig.  1). After removing 1283 duplicates, 
1593 articles remained for title and abstract screening. Of 
these, 1366 were excluded for not meeting inclusion cri-
teria based on title, population, exposure, or outcomes. 
Full-text screening was conducted on 227 articles, with 
22 studies published between 2015 and 2024 ultimately 
included in this review (Table  1). The selected stud-
ies covered several Southeast Asian countries, includ-
ing Malaysia (n = 6), Indonesia (n = 6), Myanmar (n = 2), 
and one study each from the Philippines, Vietnam, and 
Cambodia. Additionally, five studies addressed malaria-
related issues in cross-border regions. The research 
designs varied, comprising 12 cross-sectional studies, 
eight case–control studies, one cohort study, and one 
mixed-methods study. Most studies focused on rural and 
endemic communities, with two specifically investigat-
ing migrant populations. This geographical and meth-
odological diversity provides a comprehensive view of 
malaria vulnerability in the region. Thematic synthesis 
was conducted using an inductive approach. Key findings 
were extracted, coded, and grouped based on conceptual 
similarities to identify overarching vulnerability domains. 
This process resulted five key domains: biological influ-
ences, demographic and socioeconomic parameters, 
built and lived environments, behaviour and practices, 
and access to healthcare services and information. These 
domains were shaped by iterative reading of the findings 
and discussions among reviewers to ensure conceptual 
coherence and thematic saturation. Notably, some stud-
ies reported unusually high odds ratios for certain risk 
factors which may reflect strong context-specific asso-
ciations or methodological variations. Heterogeneity 
was evident across the included studies in terms of study 

populations, settings, definitions of exposures, and meas-
ured outcomes. This variation was taken into account 
during synthesis, and findings were reported narra-
tively without meta-analysis, in accordance with scop-
ing review methodology. Tables 2 and 3 summarize key 
characteristics and thematic findings from all included 
studies.

Biological influences
A case–control study in Sabah, Malaysia, found that peo-
ple with a history of malaria were 49 times more likely 
to get infected with Plasmodium knowlesi (P. knowlesi) 
compared to those without such a history (aOR: 49.34, 
95% CI 39.09–78.32, p < 0.001) [31]. This supports similar 
findings from Thailand, where past malaria was a strong 
predictor of future episodes [37]. However, another study 
in the same area suggested that G6PD deficiency might 
protect against P. knowlesi infection (aOR: 0.2, 95% CI 
0.04–0.96, p < 0.05) [39].

Demographic and socioeconomic parameters
Eleven studies have examined the association between 
gender and vulnerability to malaria infection. Three 
studies reported that females had a lower risk of malaria 
[23, 32, 41], including findings by Hasyim et  al., who 
demonstrated that females in five endemic provinces 
of Indonesia were significantly less likely to contract 
malaria compared to males (aOR: 0.91, 95% CI 0.87–0.96, 
p < 0.001) [32]. This trend was supported by similar find-
ings from a study conducted in Cambodia [41]. Con-
versely, the majority of studies (n = 8) identified males as 
having a significantly higher risk of malaria, with odds 
ratios ranging from 0.02 to 12.5, underscoring gender as 
a key determinant of malaria susceptibility [29, 31, 33, 34, 
36, 39, 40, 43].

Age was another factor highlighted in seven stud-
ies across Southeast Asia [23, 32, 36, 37, 39, 43, 44]. A 
cohort study by Wang et al. [37] found that adults were 
significantly more likely to contract Plasmodium vivax (P. 
vivax) (p < 0.05), a finding echoed by several other stud-
ies, which reported odds ratios for adult infection rang-
ing from 1.58 to 14.0 [32, 36, 39]. Notably, one study from 
Indonesia indicated that individuals aged over 55  years 
were particularly vulnerable to malaria, further empha-
sizing age-related susceptibility [23].

Occupational exposure was identified in five studies as 
a significant risk factor [32, 34, 39, 43, 44]. Dunning et al. 
reported a strong association between malaria and work 
in logging and rubber plantations, with adjusted odds 
ratios ranging from 2.7 to 3.0 [34]. Similarly, a Malaysian 
case–control study found that individuals employed in 
plantations (aOR: 3.50, 95% CI 1.34–9.15, p = 0.011) and 
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agriculture (aOR: 1.89, 95% CI 1.07–3.35, p = 0.028) were 
at elevated risk for P. knowlesi infection [39].

