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ABSTRACT

Introduction: Dengue, as a neglected tropical
disease, brings a heavy socioeconomic burden.
To provide tailored global prevention strategies,
we analyzed the global trends and regional dif-
ferences in incidence of dengue infection from
1990 to 2019.
Methods: We obtained data on annual dengue
episodes and incidence rates, which reflected
the epidemic status of dengue infection from
the 2019 Global Burden of Disease (GBD) Study.
The changes in dengue episodes and estimated
annual percentage changes (EAPCs) of the age-
standardized incidence rate (ASR) were calcu-
lated to quantify the temporal trends of dengue
infection.
Results: Globally, dengue ASR increased by
1.70% (95% CI 1.62%–1.78%) per year from

1990 to 2011; subsequently, it decreased by
0.41% (95% CI 0.20%–0.62%) per year from
2011 to 2019. However, the global number of
dengue episodes increased steadily by 85.47%
from 30.67 million in 1990 to 56.88 million in
2019. Against the global trend of decreasing ASR
from 2011 to 2019, an increasing trend was
reported in Oceania (EAPC 11.01, 95% CI
8.79–13.27), East Asia (EAPC 4.84, 95% CI
2.70–7.03) and Southeast Asia (EAPC 0.38, 95%
CI 0.13–0.62). For socio-demographic index
(SDI) regions, ASR continued to have an
increasing trend in the middle (EAPC 0.26, 95%
CI 0.07–0.45) and high-middle (EAPC 1.70, 95%
CI 0.98–2.42) SDI regions from 2011 to 2019. In
contrast to the global peak age of dengue inci-
dence rate (10 to 25 years), the dengue inci-
dence rate of older people ([ 65 years) was
higher than in other age groups in low and low-
middle SDI regions. Additionally, the propor-
tions of dengue episodes in the [ 70-year-old
age group increased in 2019 (using the baseline
in 1990 or 2011) in most GBD regions.
Conclusions: Global dengue episodes have
increased tremendously in 3 decades. Although
global dengue ASR decreased in the last decade,
it is still increasing in hyperendemic regions
including Oceania, East Asia and Southeast Asia,
and also in the middle and high-middle SDI
regions. More attention should be paid to the
elderly because of the higher dengue incidence
rate among them in low and low-middle SDI
regions and the increased proportions of
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dengue episodes among the elderly in most
GBD regions. Therefore, more efforts should be
undertaken to develop targeted prevention
strategies for crucial regions and older
populations.

Keywords: Dengue; Incidence; Trend

Key Summary Points3

Hyperendemic regions including Oceania,
East Asia and Southeast Asia still had an
increasing age-standardized incidence rate
(ASR) of dengue infection in the last
decade.

Both middle and high-middle SDI regions
also had an increasing dengue infection
ASR in the last decade.

There were higher dengue incidence rates
among the elderly than in other age
groups in low and low-middle SDI regions.

There have been increasing numbers of
dengue episodes among the elderly in
most GBD regions.

More attention should be paid to
developing targeted prevention strategies
for dengue infection in crucial regions and
older populations.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14666130.

INTRODUCTION

Dengue, one of the neglected tropical diseases,
is the most common mosquito-borne viral dis-
ease, with a heavy disease burden globally [1, 2].
The World Health Organization (WHO)

estimated that there were 100 million symp-
tomatic cases a year from 2000 to 2013 [3]. It
was reported that half of the global population
is at risk of dengue infection [4]. Over the past
10 years, the emergence and re-emergence of
dengue globally has posed great challenges for
public health. Large-scale dengue outbreaks
have occurred in many countries, such as the
2019 outbreaks in Nepal [5], 2012–2015 out-
breaks in China [6] and 2014–2015 outbreaks in
Taiwan (province of China) [7]. A predictive
model speculated that populations with dengue
infection will increase by 2.25 billion from 2015
to 2080 [8].

