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A B S T R A C T

Background: Dengue is one of the most common vector-borne diseases globally, however, its burden is poorly
quantified. Hence, we aimed to report the dengue burden in 195 countries and territories between 1990 and
2017, using data from the Global Burden of Diseases, Injuries, and Risk Factors Study 2017.
Methods: Following the methodology framework and analytical strategies used in the Global Burden of Dis-
ease Study 2017, we analysed the incidence, mortality, and disability-adjusted life years (DALYs) of dengue
in geographically defined populations worldwide between 1990 and 2017. We also determined the associa-
tion between development levels and dengue burden. All estimates were reported as numbers and rates per
100 000 population, with 95% uncertainty intervals.
Findings: Globally, the total number of dengue cases increased from 23 283 274 (95% UI 453 180.7�51 840
670) in 1990 to 104 771 911 (95% UI 63 759 019�158 870 031) in 2017. The age-standardised incidence rate
increased from 431.6 (8.4�961.0) per 100 000 population in 1990 to 1371.3 (834.5�2079.3) per 100 000
population in 2017. In addition, the number of deaths due to dengue increased from approximately16 957 (7
613�30 091) in 1990 to 40 467 (17 620�49 778) in 2017. Meanwhile, the global age-standardised death rate
increased from 0.31 (0.14�0�56) per 100 000 population in 1990 to 0.53 (0.23�0�65) per 100 000 population
in 2017. Overall, there were 2 922 630 DALYs (1 629 424�3 967 492) attributed to dengue in 2017 globally,
an increase of 107.6% since 1990 (1 407 571 DALYs [624 016.4�2 510 025]), and the age-standardised DALY
rate increased from 26.10 (11.57�46.53) per 100 000 population to 38.25 (21.33�51.93) per 100 000 popula-
tion between 1990 and 2017. The association between socio-demographic index (SDI) and dengue-related
DALYs suggested that the lowest age-standardised DALY rates were found in countries in the low and high-
SDI quintile in 2017, and from 1990 to 2017, the age-standardized DALY rate tended to increase in regions
with the lowest SDI but declined in regions with the highest SDI. There was a nonlinear association between
the socio-demographic index and the healthcare access and quality index and age-standardised DALY rates.
Interpretation: Dengue is a major public health challenge worldwide. While there is remarkable international
variation in its incidence, the dengue burden is increasing globally. The results of this study could be useful
for policy makers to implement cost-effective interventions and reduce the dengue burden, particularly in
countries with high incidence or increasing burden.
Funding: This work was supported by a grant from the National Natural Science Foundation of China (NSFC)
(grant numbers 81,800,041 and 82,000,078).
© 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
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1. Introduction

Dengue is the most rapidly spreading mosquito-borne viral dis-
ease and is caused by any one of four single-stranded, positive-sense
RNA viruses (DENV-1 to DENV-4) [1]. In recent decades, the incidence
of dengue has grown dramatically worldwide; it has been estimated
to cause 390 million infections yearly, and approximately 20 000
deaths [2]. Moreover, the number of dengue cases reported to the
World Health Organization has increased over eight fold in the last
two decades from 505,430 cases in 2000, to over 2.4 million in 2010
and 4.2 million in 2019. Meanwhile, the reported deaths between
2000 and 2015 increased from 960 to 4032 [3]. These reports and dis-
ease modeling estimates suggest that dengue is greatly underre-
ported.
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Research in context

Evidence before this study

Dengue is the most rapidly spreading mosquito-borne viral dis-
ease worldwide. The burden of dengue has been investigated in
previous research using data from GBD 2013, however, this
dataset had several limitations. Importantly, the GBD 2017
incorporated additional data sources and applied new method-
ologies compared with GBD 2013. To our knowledge, no study
has provided detailed estimates of dengue-related incidence,
mortality, DALYs in 195 countries and territories around the
world for several years.

Added value of this study

We used data from the GBD 2017 to provide the most up-to-
date estimates on a wide range of health measures related to
dengue at the global, regional, and country-specific levels for
21 regions and, 195 countries and territories as well as, by sex,
age group, and socio-demographic index (SDI). We report the
burden of dengue, including incidence, mortality and DALYs, by
age, sex, and SDI from 1990 to 2017, using all available data
based on standardised GBD methods at the global, regional, and
national levels. We believe this analysis presents the most com-
prehensive picture of dengue burden to date.