Higher wealth quantiles were protective factor for 
exposure to both Plasmodium falciparum (P. falciparum) 
and P. vivax in Bryne et al. study [40]. Additionally, hav-
ing a household head with at least secondary education 
was associated with lower risk of both recent and past 
exposure to P. falciparum.

Built and lived environment
Rural and forested areas have been consistently identi-
fied as high-risk zones for malaria transmission in nine 
studies [23, 24, 28, 29, 34, 36, 39, 43, 44]. In Malaysia, 
proximity to wildlife and forests was associated with 
increased risk, with factors such as frequent overnight 
stays at home, the presence of monkeys within 500 m, 
and forest entry contributing to vulnerability. Villag-
ers who entered forests were 2.8 times more likely to 
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Table 3  The selected publication findings summary

Author Significant findings*

1 Hanandita and Tampubolon [23] Higher risk of malaria infection:
• Elderly (55+ years) (OR 1.18, 95%CI 1.00–1.39)
• Females had a slightly lower risk than males (4%)
• Malaria risk was higher in lowland (OR: 2.99, 95%CI 1.84,4.59) compared to highland
• High risk in a rural area (OR: 1.43, 95% CI 1.29–1.57) and in a densely forested district (OR: 1.08, 95% CI 
1.00–1.17)

2 Gryseels et al. [24] • Boys were more likely than girls to sleep unprotected (OR: 2.63, p = 0.05)
• Higher proportion stayed overnight in the deep forest (OR: 6.61, p < 0.001)
• Higher likelihood of using torn nets (OR: 3.63, p = 0.01)

3 Cahyaningrum and Sulistyawati [25] Higher risk of malaria infection:
• Not using bednets (aOR: 4.44, 95% CI 1.52–12.93)
• Not closing doors and windows at night until morning (aOR: 6.46, 95% CI 2.30–18.12)

4 Chen et al. [26] • Linear increase in malaria vulnerability with higher proportions of mobile populations (χ2 = 0.487, p: 0.485)
• Living indoors offered just 5% additional protection compared to living outdoors

5 Matsumoto-Takahashi et al. [27] • Patients living near a microscopist# were more likely to receive appropriate treatment (aOR: 6.22, 95% CI 
2.85–13.58)
• Proximity to private pharmacies was associated with lower likelihood of appropriate treatment (aOR: 0.34, 
95% CI 0.15–0.79)
• Better knowledge of malaria symptoms was positively associated with participation in community aware-
ness activities led by microscopists, increased self-awareness and timely care-seeking (Path Coefficient: 0.36 
(p < 0.001)
• Participants engaged in awareness activities had higher odds of appropriate treatment (aOR: 3.12, 95% CI 
1.68–5.78)

6 Munajat et al. [28] Higher risk of malaria infection:
• Spending every night at home
• Presence of monkey 500 m near house
• Entry to nearby forest
Knowledge discrepancy between age (19–40 vs. 6–18 years, OR: 3.5–4.0, p < 0.05)

7 Ramdzan et al. [29] Risk:
• Living in rural areas (aOR: 0.004; 95% CI 0.002–0.009)
• Male gender (aOR: 0.023; 95% CI 0.012–0.047)

8 Canavati et al. [30] Risk of malaria during after-dark activities:
• Collecting water (aOR: 1.99; 95% CI 1.02–3.90)
• Bathing in streams (aOR: 2.44; 95% CI 1.02–5.88)
• Working after dark (aOR: 2.93; 95% CI 1.35–6.34)

9 Chin et al. [31] Higher risk of malaria infection:
• Men (aOR: 2.71, 95% CI 1.63–4.50)
• Spent nights in the forest (aOR: 1.92, 95% CI 1.20–3.06)
• Not using mosquito repellent (aOR: 2.49, 95% CI 1.36–4.56)
• Prior malaria infection and the likelihood of contracting P. knowlesi (aOR: 49.34, 95% CI 39.09–78.32)

10 Hasyim et al. [32] Higher risk of malaria infection:
• Individuals aged 35–44 years (aOR: 1.58, 95% CI 1.39–1.80)
• Employed individuals (aOR: 1.13, 95% CI 1.06–1.20)
• Lack of knowledge about healthcare facilities (aOR: 4.18, 95% CI 1.52–11.45)
• Not using preventive behaviour (aOR: 1.18, 95% CI 1.01–1.38)
• Living in homes made of unimproved materials (aOR: 1.30, 95% CI 1.09–1.54)
Protective factor:
• Females were less likely to contract malaria compared to males (aOR: 0.91, 95% CI 0.87–0.96)

