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S U M M A R Y

Background: Dengue is the most rapidly spreading disease caused by a mosquito-borne virus in the

world. The incidence of dengue globally has increased 30-fold in the last 50 years. Understanding the

prevalence of dengue and its longitudinal trends can improve prevention and control strategies. This

study assessed the trends in prevalence of dengue in Taiwan by population characteristics and

geographical region.

Methods: Dengue and population data for the years 2010–2015 were obtained from the public statistics

databases of the Taiwan Centers for Disease Control and Department of Statistics, Taiwan Ministry of

Interior. Yearly prevalence rates of dengue were calculated by age group, sex, and administrative area

within five geographic regions (northern, mid-western, southern, and eastern regions, and outer

islands).

Results: The national prevalence rate of dengue decreased gradually from 8 to 4 per 100 000 population

between 2010 and 2013, but it increased substantially in 2014 and 2015 to 67 and 187 per

100 000 population, respectively. There was no significant difference in prevalence rate between males

and females. People aged 60–69 years had a significantly higher prevalence rate than those in the other

age groups during 2010–2014, and people aged over 70 years had the highest rate in 2015 (309 per

100 000 population). The southern region had the highest yearly dengue prevalence rate (the rate

decreased from 23 to 9 per 100 000 population between 2010 and 2013, but increased to 220 and 616 per

100 000 population in 2014 and 2015, respectively). Three unexpected outbreaks of dengue were

observed during the study period: the first outbreak occurred in Penghu County in 2011 (prevalence rate

101 per 100 000 population), the second in Kaohsiung City in 2014 (prevalence rate 540 per

100 000 population), and the third in Tainan City in 2015 (prevalence rate 1208 per 100 000 population).

Conclusions: More efforts are still needed to prevent and control dengue in Taiwan. The government

should direct resources and interventions to southern Taiwan, which has a tropical climate and a high

population density, and should target older people who are more likely to be infected. Strategies are also

needed to respond quickly to unexpected incidents to prevent dengue outbreaks.

� 2016 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
1. Introduction

Dengue is an endemic disease with frequently occurring
outbreaks in the Southeast Asia, Western Pacific, Latin America,
Africa, and Eastern Mediterranean regions.1,2 Dengue is transmit-
ted by the bite of Aedes mosquitoes infected with the dengue virus
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(DENV) and can develop into a potentially lethal condition called
severe dengue.3 World Health Organization (WHO) estimates
suggest that the incidence of dengue has increased 30-fold globally
over the last 50 years, and around 50–100 million infections occur
annually worldwide.4,5

Dengue commonly occurs in tropical and sub-tropical climates
worldwide, mostly in urban and semi-urban areas.6 DENV can be
divided into four serotypes (DENV 1, 2, 3, and 4), each of which
confers partial cross-protective immunity to the other serotypes in
humans.7 [9_TD$DIFF] According to previous studies in Taiwan, most of the
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severe manifestations of dengue infection occur among older
people or patients experiencing a secondary DENV infection that
has a different serotype from the previous one;1,8,9 infection with
type 2 DENV, in particular, has been associated with severe dengue
illness such as dengue hemorrhagic fever (DHF).7 In Southeast Asia,
most cases are asymptomatic; only 24% of infected persons show
clinical symptoms.8 Severe dengue (DHF) is a leading cause of
serious illness and death among children in some countries.10

Currently there is no specific treatment for dengue, but early
detection and access to proper medical care lower fatality rates.6,11

The reported case mortality of dengue varies from country to
country. On average, the mortality is 1–5%, but it has been reported
to be as high as 73% in Colombia.5 For governments, dengue
represents a substantial economic burden.4,12,13 Some studies have
suggested that the annual cost attributable to dengue treatment is
about US$2.1 billion in America and $950 million in Southeast
Asia.4,13 The economic burden is likely influenced by the
prevalence of dengue and disease severity.

Taiwan faces dengue outbreaks in the summer every year. A
previous study in Taiwan found that most dengue patients during
the years 2002–2007 were adults, with dengue fever peaking in the
50–54 years age range and severe dengue peaking in the 60–64
years age range.8 Another study found that older people were at a
high risk of dengue-related mortality in Kaohsiung in Taiwan
during the years 2003–2009.9

A better understanding of the prevalence of dengue and its
recent trends can inform improvements in prevention and control
strategies. The aim of this study was to assess the trends in
prevalence of dengue in Taiwan by population characteristics (sex
and age) and geographical region for the period 2010–2015.

