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Abstract

Background: Malaria and dengue continue to pose significant public health challenges in
Asia, with differing temporal trends and regional distributions. However, comparative
and long-term assessments of their disease burden and future trajectories remain limited.
Methods: Using Global Burden of Disease Study 2021 data, we estimated age-standardized
incidence rates (ASIR), disability-adjusted life years (DALYs-ASR), and estimated annual
percentage changes (EAPCs) for global, Asian, and Chinese populations by age, sex, and
socio-demographic index (SDI). Correlations with SDI and population density were an-
alyzed, and an importation risk index for China was developed. Future trends to 2030
were projected using Bayesian age-period-cohort modeling. Findings: From 1990 to 2021,
dengue ASIR increased globally and in China, particularly in middle-SDI regions, whereas
malaria ASIR and DALYs-ASR declined substantially, with the most pronounced reduc-
tions observed in China. Dengue DALYs-ASR were highest among children under five,
while incidence peaked in adolescents; malaria burden was concentrated in young children
and young adults. Sex-specific differences were observed, with higher dengue incidence
in females but greater DALY rates in males. Geographically, Southeast Asian countries
contributed most to the estimated importation risk for both diseases. Projections indi-
cate continued increases in dengue burden through 2030, alongside further declines in
malaria. Conclusions: Malaria and dengue exhibit divergent epidemiological patterns
across Asia, with declining malaria burden but rising dengue incidence. These findings
highlight the need for differentiated control strategies, strengthened regional collaboration,
and enhanced surveillance of cross-border transmission.

Keywords: malaria; dengue; Global Burden of Disease Study (GBD) 2021; quantification of
input risk

1. Introduction
Neglected tropical diseases (NTDs) and malaria remain major public health challenges

across Asia, influenced by diverse climates, ecological gradients, and uneven socioeco-
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nomic development [1]. Among NTDs, malaria and dengue are the most widespread and
consequential vector-borne infections, placing disproportionate strain on health systems
and vulnerable populations. Despite notable advances in prevention and control, both
diseases persist due to complex transmission dynamics, substantial cross-border mobility,
and gaps in health infrastructure [2,3].

Over the past three decades, the global burden of dengue has increased markedly.
Estimates from the Global Burden of Disease Study 2021 (GBD 2021) indicate that incident
cases rose from approximately 26.45 million in 1990 to 58.96 million in 2021, accompanied
by parallel increases in deaths and disability-adjusted life years (DALYs). Previous studies
have consistently identified Tropical Latin America, South Asia and Southeast Asia as
high-burden regions, with particularly rapid growth observed in low- and middle-Socio-
demographic Index (SDI) settings [4,5].

In contrast, malaria has experienced substantial long-term declines in incidence and
mortality following intensified global control efforts since the early 2000s. However, this
progress has slowed in recent years, with evidence of stagnation and resurgence during
and after the COVID-19 pandemic. According to the World Health Organization (WHO),
global malaria cases reached 249 million in 2022 and 263 million in 2023, with mortality
remaining above pre-pandemic levels [6]. In Asia, residual transmission persists in specific
ecological and geographic settings, particularly in border and rural areas, posing continued
risks of reintroduction and cross-border spread [7]. Despite these contrasting trends,
comprehensive and comparative assessments of dengue and malaria burdens across Asia,
particularly incorporating long-term trajectories, population heterogeneity, and future
projections, remain limited.

To address this gap, the present study systematically compared the long-term disease
burden, demographic patterns, future trajectories, and potential cross-border transmission
risks of dengue and malaria across Asia and China. This study aimed to provide evidence
for differentiated prevention and control strategies and to support the sustainability of
malaria elimination alongside intensified dengue prevention efforts.

2. Materials and Methods
2.1. Data Sources

This study utilized data from the GBD 2021 to estimate age-standardized incidence
rate (ASIR), age-standardized DALYs (DALYs-ASR), and their corresponding 95% uncer-
tainty intervals (UIs) for malaria and dengue across global and Asian countries. Additional
demographic data, including sex, age, and population size, were also extracted to es-
timate disease burden risks (https://vizhub.healthdata.org/gbd-results/) (accessed on
10 May 2025). Detailed methodological descriptions for GBD 2021 have been published
previously [8].

The SDI was included as a key covariate. SDI is a composite measure based on per
capita income, mean years of schooling in the population aged 15 years or older, and total
fertility rate in women younger than 25 years. Each country was categorized into one of
five SDI quintiles (low, low–middle, middle, high–middle, and high). Country-specific
thresholds observed in 2021 were used to derive continuous SDI values ranging from 0 to
1, reflecting the overall socio-demographic development status of each location. To better
illustrate the distribution of socio-demographic development across the study countries, we
extracted the 2021 SDI values for 49 Asian countries included in the analysis and visualized
their country-specific SDI values and SDI classifications in Supplementary Figure S1.

In GBD 2021, the definitions of malaria and dengue were primarily based on interna-
tional case definitions and surveillance standards established by the WHO and regional
public health agencies such as the Pan American Health Organization (PAHO). These stan-
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dardized definitions ensured comparability of case detection and reporting across countries.
The GBD framework integrated data from WHO, national surveillance systems, published
scientific literature, and population-based surveys. Estimates were then generated using
Bayesian meta-regression models (e.g., DisMod-MR), which harmonized heterogeneous
data sources to produce globally comparable disease burden estimates.