11 Soe et al. [33] Higher risk of malaria infection:
• Male migrants (OR: 1.84; 95% CI 1.22–2.77)
• Went out at dawn (OR: 2.36; 95% CI 1.58–3.52)
• Behavioral lapses, such as sleeping under torn bed nets or not consistently using bed net (OR: 2.00; 95% CI 
1.21–3.30; OR: 2.02; 95% CI 1.15–3.52, respectively)
• Alcohol consumption (OR = 2.71; 95% CI 1.73–4.26)
• Did not attend malaria health talks (OR = 1.78; 95% CI 1.20–2.65)

12 Dunning et al. [34] Higher risk of malaria infection was associated with:
• Males (aOR: 1.8, 95% CI 1.2–2.9)
• Worksites located in forests, particularly those involved in logging (aOR: 2.7, 95% CI 1.5–4.6), rubber planta-
tions (aOR: 3.0, 95% CI 1.4–6.8)
• Sleeping in the forest in the past month (aOR: 2.6, 95% CI 1.1–6.3)
• Extended forest travel for durations of 3–14 days (aOR: 8.6, 95% CI: 3.5–21.4) or longer (aOR: 8.4, 95% CI 
3.2–21.6)



Page 9 of 16Md Hanif et al. Tropical Medicine and Health          (2025) 53:105 	

Table 3  (continued)

Author Significant findings*

13 Xu et al. [35] Higher risk of malaria infection:
• Overnight stays away from home (aOR: 13.37, 95% CI 6.32–28.28)
• Staying overnight in rural lowland and foothill areas (aOR: 2.73, 95% CI 1.45–5.14) and staying overnight 
at altitudes < 500 m (aOR: 5.66, 95% CI 3.01–10.71)
• Proximity to streamlets (≤ 100 m) (aOR: 9.98, 95% CI 4.96–20.09)
• Lack of knowledge about malaria transmission (aOR: 2.17, 95% CI 1.42–3.32)

14 Herdiana et al. [36] Higher risk of malaria infection:
• Males (aOR: 12.5, 95% CI 3.0–52.1)
• Adults aged 16–45 years (aOR = 14.0, 95% CI 2.2–89.6)
• visited the forest in the previous month (aOR = 5.6, 95% CI 1.3–24.2)
• People working near or in the forest, especially requiring overnight stays, [aOR = 7.9, 95% CI 1.6–39.7 (com-
pared to those with workplaces not near or in the forest)]
• Among those screened through RACD, febrile individuals were more likely to be malaria cases
• Proximity to index case: cases were more likely to reside within 100 m of the index case

15 Wang et al. [37] • Age was found to be a strong predictor, with adults being more likely to acquire P. vivax infections 
but less likely to experience clinical episodes (p < 0.05)
• Seasonality (May to September) and previous clinical malaria history were important in predicting clinical 
episodes (p < 0.05)
• Travel to Myanmar was identified as a key risk factor for acquiring malaria, particularly P. vivax (p < 0.05)
• Indoor Residual Spraying (IRS) consistently appeared as a significant protective factor against malaria infec-
tions (p < 0.05)

16 Rejeki et al. [38] Higher risk of malaria infection:
• Houses located at an altitude greater than 500 m above sea level (OR: 3.62, 95% CI 1.61–8.16)
• Houses made of bamboo/wood without insecticides (OR: 2.20, 95% CI 1.31–3.71)
• Not spraying insecticides for past 1 year (OR: 2.08, 95% CI 1.09–3.95)
• Houses located less than 100 m from mosquito breeding sites (OR: 1.93, 95% CI 1.03–3.64)

17 Grigg et al. [39] Higher risk of malaria infection was associated with:
• Age 15 years or older: aOR: 4.16, 95% CI 2.09–8.29, p < 0.0001
• Male gender: aOR: 4.20, 95% CI 2.54–6.97, p < 0.0001
• Plantation work: aOR: 3.50, 95% CI 1.34–9.15, p: 0.011
• Sleeping outside: aOR: 3.61, 95% CI 1.48–8.85, p: 0.0049
• Travel: aOR: 2.48, 95% CI 1.45–4.23, p: 0.0010
• Awareness of monkeys in the area (past 4 weeks): aOR: 3.35, 95% CI 1.91–5.88, p < 0.0001
• Having open eaves or gaps in walls: aOR: 2.18, 95% CI 1.33–3.59, p: 0.0021
• Farming occupation: aOR: 1.89, 95% CI 1.07–3.35, p: 0.028
• Clearing vegetation: aOR: 1.89, 95% CI 1.11–3.22, p: 0.020
• Long grass around the house: aOR: 2.08, 95% CI 1.25–3.46, p: 0.0048
4. Protective factors:
• G6PD deficiency seemed to be protective against P. knowlesi infection: aOR: 0.20, 95% CI 0.04–0.96, p: 0.045
• Residual insecticide spraying of household walls: aOR: 0.52, 95% CI 0.31–0.87, p: 0.014
• Presence of young sparse forest: aOR: 0.35, 95% CI 0.20–0.63, p = 0.0040
• Rice paddy around the house: aOR: 0.16, 95% CI 0.03–0.78, p: 0.023

