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Abstract The epidemiology of dengue fever has undergone
major shifts in recent decades. The global distribution has
expanded to include more geographic areas. The intensity of
transmission and the severity of infections have increased in
areas where infection was already endemic. Multiple studies
provide a clearer picture of the epidemiology and allow map-
ping of its distribution and change over time. Despite major
efforts to control transmission, competent vectors now infest
most tropical and subtropical regions; Aedes albopictus, also a
competent vector, is able to survive in temperate areas, placing
parts of Europe and North America at risk for local transmis-
sion. Many research teams in dengue-endemic areas are work-
ing to identify key local weather, vector, and other variables
that would allow prediction of a likely epidemic early enough
to permit interventions to avert it or blunt its impact.
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Introduction

The epidemiology of dengue is dynamic. Transmission is
occurring in areas where infection had been absent or never
previously documented, reappearing in areas without trans-
mission for years to decades, and intensifying (more cases and
more severe disease) in areas with endemic and epidemic
transmission. This paper will describe the current epidemiol-
ogy of dengue and some of the factors that influence it. It will
also describe some of the new tools and approaches being
used to try to anticipate and predict the epidemiology so that
health officials can better prepare for future needs.

Mapping and Estimating Disease Burden of Dengue

Three papers provide analyses from a global perspective.
Brady and colleagues bring together all available information
about dengue occurrence to develop an evidence consensus
map of disease that also identifies geographic areas with
uncertain dengue status [1]. They drew upon materials from
1960 through 2012 including reports from health organiza-
tions (e.g., WHO, CDC, Gideon), peer-reviewed evidence,
case data (including reports of infections in returned travelers),
and supplementary evidence (e.g., Google news archives,
HealthMap, others). They assigned a relative measure of
certainty re presence or absence of dengue by country.
Globally, they found evidence for dengue transmission in
128 countries [1]. At the same time, WHO maps showed
dengue transmission in only 100 countries. Most of the newly
defined transmission areas identified by Brady and colleagues
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were in Africa; these were also areas with the highest levels of
uncertainty about the data.

In a series of maps, Messina and colleagues depict the
global distribution of dengue from 1943 to 2013 and the
global expansion by dengue type. By time period (usually
decade), the maps show the distribution in sequence for each
of the dengue serotypes. Maps also consolidate data by sero-
type to show the expansion of areas with circulation of mul-
tiple different serotypes [2]. These visually convey the im-
pressive expansion of dengue over seven decades by showing
the cumulative number of dengue types by geographic area by
decade.

Bhatt and colleagues used maps of the global distribution
of dengue and then paired risk maps with data from other
studies to infer the burden of dengue in 2010 globally and
regionally [3]. They estimated that there are 390 million
dengue infections per year with 96 million having clinical
manifestations, more than three times higher than WHO esti-
mates. The authors estimate that Asia bears 70 % of the
burden (India alone is estimated to bear 34 % of the global
burden), Africa 16 %, and the Americas 14 % (with more than
half of that burden borne byBrazil andMexico). They note the
importance of mild and inapparent infections as a source of
virus that can be transmitted; these undiagnosed infections
also shape population patterns of immunity and dynamics of
spread.

In recent years, advances in molecular methods have led to
more reliable laboratory confirmation of dengue virus infec-
tions and also aided in the study of dengue epidemiology
described in this review [4–6]. Molecular methods, specifical-
ly reverse-transcription polymerase chain reaction (RT-PCR)
assays, have become widely applied and appear to have over-
taken plaque reduction neutralization tests in confirming den-
gue infections. Moreover, amplification and sequencing of
viral genes following extraction of dengue RNA has enabled
comparison with available dengue virus genomes. These tech-
niques have identified clades and genotypes within a serotype
and determined genetic relatedness of the viruses [5, 7]. Based
on these phylogenetic analyses, further understanding of den-
gue virus origin, movement, and distribution has become
possible [6, 8, 9].

Americas

Although massive epidemics occurred in the mainland USA
in the past, only sporadic cases related to local transmission
were documented in recent decades [10]. Since 2009, a focus
of ongoing transmission has been established in Key West,
Florida [11]. The number of cases has been small. Sequence
data from DENV-1 viruses in Florida confirm endemic trans-
mission of a distinct and predominant sublineage of the
American-African genotpe for >2 years [5]. Viruses causing

travel-related infections identified from other parts of Florida
had Central American lineage, most closely related to DENV
in Nicaragua and Mexico [12].