Dengue virus (DENV) belongs to the genus
Flavivirus and contains four serotypes trans-
mitted between humans including DENV 1, 2, 3
and 4 [9]. The DENV 5 serotype, which was
discovered in Malaysia in 2007, follows the
sylvatic cycle, unlike the other four serotypes
[10]; nevertheless, it still can cause human dis-
ease [11]. Dengue virus is spread by a human-
mosquito-human cycle with the mosquito Aedes
aegypti as the primary vector and Aedes albopic-
tus as a secondary vector [9]. Aedes was origi-
nally found in tropical and sub-tropical zones,
but now has spread to almost all continents
[12]. Non-vector transmission sometimes occurs
in humans, such as through blood transfusion,
organ transplantation and needle stick injuries
[1]. Adolescents and adults are mostly affected
by dengue in most hyperendemic areas [1, 6].
However, according to some reported data from
hospitals, dengue infection is also becoming a
serious threat for older people in Thailand and
China [13, 14]. Many complex and interactive
factors accelerate the occurrence of dengue
infection including climate [15, 16] (rainfall,
temperature and humidity, etc.), transportation
[1], population density [16, 17], extreme pov-
erty and inadequate sanitation [18], among
others.

Vaccination is regarded as the most efficient
strategy to control infectious disease. Starting in
December 2015, the tetravalent dengue vaccine
(CYD-TDV, marketed as Dengvaxia�) was
licensed in 20 countries for individuals between
9 and 45 years of age [11, 12]. A model esti-
mated that if this vaccine targeted seropositive
recipients as recommended by WHO, dengue
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episodes might be reduced to varying extents
among different age groups and populations
[19]. However, there is insufficient clinical and
epidemiological evidence to approve the safety
of a vaccine in humans, and more clinical trials
are needed to evaluate the safety and efficacy
[20–22]. Up to now, the main prevention and
control strategy of dengue infection is vector
control [12, 23]. Some countries use combined
control measures to reduce the possibilities of
dengue outbreaks locally [24]. Recently studies
have shown existing control measures have
been ineffective at curbing the increasing global
incidence of dengue infection, so promoting
vaccination strategies for implementation and
new comprehensive combined measures is cru-
cial [25, 26].

To reduce the mortality and morbidity of
dengue, WHO put forward the global strategy
for dengue prevention and control 2012–2020
[27]. A Global Burden of Disease (GBD) study
estimated the number of global dengue episodes
increased to 58.4 million in 2013 [28]. However,
descriptions of the latest trends and age distri-
bution characteristics of dengue infection at the
global, regional and national levels are lacking.
Therefore, we analyzed the current epidemic
status and temporal trends of dengue infection
from 1990 to 2019 at the global, regional and
national levels, using the data on the incidence
of dengue infection from the 2019 GBD results
[29]. The aim of this study is to provide a more
comprehensive perspective to help develop
global targeted strategies for dengue prevention
by examining the global landscape, long-term
trends and regional differences in the incidence
of dengue infection.

METHODS

Data Source

The GBD study is coordinated by the Institute
for Health Metrics and Evaluation at the
University of Washington, USA, and consists of
a systematic and scientific effort to quantify the
comparative magnitude of health losses due to
diseases by sex, age, region and country over
time [29]. From the Global Health Data

Exchange website, established by the GBD
group, we obtained data including annual
dengue episodes and incidence rates of dengue
infection from 1990 to 2019 by sex, age, region
and country [29]. The dengue infection data
covered 126 countries and territories between
1990 and 2019 [29].

To make it possible to compare dengue
incidence in different countries, the GBD study
used a series of models to estimate data. The
general methodological approaches to estimate
the incidence of dengue infection were descri-
bed elsewhere [30]. Briefly, reported cases from
published studies, governmental agencies,
WHO and the Pan American Health Organiza-
tion, etc., were reviewed to estimate the inci-
dence of dengue infection. The under-reporting
adjustment factors were estimated by using a
regularized and trimmed meta-regression-Baye-
sian (MR-BRT) approach. The uncertainty from
the MR-BRT meta-regression was applied to the
age- and sex-specific adjustment. Once the data
were adjusted for under-reporting, a hybrid
approach was used to generate incidence esti-
mates by using two models: (1) a space-time
Gaussian process regression and (2) negative
binomial regression using fixed effects to model
all incidence [30].

Regions and Demographics

A total of 126 countries or territories reported
dengue episodes among all 204 countries or
territories during 1990 to 2019. These 126
countries or territories were classified into five
Socio-demographic Index (SDI) regions,
including low, low-middle, middle, high-mid-
dle and high SDI regions. The SDI was devel-
oped by GBD researchers and is a composite
indicator of total fertility rate of those \
25 years old, years of education of those aged C

15 years and lag distributed income per capita
[31]. Meanwhile, 126 countries or territories
were also separated into 17 regions based on
their epidemiological homogeneity and geo-
graphical contiguity, including high-income
areas of Asia Pacific, Central Asia and others in
the GBD study [32]. In this study, we selected
the following five age groups to analyze: \
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5 years, 5–14 years, 15–49 years, 50–69 years
and C 70 years.