To quantify the importation risk of malaria and dengue into China from other Asian
countries, we incorporated multiple indicators, including disease endemicity, interna-
tional travel volume, bilateral trade, geographical proximity, and health cooperation
(Supplementary Table S1). Malaria endemicity status was determined using the World
Malaria Report 2024 [9], which defines a country or area as endemic if it has reported
at least one indigenous case since 2021. Based on the dengue endemicity information
provided by the WHO, Asian countries listed as dengue-endemic were classified as en-
demic, while those not listed were classified as non-endemic. The overall global preva-
lence and distribution of dengue fever were further described using WHO-reported data.
(https://www.who.int/zh/emergencies/disease-outbreak-news/item/2023-DON498) (ac-
cessed on 11 May 2025). To analyze the dengue epidemic in 2024, we selected the “total
cases per 100,000 population” for Asian countries and incorporated this indicator into
our assessment (https://worldhealthorg.shinyapps.io/dengue_global/) (accessed on 16
May 2025). ASIRs of malaria and dengue were extracted from GBD 2021 as averages
for 2019–2021. International inbound arrivals to China were obtained from the United
Nations World Tourism Organization (UNWTO) database (https://www.e-unwto.org/
doi/book/10.18111/9789284424139) (accessed on 19 May 2025), and bilateral trade vol-
umes were retrieved from the General Administration of Customs of China (averaged
for 2019–2021; http://stats.customs.gov.cn/) (accessed on 21 May 2025). Information on
health cooperation projects was collected from the Belt and Road Initiative official website
(https://www.yidaiyilu.gov.cn/) (accessed on 15 June 2025), and data on direct flight
connections were extracted from international travel portals (https://www.ctrip.com/)
(accessed on 17 June 2025). Geographic adjacency and capital-to-capital distances were
determined using global maps. These variables were synthesized into a composite risk
index. The composite risk index was normalized to a 0–100 linear scale to facilitate cross-
country comparison and policy interpretation. This index was designed as a standardized
comparative metric rather than a direct probabilistic estimate of importation risk. Given
that the included indicators differed substantially in scale, units, and distributions, linear
normalization provided a consistent and transparent framework for integrating hetero-
geneous epidemiological, mobility-related, economic, and geographic factors. A higher
score therefore indicates a higher relative priority for importation risk monitoring and
prevention, rather than an absolute probability of imported transmission.

In GBD, incidence and DALYs are reported as crude rates per 100,000 population,
while ASRs are calculated using the GBD standard population age structure. To evaluate
temporal trends, we calculated the estimated annual percentage change (EAPC) for both
ASIR and DALYs-ASR for malaria and dengue. We further assessed correlations between
EAPC and SDI as well as population density. Age- and sex-specific population data from
GBD were also analyzed to assess subgroup differences and to project the burden of malaria
and dengue from 2022 to 2030. In addition, reported case numbers of malaria and dengue
from the China Health Statistical Yearbook (1990–2021) were converted into crude incidence
rates and compared with GBD estimates.

2.2. Statistical Analysis

To ensure comparability across variables in the composite risk index, min–max
normalization was applied to rescale data to a 0–1 range. Specifically, incidence
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rate, international arrivals, and average bilateral trade volume were normalized using
positive standardization:

Z =
X − Xmin

Xmax − Xmin

Capital-to-capital distance was normalized using negative standardization:

Z =
Xmax − X

Xmax − Xmin

Weights for each indicator were determined through expert consultation to reflect
the relative importance of each factor in capturing the potential risk of imported malaria
and dengue transmission to China. Indicators directly related to disease burden and cross-
border mobility or economic exchange were assigned higher weights, while contextual
factors received lower weights. Accordingly, the 3-year average ASIR and endemicity
status were each assigned 15%, annual inbound arrivals to China 30%, and the 3-year
average bilateral trade volume 20%, whereas geographic adjacency and capital-to-capital
distance were assigned 5% each, and public health cooperation projects 10%. This weighting
scheme integrates epidemiological, demographic, economic, and geographical dimensions,
emphasizing the most influential drivers of importation risk while still accounting for
relevant contextual factors, and provides a transparent, expert-informed framework for
constructing the composite risk index.

For correlation analyses, Pearson correlation coefficients (R) and corresponding
p-values were calculated to evaluate the associations between the EAPC of ASIR and
DALYs-ASR with SDI and population density. Population density was log-transformed
using log10(population density + 1) to reduce the influence of extreme outliers. For vi-
sualization in Supplementary Figure S1, the transformed population density was further
stratified into six quantile-based groups, from Q1 to Q6.

To project the ASIR of malaria and dengue through 2030, we employed a Bayesian
age-period-cohort (BAPC) model implemented in the R package BAPC (version 4.4.3). This
model combined GBD 1990–2021 data with population estimates and standard projection
variants from the World Population Prospects 2021. Parameters were estimated using the
Integrated Nested Laplace Approximation (INLA) method.

2.3. Software

All statistical analyses and visualizations were conducted using R software
(version 4.4.3). All tests were two-sided, and a p-value < 0.05 was considered statisti-
cally significant.

3. Results
3.1. Temporal Trends Across Regions

From 1990 to 2021, we analyzed tropical diseases across five SDI regions, as well as
globally, in Asia, and in China (excluding diseases with missing data). The EAPC of ASIR
and DALYs ASR are shown in Figure 1a,b. Overall, the EAPC of neglected tropical diseases
remained stable at relatively low levels across all regions.

At the disease-specific level, Guinea worm disease and malaria showed markedly
declining ASIR EAPC, with reductions of up to 40% in some regions; similar downward
trends were observed for DALYs-ASR EAPC. In contrast, dengue exhibited modest in-
creases in ASIR EAPC across all SDI regions except low SDI, with China showing a steeper
rise than the global average. However, dengue DALYs-ASR EAPC continued to decline.
Notably, malaria-related declines were more pronounced in China than in other regions.
These contrasting trends highlight malaria and dengue as representative vector-borne
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diseases for further analysis: malaria with declining burden but ongoing importation risk,
and dengue with rising incidence and growing public health relevance, particularly in
China. This justifies focusing on these two diseases in subsequent analyses.