2. Methods

Dengue data reported in the public statistics databases of the
Taiwan Centers for Disease Control (CDC) were obtained for the
years 2010–2015 (6-year period). The data were monthly numbers
of new dengue fever cases (including both outpatient and inpatient
settings) by sex and age reported in each administrative division in
Taiwan. In addition, yearly population data by region were obtained
from the Department of Statistics, Taiwan Ministry of Interior.

Yearly prevalence rates of dengue were calculated by popula-
tion characteristics (sex and age). The divisions were grouped into
five regions: northern, mid-western, southern, and eastern regions,
and the outer islands (see Appendix). Divisions were also classified
Table 1
Yearly numbers of cases and population-adjusted prevalence rates of dengue by popul

Year

2010 2011 2012

Case

number

Prevalence

rate (per

100 000

population)

Case

number

Prevalence

rate (per

100 000

population)

Case

number

Prevalenc

rate (per

100 000

populatio

Sex

Total 1888 8 1700 7 1477 6

Male 932 8 855 7 746 6

Female 956 8 845 7 731 6

Age group, years

Total 1888 8 1700 7 1477 6

0–9 61 3 59 3 31 2

10–19 157 5 148 5 125 4

20–29 284 8 214 6 217 7

30–39 302 8 285 7 233 6

40–49 290 8 296 8 228 6

50–59 370 11 341 10 320 9

60–69 226 13 226 12 184 9

>70 198 11 131 7 139 8
into urban or rural areas by population density, which was
calculated by population number divided by geographic area (km2)
for each division. Divisions with a population density higher than
700 people per square kilometer were considered urban areas and
those with a density less than 700 people per square kilometer
were considered rural areas. Yearly numbers of dengue cases were
calculated based on the monthly numbers of new dengue fever
cases for each administrative division and geographic region. The
prevalence rate was estimated as follows: yearly number of
reported dengue fever cases in each region divided by the number
of people in the population in the same region.

3. Results

Nationally, the prevalence rate of dengue fever was relatively
stable at 8 per 100 000 population in 2010 to 4 per 100 000 popula-
tion in 2013; however, the rates in 2014 and 2015 were much
higher at 67 and 187 per 100 000 population, respectively (Table 1).

The yearly prevalence rates for males and females were similar
during the study. People aged 60–69 years generally had the
highest yearly prevalence rate, except in 2015 when people aged
over 70 years had the highest rate. Children aged 0–9 years had the
lowest yearly prevalence rate during the study. There was an
approximately 3.6-fold difference in prevalence rate between the
age groups in 2015.

Table 2 shows the yearly numbers of cases and population-
adjusted prevalence rates of dengue by region and administrative
division in Taiwan. Between 2010 and 2014, the prevalence rates in
the northern (range 1–2 per 100 000 population), mid-western
(1 per 100 000 population), and eastern (range 0–3 per
100 000 population) regions were relatively stable. The rates were
slightly higher in 2015, with rates at 4, 4, and 6 per 100 000 popu-
lation in the northern, mid-western, and eastern regions,
respectively. In the northern region, urban areas (Taipei City,
New Taipei City, and Taoyuan City) had relatively higher
prevalence rates of dengue during 2010–2015 compared with
rural areas (e.g., Yilan County, Hsinchu County, and Miaoli County).
In 2015, the mean prevalence rate in urban areas within the
northern region was 4.35 per 100 000 population, while it was
3.64 in rural areas, reflecting a 1.19-fold difference between them.
Similar patterns were seen in the mid-western and eastern regions.
Figure 1 shows prevalence rates of dengue by region over time.
Figure 2 illustrates the yearly prevalence rates of dengue by
administrative division over time.
ation characteristics in Taiwan, 2010–2015
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857 4 15 705 67 43 832 187

430 4 7827 67 21 838 186

427 4 7878 67 21 994 187

857 4 15 705 67 43 832 187

23 1 585 29 1732 85

79 3 1572 57 4242 160

134 4 2044 64 5653 177

167 4 2450 62 6172 157

118 3 2433 67 5541 153

142 4 2924 82 7488 208

121 6 2398 104 6950 278

73 4 1299 67 6054 309



Table 2
Yearly numbers of cases and population-adjusted prevalence rates of dengue by region and administrative division in Taiwan, 2010–2015