Implications of all the available evidence

Dengue remains a substantial public health challenge world-
wide. Our results suggest that there were about 100 million
dengue infections resulting in about 40 000 deaths in 2017.
Between 1990 and 2017, age-standardised incidence, mortality
and DALYs rates increased in most countries. The highest bur-
den of dengue is in South Asia, Southeast Asia and the Carib-
bean. The information provided in this study could be crucial
for researchers, public health officials and health policy makers
to implement cost-effective interventions to be able to confront
the increasing dengue burden.
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The clinical profile and presentation of patients with dengue
infection may differ from asymptomatic infection to dreadful compli-
cations,such as dengue shock syndrome [4,5]. Since the clinical pre-
sentation of dengue is similar to that of other febrile illnesses caused
by more than ten pathogens, misdiagnosis is common even among
experienced physicians [1]. In addition, due to economic and techno-
logical limitations, some potential dengue cases remain undetected.
Moreover, official passive surveillance systems are not designed to
capture subclinical infections. Hence, a large disparity exists between
the number of reported cases and the estimates of actual cases.

Currently, treatment remains supportive and no effective antiviral
agents exist [4]. Although Dengvaxia, the only FDA-approved dengue
vaccine, is licenced in 20 countries, the WHO did not recommend its
use in seronegatives [6]. Thus, current dengue control relies mainly
on combinations of chemical and biological targeting against larval or
adult mosquitoes [7]. Mosquito reduction campaigns have been very
successful but they are difficult to sustain, mainly because they are
labor intensive, require discipline and diligence, and are plagued by
diminishing returns [8]. Nevertheless, the dengue incidence is high in
resource-constrained countries where restricted health budgets are
divided between control and treatment [9]. Therefore, it is essential
for public health policymakers, vaccine developers, vector control
specialists, and physicians to accurately provide robust estimates of
the current and future burden of dengue.

Recently, Stanaway and colleagues reported the global burden of
dengue by utilizing the Global Burden of Diseases, Injuries, and Risk
Factors Study (GBD) 2013 [10], and found a trend of increasing global
incidence and dengue deaths in the past two decades. However, they
did not examine the association between the burden of dengue and
the sociodemographic status of countries. Moreover, aside from this
study, there are no updated estimates on the burden of dengue.
Hence, we examined data from the GBD 2017 to determine the
global, regional, and national incidence of dengue as well as deaths
and disability adjusted life-years (DALYs) in terms of counts and age-
standardised rates from 1990 to 2017 by age, sex, and socio-demo-
graphic index (SDI) to provide a comprehensive and comparable
analysis of dengue burden.

2. Methods

2.1. Data sources

Data on dengue burden in 195 countries and territories from 1990
to 2017 were obtained from the Global Health Data Exchange GBD
Results Tool (http://ghdx.healthdata.org/gbd-results-tool) (date of
data extraction, 15 July 2020). The GBD 2017 uses all the available
up-to-date sources of epidemiological data and improved standar-
dised methods to provide a comprehensive assessment of health loss
across 359 diseases and injuries, 282 causes of death and 84 risk fac-
tors [11]. The general methodology of the GBD 2017, including its
main changes compared with previous years, has been described in
previous publications [12-14]. Briefly, the mortality-to-incidence
ratio (MIR) estimation was updated from GBD 2016, with the use of
the Healthcare Access and Quality Index (HAQ Index) [15] rather
than the SDI in the data cleaning and modeling process, and the spa-
tiotemporal Gaussian process regression approach was also updated.
Covariate inputs for the Cause of Death Ensemble model (CODEm)
were updated and changed on the basis of recommendations from
GBD collaborators. The rates were standardised according to the GBD
world population and were reported per 100 000 person-years. The
GBD 2017 uses various interrelated metrics to measure population
health loss, including number of deaths and mortality, number of
cases and prevalence, years of life lost (YLL) due to premature death,
years lived with disability (YLD), and DALYs. For this report, we used
the GBD Results Tool to extract estimates and their 95% uncertainty
intervals (UIs) for deaths, prevalence of cases, and DALYs as measures
of dengue burden from 1990 to 2017 by region and country.