Figure 1. Estimated annual percentage change (EAPC) in age-standardized incidence rate (ASIR)
(a) and age-standardized disability-adjusted life years rate (DALYs-ASR) (b) for various tropical
diseases across the global Asia, China, and Socio-demographic Index (SDI) regions, 1990–2021.

3.2. Global Burden of Dengue and Malaria

In 2021, the global DALYs-ASR and ASIR for dengue were 27.76 (95% UI: 14.21–41.65)
and 752.04 (95% UI: 196.33–1363.35) per 100,000 persons, respectively. Compared to
1990 values (DALYs-ASR: 21.63; 95% UI 15.09–26.92; ASIR: 481.85; 95% UI: 70.76–946.29),
DALYs-ASR and ASIR both increased, with corresponding EAPCs of 1.33 (95% UI:
1.10–1.57) and 1.83 (95% UI: 1.58–2.08), respectively (Supplementary Table S2). For malaria,
the 2021 DALYs-ASR and ASIR were 806.00 (95% UI: 318.93–1570.18) and 3485.27 (95%

https://doi.org/10.3390/v18060690

https://doi.org/10.3390/v18060690


Viruses 2026, 18, 690 6 of 14

UI: 2804.46–4435.69) per 100,000, respectively. Both Values were lower than those in 1990
(DALYs-ASR: 965.67; 95% UI: 502.56–1898.07; ASIR: 3689.81;95% UI: 3133.05–4440.58), con-
sistent with negative EAPCs of −1.17 (95% UI: −1.57 to −0.77) for DALYs-ASR and −0.46
(95% UI: −0.65 to −0.27) for ASIR (Supplementary Table S3).

3.3. Burden Patterns Across SDI Regions

By SDI regions, the highest burden of dengue in 1990 was observed in the low-middle
SDI region, with an ASIR of 802.75 per 100,000 (95% UI: 79.39–1725.04) and DALYs-ASR of
35.92 per 100,000 (95% UI: 24.95–47.94). By 2021, the most pronounced increase occurred in
the middle SDI group, where the ASIR reached 1269.27 per 100,000 (95% UI: 437.36–2268.00)
and the DALYs-ASR was 48.78 per 100,000 (95% UI: 27.32–71.02) (Supplementary Table S2).
For malaria, the greatest burden in 1990 was in low SDI countries, with an ASIR of 17,529.12
per 100,000 (95% UI: 14,625.05–20,999.26) and a DALYs-ASR of 4811.47 per 100,000 (95% UI:
2580.65–8569.12). Although these values declined by 2021, the low SDI group continued to
exhibit the highest rates (ASIR: 11,883.52; 95% UI: 9755.64–14,691.05; DALYs-ASR: 2869.17;
95% UI: 1107.42–5683.87), supported by negative EAPCs of −1.43 (95% UI: −1.60 to −1.27)
for ASIR and −2.17 (95% UI: −2.45 to−1.89) for DALYs-ASR (Supplementary Table S3).

3.4. National-Level Heterogeneity

At the national level, Indonesia reported the highest dengue DALYs-ASR in 2021
(279.79 per 100,000; 95% UI: 170.93–404.43), which remained comparable to its 1990 level
(282.38 per 100,000; 95% UI: 170.88–457.73), reflecting a modest EAPC of 0.28 (95% UI:
0.12–0.43). In contrast, Singapore exhibited the highest ASIR for dengue, rising from 7258.06
(95% UI: 1064.77–18,986.36) in 1990 to 8714.74 (95% UI: 1927.54–20,177.45) in 2021, with an
EAPC of 1.33 (95% UI: 0.23–2.44). The Philippines showed the highest EAPC of 6.93 (95%
UI: 6.43–7.43) for dengue ASIR (Supplementary Table S2).

For malaria, Armenia experienced the largest decline in DALYs-ASR (EAPC: −29.99;
95% UI: −39.85 to −18.50), followed by Bhutan (EAPC: −26.20; 95% UI: −28.17 to
−24.17). Several countries achieved zero malaria ASIR between 1990 and 2021, with
the most substantial decline observed in the Syrian Arab Republic (EAPC: −40.02; 95% UI:
−51.72 to −25.47), trailed by Iraq, Sri Lanka, and Bhutan (all with EAPCs below −30%)
(Supplementary Table S3). Notably, China demonstrated effective disease control, evi-
denced by a dengue ASIR EAPC of 5.47 (95% UI: 4.54–6.40) and a malaria ASIR EAPC of
−26.89 (95% UI: −32.73 to −20.55) (Supplementary Tables S2 and S3).

3.5. Age- and Sex-Specific Patterns

Age- and sex-specific analyses revealed distinct burden patterns for dengue and
malaria across 18 age groups (ranging from 0 to ≥85 years). For dengue, the highest
DALYs rate was observed in the 0–4 years group (male: 174.18; 95% UI: 91.65–258.44;
female: 123.81; 95% UI: 63.47–193.56). Incidence rate peaked in the 10–14 years group (male:
1079.48; 95% UI: 155.77–2121.04; female: 1250.49; 95% UI: 215.99–2409.19), with a secondary
increase among those aged ≥85 years (Incidence rate: male 914.63; 95% UI: 169.99–1694.47;
female 932.51; 95% UI: 214.11–1657.49; DALYs rate: male 68.10; 95% UI: 41.06–95.01; female
53.30; 95% UI: 34.85–73.96) (Figure 2a,b). For malaria, the highest DALYs rate was similarly
found in the 0–4 years group (male: 181.81; 95% UI: 11.52–600.87; female: 205.33; 95%
UI: 13.35–647.47). However, the Incidence rate displayed a different pattern, with peaks
in the 0–4, 15–19, 20–24, and 25–29 years groups. The highest Incidence rate occurred
in the 20–24 years group (male: 443.99; 95% UI: 346.97–652.24; female: 447.39; 95% UI:
346.22–663.17) (Figure 2c,d).
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Figure 2. Age- and sex-specific incidence and disability-adjusted life years (DALYs) for malaria and
dengue in 2021: (a) dengue DALYs, (b) dengue incidence, (c) malaria DALYs, (d) malaria incidence.