Region Urban/rural Year

2010 2011 2012 2013 2014 2015

Case

number

Prevalence

rate (per

100 000

population)

Case

number

Prevalence

rate (per

100 000

population)

Case

number

Prevalence

rate (per

100 000

population)

Case

number

Prevalence

rate (per

100 000

population)

Case

number

Prevalence

rate (per

100 000

population)

Case

number

Prevalence

rate (per

100 000

population)

National 1888 8 1700 7 1477 6 857 4 15 705 67 43 832 187

Northern 196 2 119 1 135 1 173 2 168 2 474 4

Taipei City Urban 59 2 53 2 41 2 64 2 68 3 157 6

Keelung City Urban 3 1 3 1 1 0 2 1 1 0 9 2

New Taipei City Urban 74 2 30 1 43 1 34 1 54 1 146 4

Yilan County Rural 3 1 2 0 7 2 2 0 1 0 9 2

Hsinchu City Urban 2 0 1 0 2 0 4 1 5 1 26 6

Taoyuan City Urban 39 2 24 1 30 1 46 2 27 1 79 4

Hsinchu County Rural 9 2 2 0 6 1 15 3 7 1 34 6

Miaoli County Rural 7 1 4 1 5 1 6 1 5 1 14 2

Mid-western 49 1 33 1 40 1 39 1 60 1 191 4

Taichung City Urban 35 1 22 1 24 1 23 1 47 2 127 5

Changhua County Urban 9 1 7 1 12 1 9 1 9 1 51 4

Nantou County Rural 5 1 4 1 4 1 7 1 4 1 13 3

Southern 1639 23 1449 21 1297 18 640 9 15 442 220 43 113 616

Tainan City Urban 505 27 112 6 754 40 50 3 175 9 22 778 1208

Chiayi City Urban 4 1 1 0 1 0 0 0 7 1 25 9

Yunlin County Rural 5 1 2 0 5 1 5 1 11 2 28 4

Chiayi County Rural 9 2 3 1 1 0 3 1 6 2 38 7

Kaohsiung City Urban 1099 40 1182 43 531 19 103 4 15 015 540 19 830 714

Pingtung County Rural 17 2 149 17 5 1 479 56 228 27 414 49

Eastern 3 1 0 0 3 1 3 1 19 3 33 6

Hualien County Rural 2 1 0 0 1 0 3 1 3 1 16 5

Taitung County Rural 1 0 0 0 2 1 0 0 16 7 17 8

Outer Islands 1 0 99 47 2 1 2 1 16 7 21 8

Kinmen County Urban 1 1 1 1 0 0 0 0 0 0 4 3

Lienchiang County Urban 0 0 0 0 0 0 0 0 0 0 1 8

Penghu County Urban 0 0 98 101 2 2 2 2 16 16 16 16
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Figure 1. Trend in numbers of reported dengue fever cases per 100 000 population

by region in Taiwan over time.
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Between 2010 and 2013, the prevalence rates in the southern
region were relatively higher than in the other regions (range 9–23
per 100 000 population) except the outer islands in 2011. In
particular, the prevalence rates were substantially higher in 2014
(220 per 100 000 population, which was a 24-fold difference
compared with 2013) and 2015 (616 per 100 000 population,
which was a 68-fold difference compared with 2013). The high rate
in the southern region was the main driver of the high national rate
for these years. In the southern region, urban areas overall had
much higher dengue rates than rural areas during 2010–2015. In
2015, the mean prevalence rate in urban areas within the southern
region was 864 per 100 000 population, while it was 23 in rural
areas, reflecting a 37-fold difference between them. An exception
was Chiayi City; although an urban area, it had a relatively low
dengue rate (9 per 100 000 population) as it is geographically
surrounded by Chiayi County, which is a rural area. In contrast,
Pingtung County, a rural area by population density, had relatively
higher prevalence rates in 2011, 2013, 2014, and 2015. In 2015, the
prevalence rate in Tainan City (1208 per 100 000 population) was
the highest, followed by that in Kaohsiung City (714 per
100 000 population) and Pingtung County (49 per 100 000 popula-
tion).