18 Bryne et al. [40] Higher risk of malaria infection:
• Higher travel times to hospitals and clinics (95% CI more than 1.0)
• Various forest activities (95% CI more than 1.0)
• Male gender (95% CI more than 1.0)
• Falling within higher wealth quantiles was a protective factor for historic exposure to both P. falciparum 
and P. vivax, and the head of the household being educated to a secondary level or above was a protective 
factor for recent and historic exposure to P. falciparum (OR not explicitly provided)

19 Doum et al. [41] • Female had less odds contracting malaria than males (aOR: 0.61, 95% CI 0.38–0.97, p < 0.05)

20 Hasyim et al. [42] Risk:
• Proximity to Mosquito Breeding Sites: Living within 100 m of mosquito breeding sites increased the risk 
of malaria (aOR: 3.88, 95% CI 1.67–8.97)
Protective factors:
• Mosquito Repellent: Usage reduced the risk of malaria by 71% (AOR: 0.29, 95% CI 0.11–0.64)
• Wire Mesh on Ventilation: Installing wire mesh windows reduced the malaria risk by 76% (aOR: 0.24, 95% CI 
0.10–0.57)
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encounter zoonotic malaria risks compared to those 
who stayed within the village (p < 0.01) [28]. In Myan-
mar, extended forest exposure for 3–14 days (aOR: 8.6, 
95% CI 3.5–21.4) or longer (aOR: 8.4, 95% CI 3.2–21.6) 
significantly increased infection risk [34]. However, 
some environmental features, such as the presence 
of young sparse forests (aOR: 0.35, 95% CI 0.20–0.63, 
p = 0.004) and a high perimeter–area ratio of intact 
forest within a 5000-m radius, were associated with 
reduced malaria risk [44].

Geographical features, including landforms and eleva-
tion, were examined in four studies [23, 35, 38, 44]. Xu 
et  al. [35] reported that staying overnight at elevations 
below 500 m (aOR: 5.66, 95% CI 3.01–10.71, p < 0.0001), 
as well as residing in lowland and foothill areas (aOR: 
2.73, 95% CI 1.45–5.14, p = 0.0019), increased malaria 
risk. Proximity to streamlets—within 100 m—was also 
a significant risk factor (aOR: 9.98, 95% CI 4.96–20.09, 
p < 0.0001) [35]. A study in Indonesia found that houses 
located above 500 m elevation and near mosquito 
breeding sites also had elevated risk (OR: 3.62, 95% CI 
1.61–8.16, p = 0.002) [38]. Conversely, higher residen-
tial elevation and houses built more than one metre 

above ground level were found to be protective against P. 
knowlesi exposure [44].

Seasonality also plays a role. One study reported that 
malaria incidence peaked between May and September, 
coinciding with the regional rainy season and optimal 
breeding conditions for mosquitoes [37].

Land use changes were implicated in two studies as 
contributing to increased malaria risk. Agricultural 
expansion—such as irrigated farming (OR: 1.171, 95% CI 
1.065–1.282), pulpwood plantations (OR: 1.152, 95% CI 
1.068–1.235), and oil palm cultivation (OR: 1.101, 95% CI 
1.006–1.198)—was linked to higher P. knowlesi transmis-
sion, highlighting the influence of environmental modifi-
cations on vector-borne disease dynamics [43, 44].

