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Abstract

We collected data on imported dengue cases between 2011 and 2020 from Taiwan’s Centers for Disease Control to detern@
changes in the case number and importation rate of dengue. We used open data provided by Taiwan’s Centers for Disease
Control to extract the number of confirmed imported cases of dengue between 2011 and 2020. From 2011 to 2020, 2883
imported cases of dengue were reported in Taiwan. The importation rate was 25.8 to 46.4 per 100,000 inbound travelers from
2011 to 2020, peaking in 2020. Disease incidence varied between sexes, age groups, seasons (P < .001), and residence from
2011 to 2020. Numerous dengue cases were imported from Indonesia (548 cases), Vietnam (516 cases), and the Philippines
(500). For travelers from Taiwan, the risk ratio of becoming infected by dengue was 31,712 for traveling to the Maldives, 3153 to
Cambodia, and 996 to Myanmar. In this study, more serotype 1 and 2 strains were reported by Vietnam, and more serotype 3 and
4 strains were reported by Indonesia. Our data indicate that the rate of imported cases of dengue significantly increased annually
from 2011 to 2020 in Taiwan, especially during the COVID-19 pandemic (46.4 per 100,000 inbound travelers).

Abbreviations: Cl = confidence interval, OR = odds ratio, RR = risk ratio, TNIDSS = Taiwan National Infectious Disease

Statistics System.
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1. Introduction

Dengue fever is an acute infectious disease caused by the dengue
virus,? which is transmitted to humans by Aedes mosquitoes.
It causes 10,000 deaths per year® and is the largest burden of
all arboviral diseases; an estimated 100 million people globally
experience symptomatic infections annually.! Since 2000, the
number of dengue fever cases reported to the World Health
Organization has increased by more than 8 fold, from 0.5 mil-
lion in 2000 to >2.4 million in 2010 and 4.2 million in 2019,5!
with estimates that more than 6.1 billion people may be at risk
of dengue fever by 2080.°'Currently, dengue fever is prevalent
in more than 100 countries in Africa, the Americas, the Eastern
Mediterranean, Southeast Asia, and the Western Pacific region. !¢
The Americas, Southeast Asia, and the Western Pacific region
were the most affected, of which Asia accounted for 70% of the
global disease burden."”!

International studies have noted that the transmission cycle
of dengue virus between humans and Aedes mosquitoes is the
main path of transmission,!® but in West Malaysia and West
Africa, the transmission cycle can also involve monkeys; this
is known as the forest transmission cycle.” Mosquitoes that
transmit dengue fever are mainly Aedes aegypti and Aedes
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albopictus.">'" Studies in the Republic of Trinidad and Tobago
and Thailand have discovered that A aegypti can transmit den-
gue virus to the next generation through its eggs, but the posi-
tive rate was low (1/158 and 2/100, respectively).['>!3] Dengue
virus has also been isolated from male mosquitoes in West
African forests, thus demonstrating that dengue virus can be
transmitted through eggs. In addition, women infected with
dengue fever may vertically transmit dengue virus to the fetus
during pregnancy or childbirth, resulting in premature birth,
low birth weight, and fetal death.'"¥ Dengue virus may also be
transmitted through infected blood (e.g., blood transfusion,
organ transplantation, and needle sharing)! or sexual inter-
course,!' but transmission through these methods is extremely
rare.

Dengue virus can be divided into 4 serotypes, namely I,
II, 111, and IV, each of which is infectious and pathogenic.!'”!
Patients infected with any serotype of dengue virus will have
lifelong immunity to that serotype but only transient immu-
nity to other serotypes; thus, reinfection with other serotypes
can occur.!'® Clinically, repeated infection with different
serotypes of dengue virus can cause different degrees of host
response, ranging from mild or insignificant symptoms to typ-
ical symptoms such as sudden high fever (>38°C), headache,
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pain behind the eyes, muscle pain, arthralgia, and rashes or
to warning signs such as lethargy, restlessness, liver enlarge-
ment, and severe dengue fever that may lead to severe bleeding
or organ damage. Mortality can be as high as 20% without
prompt medical treatment.!*’!