Statistical Analysis

The epidemic status of dengue infection was
shown by using the absolute number of dengue
episodes with 95% uncertainty intervals (UIs)
and age-standardized incidence rate (ASR) with
95% UIs. Absolute number of dengue episodes
reflected the actual occurrence of dengue
infection in each country or territory. Consid-
ering the importance of standardization when
comparing populations with different age
structures or the same population over time, we
extracted the ASRs, which were calculated by
applying the age-specific rates for each location,
sex and year to a GBD World Standard Popula-
tion [33].

We calculated the relative changes in dengue
episodes from 1990 to 2019, which were defined

as
episodes

2019
�episodes

1990

episodes
1990

� 100% [34]. The

estimated annual percentage change (EAPC) is a
summary and widely used measure of the ASR
trend over a specified time interval. A regression
line was fitted to the natural logarithm of the
ASR, that is y = a ? bx ? e, where y = ln (ASR)
and x = calendar year. EAPC (95% CIs) was cal-
culated as 100 9 (eb - 1) to measure the tem-
poral trend of ASRs in our study [33]. If the
EAPC estimation and its 95% CIs were both[0
(or both\0), the ASR had an increasing trend
(or a decreasing trend) [33]. Because there was a
peak of ASR in 2011 globally (Figure S1), we
choose 2011 as the cut-off time point and cal-
culated the EAPC estimation of 1990–2011 and
2011–2019 two-time intervals to represent the
details of changes. All statistics were performed
using R 4.0.

Compliance with Ethics Guidelines

This article does not contain any new studies
with human or animal subjects performed by
any of the authors.

RESULTS

Global and National Trends in Incidence
of Dengue Infection

One hundred twenty-six countries or territories
had dengue infection records according to GBD
2019. The global number of dengue episodes
increased by 85.47% from 30.67 million in 1990
to 56.88 million in 2019 (Table 1). The number
of dengue episodes increased in most countries
or territories except Cuba, Thailand and the US
Virgin Islands, among others (Table S1 and
Fig. 1). The number of dengue episodes in India
(27.99 million) and China (6.10 million)
accounted for almost 60% (34.09 million/56.88
million) of the total dengue episodes in 2019
(Table S1). Furthermore, the number of dengue
episodes increased by 291.22% in China from
1990 to 2019.

The ASR of dengue infection is distributed
heterogeneously worldwide, and on 2019 the
top three countries or territories with the
highest ASRs were Niue (8749.54 per 100,000),
Northern Mariana Islands (8687.22 per 100,000)
and Kiribati (8050.59 per 100,000) (Table S1).
Globally, the ASR increased by an average of
1.70% (95% CI 1.62%–1.78%) per year from
557.15 per 100,000 in 1990 to 767.93 per
100,000 in 2011; subsequently, it decreased by
an average of 0.41% (95% CI 0.20%––0.62%)
per year from 767.93 per 100,000 in 2011 to
740.38 per 100,000 in 2019 (Table 1). Twenty-
three countries or territories had an increasing
trend of ASRs during 2011 to 2019, most of
which were in Oceania (Papua New Guinea, Fiji,
Solomon Islands, etc.) (Table S1 and Figure S2).

Difference in Incidence of Dengue
Infection in Five SDI Regions

For SDI regions, dengue episodes increased
remarkably in high-middle (181.23%), followed
by high (109.41%), middle (101.70%), low
(93.96%) and low-middle (53.71%) SDI regions
(Table 1). Both the largest number of dengue
episodes (23.11 million) and the highest ASR
(1317.83 per 100,000) were observed in low-
middle SDI regions in 2019 (Table 1). The ASR
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increased in all SDI regions during 1990 to
2011, with the highest ASR in high-middle SDI
regions (EAPC 3.96, 95% CI 3.80–4.12). During
2011 to 2019, the ASR decreased in low and low-
middle SDI regions, while the middle and high-
middle regions still had an increasing trend of
ASR (Table 1 and Fig. 2).