Dengue in the Americas is increasing. In the last 30 years in
the Americas, the number of cases of dengue hemorrhagic
fever has increased more than eightfold [13, 14]. In Peru, a
dengue outbreak during 2010 and 2011 was unprecedented in
its magnitude and severity. Whole-genome sequencing docu-
mented that the responsible virus was a DENV-2 belonging to
lineage II of Southeast Asian/American genotype that differed
from the DENV-2 virus that had been circulating in the region
since 1990 [9]. In this case, it appeared that the introduction of
a new virus lineage contributed to the changed epidemiology.

Under some climate change scenarios for the northeastern
USA, the distribution of Aedes albopictus, an invasive vector
competent to transmit dengue, would expand [15]. Currently,
the northernmost location ofAe. albopictus in the USA is New
Jersey, southern NY, and Pennsylvania. Rochlin and col-
leagues have modeled potential range under different climate
change scenarios [15]. They found that the land area environ-
mentally suitable for Ae. albopictus could potentially increase
from the current 5–16 % up to 43–49 % by the end of the
century. Because large population centers are located in this
region of the country, as many as 30 million residents could
live in areas infested with Ae. albopictus. This mosquito is
also competent to transmit chikungunya, a virus recently
introduced into the Western Hemisphere [16], and other arbo-
viruses, such as Zika virus.

Araujo and colleagues traced the origin and evolution of
DENV-3 in Brazil. Introductions of DENV-3 from Caribbean
to Brazil are relatively frequent. They note that DENV-3
genotype III probably emerged in mid 1970s in the Indian
sub-continent and then spread. It was first detected in the
Americas during outbreaks of severe and complicated dengue
in Nicaragua and Panama in 1994 and has subsequently
spread through the region [17].

DENV-4 reemerged in Brazil in 2010 in the state of
Roraima in the Northwest. It subsequently reached Rio de
Janeiro and has spread widely [6, 18]. An analysis of the
spatial dynamics of DENV-1, DENV-2, and DENV-3 in
Brazil found that the introduction of new lineages occurred
at about 7–10-year intervals. The origin was most often the
Caribbean region. New lineages were introduced into the
North and Northeast and then dispersed. The authors conclud-
ed that air transport of humans and/or vector mosquitoes
determined the spread of dengue virus in Brazil [19]. In
general, in Brazil, between 2000 and 2010, the epidemiolog-
ical pattern was complex but with an overall increase in the
number of cases and a rise in the proportion of severe cases
[20, 21].

Much attention was focused on Brazil during the FIFA
World Cup events of 2014. Although an analysis of
GeoSentinel data found that dengue accounted for 31 % of
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all acute systemic febrile illnesses with a specific cause iden-
tified in travelers who returned fromBrazil, the majority of the
dengue cases occurred in the months of January throughMay,
before the cooler months when the World Cup events were
held [22]. Other investigators used models to anticipate the
size of the dengue burden in travelers to Brazil [23, 24].
Fortunately, no major outbreaks were reported among visitors
to Brazil during and immediately after the World Cup events.

Middle East

Several papers describe the emergence of dengue in the
Middle East [25, 26], especially in the Arabian peninsula.
Large epidemics have been reported from Yeman and Saudi
Arabia since the mid 1990s. Deaths from dengue hemorrhagic
fever and dengue shock syndrome have been reported as well.
Although rainfall is low and climatic conditions in the region
are unfavorable for Aedes aegypti, the vector is present in
some of the countries. Construction sites and temporary set-
tlements may provide conditions suitable for breeding. Other
risk factors include increased travel and trade (large immigrant
work force from dengue-endemic countries; travel associated
with pilgrims to the Hajj) and increasing urbanization. In
Saudi Arabia, 4411 dengue cases were reported in 2013,
fourfold higher than in 2012, with peak transmission in May
[27]. Dengue viruses 1–3 have been reported in the region. As
has been reported in other regions (including Africa, Asia,
Pacific Islands), co-circulation of dengue and chikungunya
viruses has been documented in Yemen [28].