Taiwan is located at 23°4’N and 121°0’E and has a sub-
tropical climate. The average monthly temperature and rel-
ative humidity range from 16°C to 29°C and 75% to 90%,
respectively. Taiwan is a developed country with an estimated
per capita gross domestic product of US$32,625 in 2022 (see
Supplemental Digital Content, http:/links.lww.com/MD/
0242).2% Dengue-related cases persist in Taiwan,?! suggesting
that preventive measures to restrict or eliminate the disease have
had limited effects. In Taiwan, both local and imported dengue
fever cases are reported throughout the year. However, few stud-
ies have used big data to explore disease risk associated with
imported dengue cases and epidemiological information on
the distribution of virus types in Taiwan. To fill this knowledge
gap, we used the Taiwan National Infectious Disease Statistics
System (TNIDSS)??! to explore the correlation between the
number of imported dengue fever cases from 2011 to 2020 in
terms and sex, age, season, residential area, epidemiological
characteristics, epidemic trends, environmental factors, and the
distribution of virus types.

2. Materials and methods

2.1. Ethics statement

All case data are freely available online, with information
regarding imported dengue fever cases found on the Taiwan
Centers for Disease Control website.”?! This study was
deemed unnecessary for ethics approval according to the
Communicable Disease Control Act!?)! of Taiwan because of
the use of processed data sets without any personal identifi-
ers and did not involve any of the open data sets in such a
way that individuals might be identified, where the data are
properly anonymized. Although no personal identifiers were
involved and no individuals were harmed by the study, insti-
tutional research guidelines were followed to ensure scientific
soundness.**2’!

2.2. Data source

We used the TNIDSS public network database,?”’ which
included all notifiable communicable diseases in categories 1 to
5 (e.g., dengue fever) specified by the Communicable Disease
Control Act. The provision of these data has maintained the
transparency and currency of Taiwan’s disease information. To
ensure information security and prevent personal information
leaks, the TNIDSS does not store personal information and
stores only secondary statistics. These statistics enable the pub-
lic, researchers, and the press to access current information on
dengue fever in Taiwan at any time. Dengue fever was catego-
rized as a category-2 notifiable communicable disease by the
central competent authority of Taiwan in 1998. The present
study collected the following data from the TNIDSS: date when
confirmed cases of dengue fever were reported to the health
department, date of symptom onset, date of case confirmation,
number of confirmed imported cases, and patients’ location,
age, and sex. The database does not contain patients’ medical
histories, signs, and symptoms. Furthermore, this study indi-
cated that imported cases of dengue fever entered in Taiwan by
any means of transport.

2.3. Clinical conditions

Clinical conditions are as follows. Sudden fever 238°C accom-
panied by any 2 of the following symptoms: headache/pain
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behind the eyes/muscle pain/arthralgia/bone pain; rash; leukope-
nia; nausea/vomiting; positive tourniquet test; and any warning
sign (e.g., abdominal pain and tenderness, persistent vomiting,
ascites or pleural effusion, mucosal bleeding, drowsiness/rest-
lessness, liver enlargement 2cm below the rib, and hematocrit
increase with rapid decline in platelet count).’?®!

2.4. Examination conditions

A patient with any of the following test results is considered to
have a positive test result: dengue virus is isolated and identified
from clinical specimen (blood); nucleic acid test of the clinical
specimen is positive; serological antigen (referring to nonstruc-
tural protein 1 of dengue virus) is positive; positive dengue
virus-specific immunoglobulin M or G antibody in the acute
phase serum (or initial test) is found; and dengue virus-specific
immunoglobulin M or G antibody has a positive conversion
or a >4-fold increase in the paired serum (recovery and acute
phases).¢

2.5. Definition of dengue notified case

Those who meet the clinical conditions.?¢!

2.6. Definition of dengue confirmed case

Those who meet the first, second, third, or fifth item of the defi-
nition of positive test results are considered a confirmed case
of dengue. Clinicians can also use the patient’s epidemiological
conditions (e.g., having positive dengue fever cases near home
or range of activities and having a history of travel to dengue
fever-endemic areas) to assist in the diagnosis of dengue fever.2®!
This study merely stating what criteria meet a confirmed case
where the “confirmed” status must have been done at the indi-
vidual level by public health officials.