The dengue prevalence rate in the outer islands was
unexpectedly high in 2011 (47 per 100 000 population). This
represented an approximately two-fold higher prevalence than
the southern region and 47-fold higher prevalence than in other
regions. In particular, a high prevalence rate was found in Penghu
County (an urban area with a population density of 827 people/
km2): 98 dengue cases, or 101 per 100 000 population. The
prevalence rates in the outer islands were also notable in 2014
(7 per 100 000 population) and 2015 (8 per 100 000 population)
due to cases occurring in Penghu County (16 per 100 000 popu-
lation).

Overall, there were three unexpected outbreaks of dengue
during the study period. The first outbreak occurred in the outer
islands in 2011 (prevalence rate 47 per 100 000 population;
Table 2). In particular, Penghu County had a prevalence rate of
101 per 100 000 population in 2011; otherwise there were only
between 0 and 16 per 100 000 population cases in this county
during the years 2010–2015. The second outbreak of dengue
occurred in the southern region in 2014, with a prevalence rate of
220 per 100 000 population; prevalence rates ranged from 9 to
23 per 100 000 population between 2010 and 2013. Kaohsiung City
saw 15 015 cases reported during the outbreak, compared to only
103–1182 per year between 2010 and 2013. The third outbreak of
dengue occurred again in the southern region in 2015 with a
prevalence rate of 616 per 100 000 population. The urban areas
Tainan City and Kaohsiung City were particularly affected, with
22 778 cases (1208 per 100 000 population) and 19 830 cases
(714 per 100 000 population) reported, respectively.

4. Discussion

This study assessed the trend in prevalence of dengue in
Taiwan. The strengths of the study include the use of recent data:
the most recent years (up to 2015) were examined. These data have
not yet been reported in published articles. Furthermore, popula-
tion-adjusted dengue prevalence rates are reported by sex, age
group, and geographic region. Understanding the prevalence of
dengue and its longitudinal trends can inform how prevention and
control strategies might best be targeted.

The epidemiology of dengue in Taiwan differs from that in other
countries of Southeast Asia. In most parts of Southeast Asia, the
majority of dengue cases are found in children.8 [10_TD$DIFF] This study and
previous studies on dengue in Taiwan found that the majority of
dengue-affected people were older, and the prevalence rate
appeared to increase with increasing age. The possible reasons
for this might be that during dengue outbreaks, young children
spend most of the daytime in enclosed air-conditioned environ-
ments (e.g., their homes, day care centers, and schools) and
therefore are less likely to be exposed to mosquitoes.9 On the other
hand, reporting of dengue may be more likely among older people
with chronic diseases who may more often visit the doctor and
therefore are more likely to have an existing dengue infection
detected, especially if they have a severe infection.14

The southern region had the highest yearly dengue prevalence
rate over time, and it was 166-fold and 145-fold higher than in the
other regions in Taiwan in 2014 and 2015, respectively. Based on
the subgroup analysis of administrative divisions within the
southern region, it was found that Tainan City, Kaohsiung City, and
Pingtung County had the highest dengue prevalence rates during
the study period. These results suggest that, in general, urban areas
located in the southern region in Taiwan have the highest
prevalence rates, possibly due to a combination of factors including
a high population density (which may influence the dengue
prevalence rate15,16

[11_TD$DIFF]), the tropical climate, and the presence of
Aedes aegypti mosquitoes. Although Pingtung County is a rural
area, it had relatively high dengue rates due to its geographical
location (the southern-most division in Taiwan with a typical
tropical climate).

There are two common types of Aedes mosquito in Taiwan: A.

aegypti and Aedes albopictus, and they have different habitual
behaviors.15–18

[12_TD$DIFF] A. aegypti is responsible for most dengue epidemics
because the human is the only host for A. aegypti, whereas A.

albopictus can feed on humans and animals.19,20
[13_TD$DIFF] A. aegypti is mainly

active indoors,21,22 while A. albopictus is mainly active out-
doors.18,22,23

[14_TD$DIFF] A. aegypti breeds predominantly in urban areas,
while A. albopictus exists more frequently in rural areas.18,24

[15_TD$DIFF] In
addition, A. aegypti appears only in the south of the Tropic of Cancer
regions, i.e. north of Chiayi County and Hualien County regions in
Taiwan, while A. albopictus is typically distributed in the north of
the Tropic of Cancer regions.18