Housing conditions were also identified as important 
determinants of malaria vulnerability in three studies [32, 
38, 39]. In Indonesia, individuals living in homes con-
structed from unimproved materials had a significantly 
higher risk of infection (aOR: 1.30, 95% CI 1.09–1.54, 
p = 0.003) [32]. Rejeki et  al. [38] found that bamboo or 
wooden houses lacking insecticide treatment were asso-
ciated with increased malaria risk (OR: 2.20, 95% CI 
1.31–3.71, p = 0.003). Protective factors included residual 

Table 3  (continued)

Author Significant findings*

21 Fornace et al. [43] Risk:
• Age (per 10 years)
(OR: 1.332, 95% CI 1.278–1.388)
• Male sex
(OR: 1.245, 95% CI 1.038–1.480)
• Reported contact with macaques
(OR: 1.419, 95 CI% 1.168–1.709)
• Reported forest activities (OR: 1.871, 95% CI 1.447–2.368)
• Irrigated farming fractal dimension (OR: 1.171,95% CI 1.065–1.282)
• Proportion of pulpwood plantations (3000 m radius)
(OR: 1.152, 95% CI 1.068–1.235)
• Oil palm perimeter area ratio (3000 m radius)
(OR: 1·101, 95% CI 1.006–1.198)
Protective factors:
• Insecticides usage
(OR: 0.765, 95% CI 0.634–0.913)
• House at ground level
(OR: 0.760, 95% CI 0.632–0.906)
• Elevation (per 1000 m)
(OR: 0.481, 95% CI 0.290–0.738)
• Intact forest perimeter–area ratio (5000-m radius)
(OR: 0.857, 95%CI 0.752–0.961)

22 Fornace et al. [44] Higher risk of malaria infection:
• Age:
15–45 years (OR:2.05, 95%CI 1.30–3.22)
45–60 years (OR: 2.94, 95%CI 1.70–5.11)
Over 60 years (OR: 2.46, 95%CI 1.32–4.58)
• Farm or plantation work (OR:1.63, 95%CI 1.07–2.48)
• Over 30% forest cover within 1km (OR: 2.40, 95%CI 1.29, 4.46)
• Over 30% cleared/open area within 500m of house (OR: 2.14, 95%CI 1.35, 3.40)

*  All findings are significant to p < 0.05
#  Microscopists are trained community health workers (CHWs) specializing in malaria diagnosis and treatment in the Palawan province, Philippines. They play a critical 
role in providing accessible and effective healthcare for malaria, particularly in rural and resource-limited areas where formal health facilities are scarce
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insecticide spraying on house walls (aOR: 0.52, 95% CI 
0.31–0.87, p = 0.014) and the presence of rice paddies 
near the home (aOR: 0.16, 95% CI 0.03–0.78, p = 0.023) 
[39].

Behaviour and practices
Protective behaviours against mosquito vectors were 
identified as important factors influencing malaria vul-
nerability in six studies across Southeast Asia. Common 
risk-enhancing behaviours included not using bed nets, 
sleeping outdoors or in forests, and poor use of repel-
lents or insecticides [24, 25, 31, 32, 38, 39]. For example, 
in Indonesia, individuals who did not use bed nets had 
significantly higher odds of infection (aOR: 4.44, 95% CI 
1.52–12.93, p = 0.006), and those who left doors and win-
dows open overnight had a similarly increased risk (aOR: 
6.46, 95% CI 2.30–18.12, p < 0.001) [25]. Forest sleeping 
and lack of mosquito repellent use were also associated 
with higher odds of P. knowlesi infection (aORs: 1.92 and 
2.49, respectively) [31].

Two studies highlighted the protective role of insec-
ticide use [37, 39]. Indoor residual spraying (IRS) was 
shown to significantly reduce malaria risk in cohort stud-
ies along the Thailand–Myanmar border and in Malaysia 
(aOR: 0.52, 95% CI 0.31–0.87, p = 0.014) [37, 39].

Seven additional studies examined behavioural fac-
tors, such as nighttime outdoor activities, mobility, and 
alcohol use [26, 30, 33–37]. Activities like fetching water 
or bathing after dark increased malaria risk (aORs: 1.99–
2.93) [30], while forest sleeping (aOR: 2.6, 95% CI 1.1–
6.3) [34] and high mobility were also linked to elevated 
vulnerability [26]. Alcohol consumption was associated 
with a higher malaria risk (OR: 2.71; 95% CI 1.73–4.26; 
p < 0.001), possibly due to reduced adherence to protec-
tive measures [33].

Access to healthcare services and information
Limited access to malaria-related information and 
healthcare services contributes to increased vulnerability, 
as reported in six studies [27, 28, 32, 33, 35]. In Indonesia, 
poor knowledge of healthcare facilities was associated 
with a fourfold increase in malaria risk (aOR: 4.18, 95% 
CI 1.52–11.45, p = 0.005) [32]. Furthermore, participants 
engaged in awareness activities had higher odds of appro-
priate treatment [27]. Similarly, in Myanmar, individuals 
who did not attend malaria health talks had higher odds 
of infection (OR: 1.78, 95% CI 1.20–2.65, p = 0.004).