2.7. Data analysis and statistical methods

The research structure of this study is based on a retrospective
historical study of all the local dengue cases from 2011 to 2020.
We determined the number of dengue fever cases from 2011 to
2020 and examined the differences and trends in the distribu-
tion of their epidemiological characteristics. We used the num-
bers for categorical variables to present their epidemiological
features and dengue infections (including viral serotype types
L, 11, 1II, and 1V) in each year, respectively. Chi-square tests or
Fisher exact tests (while any expected numbers in cells were
<5) were used to examine the differences in the distributions
of the categorical variables. To estimate the effect of different
features of epidemiology (e.g., men vs women, <20 vs >20 years
old, spring vs nonspring, northern residency vs nonnorthern
residency) and viral serotypes (e.g., dengue viral serootype I vs
other dengue viral serotypes) on the risk of different calendar
years (e.g., in 2011 vs other years [a sum of the numbers of
other years]), the logistic model was estimated with odds ratios
(ORs) and 95% confidence intervals. A 2-tailed P value <.05
was considered statistically significant. All statistical analyses
were performed using SPSS v21 (IBM; Asia Analytics Taiwan,
Taipei, Taiwan).

3. Results

From 2011 to 2020, 2883 imported cases of dengue were
reported in Taiwan. A detailed flowchart is shown in Figure 1.
Table 1 presents the patients’ sociodemographic characteris-
tics. The mean age was 39.9 years (standard deviation = 13.3),
and the median age was 40 years (range: 3-70 years). Most
patients (2559/2883, 89%) were older than 20 years of age.
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Figure 1. Flowchart of the study sample selection from Taiwan Centers for Disease Control Database in Taiwan during January 2011 and December 2020.

DF = dengue fever.

The male-to-female ratio was 1.3 (1637/1246) to 1. Most cases
occurred in summer (1015/2883, 35.2%), followed by fall
(817/2883, 28.3%). Most patients for residency were northern
area (1590/2883,55.2%), followed by southern area (736/2883,
25.5%) in Taiwan. The highest annual number of dengue cases
occurred in 2019 (540 cases) and the lowest in 2020 (64 cases).
Disease incidence varied between sex, age groups, season
(P <.001), and residence from 2011 to 2020. Risk factors were
summer in 2013 (OR = 1.605), fall in 2015 (OR = 1.537), and
winter in 2020 (OR = 7.370).

The annual number of cases of dengue fever reported
by region of likely acquisition in Taiwan, 2011 to 2020
(Table 2). Most imported cases were from other Asian coun-
tries (2843/2883, 98.6%). Among the 2883 imported cases
for which the region of infection was known, the highest
was from travelers from Indonesia (548, 19.6%), followed
by those from Vietnam (516, 18.4%), the Philippines (500,
17.8%), Malaysia (340, 12.1%), Thailand (320, 11.4%),
Cambodia (213, 7.6%), Myanmar (124, 4.4%), Singapore
(94, 3.4%), India (69, 2.5%), the Maldives (42, 1.5%), and
China (36, 1.3%). For travelers from Taiwan, the risk ratio
of becoming infected by dengue fever was 31,712 when

they traveled to the Maldives, 3153 for Cambodia, 996 for
Myanmar, 240 for Indonesia, 184 for the Philippines, 182 for
India, 179 for Vietnam, 133 for Thailand, 63 for Malaysia,
and 20 for Singapore compared with the risk for traveling to
China (Table 3).

Of the 2819 cases, serotypes 1 and 2 accounted for 493
(17.5%) each; serotype 3,239 (8.5%); serotype 4,178 (6.3%);
and unspecified serotype, 1416 (50.2%). Stratified by year,
the highest annual number of cases of dengue serotype 1 was
90 in 2019; serotype 2, 147 in 2019; serotype 3, 60 in 2019;
and serotype 4, 38 in 2019 (Table 4). The numbers of den-
gue serotypes varied between 2011 and 2020 (P <.001). Risk
factors of infected dengue were dengue serotype 1 in 2018
(OR =1.365), serotype 2 in 2019 (OR =2.090), serotype 3
in 2019 (OR = 1.466), and serotype 4 in 2012 (OR = 1.872).
Among the 2819 cases for which both the region of acquisi-
tion and the infecting serotypes were known, dengue serotypes
1 and 2 each accounted for 22.5% (111/493) of the infec-
tions acquired in Vietnam, serotype 3 accounted for 35.6%
(85/239) of the infections acquired in Indonesia, and serotype
4 accounted for 20.9% (55/178) of the infections acquired in
Indonesia (Table 5).



Wu et al. ® Medicine (2025) 104:1

Medicine

Epidemiological features of imported with dengue fever in Taiwan during 2011-2020.