For all SDI regions, the growing number of
dengue episodes was due to the gradual increase
in the number of cases in all age groups (Fig-
ure S3). The peak age of global dengue inci-
dence rates was in adolescents and young adults

(10–25 years), followed by young children (5–-
10 years) and middle-aged adults (25–49 years),
and rebounded slightly in the elderly ([
65 years) in 2019 (Fig. 4). Moreover, the dengue
incidence rates were highest in the elderly ([
65 years), followed by adolescents and young
adults (10–25 years) and young children (5–-
10 years) in low and low-middle SDI regions
(Fig. 3).

Difference in Incidence of Dengue
Infection in 17 GBD Regions

Seventeen GBD regions had dengue infection
records according to GBD 2019. The number of
dengue episodes was highest in South Asia (7.70
million in 2019), followed by East Asia and
Southeast Asia (Table 1). The greatest growth in
the number of dengue episodes was in Oceania
by 559.04% from 63.20 thousand in 1990 to

bFig. 1 Global trends in the incidence of dengue infection
in 126 countries and territories. A ASRs of dengue
infection in 2019; B changes in the number of dengue
episodes between 1990 and 2019; C EAPCs of dengue
ASRs from 2011 to 2019. ASR, age-standardized incidence
rate; EAPC estimated annual percentage change

Fig. 2 EAPCs of dengue ASRs from 1990 to 2011 and 2011 to 2019 by region. EAPCs: estimated annual percentage
changes; ASR age-standardized incidence rate, CI confidence interval, SDI sociodemographic index
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416.48 thousand in 2019, and the number of
dengue episodes in East Asia has more than

doubled during the past 3 decades. Addition-
ally, great growth was seen in the number of

Fig. 3 Incidence rate of dengue by age group, and by SDI region, from 1990 to 2019. SDI socio-demographic index
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dengue episodes in Andean Latin America
(139.12%) followed by Tropical Latin America
(104.50%).

Oceania suffered the severest threat of den-
gue infection with the ASR [ 3173.48 per
100,000 in 2019, and South Asia and Southeast
Asia also suffered a severe dengue threat with
the ASR[1000 per 100,000 in 2019 (Table 1). In
addition, in the Americas, in 2019 the ASR was
highest in Tropical Latin America (990.10 per
100,000) followed by Central Latin America
(771.16 per 100,000) and Andean Latin America
(632.56 per 100,000). From 2011 to 2019, nearly
14 GBD regions had a decreasing ASR trend
(South Asia, Tropical Latin America and Central
Latin America, etc.), but Oceania had the
highest increasing trend (EAPC 11.01, 95% CI
8.79–13.27), followed by East Asia (EAPC 4.84,
95% CI 2.70–7.03) and Southeast Asia (EAPC
0.38, 95% CI 0.13–0.62) (Table 1).

The proportions of dengue episodes by age
group at the GBD regional level in 1990, 2011
and 2019 are presented in Fig. 4. Globally, [
80% of the episodes were in people\ 50 years
old in 2019. However,[ 10% of episodes were
among the elderly (C 70 years) in high-income
regions including high-income North America
and Australasia regions in 2019. Notably, nearly
20% of those affected were elderly (C 70 years)
in high-income North America (Fig. 4). The
proportions of dengue episodes in the C 70 year

age group increased in 2019 (using the baseline
in 1990 or 2011) among most GBD regions
(Fig. 4).

DISCUSSION

To our knowledge, this is the first study to assess
the global landscape, long-term trends and
regional differences in the incidence of dengue
infection by using the GBD 2019 study.
Although the global ASR of dengue infection
showed an increasing trend from 1990 to 2011,
a decreasing trend was observed from 2011 to
2019. Conversely, an increasing trend of ASR
was reported in Oceania, East Asia and South-
east Asia. Besides, middle and high-middle SDI
regions also had an increasing ASR trend during
the 2011–2019 period. This finding alerted us
that the fight against dengue is still challenging.
The dengue incidence rates were highest in
adolescents and young adults globally. Differ-
ently, it was highest in elderly people ([
65 years) in low and low-middle SDI regions,
and the proportions of dengue episodes in the[
70-year age group increased in 2019 (using the
baseline in 1990 or 2011) among most GBD
regions. Meanwhile, for the Asias, the number
of dengue episodes significantly expanded in
2019 in South Asia, East Asia and Southeast Asia
compared with 1990. Although regions of the