Africa

Many recent reports document presence of dengue in Africa
[1, 4, 29]. Since 1960, dengue has been reported in 32 African
countries, though less certainty exists around the burden and
distribution in Africa than in other areas. All four serotypes
have been found in Africa although infections with DENV-2
have been most common. In Gabon, in recent years, three
serotypes circulated simultaneously [30]. Co-circulation of
dengue and chikungunya viruses has occurred and co-
infection in a traveler documented [31]. Available data come
from local studies, including serosurveys, reports of out-
breaks, and entomological studies [30, 32]. Reports of dengue
infections in travelers returning to dengue-non-endemic areas
have also confirmed outbreaks in some areas and provided
early alerts in some instances [4, 31, 33].

In 2013, an expert panel was convened to review dengue
situation in Africa; their recommendations were recently pub-
lished [34]. To better assess the burden of dengue in Africa,
they recommend that diagnostics be made more widely avail-
able throughout Africa and that networks collaborate to

produce and collect this type of data. Better assessment of
the burden is needed to inform policy decisions around vector
control and health services. At least two competent dengue
vectors, Ae. aegypti and Ae. albopictus, are present in Africa.

Some investigators have proposed that protective genetic
variants could partially explain a lower burden of dengue in
Africa (see below); however, severe and complicated infec-
tions have been documented in Africa. The common occur-
rence of malaria and other febrile illnesses and lack of good
diagnostics in many areas probably contribute to infrequent
diagnosis of dengue fever.

Asia

Transmission of dengue remains widespread in Asia with
frequent, locally severe outbreaks. Notably, local transmission
of dengue has been reported recently in Japan [35]. This
included a cluster of infections in Tokyo [36].

The first suspected outbreak in Shenzhen, China, in 2010,
was confirmed throughRT-PCR, virus isolation and culture, and
nucleic acid sequencing as well as serology [37]. Investigators
found the causative DENV-1 to resemble those recently isolated
from Malaysia and Singapore. Since no imported cases were
reported during this outbreak, they postulated that mosquito
eggs from Southeast Asia may have been imported and led to
vertical transmission of the virus [37]. Elsewhere, in
Guangdong Province, China, which is known to have dengue
virus transmission, high-epidemic areas appeared to be in the
Pearl River Delta and the Han River Delta regions [38].

A cross-sectional serosurvey involving 1000 subjects (35–
74 years old) in Malaysia found high rates of IgG seroposi-
tivity (>90 %). Seroprevalence was similar among all ethnic
groups and both genders. It was also similar among rural and
urban residents suggesting that in Malaysia, dengue is wide-
spread and not predominantly an urban infection [39].

A phylogeographic analysis of 751 complete genome se-
quences of DENV-1 from urban and rural Vietnam found that
various lineages of DENV-1 show spatial clustering in
Vietnam [40]. This study found that DENV-1 tends to move
from urban to rural populations; densely populated regions
within Ho Chi Minh City were major transmission foci—a
finding with implications for control measures. In some areas,
a lineage moved less than 20 km/year, suggesting mosquito-
mediated dispersal. Interestingly, a multi-center study in Asia
found chikungunya and Salmonella typhi infections to be even
more common than dengue [41].

Pacific Islands

A dengue outbreak on Kosrae in the Federated States of
Micronesia occurred in 2012–2013 [42]. The only previously
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documented outbreak was in 1998. The recent outbreak was
intense; almost 4 % of the residents of the island were hospi-
talized with suspected dengue infection. The cumulative inci-
dence of infection during the 5.5-month outbreak period was
31 laboratory-confirmed and 110 suspected infections per
100,000 population. Although both Ae. aegypti and Ae.
albopictus infested the island, Ae. albopictus predominated
in a vector survey making up >90 % of the larval mosquito
samples. In one municipality, one third of all used tires were
found to have vector mosquito larvae.

Dengue viruses 1 and 3 circulated in the South Pacific island
of French Polynesia in 2013–2014 at the same time that Zika
virus was implicated in a massive outbreak, causing an estimat-
ed 28,000 cases (11 % of the population) [43, 44]. Zika virus is
also transmitted by Ae. aegypti and Ae. albopictus.