Year
Variables Overall 2011 2012 2103 2104 2015 2016 2017 2018 2019 2020 P
Sex
Male 1637 94 118 143 141 199 193 198 204 307 40 .682
Female 1246 63 89 121 99 166 170 135 146 233 24
Age group
<20 324 18 32 31 19 34 45 31 40 68 6 199
20-39 1594 87 101 156 146 198 193 187 184 300 42
40-59 733 37 59 62 60 111 91 88 89 123 13
>60 232 15 15 15 15 22 34 27 37 49 3
Season
Spring 429 10 44 34 46 59 58 37 44 85 12 <.001
Summer 1015 68 86 1207 66 88 134 124 115 208 6
Fall 817 45 41 55 83 1331 88 98 125 145 4
Winter 622 34 36 55 45 85 83 74 66 102 424
Residency
Northern 1590 89 121 164 124 195 200 196 185 284 32 401
Central 522 29 40 38 39 64 67 64 71 99 11
Southern 736 39 44 59 75 99 90 72 89 148 21
Eastern 35 0 2 3 2 7 6 1 5 9 0
Cl = confidence interval, OR = odds ratio.
*OR = 1.605, 95% Cl = 1.243-2.072, P < .001
TOR =1.537,95% Cl = 1.221-1.936, P < .001
$OR = 7.370, 95% Cl = 4.365-12.444, P < .001
The annual numbers of dengue fever reported by region/country of likely acquisition in Taiwan during 2011-2020.
Year
Region/country Overall 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Asia
Indonesia 548 25 45 71 58 81 113 27 29 78 21
Vietnam 516 34 30 17 9 57 44 104 68 140 13
Philippines 500 34 74 38 33 54 73 39 61 81 13
Malaysia 340 13 14 26 71 58 44 42 36 31 5
Thailand 320 21 20 63 10 42 35 42 37 45 5
Cambodia 213 8 10 7 3 11 14 8 69 81 2
Myanmar 124 4 5 9 10 24 10 29 1 20 2
Singapore 94 4 1 10 12 14 17 10 8 16 2
India 69 8 4 10 3 6 1 13 9 15 0
Maldives 42 0 0 0 0 4 6 7 11 14 0
China 36 0 0 3 23 2 1 1 3 3 0
Sri Lanka 15 0 0 4 0 2 0 1 4 3 1
Bangladesh 13 6 2 0 2 0 0 3 0 0 0
Laos 7 0 0 2 0 1 1 1 1 1 0
Nepal 4 0 0 0 0 0 0 0 0 4 0
Japan 1 0 0 0 1 0 0 0 0 0 0
Saudi Arabia 1 0 0 0 1 0 0 0 0 0 0
Oceania 19 0 2 2 3 3 3 3 0 3 0
America 16 0 0 2 0 5 0 3 2 4 0
Europe 1 0 0 0 1 0 0 0 0 0 0
Africa 4 0 0 0 0 1 10 0 1 1 0

TDCD implements fever screening and quarantine measures
for inbound travelers who enter Taiwan on ships, aircraft, and
other means of transportation. From 2011 to 2020, 81, 89,
115, 118, 155, 152, 154, 148, 241, and 39 confirmed cases of
imported dengue fever, respectively, were identified by fever
screening at points of entry (Table 6).

Figure 2 shows the number of suspected and imported cases
of dengue and the proportion of imported cases of dengue from
January 2011 through December 2020. The annual number of
suspected cases of dengue ranged from 305 in 2011 to 1718 in
2019 and 231 in 2020; the annual number of imported cases of
dengue cases ranged from 157 (25.8%) in 2011 to 540 in 2019

and 64 (46.4%) in 2020. Thus, the proportion of imported
cases increased significantly from 2011 to 2020, with a 79.8%
increase in 2020 compared with 2011.

4. Discussion

Dengue fever is mainly concentrated in tropical and subtropi-
cal countries, where A aegypti and A albopictus are distributed.
Although dengue fever has never been declared a public health
emergency of international concern, it is the most common arbo-
viral disease in tropical and subtropical regions of the world
and is expected to increase in intensity and geographic extent.
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Furthermore, dengue fever is the only mosquito-borne viral dis-
ease whose incidence has continued to increase since 2000, sur-
passing malaria on all continents except Africa.?”l According to
the Global Burden of Diseases Study 2019, the global, regional,
and national burden of the dengue fever from 1990 to 2019
revealed that the proportion of deaths in the 15- to 49-year age
group in 2019 exceeded that in the 0- to 5-year age group in
1990.28 The global land-ocean temperature index and air travel
passenger index were significantly correlated with dengue fever
burden in the context of urbanization, warming climate, and
increased tourist mobility in most parts of the world.