3.6. Associations Between EAPC, SDI, and Population Density

Pearson correlation analyses revealed no significant associations between the EAPC in
ASIR of dengue and the SDI or population density (Supplementary Figure S2a,b). However,
the EAPC in DALYs-ASR for dengue exhibited weak negative correlations with both
SDI (R = −0.312) and population density (R = −0.225) (Supplementary Figure S2c,d).
Regarding malaria, a weak negative correlation was observed between ASIR EAPC and
SDI (R = −0.252, Supplementary Figure S2e), but no significant association was found with
population density (Supplementary Figure S2f). Similarly, the EAPC in malaria DALYs-ASR
showed a weak negative correlation with SDI, but no correlation with population density
(Supplementary Figure S2g,h).

3.7. Importation Risk Assessment

We further evaluated the importation risk of malaria across 36 Asian countries with
sufficient data by calculating standardized and weighted composite scores. Countries were
categorized into quartiles based on importation risk levels. Lebanon demonstrated the
lowest risk (0), followed by Jordan (0.09), whereas Viet Nam (100) and the Republic of
Korea (92.80) were associated with the highest risks. The remaining countries exhibited
intermediate risks at varying levels (Table 1). Similarly, we also evaluated 21 countries with
a high risk of dengue importation to China, using the same method as for malaria. Among
these countries, Armenia (0) and Azerbaijan (0.69) had the lowest risk of importation;
Vietnam (100) and Myanmar (79.96) had the highest risk; and other countries had varying
degrees of risk (Table 2).
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Table 1. Risk Index of Malaria Importation to China by Asian Countries.

Scope Country Value

0–25

Lebanon 0.00
Jordan 0.09
Kuwait 1.78

Timor-Leste 1.81
Bahrain 18.09
Armenia 18.40
Maldives 18.45

Qatar 18.71
Azerbaijan 18.98
Sri Lanka 19.81

Turkmenistan 20.08
Uzbekistan 21.46

Saudi Arabia 21.55
Bhutan 22.37

25–50

Democratic People’s Republic of Korea 27.40
Iran 28.65

Singapore 29.01
Tajikistan 29.49

Brunei Darussalam 29.64
Kyrgyzstan 30.51

Malaysia 41.99
Afghanistan 42.41

India 48.25
Bangladesh 49.41
Cambodia 49.43

50–75

Yemen 50.85
Thailand 56.49

Nepal 56.95
Lao People’s Democratic Republic 58.54

Japan 59.98
Indonesia 62.70

Pakistan 63.86
Philippines 64.91

75–100
Myanmar 92.41

Republic of Korea 92.80
Viet Nam 100.00

Table 2. Risk Index of Dengue Importation to China by Asian Countries.

Scope Country Value

0–25

Armenia 0.00
Azerbaijan 0.69

Turkmenistan 1.98
Uzbekistan 3.61
Tajikistan 13.06

Kyrgyzstan 14.27
Afghanistan 16.80

https://doi.org/10.3390/v18060690
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Table 2. Cont.

Scope Country Value

25–50

Saudi Arabia 27.90
India 34.72

Cambodia 35.64
Bangladesh 37.71
Sri Lanka 38.93
Pakistan 43.11
Thailand 47.18

Lao People’s Democratic Republic 47.70
Maldives 47.79

Nepal 48.71

50–75
Malaysia 67.03
Singapore 72.93

75–100
Myanmar 79.96
Viet Nam 100.00

3.8. Projected Trends of Dengue and Malaria Incidence Through 2030

Using a Bayesian age-period-cohort model, we projected the ASIR of dengue and
malaria from 2022 to 2030 at the global, Asian, and Chinese levels. For dengue, ASIR is
projected to increase steadily, peaking in 2030. Females are expected to have the highest
rates across all regions: 824.54 per 100,000 globally, 1246.62 per 100,000 in Asia, and
1.25 per 100,000 in China (Figure 3a–c). For malaria, trends varied by region. Globally,
ASIR is predicted to increase, reaching a peak of 2521.52 per 100,000 among females by 2030
(Figure 3d). In Asia, however, a decline is projected, with the lowest rate observed in males
(371.29 per 100,000) by 2030 (Figure 3e). In China, ASIR is expected to remain extremely
low and stable for both sexes, with an overall rate of 0.0071 per 100,000 by 2030 (Figure 3f).

Figure 3. Cont.
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Figure 3. Temporal trends in age-standardized incidence rate (ASIR) of malaria and dengue from 1990
to 2030 at the global level, in Asia, and in China: (a) Global dengue, (b) Asian dengue, (c) Chinese
dengue, (d) Global malaria, (e) Asian malaria, (f) Chinese malaria.

4. Discussion
Our findings underscore that malaria and dengue remain critical public health threats

in tropical disease control. Between 1990 and 2021, dengue exhibited considerable spa-
tial variation in ASIR and EAPC across most countries and regions, with a clear overall
increasing trend. Although malaria incidence has declined worldwide, elevated ASIR
levels persist in several countries. Subgroup analyses and predictive modelling further
identify infants and women as disproportionately affected, highlighting them as priority
populations for targeted interventions.

4.1. Malaria: Declining Burden, Importation Risk, and Future Trends

In China, malaria elimination was certified by WHO in 2021 following three consecu-
tive years with no indigenous cases. However, recent surveillance data suggest a potential
resurgence, with 3157 malaria cases reported in 2024 [10]. This indicates that there is still a
relatively high risk of imported malaria cases from neighboring countries into China.