The SDI is a composite indicator of a geographical location’s devel-
opment status. In GBD 2017, the SDI was calculated based on the total
fertility rate among females younger than 25 years, educational
attainment for those aged 15 years or older, and lag distributed
income per capita [16]. The SDI ranged from 0 to 1, where 0 repre-
sents the fewest years of schooling, lowest income per capita, and
highest fertility, and 1 represents most years of schooling, highest
income per capita, and lowest fertility. The geometric mean of these
values for each location-year was recorded [17], and the 195 coun-
tries and territories were classified into 5 groups according to the SDI
quintile (low-SDI, low-middle-SDI, middle-SDI, high-middle-SDI, and
high-SDI quintile).

The Healthcare Access and Quality (HAQ) Index is an indicator of
health system performance for 195 countries and territories and was
calculated on the basis of amenable mortality [15]. The HAQ Index
ranges from 0 (worst) to 100 (best).

2.2. Data analysis

To characterize the dengue burden by age, sex, year, and location,
a descriptive analysis was conducted. The number of cases and
deaths as well as age-standardised incidence, age-adjusted mortality,
and age-standardised DALYs per 100 000 population for both sexes
combined were calculated and compared at the global, regional, and
country levels. UIs were calculated from 1000 draw-level estimates
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Fig. 1. Global age-standardised mortality, incidence, and DALY rate of Dengue Fever in
2017.
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for each parameter, and 95% UIs were defined by the 25th and 975th
values of the ordered 1000 estimates; a 95% UI excluding 0 was con-
sidered to be statistically significant. Finally, we examined the shape
of the association of dengue in terms of age-standardised prevalence
and DALYs-with the SDI using the fit spline models [18]. The maps
were made using ECharts software. All statistical analyses were per-
formed using GraphPad Prism 8 software.

2.3. Role of funding source

This work was supported by a grant from the National Natural Sci-
ence Foundation of China (NSFC) (grant numbers 81,800,041 and
82,000,078).

3. Results

3.1. Incidence

In 2017 an estimated 104 771 911 (95% UI; 63 759 019�158 870
031) individuals had dengue worldwide with 52 357 259 (31 887
948�79 333 365) occurring among females and 52 414 653 (31 871
071�79 536 666) among males, compared with 23 283 274 (453
180.7�51 840 670) in 1990 (Supplementary Table 1). The age-stand-
ardised incidence rate per 100 000 population-at the global level
increased from 431.6 (8.4�961.0) in 1990 to 1371.3 (834.5�2079.3)
in 2017 (Supplementary Table 1). At the country level, the age-stand-
ardised incidence rate per 100 000 population for dengue was high-
est in Barbados (4179.9 [2619.9�6185.4]), followed by Dominica
(4152.1 [2680.9�6012.3]), Indonesia (4117.1 [2427.4�6378.5] per
100 000 population) and India (4072.9 [2409.4�6295.3]). By contrast,
81 countries and territories had no dengue data in 2017 (Fig. 1A and
Supplementary Table 2). Moreover, the GBD 2017 reported the first
dengue cases in South Africa and Namibia, with estimated incidence
rates per 100 000 population of 121.2 (45.2�263.8) and 9856.9
(6209.5�14,576.6), respectively (Supplementary Table 3).

By sex, the pattern of age-standardised incidence rates per 100
000 population between 1990 and 2017 were similar among males
and females, although the rates were consistently higher among
females (Fig. 2A). Among all regions, dengue was most prevalent in
South Asia (3546.9 [2128.5�5429.5]), Southeast Asia (2940.6
[1787.3�4457.0]) and the Caribbean (2510.4 [1656.1�3578.7]) in
2017 (Fig. 1A and Supplementary Table 4).

By age, dengue incidence peaked at 10�14 years (Fig. 3A and sup-
plementary Table 5). Between 1990 and 2017, the age-standardised
incidence rate due to dengue was highest in the low and low-middle
SDI quintiles (Fig. 4A), and showed an upward trend for all five SDI
regions (Fig. 4A and Supplementary Table 6).