Fig. 4 Age group distribution of dengue episodes by GBD region in 1990, 2011 and 2019

1636 Infect Dis Ther (2021) 10:1625–1643



Americas had a decreasing ASR trend from 2011
to 2019, the number of dengue episodes also
significantly expanded in 2019 in Andean Latin
America and Tropical Latin America compared
with 1990. In addition, Tropical Latin America,
Central Latin America and Andean Latin
America also had relatively higher ASR in 2019
in the Americas. Facing these complex situa-
tions of this long-neglected virus at the level of
different regions, there still is a need for pre-
vention of dengue infection, and more efforts
should be made to eliminate it.

Our results showed that the South Asia, East
Asia and Southeast Asia regions suffered the
most severe threat of dengue infection. In South
Asia, India, Bangladesh, Pakistan, Maldives and
Nepal are the main countries endemic for den-
gue fever [5, 35]. In East Asia, China [6, 36],
Japan [37] and Korea [24], all had dengue epi-
sodes. Except for Brunei in Southeast Asia, Sin-
gapore, Malaysia, Indonesia, Myanmar,
Thailand, Laos, Cambodia, Vietnam and the
Philippines have reported epidemic dengue in
recent years [38, 39]. Among these regions, the
dengue episodes in India and China accounted
nearly 60% of all global episodes.

Notably, East Asia and Southeast Asia not
only had the highest dengue burden but also
had an increasing ASR compared to the global
falling trend of ASR from 2011 to 2019. For East
Asia, China is one of the dengue endemic
countries and faces the great challenges of
dengue infection in nearly 10 years. The num-
ber of dengue episodes increased by 291.22% in
China from 1990 to 2019, and the ASR had an
increasing trend in 2011–2019. The imported
cases (from Southeast Asia and Western Pacific
countries) might contribute to dengue infection
in China [40–42]. With the increasing number
of imported cases, local dengue infection out-
breaks have occurred more frequently [42].
Bionomics and insecticide resistance of Aedes
albopictus [43, 44], climate factors and the East
Asian summer monsoon may also drive the
increasing ASR of dengue infection in China
[45]. In response to this situation, integrated
vector management should be implemented
including new innovative vector control activ-
ities and traditional vector control measures
[23, 27, 46]. An early start of response could

effectively mitigate the dengue burden by
reducing the mosquito vector density [47].
Vector-control measures seem to be insufficient;
travel surveillance and management should also
be strengthened to reduce the possibilities of
dengue outbreaks in East Asia. People should be
informed about dengue prevention when plan-
ning a journey to endemic regions during peak
dengue transmission periods [48]. For Southeast
Asia, urban settlements with high population
densities, lack of public perception and limited
infrastructure and resources may have acceler-
ated outbreaks in recent years [48]. Similarly,
vector-control measures are crucial; further-
more, planned urbanization and enhanced
infrastructure and resources should be devel-
oped [48, 49]. People should participate in
mosquito control, such as using nets especially
early in the morning and before dusk in the
evening [27], clean up discarded tires and water-
collecting waste [23, 50, 51] and use insecticide-
treated nets, screens and walls [52].

Although most regions of the Americas had a
decreasing ASR trend from 2011 to 2019,
Andean Latin America and Tropical Latin
America had relatively higher growth of dengue
episodes from 1990 to 2019. Besides, Tropical
Latin America, Central Latin America and
Andean Latin America also had non-negligible
ASRs in 2019. The epidemiological data from
the Ministries of Health showed that 1,118,464
dengue episodes were reported in Central
America and the Dominican Republic from
2005 to 2014 [53]. In 2013, more than 2 million
dengue episodes were reported by countries in
the Pan American Health Organization [54].
Therefore, considering the above situation, the
epidemic of dengue also needs to be a focus in
the Americas, especially in Latin America. Fac-
tors which contribute to increasing dengue
episodes were the same as in most other regions
globally including unprecedented population
growth, unplanned and uncontrolled urban-
ization and poverty, etc. [54]. Therefore, the
above-mentioned strategies including strength-
ening national surveillance systems, integrated
vector management and personal behavioral
interventions are all needed in the Americas.
Additionally, a future dengue vaccine could be
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integrated into a management strategy for
dengue prevention and control [54].