Cross-country comparisons highlight substantial heterogeneity in tropical disease
burdens, which warrants closer attention. In the heatmap, malaria shows consistent
declines in both ASIR and DALYs-ASR, with the most marked reduction in China- an
achievement attributable to effective vector control strategies, including larval source
management [11] and adaptive, targeted vector control approaches [12–14]. In addition,
regional deforestation may also partly contribute to heterogeneous malaria trends, although
its effect appears to be time-dependent. Evidence from Lao PDR showed that deforestation
around villages was associated with higher malaria incidence in the short term but lower
incidence over the longer term, suggesting that land-use change may be one possible
ecological factor related to declining malaria transmission in some settings [15]. Sex- and
Age-stratified analyses reveal distinct epidemiological patterns. Malaria incidence was
highest among young adults, likely due to occupational exposure and outdoor activities.
The elevated burden among women of reproductive age also raises concerns regarding
mother-to-child transmission risks, consistent with global malaria trends in children [6].

We further quantified malaria importation risks from 36 Asian countries to China,
identifying Vietnam, Myanmar, and South Korea as the highest-risk sources, each influ-
enced by distinct factors: endemic transmission and cross-border mobility (Vietnam and
Myanmar) and high travel volume (South Korea). These findings support the need for
tiered, precision screening strategies, with enhanced diagnostic and surveillance capacity
at high-risk points of entry such as land borders with Vietnam and Myanmar, and air
hubs with Korea. Additional attention should be targeted at interventions for high-risk
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groups such as cross-border laborers aged 15–29. Dynamic resource allocation based on
updated risk assessments, integrated electronic declarations for lower-risk routes, and
coordinated detection–treatment–traceback systems are strongly recommended. Moreover,
outbound travelers to high-risk regions should receive tailored preventive guidance. This
risk stratification framework provides an evidence-based approach for transitioning from
uniform to precision border health management.

According to BAPC-based projections, malaria presents divergent trends: global
incidence is projected to increase—driven by setbacks in malaria control during the COVID-
19 pandemic [9], constrained access to artemisinin-based therapies [16], climate-facilitated
vector proliferation [17], and persistent poverty undermining health systems [18]—while
declines are projected in Asia and China. These declines reflect successful elimination
certification in China [19] and strengthened preventive and control measures across Asia,
including adoption of best practices from low-burden settings [20,21].

4.2. Dengue: Increasing Burden, Population Patterns, and Importation Risk

Dengue has recurred in large-scale outbreaks in China, notably in 2014 and 2019,
and has demonstrated a steady increase in incidence since 1990. Projections indicate
that this upward trend is likely to continue through at least 2030. Heatmap analyses of
EAPC indicate that dengue incidence is rising across all SDI categories except low-SDI
countries, while DALYs increased across most regions except China. These disparities
may be attributed to rapid population growth, climatic conditions conducive to vector
proliferation [22], and disproportionate vector exposure in lower-income urban settings [23].
Notably, even high SDI countries report sustained increases in ASIR and DALYs-ASR. This
may reflect intensified globalization and international trade, including the spread of vectors
via imported used tires [24], as well as dengue importation and local transmission facilitated
by international travel [25].

In the stratified analyses by sex and age for dengue, the incidence peaked among
adolescents, consistent with prior studies [26]. This predominance in adolescents may
be partly related to school-based exposure and contact patterns, as school-aged children
and teenagers have been reported to represent a high-risk group for dengue infection [27].
Schools may therefore serve not only as potential settings for dengue-related exposure, but
also as important sites for health education and community-based vector control interven-
tions. A previous study reported that the highest DALYs were observed in children under
five, particularly infants, with the burden exceeding 333.46 per 100,000 in neonates [28].
This may reflect waning maternal antibodies, which initially provide partial protection but
subsequently predispose infants to more severe dengue manifestations, including dengue
hemorrhagic fever [29,30]. Furthermore, women exhibited higher dengue incidence rates,
whereas men showed higher DALYs burdens, potentially reflecting gender differences in
health-seeking behavior and delayed healthcare access among men [31].

Among the 21 countries with a risk of dengue importation, quantification was also
conducted. Vietnam and Myanmar were identified as the most severely affected countries.
This coincides with the situation of malaria high-risk countries, suggesting that in the
future, joint risk control for both diseases can be implemented to help formulate new
prevention and control strategies.

The BAPC prediction shows that dengue incidence and DALYs-ASR will continue
to increase globally, across Asia, and in China until 2030. Improved diagnostic sensi-
tivity, climate change, and expanded geographic suitability for vector habitats are key
contributors [32,33].

Several limitations should be noted. First, data were primarily sourced from GBD 2021,
which, like all GBD analyses, is subject to uncertainty due to data availability, diagnostic

https://doi.org/10.3390/v18060690

https://doi.org/10.3390/v18060690


Viruses 2026, 18, 690 12 of 14

variability, and reporting quality across countries [34]. Underreporting and inconsistent
case definitions may affect dengue estimates. Although we identified sex-based differ-
ences in dengue metrics, the underlying mechanisms remain unclear and warrant further
study [4]. Comparisons with China Health Statistical Yearbook data also revealed discrep-
ancies, likely influenced by COVID-19 and concurrent infectious diseases, which disrupted
reporting systems. Notably, national yearbook data captured the sharp incidence spikes
during the 2014 and 2019 dengue epidemics, which were not reflected in GBD estimates
(Supplementary Figure S3a), while malaria incidence estimates from GBD appeared closer
to real-world trends over time (Supplementary Figure S3b).