With globalization and the increasing convenience of travel,
the mutual circulation between countries and use of air travel
and cruises have increased. This led dengue fever to spread to
various countries, particularly after the 1980s, thereby becom-
ing a serious global public health problem. In Southeast Asia,
the annual morbidity rate increased from an average of 50 den-
gue cases per 1000 returning travelers in nonepidemic years
to an average of 159 per 1000 returning travelers in epidemic
years.””! According to a time-series forecast analysis in Spain,
the incidence of imported dengue fever is expected to con-
tinue to increase, with an estimated increase of 65% by 2025
in the worst-case scenario.*®! Dengue fever also occurs now in
places where dengue was not normally detected. For instance,
in Nepal, an outbreak of dengue fever occurred through infec-
tion by international hikers®! in the Republic of Senegal, a local
dengue fever outbreak also occurred during the pilgrimage to
Grand Magal of Touba.®?! In Australia, because of its vast ter-
ritory and various geographical tourist attractions, dengue is
imported by tourists, and local dengue fever outbreak occurs.’!

Travel destination of 2802 imported cases of dengue fever in
Taiwan during 2011-2020.

Country of No. cases No. of air passengers

destination (%) (100,000) RR
China 36 271.82 Reference
Indonesia 548 17.27 240
Vietnam 516 21.74 179
Philippines 500 20.52 184
Malaysia 340 40.53 63
Thailand 320 18.20 133
Cambodia 213 0.51 3153
Myanmar 124 0.94 996
Singapore 94 35.32 20
India 69 2.87 182
Maldives 42 0.01 31,712
RR = risk ratio.
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Taiwan is located in the subtropical region, which is the most
preferred growth environment for Aedes mosquitoes and is thus
a high-risk area for dengue fever. Dengue fever is not endemic to
Taiwan.** A Taiwanese study identified a possible relationship
between the period of disease concealment and the number of
imported dengue cases, which resulted in epidemics of domestic
dengue fever in local communities.** It also suggested that once
the dengue virus is imported into Taiwan through travel, it is
highly likely to cause a local epidemic. Thus, the prevention of
disease importation and efficient identification of dengue cases
within high-risk communities remain major priorities for con-
trol in Taiwan.

From 2011 to 2020, dengue fever occurred mostly in north-
ern cities in Taiwan (e.g., Taipei metropolitan area), accounting
for 55.2% of imported cases. Dengue fever is closely related to
population density and mobility as well as to economic and traf-
fic development.**-381 The Taipei metropolitan area has a much
smaller area but a larger population; it also has a much more
developed economy. Because of the different spatial locations
and social conditions, the Taipei metropolitan area had a much
higher average yearly incidence of imported dengue fever during
2011 to 2020.

A study indicated that southern provinces of China (e.g.,
Guangdong and Yunnan) had similar seasonal patterns for den-
gue fever, with a longer peak period in Guangdong province.
They also had similar seasonal patterns for temperature and
rainfall.®”! Dengue fever is closely related to climatic factors,
such as temperature and rainfall.’”-34% Yunnan province bor-
ders a torrid zone, with an annual rainfall of 800 to 1600 mm.
The southern region of Guangdong province of China borders
a subtorrid zone, with an annual rainfall of >1600 mm. These
similar climates are responsible for the similar seasonal pat-
terns of indigenous dengue fever in China.*!! However, dengue
fever from these provinces is imported into Taiwan by travelers,
increasing Taiwan’s medical burden and local risk of infection.
This study suggested that the importation of dengue fever is
closely related to the economy, population migration, business,
and travel and that Taiwan has numerous sources of imported
dengue fever.

A strong male predominance was noted in the imported cases.
Moreover, most dengue cases (80.7%) were among individuals
aged 21 to 59 years. This might reflect a population of young
working men who tend to travel more domestically and region-
ally and thus have more exposure risk to dengue.*?! In addi-
tion, imported cases occurred across all age groups in Taiwan,
which is different from the pattern in other Southeastern Asian
countries, where most dengue cases occur among children or
younger adults.*¥ This is probably because dengue is endemic
to Southeastern Asian countries, so their populations, particu-
larly the adults and older adults, have higher rates of immu-
nity.*4! Furthermore, most of the imported cases to Taiwan

Association between the serotypes of dengue virus and annual dengue cases by Chi-square test and logistic regression analysis.