Four studies also highlighted healthcare access dispari-
ties [27, 33, 40]. In the Philippines, living near trained 
community microscopists significantly increased the 
likelihood of appropriate treatment (aOR: 6.22, 95% CI 
2.85–13.58, p < 0.001), whereas proximity to private phar-
macies was linked to reduced treatment quality (aOR: 

0.34, 95% CI 0.15–0.79, p < 0.01) [27]. In Sabah, Malay-
sia, longer travel times to health facilities were associated 
with increased malaria risk [40].

Discussion
Comparing determinant of malaria infection 
across the world
Vulnerability to malaria in SEA is intricately shaped by 
a range of factors that fall under the umbrella of deter-
minants of health. The biological, demographic, environ-
mental, behavioural, and healthcare-related components 
interact in ways that influence the region’s malaria sus-
ceptibility and severity. By taking into account the indi-
vidual, community, and larger social settings, these levels 
enable a comprehensive understanding of the variables 
that increase susceptibility to malaria. Comprehending 
these elements necessitates a thorough investigation of 
their respective roles in exacerbating and mitigating the 
risks of malaria transmission.

Understanding the significance of biological elements 
in malaria vulnerability is essential for comprehending 
regional differences in susceptibility, especially in SEA, 
where host genetic variation and Plasmodium species 
complexity have a major impact on malaria risk. The 
results of this review demonstrate the possibility of a dual 
effect of immune priming and activation of inflammatory 
mediators in people who have already had malaria, which 
could make them more vulnerable to zoonotic infections 
like P. falciparum as well as other types of malaria [45]. 
The correlation between previous exposure to malaria 
and subsequent infection is well-established worldwide, 
particularly with regard to P. falciparum [46]. Repeated 
exposure to P. falciparum usually results in some degree 
of immunity in the individual, which lessens the sever-
ity of subsequent infections. However, protection against 
other Plasmodium species, such as P. vivax and P. 
knowlesi, is not always provided by this acquired immu-
nity [47]. It is worthy to note that the protective effect of 
glucose-6-phosphate dehydrogenase deficiency (G6PD) 
deficiency, which has been seen in SEA, is relevant 
worldwide. With a high prevalence in SEA, sub-Saha-
ran Africa, and parts of the Mediterranean, this genetic 
characteristic is most common in areas where malaria is 
endemic. G6PD deficiency is seen in these regions as a 
form of balanced polymorphism, where the gene confers 
an advantage in areas where malaria is endemic by lower-
ing the risk of developing severe malaria [48].

Males and age-related vulnerabilities have also been 
found to be at a higher risk of infection in most studies. 
The reason for this gender and age difference could be 
linked to behavioural and occupational factors. Outdoor 
jobs and activities like farming, logging, forest labour, 
and rubber tapping are more common among men, and 
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they expose them to more malaria vectors, especially 
during the hours when mosquito bites are most common 
[49]. In forested and agricultural regions of Southeast 
Asia and sub-Saharan Africa, these exposure patterns 
notably increase malaria incidence in adult males [17]. 
Besides behavioural factors, biological and immunologi-
cal differences may also contribute significantly. Research 
indicates that hormonal fluctuations, particularly tes-
tosterone levels, may influence immune responses to 
malaria, potentially increasing susceptibility in males 
[50]. However, in the majority of malaria-endemic areas, 
pregnant women and children—who are especially at 
risk because of their immature and weakened immune 
systems—face significant risks [49, 51, 52]. In a similar 
vein, wealth and occupation have a significant impact on 
malaria sensitivity and exposure. Rural, agricultural, and 
forestry workers in SEA are at high risk, mirroring trends 
in sub-Saharan Africa [53]. Socioeconomic disparities in 
malaria risk are a common thread globally, with wealthier 
populations typically experiencing lower exposure and 
better health outcomes due to better access to healthcare, 
mosquito control measures, and sanitation [17].