We also found the middle and high-middle
SDI regions had an increasing trend of ASR
during the 2011–2019 period, which was
unexpected. WHO proposed a global strategy
for dengue prevention and control in
2012–2020 to achieve a mortality from dengue
\ 0.1% and to reduce morbidity by 50% by
2020 [27]. Many countries or territories which
had an increasing ASR trend in the middle and
high-middle SDI regions are in Oceania includ-
ing Papua New Guinea, Fiji, Solomon Islands
and others. First, these countries or territories
have a tropical or sub-tropical climate in the
South Pacific Ocean, which accelerates dengue
outbreaks. Second, some people still live in
poverty and are affected by dengue dispropor-
tionately in Papua New Guinea, Fiji, Solomon
Islands and others [55]. Studies reported dengue
could emerge as an important neglected tropi-
cal disease pathogen in these countries or ter-
ritories in the coming decade, so integration of
monitoring and evaluation related to dengue
epidemics is needed to provide assistance in
controlling the rising threat of dengue [55].

In addition, this study found that the global
peak dengue incidence rate occurred in adoles-
cents and young adults in 2019, which shows
that adolescents and adults were mostly affec-
ted by dengue in most regions. This finding is in
accordance with previous studies [1, 6]. How-
ever, our study emphasized that the dengue
incidence rates were highest in elderly people ([
65 years) in low and low-middle SDI regions. In
addition, the proportions of dengue episodes in
the [ 70-year-old age group increased in 2019
(using the baseline in 1990 or 2011) among
most GBD regions. Chhong et al. reported that
dengue infection was common in older adults
in Bangkok Hospital of Thailand [13]. The age of
dengue fever cases in Taiwan (province of
China) was generally older than that in other
countries [14]. Research proposed that success-
ful vector control and surveillance programs
lead to lower seroprevalence and herd immu-
nity in adults, finally causing acquisition of
disease at a later stage in life [56]. Additionally,
the increased proportions of dengue episodes
among older people may be linked to the aging

trend globally. Higher incidence rates and pro-
portions of dengue infection among older peo-
ple could potentially result in increases in
dengue case fatality rates, given the higher risk
of mortality in older people [57]. Therefore, we
suggest that management of dengue infection
should be resolved differently and seriously
among older people. Endemic countries with
limited resources or vaccine supply should have
rational means to decide which segments of the
population to protect [27]. Moreover, the safety
and efficacy of the vaccine in the adult and
elderly population need to be determined [56].
Unfortunately, related studies on the manage-
ment of dengue infection in the elderly are
scarce.

We extracted the data from the GBD 2019
and added a comprehensive understanding of
the incidence of dengue infection to help
develop global targeted prevention strategies.
However, there still were several limitations.
First, the most notable limitation of this analy-
sis was that the accuracy and robustness of GBD
estimates largely depend on the quality and
quantity of data used in the modeling [33]. For
countries where national systematic surveil-
lance and population-based studies of dengue
were lacking or insufficient, the estimates of
dengue incidence might be a margin of bias.
Additionally, since the GBD concentrated
information is derived from national epidemi-
ological surveillance systems, which are highly
heterogeneous because of the quality of clinical
and laboratory diagnostics, laboratory quality
and reporting standards among different coun-
tries, the plausibility of the results would be
influenced compared with observational studies
or clinical trials [58–62], which should be con-
sidered part of the interpretation of heteroge-
neous data [53, 54]. Second, there were no data
associated with dengue genotypes, which is the
key factor for the transmission and epidemiol-
ogy of dengue globally. Therefore, the dengue
epidemic situation for one country combined
with the local dengue genotypes could help
develop more exact prevention measures.

1638 Infect Dis Ther (2021) 10:1625–1643



CONCLUSION

In summary, global dengue episodes increased
tremendously from 1990 to 2019. Although the
global dengue ASR decreased in the last decade,
it continued to increase in hyperendemic
regions including Oceania, East Asia and
Southeast Asia and also in the middle and high-
middle SDI regions. More attention should be
paid to the elderly due to their higher dengue
incidence rate in low and low-middle SDI
regions and the increased proportions of den-
gue episodes among the elderly in most GBD
regions. Generally, targeted measures for crucial
regions and older populations were needed.
Therefore, more studies focusing on dengue
need to be carried out to achieve the goal of
dengue elimination.
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