Europe

Occasional sporadic cases of local dengue transmission have
occurred in mainland Europe in France and Croatia [45, 46].
Ae. albopictus has been established in southern France since
2007 and is found in large parts of southern Europe. Ae.
aegypti is also present in parts of Europe [47]. In a period of
less than 4 months during the summer of 2014, 370 confirmed
cases of dengue and chikungunya infection were reported in
mainland France in areas colonized by Ae. albopictus [48].
Schaffner and Mathis review the current distribution of den-
gue vectors in Europe and their potential future distributions
[49], which could expand with changes in temperature and
rainfall. Several areas are at risk for the potential introduction
of chikungunya and Zika viruses as well as dengue
transmission.

In 2012, a major outbreak of dengue occurred on the island
of Madeira [50]. The DENV-1 outbreak involving >2100
cases began in October 2012 and continued through March
2013. Cases were introduced into 13 European countries by
travelers who had become infected in Madeira. An analysis of
travelers to Madeira in 2012 found that they originated from
29 dengue-endemic countries; overall, almost 90 % originated
in Venezuela or Brazil. Genetic-sequencing studies showed
the virus identified in Madeira outbreak was most closely
related to viruses circulating in Venezuela, Brazil, and
Colombia. Based on travel volume and dengue incidence in
countries of traveler origin, Wilder-Smith and colleagues con-
cluded that Venezuela was most likely the country of origin of
the virus causing the outbreak [51].

Surveillance and Warning Systems

Interest is strong in developing effective low-cost early warn-
ing systems that can predict dengue epidemics and allow

interventions that can blunt the size of epidemics [52]. In
Peru, investigators used a novel prediction method utilizing
fuzzy association rule mining. Inputs included clinical, mete-
orological, climatic, and socio-political data. They used these
data to predict future dengue incidence as either high or low.
They note that the same method could be used in other
geographical regions [53]. In Colombia, investigators devel-
oped models—environment-based, multivariate, and
autoregressive forecast models—that allow dengue outbreaks
to be anticipated from 2 weeks to 6 months before they would
occur. They used epidemiological and meteorological data for
urban Cali, Colombia, from Jan 2000 to Dec 2011. They
found outbreaks occurred during warm-dry periods with daily
temperatures between 18 and 32 °C [54].

In Thailand, Campbell and colleagues assessed relationship
between weather and dengue transmission [55]. They found
that the temperature defined the range within which transmis-
sion was viable. Within a permissive temperature range, hu-
midity amplified potential transmission. They found that in
Thailand, 80 % of the severe dengue cases occurred when
mean humidity was >75 % and mean temperature was 27–
29.5 °C [55].

In areas with intense ongoing transmission, studies have
identified humidity as a key feature among climatic variables
in explaining the seasonal patterns of infection. In Singapore,
Xu and colleagues found that absolute humidity was a better
predictor for modeling dengue incidence than other weather
variables [56]. Mean temperature also correlated with inci-
dence but absolute humidity had a more stable impact on
dengue incidence [56]. Many recently published studies have
focused on finding locally relevant data to provide early
warnings [52, 57–59]. Daily temperature fluctuations are also
relevant. Mosquitoes live longer and are more likely to be-
come infected when temperature fluctuations are not extreme
[60].

Liu-Helmersson and colleagues have pointed to the impor-
tance of diurnal temperature range in the dengue epidemic
potential [61]. Many previous studies have focused only on
the mean temperature values.

In coastal Ecuador, researchers identified non-climate as
well as climate drivers that could be monitored to provide a
predictive lead for forecasting dengue epidemics [62]. In their
model, the percent of households with immature Ae. aegypti
was also significant in predicting outbreaks. Other investiga-
tors have looked to web searches and social media to monitor
dengue epidemiology [63–65].

A study in Vietnam assessed host and viral parameters that
influence DENV transmission from infected humans to Ae.
aegypti mosquitoes [66]. They found that high early plasma
virus levels were associated with longer duration infectious-
ness of the mosquitoes. Hospitalized patients had higher vire-
mia levels than ambulatory dengue cases but virus levels in
ambulatory cases were still sufficient to infect mosquitoes.
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A detailed longitudinal study in Peru was able to provide
serotype-specific estimates of the dengue virus force of infec-
tion (the per capita risk of a susceptible person being infected)
[67]. The study showed that the force of infection varied
markedly by time and by serotype. Transmissibility varied
significantly by serotype as did the capacity (by serotype) to
survive over the winter. The study is important in highlighting
how cross-immunity shapes incidence patterns [68]. Presence
of asymptomatic infections makes it difficult to track the
prevalence of active infection (and presence of virus).