In addition, the importation risk index developed in this study may be influenced by
assumptions related to population mobility. Specifically, populations in highly endemic
but economically disadvantaged regions may have limited capacity for international travel,
which could lead to a potential overestimation of importation risk from these settings.
Furthermore, the current analysis did not incorporate observed importation case data for
validation. Future studies integrating real-world surveillance data will be important for
evaluating the predictive performance of the index and further refining the model.

5. Conclusions
Over the past three decades, the burden of dengue and malaria has continued to

increase globally. These findings highlight the urgency of transnational collaboration,
experience sharing, and targeted prevention strategies to reduce burdens in high-risk
regions and populations. Furthermore, our proposed quantitative approach for assessing
importation risk offers a practical tool to support entry screening tailored to countries
or regions, while accounting for sex- and age-specific differences, thereby improving the
efficiency of time and resource allocation. Collectively, this study provides evidence to
strengthen health systems, facilitate intersectoral collaboration, and optimize resource
integration, supporting efforts to reduce the burden of dengue and malaria in China, Asia,
and worldwide and contributing to sustainable development goals.
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DALYs Disability-adjusted life-years
EAPC Estimated annual percentage change
GBD Global Burden of Disease Study
INLA Integrated Nested Laplace Approximation
NTDs Neglected tropical diseases
PAHO Pan American Health Organization
SDI Socio-demographic index
UI Uncertainty interval
UNWTO United Nations World Tourism Organization
WHO World Health Organization

References
1. Hotez, P.J. The rise or fall of neglected tropical diseases in East Asia Pacific. Acta Trop. 2020, 202, 105182. [CrossRef] [PubMed]
2. Al-Osaimi, H.M.; Kanan, M.; Marghlani, L.; Al-Rowaili, B.; Albalawi, R.; Saad, A.; Alasmari, S.; Althobaiti, K.; Alhulaili, Z.;

Alanzi, A.; et al. A systematic review on malaria and dengue vaccines for the effective management of these mosquito borne
diseases: Improving public health. Hum. Vaccines Immunother. 2024, 20, 2337985. [CrossRef] [PubMed]

3. Wang, Y.; Wang, X.; Liu, X.; Ren, R.; Zhou, L.; Li, C.; Tu, W.; Ni, D.; Li, Q.; Feng, Z.; et al. Epidemiology of Imported Infectious
Diseases, China, 2005–2016. Emerg. Infect. Dis. 2018, 25, 33–41. [CrossRef] [PubMed]

4. Zhang, W.-X.; Zhao, T.-Y.; Wang, C.-C.; He, Y.; Lu, H.-Z.; Zhang, H.-T.; Wang, L.-M.; Zhang, M.; Li, C.-X.; Deng, S.-Q. Assessing
the global dengue burden: Incidence, mortality, and disability trends over three decades. PLoS Neglected Trop. Dis. 2025,
19, e0012932. [CrossRef] [PubMed]

5. Zhang, S.-X.; Yang, G.-B.; Zhang, R.-J.; Zheng, J.-X.; Yang, J.; Lv, S.; Duan, L.; Tian, L.-G.; Chen, M.-X.; Liu, Q.; et al. Global,
regional, and national burden of dengue, 1990–2021: Findings from the global burden of disease study 2021. Decod. Infect. Transm.
2024, 2, 100021. [CrossRef]

6. Venkatesan, P. The 2023 WHO World malaria report. Lancet Microbe 2024, 5, e214. [CrossRef] [PubMed]
7. Manzoni, G.; Try, R.; Guintran, J.O.; Christiansen-Jucht, C.; Jacoby, E.; Sovannaroth, S.; Zhang, Z.; Banouvong, V.; Shortus, M.S.;

Reyburn, R.; et al. Progress towards malaria elimination in the Greater Mekong Subregion: Perspectives from the World Health
Organization. Malar. J. 2024, 23, 64. [CrossRef] [PubMed]

8. Ferrari, A.J.; Santomauro, D.F.; Aali, A.; Abate, Y.H.; Abbafati, C.; Abbastabar, H.; ElHafeez, S.A.; Abdelmasseh, M.; Abd-Elsalam,
S.; Abdollahi, A.; et al. Global incidence, prevalence, years lived with disability (YLDs), disability-adjusted life-years (DALYs),
and healthy life expectancy (HALE) for 371 diseases and injuries in 204 countries and territories and 811 subnational locations,
1990–2021: A systematic analysis for the Global Burden of Disease Study 2021. Lancet 2024, 403, 2133–2161. [CrossRef] [PubMed]

9. Venkatesan, P. WHO world malaria report 2024. Lancet Microbe 2025, 6, 101073. [CrossRef] [PubMed]
10. Zhang, L.; Xia, Z.; Li, S. Epidemiological characteristics of malaria in China, 2024. Chin. J. Parasitol. Parasit. Dis. 2025, 43, 162–166.

[CrossRef]
11. Fang, X.; Yang, L.; Ren, D.; Hay, S.I.; Ji, H.; Sun, Y.; Zhao, C.; Liu, Q. Anopheles larval control deserves a greater priority: Lessons

in malaria elimination from China. BMJ (Clin. Res. Ed.) 2025, 389, e080662. [CrossRef] [PubMed]

https://doi.org/10.3390/v18060690

http://ghdx.healthdata.org/gbd-results-tool
https://doi.org/10.1016/j.actatropica.2019.105182
https://www.ncbi.nlm.nih.gov/pubmed/31550453
https://doi.org/10.1080/21645515.2024.2337985
https://www.ncbi.nlm.nih.gov/pubmed/38602074
https://doi.org/10.3201/eid2501.180178
https://www.ncbi.nlm.nih.gov/pubmed/30560778
https://doi.org/10.1371/journal.pntd.0012932
https://www.ncbi.nlm.nih.gov/pubmed/40072961
https://doi.org/10.1016/j.dcit.2024.100021
https://doi.org/10.1016/s2666-5247(24)00016-8
https://www.ncbi.nlm.nih.gov/pubmed/38309283
https://doi.org/10.1186/s12936-024-04851-z
https://www.ncbi.nlm.nih.gov/pubmed/38429807
https://doi.org/10.1016/s0140-6736(24)00757-8
https://www.ncbi.nlm.nih.gov/pubmed/38642570
https://doi.org/10.1016/j.lanmic.2025.101073
https://www.ncbi.nlm.nih.gov/pubmed/39923782
https://doi.org/10.12140/j.issn.1000-7423.2025.02.002
https://doi.org/10.1136/bmj-2024-080662
https://www.ncbi.nlm.nih.gov/pubmed/40262839
https://doi.org/10.3390/v18060690