Year
Seroypes Overall 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 P
Type 1 493 34 44 50 52 46 53 48 76t 90 34 <.001
Type 2 493 37 35 33 40 50 34 38 79 147+ 15
Type 3 239 15 17 18 22 21 38 21 27 608 5
Type 4 178 13 221 16 9 18 15 20 27 38 4
Unspecified 1416 58 89 147 117 230 223 206 141 205 79

Cl = confidence interval, OR = odds ratio.
TCases with dengue type 1 virus infection
FCases with dengue type 2 virus infection
§Cases with dengue type 3 virus infection
fICases with dengue type 4 virus infection

OR = 1.365, 95% Cl = 1.037-1.797, P = .027) in 2018 compared with other years.
OR =2.090, 95% Cl = 1.675-2.607, P < .001) in 2019 compared with other years.
OR =1.466, 95% Cl = 1.077-1.997, P = .015) in 2019 compared with other years.
OR =1.872,95% Cl = 1.169-2.998, P = .009) in 2012 compared with other years.
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The serotypes of dengue virus reported by region/country of likely acquisition in Taiwan during 2011-2020.
Dengue virus senotype
Overall Type 1 Type 2 Type 3 Type 4 Unspecified
Region/country N =2819 N =493 N =493 N =239 N=178 N =1416
Asia
Indonesia 527 71 87 85 55 250
Vietnam 503 111 111 3 39 252
Philippines 487 61 57 79 42 261
Malaysia 335 76 68 25 9 162
Thailand 315 44 68 16 14 178
Cambodia 211 64 44 1 9 95
Myanmar 122 19 13 14 8 70
Singapore 92 20 20 7 1 46
India 69 11 12 9 1 36
Maldives 42 3 14 3 1 21
China 36 7 1 0 0 28
Sri Lanka 14 3 2 0 0 10
Bangladesh 13 3 1 1 0 8
Laos 7 1 2 0 0 4
Nepal 4 0 1 0 0 3
Japan 1 0 0 0 0 1
Saudi Arabia 1 0 0 0 0 1
Oceania
Papua New Guinea 4 1 0 0 1 2
Solomon Islands 3 0 0 1 0 2
Fiji 1 0 0 0 0 1
Nauru 2 0 0 0 0 2
Tuvalu 1 0 1 0 0 0
Australia 3 0 0 0 0 3
Palau 2 0 2 0 0 0
Polynesia 1 1 0 0 0 0
Marshall Islands 2 0 0 0 0 2
Africa
South Africa 1 0 0 0 0 1
Kenya 1 0 1 0 0 0
Nigeria 2 0 0 0 1
America
Brazil 6 3 0 0 1 2
Saint Lucia 1 0 0 0 1 0
Costa Rica 1 1 0 0 0 0
Mexico 2 0 0 0 0 2
Ecuador 1 0 0 0 0 1
Cuba 3 1 1 0 0 1
Honduras 1 0 1 0 0 0
Belize 1 1 0 0 0 0
Europe
France 1 0 0 0 0 1
Total

were from businessmen. Attempts should be made to increase
the level of knowledge of dengue prevention among business-
men to reduce the number of imported dengue fever cases in
Taiwan. This study analyzed the imported cases of dengue fever,
and suggested that it was less related to the local vector mosqui-
toes in Taiwan. Furthermore, this study analyzes the imported
cases of dengue fever, and the northern part of Taiwan (Taipei)
is a political and economic center and a large concentration of
passengers from overseas, suggested that the number of cases of
dengue fever is the largest in Taipei metropolitan area.

Studies have reported that 93.9% of the imported cases
to Taiwan are from 9 Southeast Asian countries, where
dengue fever is more endemic,*’% which is similar to our
results; 98.6% of cases were from 10 Southeast Asian coun-
tries, mostly from Indonesia, Vietnam, and the Philippines.
A study indicated that domestic dengue outbreaks were trig-
gered by imported cases.! According to Taiwanese litera-
ture,’? imported dengue cases were clustered in outbreaks
similarly to those in Taoyuan City of Taiwan. Therefore,
stakeholders should focus on disease prevention and on