Many dengue investigators have speculated that host ge-
netics might be one factor that influences severity of dengue
infections. A recent study supports earlier findings suggesting
that African ancestry protects against severe outcomes in
dengue [69]. The most recent study was carried out in
Colombia and looked at a population with European, Native
American, or African ancestors. Based on extracted DNA,
they looked at 30 Ancestry Informative Markers (AIM) to
assess the mix of genetic ancestry for each of the patients with
documented dengue infection. Having fewer African ancestry
markers was significantly associated with more severe clinical
dengue.

The WHO issued new guidelines for dengue classification
in 2009. An analysis of their use based on a systematic
literature review concluded that the new classification has
clear advantages for clinical use. For those doing epidemio-
logical and pathogenesis research, the new guidelines offer the
advantages of international comparability, ease of application,
and increased sensitivity for identifying severe dengue [70].

Novel Means of Transmission

Transmission of dengue virus by routes other than the mos-
quito vector are well established, including blood transfusion
and organ transplantation and needlestick. A case report de-
scribes transmission of dengue virus to a peripheral blood
stem cell recipient by a donor who had recently traveled to
Sri Lanka, a dengue-endemic area. On the day of apheresis,
the donor had signs of a respiratory infection; dengue was not
initially suspected [71].

Travelers

Dengue is an important cause of febrile illness in travelers, and
identification of infections in travelers helps to define the
global epidemiology of dengue [72]. In the USA, an upward
trend in hospitalizations for dengue has been observed [73].
Ratnam and colleagues have recently reviewed dengue and
international travel [74]. In a study on Australian travelers,
seroconversion to dengue occurred in 1.0 %, an estimated
incidence of 3.4 infections per 10,000 days of travel in this

cohort; travel to India and China were implicated and all cases
were subclinical [75]. Among travelers to dengue-endemic
countries who had a pre-travel evaluation in the Boston area,
19 % of those who were born or had lived in dengue-endemic
countries had anti-dengue IgG antibody by ELISA and 12 %
had antibodies by PRNT [76]. Antibody positivity was asso-
ciated with duration of living in dengue-endemic countries.
Among the antibody-positive individuals, 85% had no history
of clinical dengue.

To assess which countries pose the highest dengue risk to
travelers, researchers analyzed data on confirmed dengue
cases reported to the Swedish Institute for Communicable
Disease Control [77]. They also had numbers of Swedish
visitors to each country for each year during the study period.
Most of the 864 infections were acquired in one of six
Southeast Asian countries. They noted that attack rates ap-
peared to be increasing over the period from 1995 to 2010.
Attack rates per 100,000 Swedish travelers per year were
highest for Sri Lanka (45.3), Bangladesh (42.6), and El
Salvador (33.4). The attack rate for Thailand, a common
tourist destination, was 13.6/100,000.

Massad and colleagues developed a mathematical model to
quantify the risk of acquiring dengue by a non-immune trav-
eler to Thailand [78]. They calculated that a traveler arriving
during high-transmission season and staying for 7 days had
0.2 % risk of acquiring dengue. This increased to 0.81 % for
someone staying 30 days. The results of the model are similar
to incidence rates reported in previously published prospec-
tive seroconversion studies on travelers. The authors note that
models may help travel medicine providers provide estimates
of risk for various travel scenarios [78].

Dengue infections imported by travelers can initiate local
epidemics, but only when meteorological conditions are fa-
vorable [Shang]. Shang and colleagues in Taiwan note the
importance of early case detection of imported cases and the
need to integrate meteorological data with surveillance data to
allow interventions to avert outbreaks [79].

Stoddard and colleagues conducted a large longitudinal
cohort study in Iquitos, Peru, to assess the role of human
movement in the epidemiology of dengue in a community
[80]. They found that houses are the likely place of exposure
in this community. Houses visited by infected individuals
were at risk for infection. Movement of infected and suscep-
tible individuals shaped the epidemiology. They concluded
that transmission is shaped by social connections and that this
knowledge should be considered in vector control strategies.

Conclusion

In summary, an abundance of new studies provide new in-
sights into the epidemiology and transmission of dengue
infections globally [81]. Despite new information and better
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understanding of transmission dynamics, the global situation
with dengue continues to worsen with expansion of affected
areas with circulation of one or more dengue serotypes.
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