3.2. DALYs

In 2017, there were 2 922 630 DALYs (95% UI 1 629 424�3 967
492) due to dengue globally, showing an increase of 107.6% since
1990 (1 407 571 DALYs [624 016.4�2 510 025]). On the one hand,
the age-standardised DALY rate per 100 000 population increased
from 26.10 [11.57�46.53] in 1990 to 38.25 [21.33�51.93] in 2017
(Supplementary Table 1). Indonesia (258.24 [117.91�318.35]), the
Philippines (219.53 [108.83�307.08]), and Tonga (181.10
[107.07�282.15]) had the highest age-standardised DALY rates in
2017 (Fig. 1B and Supplementary Table 2). At the regional level, the
age-standardised DALY rate of dengue per 100 000 population was
found to be highest in Southeast Asia (154.24 [85.27�195.07]), South
Asia (89.93 [48.07�127.03]) and the Caribbean (41.02 [20.70�62.52])
in 2017 (Fig. 1B and Supplementary Table 4). Between 1990 and
2017, the worldwide age-standardised DALYs rate was higher among
males than females (Fig. 2B) and highest in the middle SDI quintile
than in the other quintiles (Fig. 4B and supplementary Table 6); in
2017, it peaked at age 0�1 for both males and females (Fig. 3B and
Supplementary Table 5).

3.3. Mortality

Compared to 1990, the number of deaths due to dengue increased
from approximately 16 957 (7 613�30 091) to 40 467 (17 620�49
778) in 2017, an increase of around 24 000 deaths. Meanwhile, the
global age-standardised death rate per 100 000 population increased
from 0.31 (0.14�0�56) in 1990 to 0.53 (0.23�0�65) in 2017. The pat-
tern of the age-standardised death rate by sex across age groups was
relatively similar to the age-standardised DALY rate (Fig. 2C and Sup-
plementary Table 1). Geographically, deaths attributable to dengue
per 100 000 people were most frequent in the Southeast Asia super-
region (1.97 deaths [0.97�2.35]) and South Asia superregion (1.46
deaths [0.61�1.90]) in 2017 (Fig. 1C and Supplementary Table 4).
Moreover, the highest age-standardised death rate in 2017 was found



Fig. 2. Age-standardised DALY rate, age-standardised mortality rate and age-standardised incidence rate per 100 000 people with dengue fever in males (men and boys), females
(women and girls), and both sexes from 1990 to 2017.

Fig. 3. Age-standardised DALYs rate, age-standardised mortality rate and age-standardised incidence rate per 100 000 people with dengue Fever in 2017.

Fig. 4. Age-standardised DALY rate, age-standardised mortality rate and age-standardised incidence rate per 100 000 people grouped by SDI quintiles for dengue fever from 1990 to
2017.
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among individuals aged 0�1 years and >80 years (Fig. 3C and supple-
mentary Table 5) as well as in the middle SDI quintile; it was lower in
the high and high-middle SDI quintiles than in other quintiles in
2017 (Fig. 4C and Supplementary Table 6).

3.4. Burden of dengue by SDI and the HAQ index

Fig. 5 presents the global and regional-level observed age-stand-
ardised DALY rates from 1990 to 2017 and their association with the
SDI. The expected pattern was nonlinear in nature, peaking at SDI
values of approximately 0.5 and 0.65 before decreasing with increas-
ing SDI values. Southeast Asia and South Asia had a much higher age-
standardised incidence rate than expected based on the SDI between
1990 and 2017. The lowest age-standardised incidence rate was seen
at SDIs of approximately 0.2 and 0.8.

The patterns of the age-standardised DALY rate versus the SDI
were similar to those of age-standardised prevalence rates. The
exceptions were Southeast Asia and South Asia where observed lev-
els were higher than expected during every year of the study period
(Fig. 6).
Fig. 5. Age-standardised incidence rate of dengue glo
Fig. 7 shows the national-level observed age-standardised DALY
rates and their association with the SDI and HAQ index. The expected
patterns were nonlinear in nature, peaking at an SDI value of approxi-
mately 0�65 and an HAQ index value of approximately 67, before
decreasing with increasing SDI and HAQ Index values. The age-stand-
ardised DALY rate was higher than the expected level based only on
the SDI for a number of countries/territories, such as Indonesia, the
Philippines, and Tonga. This pattern was also observed based on the
HAQ Index.