The built and lived environments have a significant 
impact on malaria transmission because they deter-
mine the existence of mosquito breeding grounds, 
human–vector interactions, and the dynamics of the 
disease as a whole. An individual’s risk of acquiring 
malaria is greatly influenced by the environment, living 
conditions, and geography in SEA, where the disease 
is still endemic in many lowland, rural, and forested 
locations. Due to ideal breeding conditions in stagnant 
water, forests and rural areas frequently have high mos-
quito populations, which promotes cycles of zoonotic 
and human transmission [54]. In SEA, the existence 
of reservoirs like monkeys and other animals is com-
parable to the zoonotic threats in around the world, 
where diseases are becoming more well acknowledged 
as a factor in the spread of malaria in some areas [55]. 
The risk of malaria in the area is enhanced by geo-
graphic characteristics, including elevation, landforms, 
and proximity to water sources, when paired with 
environmental changes. [54, 55]. Similar trends have 
been noted worldwide, especially in highland areas of 
regions where malaria is endemic. For example, low-
land and valley areas that offer ideal conditions for 
mosquito breeding increase the risk of malaria in parts 
of Ethiopia [56]. In Nepal, climate-driven changes have 
extended malaria transmission zones into formerly 
low-risk hilly and mountainous regions, like Morang 
and Dhangadi, suggesting increased susceptibility to 
environmental change [57]. On the other hand, because 
of their milder temperatures, which are less favourable 
to the mosquito life cycle, highland regions like Kenya 

often have lower rates of malaria transmission [58]. 
However, seasonal fluctuations in malaria transmission 
are widespread throughout the world, with periodic 
surges occurring in lowland areas, particularly during 
the rainy season when standing water offers mosqui-
toes perfect hatching grounds [59]. The quality of hous-
ing has a significant impact on the risk of acquiring 
malaria. The use of ITNs with IRS has been shown to be 
a very successful technique in lowering malaria cases in 
Africa, where indoor mosquito vectors are a primary 
mechanism of transmission, especially in areas with 
substandard housing conditions [60]. The efficiency of 
these treatments in enhancing housing conditions has 
been acknowledged in Asia, especially in remote and 
rural areas where access to healthcare and preventative 
measures may be restricted [61].

In SEA, behavioural variables play a major role in the 
transmission and spread of malaria, especially through 
individual and group behaviours that affect interac-
tions between human vectors. Norms, belief, habits and 
custom affect the way of behaving in a population. The 
findings of this review demonstrate the proven value 
of personal protective equipment (PPE) in preventing 
malaria, including bed nets and protecting homes to limit 
indoor mosquito exposure. The extensive use of ITN has 
been a crucial intervention in lowering the incidence of 
malaria in sub-Saharan Africa [5]. But in SEA, a concern-
ing trend shows that preventative measures such as using 
bed nets and repellent are either infrequent or not com-
monly used. Similar trends have been seen throughout 
the world, where collecting water and working in agri-
culture in the evenings are frequent activities that greatly 
increase the risk of contracting malaria, particularly in 
open and unprotected areas [62]. Additionally, migratory 
behaviour raises the risk of malaria transmission by intro-
ducing new vectors or facilitating the spread of infection 
across different regions. All these behaviours influence 
and interplay with socioeconomic and demographic fac-
tors, such as rural living, low income, and lack of educa-
tion, which limit access to prevention tools and increase 
exposure to malaria vectors. Local health beliefs and cus-
toms should also be taken into account, as they have the 
potential to either exacerbate or mitigate the effects of 
the condition. None of the studies included touch on this 
aspect. Misconceptions regarding the causes and spread 
of malaria are common in several cultures, particularly 
in rural and isolated locations. These include miscon-
ceptions that malaria is spread by contaminated air or 
abnormalities in body humours, which make people shun 
contemporary preventative methods like indoor spray-
ing or bed nets treated with insecticides [63, 64]. Malaria 
can be influenced by certain practices pertaining to home 
design, water supply handling, and hygiene [63, 64].
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The vulnerability of SEA population to malaria is 
mostly caused by disparities in the accessibility and 
availability of healthcare and information services. In a 
region where malaria transmission is already high, these 
obstacles—which are frequently connected with demo-
graphic, socioeconomic, and environmental factors—
make efforts to control the disease even more difficult. 
The results of this review demonstrate how the vulnera-
bilities towards malaria are increased by restricted access 
to healthcare practitioners and information. Particularly 
when it comes to informational gaps that cause treat-
ment delays and the inability to take preventive action, 
marginalized people are extremely vulnerable. The prob-
lem of information availability has been acknowledged 
on a global scale as a critical factor in malaria control, 
particularly in environments with limited resources. In 
sub-Saharan Africa, where malaria remains endemic, 
community-based health education has been central to 
reducing malaria transmission. Community mobiliza-
tion—whether through neighborhood health workers or 
community-led projects—significantly boosts the adop-
tion of preventative measures like bed nets and encour-
ages early diagnosis and treatment [65, 66]. However, 
migratory communities in Africa and other locations, 
like those in SEA, have limited access to healthcare ser-
vices and health information, which frequently results in 
higher rates of morbidity and mortality [49]. For exam-
ple, Timor-Leste experienced a resurgence of malaria 
infections in 2020 due to COVID-19-related disruptions 
in cross-border health services with eastern Indonesia. 
This setback demonstrates how external shocks, such as 
pandemics, can impede malaria control advancements, 
particularly in regions where health systems are vulner-
able and reliant on regional collaboration [67]. Access 
to healthcare is also frequently hampered by poverty, 
isolated living circumstances, and inadequate infra-
structure in regions of Africa, Asia, and South America 
where malaria is endemic [5]. High rates of malaria and 
increased mortality have resulted from rural communi-
ties in many African countries lacking access to health 
services. The World Health Organization has identi-
fied the provision of local health services and improv-
ing infrastructure as key strategies to tackle malaria, 
emphasizing the need for community health workers and 
mobile health units in remote areas [5, 65].