monitoring the northern areas of Taiwan, especially Taoyuan
City. Furthermore, mosquito-borne exposure is highly prev-
alent; it occurs when travelers with dengue fever arrive in
Taiwan and are bitten by mosquitoes or when mosquitoes
are transported to dengue-free areas by flight. By the end of
2016, 291,964 outbreak-associated dengue cases had been
reported in previous literature, mainly from China (27.9%),
Singapore (27.0%), and Malaysia (15.1%).553! In developed
countries, dengue fever is commonly observed in travelers and
immigrants.’* Our study had a similar finding; travelers from
dengue-endemic areas had a higher rate of importing den-
gue fever to Taiwan. Another study indicated that approxi-
mately half of the cases of imported dengue fever in developed
countries were from travelers who had been in Asia.®! This
study suggested that immigration, foreign workers, and the
increased international movement of people have increased
the incidence of this disease, which also leads to an increase in
incidence among local Taiwanese populations.

Our study indicated that travel to endemic countries was a
risk factor for dengue fever. In 2012, the number of international
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Statistic of CDC “Communicable Diseases Survey Form” during 2011-2020, Taiwan.

Cases with fever symptom

Cases sample taking of notifiable disease

Person time of Case Case Case  COVID-19 Dengue fever Chikungunya fever ZIKA virus infection Malaria case
Variables inbound passengers number percentage (%) number number case number case number case number number
2011 15,648,884 14,930 0.10 81 1 1
2012 17,491,283 14,556 0.08 89 1 -
2013 19,072,276 12,924 0.07 115 17
2014 21,707,379 15,280 0.07 118 4
2015 23,601,215 17,779 0.08 - 155 4 -
2016 25,227,784 25,366 0.09 3740 152 7 5
2017 26,396,941 26,707 0.10 4231 154 8 2
2018 27,623,223 26,404 0.10 4330 148 7 0
2019 29,033,313 27,335 0.09 5208 - 241 31 1
2020 3,972,399 17,804 0.45 10,805 236 39 2 -

The data of inbound passenger numbers were provided by the Taiwan National Immigration Agency. The data of cases with symptoms were provided by the Taiwan CDC National Symptom Surveillance

System. “-* indicates not application, unit indicates number of person time.
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Figure 2. Number of suspected and imported cases and proportion of imported dengue cases in Taiwan, 2011-2020.

tourist arrivals worldwide was approximately 1 billion, a 48 %
increase from the 674 million arrivals in 2000.5% Travel-related
infection not only occurs during travel but also after travel.
Worldwide, 8% of travelers from industrialized to developing
countries report becoming ill enough to seek health care during
or after travel.’®°7! Travelers have contributed to the global
spread of infectious diseases, including novel and emerging
pathogens. Therefore, as international travel continues to rise,
the surveillance of travel-related morbidity continues to be an
essential component of global public health surveillance.*!
Concerns regarding the cocirculation of dengue during the
COVID-19 pandemic have been raised.*” The COVID-19 out-
break has imposed considerable burdens on health care and
the public health system, resulting in a surge in dengue cases
in Southern Asia and Latin America, particularly in low- and
middle-income countries.®® To investigate the effect of COVID-
19 preventive measures on dengue, we compared the number of
imported dengue cases in Taiwan before and after the COVID-19

outbreak and found that the number during the COVID-19
pandemic in 2020 was much smaller than that in the previous
9 years, likely because of the implementation of infection con-
trol measures, including the closing of borders. Surprisingly, we
noted that although the number of imported cases decreased
considerably in 2020, the importation rate also increased. We
inferred that the ostensible reason for the implementation of
Taiwan’s border control policies and measures may simply be a
decrease in international flights and tourist arrivals, resulting in
a sharp decrease in imported dengue fever cases. Nonetheless,
dengue fever may remain out of control and prevalent in
dengue-endemic countries during the COVID-19 pandemic (par-
ticularly Southeast Asian countries), which is why the importa-
tion rate in Taiwan is increasing year by year. Previous study
indicated that annual incidence of imported dengue ranged
from 8.29/100,000 (n = 917 cases) to 22.10/100,000 (n = 2203)
annual traveler movements between 2012 and 2019, decreased
in 2020 (6.74/100,000 traveler movements; n = 191) and 2021
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(3.32/100,000 traveler movements; n = 10) during COVID-19-
related border closures. In this study, the number of dengue
cases in 2020 was lower than that in 2011 to 2019. Previous
results were similar to this study.