4. Discussion

In this paper, we presented the most up-to-date estimates of the
incidence, mortality, and DALYs for dengue in 195 countries and ter-
ritories from 1990 to 2017. An estimated 100 million dengue infec-
tions occured across more than 110 countries and territories in 2017,
increasing from 23 million dengue infections in 1990, with potential
for further spread. Our results show increasing trends in dengue inci-
dence, mortality and DALYs in the past two decades globally. This is
important for public health officials and policy makers worldwide to
bally and for 17 GBD regions by SDI, 1990�2017.



Fig. 6. Age-standardised DALY rate of dengue globally and for 17 GBD regions by SDI, 1990�2017.
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implement interventions to slow down the rising global burden of
dengue.

Our data show that the age-standardised incidence rate increased
from 1990 to 2017. In addition to this long-term upward trend, previ-
ous studies conducted at numerous endemic sites worldwide have
presented dynamic and intra-annual signature patterns of dengue
incidence [19-23]. Dengue incidence is influenced by both climate
and nonclimate drivers [19,24]. The local climate and the El Ni~no-
Southern Oscillation (ENSO) are potentially important drivers of the
interannual variability in dengue fever transmission [19]. The theo-
retical causal mechanisms linking ENSO to dengue are based on the
connections between ENSO and local climate anomalies in certain
regions of the world as well as the influence of climate on the dengue
mosquito vector and virus [25,26]. Our results highlight non-climate
factors (e.g. dengue virus serotype variation and strain-cross immu-
nity) and other social-ecological drivers influencing vector popula-
tions and human exposure, such as vector control interventions;
changes in land use and urban poverty and infrastructure; and
human movement, which may be important determinants of dengue
incidence variability.

Dengue primarily impacts tropical and subtropical countries. The
GBD 2017 showed that dengue is most rampant in the regions of
South Asia and Southeast Asia, similar to the GBD 2013 findings [10].
Our model shows that the age-standardised incidence rate is highest
in South Asia, followed by the Southeast Asia, the Caribbean, tropical
Latin America, and Central Latin America-a distributions, inconsistent
with that the estimates of Stanaway and colleagues [10]. This differ-
ence may in part be explained by the additional data sources and
newmethodologies that were applied in the GBD 2017.

The age-standardised incidence rates of dengue are estimated to
be highest in Barbados and, Dominica, followed by Indonesia and
India. Dengue is reported to be hyperendemic in most English-speak-
ing Caribbean countries, with an epidemic occurring every 4�5 years
between 1997 and 2009 [27]. Among the ten countries with the high-
est age-standardised incidence of dengue in 2017, five were from the
Fig. 7. Age-standardised DALY rates of dengue for 195 co
Caribbean (Barbados, Dominica, Trinidad and Tobago, Antigua and
Barbuda and Saint Lucia). Most countries showed an increase in the
age-standardised incidence rate of dengue during 1990�2017, while
only Oceania experienced a dynamic change at the regional level. Dif-
ferences in incidence in countries that are within the Oceania region
should be noted. The age-standardised incidence rate of dengue
increased steadily in Papua New Guinea and, declined in Fiji from
2008 to 2017.

Although no study has reported that the dengue virus is transmit-
ted in a sex-dependent manner, the GBD 2017 showed that the age-
standardised incidence rate was slightly higher in females than in
males. This could be partly explained by sex-related physiology [28].
Conversely, the age-standardised mortality and DALY rates were
found to be higher in males. Thus, more attention should be paid to
the prevention and management of dengue in males. Moreover, our
results suggest that the age-standardised incidence rate peaked
around the ages of 10�14 among both sexes, which is consistent
with the GBD 2013 estimates [10]. Moreover, the age-standardised
mortality rate peaked in the oldest age group in GBD 2017, and in the
post-neonatal age group in GBD 2013 [10]. The difference may in
part be explained by the additional data sources and newmethodolo-
gies applied in GBD 2017. Meanwhile, in both GBD 2013 and GBD
2017, the peak age-standardised DALY rate was in the youngest age
group [10].