Limitations of the included studies and the review process
The number of infections from community-based 
malaria clinics, regional public health offices, the national 
illness registration system, active and passive case detec-
tion, questionnaires, and screening were used in these 
reviewed studies to determine the incidence and malaria 
risk in humans. However, many of the included studies 

were constrained by incomplete or delayed national 
reporting systems, particularly in hard-to-reach or con-
flict-affected regions. These observations, as drawn from 
the studies reviewed, reflect broader systemic challenges 
such as underreporting, limited entomological monitor-
ing, and fragmented cross-border surveillance, especially 
in areas with migratory or mobile populations [68–70] 
These challenges are consistent with known regional 
surveillance limitations and highlight the need for more 
integrated data systems that incorporate entomological 
and geographic risk mapping [71, 72]. This is because the 
malaria vector varies throughout the SEA region [72]. 
Defining the vulnerabilities based on vector density may 
shed some light on true malaria risk.

This review’s methodology has several limitations that 
must be acknowledged. The review employed a rigorous 
and transparent search process across three major data-
bases; however, the exclusion of grey literature and non-
English articles lacking available translations may have 
resulted in the omission of pertinent findings. Secondly, 
the absence of critical appraisal of individual study qual-
ity aligns with scoping review methodology; however, 
this limitation hinders the assessment of the strength of 
evidence from each study. Third, while we utilized dupli-
cate screening and data charting, the diversity of topics 
among the included studies may have resulted in hetero-
geneity that complicates direct comparisons of findings. 
Despite its limitation, this review offers a valuable syn-
thesis of the multi-level factors affecting malaria vulnera-
bility in Southeast Asia, structured within a determinants 
of health framework. This study maps existing evidence 
and identifies key research gaps, thereby advancing the 
discourse on targeted, equity-focused malaria interven-
tions in the region.

Conclusion
SEA vulnerability to malaria infection is multifaceted 
and firmly rooted in a network of intricately connected 
elements. Each of these elements—which include bio-
logical, demographic, socioeconomic, ecological, 
behavioural, and healthcare system-related factors—
contributes in a different way to the disease’s contin-
ued incidences in the area. The variation in malaria 
transmission dynamics across SEA countries further 
complicates efforts to combat the disease. The hetero-
geneity of malaria transmission dynamics across SEA 
underscores the need for tailored interventions rather 
than a one-size-fits-all approach. Therefore, it is crucial 
to incorporate ecological, socioeconomic, and health-
care system factors into malaria control strategies. Suc-
cess requires a detailed strategy that targets the unique 
vulnerabilities in every region. In the end, addressing 
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these vulnerabilities through all-encompassing, con-
text-specific techniques that go beyond conventional 
tactics will be necessary in order to sustain the momen-
tum of malaria elimination efforts in SEA. In order to 
effectively address these vulnerabilities, malaria control 
efforts need to take into account the wider determi-
nants of health in addition to conventional interven-
tions. While not the main focus of this review, our 
results highlight that addressing upstream risk factors 
like poor living environment, occupational exposure, 
and limited access to healthcare requires multi-sectoral 
collaboration, including engagement with communi-
ties, health sectors, and policymakers. In line with evi-
dence from the included studies, strengthening local 
health systems, improving surveillance, and increasing 
access to preventive tools and accurate health informa-
tion are crucial steps toward reducing malaria burden 
in these populations. By addressing the vulnerabilities 
associated with the socioeconomic, ecological, and 
health systems at the same time, SEA can keep reduc-
ing its incidence of malaria and eventually get closer to 
achieving malaria-free status.
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