Viruses 2026, 18, 690 14 of 14

12. Liu, Z.; Brady, O.J.; Wang, G.; Li, Y.; Stenseth, N.C.; Dye, C.; Liu, Q.; Tian, H. Long term monitoring and adaptive strategies:
Lessons from Hainan’s malaria elimination and prevention efforts. BMJ (Clin. Res. Ed.) 2025, 389, e080657. [CrossRef] [PubMed]

13. Zheng, D.; Tian, P.; Yan, G.; Lin, Z.; Zhou, H.; Liu, X.; Chen, J.; Liu, Q.; Lin, H. Stratified vector control and proactive cross border
collaboration for sustaining malaria elimination in Yunnan, China. BMJ (Clin. Res. Ed.) 2025, 389, e082300. [CrossRef] [PubMed]

14. Hay, S.I. Malaria Ends with Us—Time to Reinvest, Reimagine, and Reignite. China CDC Wkly. 2025, 7, 599–601. [CrossRef]
[PubMed]

15. Rerolle, F.; Dantzer, E.; Lover, A.A.; Marshall, J.M.; Hongvanthong, B.; Sturrock, H.J.; Bennett, A. Spatio-temporal associations
between deforestation and malaria incidence in Lao PDR. eLife 2021, 10, e56974. [CrossRef] [PubMed]

16. Apeagyei, A.E.; Cogswell, I.; Patel, N.K.; O’Rourke, K.; Tsakalos, G.; Dieleman, J.L. Examining malaria treatment and prevention
spending efficiency in malaria-endemic countries, 2000–2020. Malar. J. 2024, 23, 333. [CrossRef] [PubMed]

17. Ryan, S.J.; Lippi, C.A.; Zermoglio, F. Shifting transmission risk for malaria in Africa with climate change: A framework for
planning and intervention. Malar. J. 2020, 19, 170. [CrossRef] [PubMed]

18. Oladipo, H.J.; Tajudeen, Y.A.; Oladunjoye, I.O.; Yusuff, S.I.; Yusuf, R.O.; Oluwaseyi, E.M.; AbdulBasit, M.O.; Adebisi, Y.A.;
El-Sherbini, M.S. Increasing challenges of malaria control in sub-Saharan Africa: Priorities for public health research and
policymakers. Ann. Med. Surg. 2022, 81, 104366. [CrossRef] [PubMed]

19. Feng, X.; Zhang, L.; Tu, H.; Xia, Z. Malaria Elimination in China and Sustainability Concerns in the Post-elimination Stage. China
CDC Wkly. 2022, 4, 990–994. [CrossRef] [PubMed]

20. Mathers, C.D.; Loncar, D. Projections of global mortality and burden of disease from 2002 to 2030. PLoS Med. 2006, 3, e442.
[CrossRef] [PubMed]

21. Bickler, S.N.; Weiser, T.G.; Kassebaum, N.; Higashi, H.; Chang, D.C.; Barendregt, J.J.; Noormahomed, E.V.; Vos, T. Global Burden
of Surgical Conditions. In Essential Surgery: Disease Control Priorities, 3rd ed.; Debas, H.T., Donkor, P., Gawande, A., Jamison, D.T.,
Kruk, M.E., Mock, C.N., Eds.; The International Bank for Reconstruction and Development/The World Bank: Washington, DC,
USA, 2015; Volume 1.

22. Rodhain, F. The situation of dengue in the world. Bull. La Soc. Pathol. Exot. 1996, 89, 87–90.
23. Yitbarek, S.; Chen, K.; Celestin, M.; McCary, M. Urban mosquito distributions are modulated by socioeconomic status and

environmental traits in the USA. Ecol. Appl. A Publ. Ecol. Soc. Am. 2023, 33, e2869. [CrossRef] [PubMed]
24. Simmons, C.P.; Farrar, J.J.; van Vinh Chau, N.; Wills, B. Dengue. N. Engl. J. Med. 2012, 366, 1423–1432. [CrossRef] [PubMed]
25. Akter, R.; Naish, S.; Gatton, M.; Bambrick, H.; Hu, W.; Tong, S. Spatial and temporal analysis of dengue infections in Queensland,

Australia: Recent trend and perspectives. PLoS ONE 2019, 14, e0220134. [CrossRef] [PubMed]
26. Annan, E.; Treviño, J.; Zhao, B.; Rodriguez-Morales, A.J.; Haque, U. Direct and indirect effects of age on dengue severity: The

mediating role of secondary infection. PLoS Neglected Trop. Dis. 2023, 17, e0011537. [CrossRef] [PubMed]
27. Díaz-González, E.E.; Danis-Lozano, R.; Peñaloza, G. Schools as centers for health educational initiatives, health behavior research

and risk behavior for dengue infection in school children and community members: A systematic review. Health Educ. Res. 2020,
35, 376–395. [CrossRef] [PubMed]