We also found that the increase in the age-standardised death and
DALY rate paralleled that of the age-standardised incidence rate at
the global and regional levels; however, the age-standardised death
and DALY rate in the Southeast Asia region decreased from 1990 to
2017. Indonesia, the most populated country in Southeast Asia, wit-
nessed a great increase in the age-standardised incidence rate over
the study period, while in contrast, the age-standardised death and
attributable DALY rate largely decreased. Indeed, data from the Indo-
nesian National Disease Surveillance System have indicated an
increasing trend of dengue incidence in Indonesia over the past
50 years [29]. In contrast, the case fatality rate has decreased by
untries and territories by SDI and HAQ Index, 2017.
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approximately half in each decade since 1980 [29,30]. This decline is
mainly due to an improved management of dengue cases, leading to
fewer deaths [31], from an increase in the milder cases captured by
the surveillance system.

Our analysis of the association between the SDI and the burden of
dengue has not been previously reported. As shown in the results,
most countries with the greatest dengue burden were regions with a
low to middle SDI. However, the dengue burden was relatively lower
in the high-middle and high SDI regions. The differences in dengue
burden among SDI levels could be expected due to urbanization.
Urbanization resulted in rapid population growth and substantially
increased the density, larval development rate, and adult survival
time of Aedes mosquitoes [32,33]. Then, Aedes mosquitoes can bite
several persons within one blood meal, thus amplifying dengue
transmission dynamics [34]. We also found that the increase in age-
standardised death rates paralleled that of the age-standardised
DALY rate in different SDI regions. As DALYs are a composite index
combining mortality and morbidity, the trends of DALYs related to
dengue could be partly explained by dynamic changes in dengue
mortality.

The main strength of the current study is that we used the data
from the GBD 2017 estimates. Our study is the most comprehensive
and up-to-date report of the estimates for dengue incidence, deaths
and DALYs by age, sex, and location from 1990 to 2017. Inclusion of
additional data in the GBD 2017 also allowed us to make national and
regional-level estimates, and develop robust estimates for dengue.

Apart from GBD research, Bhatt et al. study presented the map of
dengue risk and estimates of apparent and inapparent infections
worldwide based on the global population in 2010 [2]. Bhatt et al.
study and our study have different original data sources. GBD study
input data were restricted to sources available at the time of analysis,
either individual-level vital registration or hospitalization data with
multiple ICD codes. Bhatt et al. study comprised of point or polygon
locations of confirmed dengue infection presence derived from both
peer-reviewed literature and HealthMap alerts. Bhatt et al. study is
therefore more comprehensive than GBD study when estimating
dengue incidence. However, Bhatt et al. study did not consist of data
relative to dengue mortality and DALYs. Thus, we need to be cautious
when interpreting the results of the two documents alone.

The limitations of the methods of the GBD impose biases on our
estimates in the current study, as with all GBD research. First, the lim-
ited availability and quality of surveillance data from high-burden
countries is an important limitation. Data about dengue were only
available in limited regions and countries, and we have no data from
much of Western Europe, Eastern Europe, Central Europe, and Central
Asia. Existing surveillance systems are not sensitive, and mild febrile
illnesses are less likely to be diagnosed and reported. Thus, there
might be substantial underreporting of dengue cases even in many
dengue-endemic countries [35]. Second, dengue symptoms are often
confused or misdiagnosed with other febrile illnesses such as malaria,
influenza, typhoid and Zika as their clinical manifestations are similar
[1]. Additionally, due to the lack of DENV confirmatory testing capac-
ity, the dengue misdiagnosis rate could be as high as 10% [36]. Finally,
our modeling framework is restricted to predefined GBD age groups,
which precludes estimation of burden for finer age categories that
might be informative for vaccine policy.

In summary, the global burden of dengue is substantial and
increasing despite the variation between countries in incidence, mor-
tality and DALYs. The results of the GBD 2017 can be valuable for pub-
lic health officials and policy makers implementing cost-effective
interventions to address the future dengue burden.
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