[12_TD$DIFF] Consistent with previous studies,18
[12_TD$DIFF]

it was found that dengue outbreaks occur mainly in southern
Taiwan where A. aegypti is found; these outbreaks rarely occur in
central, northern, and eastern Taiwan where only A. albopictus is
found.1,25

Three outbreaks of dengue were observed of the 6-year study
period. The exact reasons for these outbreaks are not known. In
terms of the first outbreak, which occurred in Penghu County in
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2011, dengue was likely transmitted by people coming from other
neighboring regions with higher prevalence rates of dengue
compared with other divisions, especially from Kaohsiung City
and Pingtung County. For instance, it could have been imported by
travelers, because Penghu is a small sightseeing island and is
geographically near Kaohsiung City and Pingtung County located
on the main island. After the outbreak, dengue rates in Kaohsiung
City, Pingtung County, and Penghu County dropped back
substantially in 2012 and 2013.

The second outbreak occurred in Kaohsiung City in 2014. This
outbreak might have been due to the natural gas explosion
incident in Kaohsiung City on August 1, 2014. In addition, the
summer in Kaohsiung City in 2014 had record-setting high
temperatures and heavy rains.26

[16_TD$DIFF] While there were already
hundreds of dengue cases reported before the gas explosion, the
incident likely exacerbated dengue rates. After the explosion,
stagnant pools of rainwater would have appeared in many of the
destroyed buildings, creating an ideal environment for Aedes

[(Figure_2)TD$FIG]

Figure 2. Yearly numbers of dengue fever cases per 100 0
mosquitoes.27– [18_TD$DIFF]30
[17_TD$DIFF] With regard to the third outbreak in 2015, Tainan

City was the original division of the outbreak and it had the highest
prevalence rate of dengue. The reasons for this outbreak may
include geographical location, high population density, inhabita-
tion of A. aegypti, and inadequate control of dengue outbreaks.
After the initial stage of this outbreak in Tainan City, the case
number and prevalence rates also increased in Kaohsiung City due
to the spread of DENV from its neighbor, Tainan City.

This study had some limitations. First, data from the Taiwan
CDC dengue database were used; thus information was available
only for dengue cases that had been reported. If dengue-infected
individuals did not visit clinics or other medical institutions, this
infection information would not have been captured in the CDC
database. The study may, therefore, have underestimated the
dengue prevalence. Nonetheless, because dengue is a communi-
cable disease and physicians are required to report suspected
dengue cases to the Taiwan CDC, it is likely that the database
captured the majority of identified dengue cases. Second, the CDC
00 population by administrative division in Taiwan.
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Figure 2. (Continued ).
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public statistics database does not contain information on the
more detailed geographic distribution of cases in each adminis-
trative division (for indirectly grouping areas into city, urban, and
rural areas), outcomes of cases, dengue serotypes, and entomology
data relating to mosquito surveillance in each region. Thus, the
dengue cases and their outcomes could not be analyzed further
(e.g., by dengue serotype) in this study. Third, the origin of the
dengue outbreaks is unknown. It is assumed that the outbreaks
initiated in the regions (administrative divisions) with the highest
numbers of cases and prevalence rates.

These results suggest that more efforts are still needed for
dengue prevention and control, particularly for older people and in
the southern region of Taiwan, especially highly populated areas.
Strategies are also needed to respond quickly to unexpected
incidents, such as the gas explosion in Kaohsiung City, to prevent
dengue outbreaks. Prevention strategies for mosquito breeding
and other environmental policies should be strengthened (e.g., use
of mosquito nets, repellent, cleaning up stagnant water).

It is important to note that Taiwan has begun working with the
USA in developing the world’s first dengue vaccine for older
people.31

[19_TD$DIFF] The dengue vaccine developed by the US National
Institutes of Health has entered into clinical trials in the USA,
Brazil, Thailand, and Bangladesh.32,33

[20_TD$DIFF] The trial findings suggest
that the vaccine confers 50–100% protection from all four
serotypes of DENV.34– [22_TD$DIFF]36

[21_TD$DIFF] In addition, early in 2016 the vaccine
entered a phase 3 trial in Brazil, and just recently the vaccine
entered a phase 1 trial in the USA for people aged 50 years and
above. Due to the huge outbreak of dengue in Taiwan in 2015,
which posed an increased threat to older people, the government
of Taiwan is fully supporting a clinical trial of the dengue vaccine
for 250 older people in Taiwan.31