28. Zeng, Z.; Zhan, J.; Chen, L.; Chen, H.; Cheng, S. Global, regional, and national dengue burden from 1990 to 2017: A systematic
analysis based on the global burden of disease study 2017. EClinicalMedicine 2021, 32, 100712. [CrossRef] [PubMed]

29. O’Driscoll, M.; Buddhari, D.; Huang, A.T.; Waickman, A.; Kaewhirun, S.; Iamsirithaworn, S.; Khampaen, D.; Farmer, A.;
Fernandez, S.; Rodriguez-Barraquer, I.; et al. Maternally derived antibody titer dynamics and risk of hospitalized infant dengue
disease. Proc. Natl. Acad. Sci. USA 2023, 120, e2308221120. [CrossRef] [PubMed]

30. Libraty, D.H.; Acosta, L.P.; Tallo, V.; Segubre-Mercado, E.; Bautista, A.; Potts, J.A.; Jarman, R.G.; Yoon, I.-K.; Gibbons, R.V.;
Brion, J.D.; et al. A prospective nested case-control study of Dengue in infants: Rethinking and refining the antibody-dependent
enhancement dengue hemorrhagic fever model. PLoS Med. 2009, 6, e1000171. [CrossRef] [PubMed]

31. Getahun, A.; Batikawai, A.; Nand, D.; Khan, S.; Sahukhan, A.; Faktaufon, D. Dengue in Fiji: Epidemiology of the 2014 DENV-3
outbreak. West. Pac. Surveill. Response J. WPSAR 2019, 10, 31–38. [CrossRef] [PubMed]

32. Yang, X.; Quam, M.B.M.; Zhang, T.; Sang, S. Global burden for dengue and the evolving pattern in the past 30 years. J. Travel Med.
2021, 28, taab146. [CrossRef] [PubMed]

33. Lai, S.; Huang, Z.; Zhou, H.; Anders, K.L.; Perkins, T.A.; Yin, W.; Li, Y.; Mu, D.; Chen, Q.; Zhang, Z.; et al. The changing
epidemiology of dengue in China, 1990–2014: A descriptive analysis of 25 years of nationwide surveillance data. BMC Med. 2015,
13, 100. [CrossRef] [PubMed]

34. Du, M.; Jing, W.; Liu, M.; Liu, J. The Global Trends and Regional Differences in Incidence of Dengue Infection from 1990 to 2019:
An Analysis from the Global Burden of Disease Study 2019. Infect. Dis. Ther. 2021, 10, 1625–1643. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/v18060690

https://doi.org/10.1136/bmj-2024-080657
https://www.ncbi.nlm.nih.gov/pubmed/40262817
https://doi.org/10.1136/bmj-2024-082300
https://www.ncbi.nlm.nih.gov/pubmed/40262841
https://doi.org/10.46234/ccdcw2025.099
https://www.ncbi.nlm.nih.gov/pubmed/40376503
https://doi.org/10.7554/elife.56974
https://www.ncbi.nlm.nih.gov/pubmed/33686939
https://doi.org/10.1186/s12936-024-05165-w
https://www.ncbi.nlm.nih.gov/pubmed/39521995
https://doi.org/10.1186/s12936-020-03224-6
https://www.ncbi.nlm.nih.gov/pubmed/32357890
https://doi.org/10.1016/j.amsu.2022.104366
https://www.ncbi.nlm.nih.gov/pubmed/36046715
https://doi.org/10.46234/ccdcw2022.201
https://www.ncbi.nlm.nih.gov/pubmed/36483989
https://doi.org/10.1371/journal.pmed.0030442
https://www.ncbi.nlm.nih.gov/pubmed/17132052
https://doi.org/10.1002/eap.2869
https://www.ncbi.nlm.nih.gov/pubmed/37140135
https://doi.org/10.1056/nejmra1110265
https://www.ncbi.nlm.nih.gov/pubmed/22494122
https://doi.org/10.1371/journal.pone.0220134
https://www.ncbi.nlm.nih.gov/pubmed/31329645
https://doi.org/10.1371/journal.pntd.0011537
https://www.ncbi.nlm.nih.gov/pubmed/37556473
https://doi.org/10.1093/her/cyaa019
https://www.ncbi.nlm.nih.gov/pubmed/32951047
https://doi.org/10.1016/j.eclinm.2020.100712
https://www.ncbi.nlm.nih.gov/pubmed/33681736
https://doi.org/10.1073/pnas.2308221120
https://www.ncbi.nlm.nih.gov/pubmed/37774093
https://doi.org/10.1371/journal.pmed.1000171
https://www.ncbi.nlm.nih.gov/pubmed/19859541
https://doi.org/10.5365/wpsar.2018.9.3.001
https://www.ncbi.nlm.nih.gov/pubmed/31720052
https://doi.org/10.1093/jtm/taab146
https://www.ncbi.nlm.nih.gov/pubmed/34510205
https://doi.org/10.1186/s12916-015-0336-1
https://www.ncbi.nlm.nih.gov/pubmed/25925417
https://doi.org/10.1007/s40121-021-00470-2
https://www.ncbi.nlm.nih.gov/pubmed/34173959
https://doi.org/10.3390/v18060690

	Introduction 
	Materials and Methods 
	Data Sources 
	Statistical Analysis 
	Software 

	Results 
	Temporal Trends Across Regions 
	Global Burden of Dengue and Malaria 
	Burden Patterns Across SDI Regions 
	National-Level Heterogeneity 
	Age- and Sex-Specific Patterns 
	Associations Between EAPC, SDI, and Population Density 
	Importation Risk Assessment 
	Projected Trends of Dengue and Malaria Incidence Through 2030 

	Discussion 
	Malaria: Declining Burden, Importation Risk, and Future Trends 
	Dengue: Increasing Burden, Population Patterns, and Importation Risk 

	Conclusions 
	References