[19_TD$DIFF] The research data generated from
this clinical trial will be extremely valuable and Taiwan intends to
make such data public to help contribute to global disease
prevention. Once the vaccine becomes available in Taiwan,
populations with risk factors should be the priority; risk factors
include older age group, living in southern Taiwan (especially in
urban areas like Kaohsiung City and Tainan City), patients
experiencing a secondary DENV infection that has a different
serotype from the previous one, and health care professionals
working in hospitals.
In conclusion, dengue commonly occurs in Taiwan and other
countries in the tropical region. This study examined the trends
and the prevalence of dengue in Taiwan over the past 6 years.
Based on these results, urban areas located in the southern region
of Taiwan have the highest prevalence rates due to high population
density, the tropical climate, and the presence of A. aegypti

mosquitoes. Older people are more likely to be infected compared
with younger children. Factors that may indirectly contribute to
dengue infections include natural disasters, travelers, and unhy-
gienic environments. More effective and efficient strategies for
dengue control and prevention are needed in Taiwan.

Funding and data sharing: This study received no funding. We
obtained 2010–2015 dengue and population data from public
statistics databases of the Taiwan Centers for Disease Control and
Department of Statistics, Taiwan Ministry of Interior. The authors
had full access to all of the data in the study and had final
responsibility for the decision to submit for publication.

Conflict of interest: All authors declare no competing interests[1_TD$DIFF].

Appendix

Classification[2_TD$DIFF] of regions in this study
Region
 Population
 Area

(km2)
Population

density (km2)
Urban/

rural
National
 23 492 074
 34 996
 671
Northern
 11 151 470
 8886
 1255
Taipei City
 2 704 810
 261
 10 369
 Urban
Keelung City
 372 105
 130
 2854
 Urban
New Taipei City
 3 970 644
 1981
 2004
 Urban
Yilan County
 458 117
 2117
 216
 Rural
Hsinchu City
 434 060
 103
 4228
 Urban
Taoyuan City
 2 105 780
 1180
 1785
 Urban
Hsinchu County
 542 042
 1370
 396
 Rural
Miaoli County
 563 912
 1744
 323
 Rural
Mid-western
 4 543 007
 7115
 638
Taichung City
 2 744 445
 2098
 1308
 Urban
Changhua County
 1 289 072
 1043
 1235
 Urban
Nantou County
 509 490
 3974
 128
 Rural
Southern
 6 995 550
 10 759
 650
Tainan City
 1 885 541
 2114
 892
 Urban
Chiayi City
 270 366
 58
 4671
 Urban
Yunlin County
 699 633
 1317
 531
 Rural
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Appendix (Continued )
Region
 Population
 Area

(km2)
Population

density (km2)
Urban/

rural
Chiayi County
 519 839
 1880
 277
 Rural
Kaohsiung City
 2 778 918
 2858
 972
 Urban
Pingtung County
 841 253
 2532
 332
 Rural
Eastern
 554 397
 7946
 70
Hualien County
 331 945
 4473
 74
 Rural
Taitung County
 222 452
 3473
 64
 Rural
Outer Islands
 247 650
 290
 853
Kinmen County
 132 799
 149
 890
 Urban
Lienchiang County
 12 547
 17
 723
 Urban
Penghu County
 102 304
 124
 827
 Urban
References

1. Chang SF, Huang JH, Shu PY. Characteristics of dengue epidemics in Taiwan.
J Formos Med Assoc 2012;111:297–9.

2. Ho TS, Huang MC, Wang SM, Hsu HC, Liu CC. Knowledge, attitude, and practice
of dengue disease among healthcare professionals in southern Taiwan. J Formos
Med Assoc 2013;112:18–23.

3. Kyle JL, Harris E. Global spread and persistence of dengue. Annu Rev Microbiol
2008;62:71–92.

4. Guzman MG, Harris E. Dengue. Lancet 2015;385:453–65.
5. Dengue W. Guidelines for diagnosis, treatment, prevention and control. Gene-

va: World Health Organization; 2009.
6. World Health Organization’s website, Dengue and severe dengue, available:

http://www.who.int/mediacentre/factsheets/fs117/en/, Accessed 2016 June 7.
7. Tsai HP, Tsai YY, Lin IT, Kuo PH, Chang KC, Chen JC, et al. Validation and

application of a commercial quantitative real-time reverse transcriptase-PCR
assay in investigation of a large dengue virus outbreak in southern Taiwan. PLoS
Negl Trop Dis 2016;10:e0005036.

8. Lin CC, Huang YH, Shu PY, Wu HS, Lin YS, Yeh TM, et al. Characteristic of dengue
disease in Taiwan: 2002–2007. Am J Trop Med Hyg 2010;82:731–9.

9. Lin CH, Schioler KL, Jepsen MR, Ho CK, Li SH, Konradsen F. Dengue outbreaks in
high-income area, Kaohsiung City, Taiwan, 2003–2009. Emerg Infect Dis
2012;18:1603–11.

10. Amancio FF, Heringer TP, de Oliveira Cda C, Fassy LB, de Carvalho FB, Oliveira
DP, et al. Clinical profiles and factors associated with death in adults with
dengue admitted to intensive care units, Minas Gerais, Brazil. PLoS One
2015;10:e0129046.

11. Gan VC. Dengue: moving from current standard of care to state-of-the-art
treatment. Curr Treat Options Infect Dis 2014;6:208–26.

12. Bhatt S, Gething PW, Brady OJ, Messina JP, Farlow AW, Moyes CL, et al. The
global distribution and burden of dengue. Nature 2013;496:504–7.

13. Shepard DS, Undurraga EA, Halasa YA. Economic and disease burden of dengue
in Southeast Asia. PLoS Negl Trop Dis 2013;7:e2055.

14. Lee MS, Hwang KP, Chen TC, Lu PL, Chen TP. Clinical characteristics of dengue
and dengue hemorrhagic fever in a medical center of southern Taiwan during
the 2002 epidemic. J Microbiol Immunol Infect 2006;39:121–9.

15. Wu PC, Lay JG, Guo HR, Lin CY, Lung SC, Su HJ. Higher temperature and
urbanization affect the spatial patterns of dengue fever transmission in sub-
tropical Taiwan. Sci Total Environ 2009;407:2224–33.

16. Chen CC, Chang HC. Predicting dengue outbreaks using approximate entropy
algorithm and pattern recognition. J Infect 2013;67:65–71.
17. Wu JY, Lun ZR, James AA, Chen XG. Dengue fever in mainland China. Am J Trop
Med Hyg 2010;83:664–71.

18. Yang CF, Hou JN, Chen TH, Chen WJ. Discriminable roles of Aedes aegypti and
Aedes albopictus in establishment of dengue outbreaks in Taiwan. Acta Trop
2013;130c:17–23.

19. Scott TW, Clark GG, Lorenz LH, Amerasinghe PH, Reiter P, Edman JD. Detec-
tion of multiple blood feeding in Aedes aegypti (Diptera: Culicidae) during a
single gonotrophic cycle using a histologic technique. J Med Entomol
1993;30:94–9.

20. Richards SL, Ponnusamy L, Unnasch TR, Hassan HK, Apperson CS. Host-feeding
patterns of Aedes albopictus (Diptera: Culicidae) in relation to availability of
human and domestic animals in suburban landscapes of central North Carolina.
J Med Entomol 2006;43:543–51.

21. Delatte H, Desvars A, Bouetard A, Bord S, Gimonneau G, Vourc’h G, et al. Blood-
feeding behavior of Aedes albopictus, a vector of chikungunya on La Reunion.
Vector Borne Zoonotic Dis 2010;10:249–58.

22. Thavara U, Tawatsin A, Chansang C, et al. Larval occurrence, oviposition
behavior and biting activity of potential mosquito vectors of dengue on Samui
Island, Thailand. J Vector Ecol 2001;26:172–80.

23. Ponlawat A, Harrington LC. Blood feeding patterns of Aedes aegypti and Aedes
albopictus in Thailand. J Med Entomol 2005;42:844–9.

24. Calderon-Arguedas O, Troyo A, Solano ME, Avendano A, Beier JC. Urban mos-
quito species (Diptera: Culicidae) of dengue endemic communities in the
Greater Puntarenas area, Costa Rica. Rev Biol Trop 2009;57:1223–34.

25. Ko YC. Epidemiology of dengue fever in Taiwan. Gaoxiong Yi Xue Ke Xue Za Zhi
1989;5:1–11.

26. Wang SF, Chang K, Lu RW, Wang WH, Chen YH, Chen M, et al. Large dengue virus
type 1 outbreak in Taiwan. Emerg Microbes Infect 2015;4:e46.

27. Bonizzoni M, Gasperi G, Chen X, James AA. The invasive mosquito species Aedes
albopictus: current knowledge and future perspectives. Trends Parasitol
2013;29:460–8.

28. Lwin MO, Vijaykumar S, Fernando ON, Cheong SA, Rathnayake VS, Lim G, et al. A
21st century approach to tackling dengue: crowdsourced surveillance, predic-
tive mapping and tailored communication. Acta Trop 2013;130(c):100–7.

29. Lai LW. Influence of environmental conditions on asynchronous outbreaks of
dengue disease and increasing vector population in Kaohsiung, Taiwan. Int J
Environ Health Res 2011;21:133–46.

30. Eisen L, Moore CG. Aedes (Stegomyia) aegypti in the continental United States:
a vector at the cool margin of its geographic range. J Med Entomol
2013;50:467–78.

31. Taiwan Centers for Disease Control (Taiwan CDC) website, U.S. and Taiwan to
work together to develop world’s first dengue vaccine for elderly. http://www.
cdc.gov.tw/english/info.aspx?treeid=bc2d4e89b154059b&nowtreeid=
ee0a2987cfba3222&tid=574C2ADA27B33BE4.

32. National Institutes of Health website, Dengue Vaccine Enters Phase 3 Trial
in Brazil, https://www.niaid.nih.gov/news/newsreleases/2016/Pages/
DengueBrazilTrial.aspx.

33. Thisyakorn U, Thisyakorn C. Latest developments and future directions in
dengue vaccines. Ther Adv Vaccines 2014;2:3–9.

34. Dunham W. U.S. made dengue vaccine 100 percent effective in small study.
Reuters; 2016.

35. Capeding MR, Tran NH, Hadinegoro SR, Ismail HI, Chotpitayasunondh T, Chua
MN, et al. Clinical efficacy and safety of a novel tetravalent dengue vaccine in
healthy children in Asia: a phase 3, randomised, observer-masked, placebo-
controlled trial. Lancet 2014;384:1358–65.

36. Villar L, Dayan GH, Arredondo-Garcia JL, Rivera DM, Cunha R, Deseda C, et al.
Efficacy of a tetravalent dengue vaccine in children in Latin America. N Engl J
Med 2015;372:113–23.

http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0205
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0205
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0210
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0210
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0210
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0215
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0215
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0220
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0395
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0395
http://www.who.int/mediacentre/factsheets/fs117/en/
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0235
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0235
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0235
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0235
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0240
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0240
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0245
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0245
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0245
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0250
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0250
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0250
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0250
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0255
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0255
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0260
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0260
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0265
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0265
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0270
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0270
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0270
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0275
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0275
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0275
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0405
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0405
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0410
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0410
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0415
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0415
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0415
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0420
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0420
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0420
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0420
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0425
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0425
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0425
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0425
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0305
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0305
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0305
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0310
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0310
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0310
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0430
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0430
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0320
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0320
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0320
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0325
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0325
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0335
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0335
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0340
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0340
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0340
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0345
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0345
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0345
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0435
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0435
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0435
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0440
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0440
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0440
http://www.cdc.gov.tw/english/info.aspx?treeid=bc2d4e89b154059b%26nowtreeid=ee0a2987cfba3222%26tid=574C2ADA27B33BE4
http://www.cdc.gov.tw/english/info.aspx?treeid=bc2d4e89b154059b%26nowtreeid=ee0a2987cfba3222%26tid=574C2ADA27B33BE4
http://www.cdc.gov.tw/english/info.aspx?treeid=bc2d4e89b154059b%26nowtreeid=ee0a2987cfba3222%26tid=574C2ADA27B33BE4
https://www.niaid.nih.gov/news/newsreleases/2016/Pages/DengueBrazilTrial.aspx
https://www.niaid.nih.gov/news/newsreleases/2016/Pages/DengueBrazilTrial.aspx
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0385
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0385
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0390
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0390
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0450
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0450
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0450
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0450
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0455
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0455
http://refhub.elsevier.com/S1201-9712(16)31225-5/sbref0455

	Trend and geographic analysis of the prevalence of dengue in Taiwan, 2010-2015
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	Appendix
	References