When an Aedes mosquito bites a patient with dengue who
is in a contagious period, it will also be infected with the den-
gue virus. Once the virus enters the Taiwanese community
from abroad and the surrounding environment is suitable for
vector-borne mosquitoes to breed, a dengue fever outbreak
may ensue. Therefore, eradication of the breeding sources of
Aedes mosquitoes is crucial. Moreover, the public should be
vigilant and understand the symptoms of dengue fever. In addi-
tion, Taiwan’s health policy recommends that when travelers
go abroad or to dengue fever-endemic areas, they should take
self-protection measures, wear light-colored and long-sleeved
clothes, and apply mosquito repellents approved by govern-
mental authorities that contain diethyltoluamide, picaridin, or
IR3535.11 The government has also advised pregnant women
to avoid travel to domestic and international dengue-endemic
areas unless necessary.

This study has 3 limitations. First, the Taiwan CDC’s TNIDSS
includes only basic epidemiological data of patients with dengue
fever and provides no clinical data. Therefore, we could not com-
pare clinical data between patients in terms of their differences
or trends. Second, the data provided on TNIDSS contain no
sequence information regarding the genotypes or strains of the
dengue fever virus, precluding analysis of the affinity between
virus strains in Taiwan and other countries. Third, there is no
data on the correlation between gender and dengue serotype
in the CDC database. Therefore, this study only appears that
separate analyses were done for each epidemiological variable
of interest. Our study used various data provided by Taiwan’s
public sector on its online platform (including the initial version
of the platform). This open platform stores all historical data,
which researchers can use to perform statistical analyses or cre-
ate academic value. Such data are worth exploring to improve
the monitoring of infectious diseases and their characteristics
and strengthen capacities for scientific research.

Our study is the first in Taiwan to analyze the epidemio-
logical characteristics and trends of imported cases of dengue
fever from 2011 to 2020. On the basis of data from the Taiwan
Centers for Disease Control, 2883 imported cases of dengue
fever were examined. Moreover, the imported cases of dengue
fever in Taiwan exhibited significant differences in sex (male
cases accounted for the largest proportion), age (patients aged
20 to 39 accounted for the largest proportion), month of con-
firmation (summer cases accounted for the largest proportion),
and place of residence (northern area of Taiwan accounted for
the largest proportion). The importation of dengue viruses from
neighboring countries through commercial links and air travel
is considered to be the cause of local outbreaks. Therefore, pol-
icymakers and clinical experts should direct prevention and
control measures efforts toward preventing the importation of
dengue into Taiwan.

Acknowledgments

This manuscript was edited by Wallace Academic Editing. The
authors are grateful to all our colleagues in the School of Public
Health, National Defense Medical Center, Taipei, Taiwan for
their help in the collection of government data.

Author contributions

Conceptualization: Pi-Yu Wu, Chi-Jeng Hsieh.

Data curation: Pi-Yu Wu, Fu-Huang Lin, Chia-Peng Yu.

Validation: Pi-Yu Wu, Fu-Huang Lin, Chi-Jeng Hsieh, Yu-Ching
Chou, Chia-Peng Yu.

Writing—original draft: Pi-Yu Wu, Chia-Peng Yu.

Medicine

Formal analysis: Fu-Huang Lin, Chia-Peng Yu.
Methodology: Yu-Ching Chou, Chia-Peng Yu.

Supervision: Yu-Ching Chou, Chia-Peng Yu.
Writing—review & editing: Yu-Ching Chou, Chia-Peng Yu.

References

[1] LiN, Feng Y, Vrancken B, et al. Assessing the impact of COVID-19 bor-
der restrictions on dengue transmission in Yunnan Province, China: an
observational epidemiological and phylogenetic analysis. Lancet Reg
Health West Pac. 2021;14:100259.

Navero-Castillejos J, Benitez R, Torner N, et al. Molecular characteri-

zation of imported and autochthonous dengue in Northeastern Spain.

Viruses. 2021;13:1910.

Stanaway JD, Shepard DS, Undurraga EA, et al. The global burden of

dengue: an analysis from the Global Burden of Disease Study 2013.

Lancet Infect Dis. 2016;166:712-23.

Messina JP, Brady O], Pigott DM, Brownstein JS, Hoen AG, Hay SI.

A global compendium of human dengue virus occurrence. Sci Data.

2014;1:1-6.

Messina JP, Brady O], Golding N, et al. The current and future

global distribution and population at risk of dengue. Nat Microbiol.

2019;4:1508-15.

Gwee XWS, Chua PEY, Pang J. Global dengue importation: a system-

atic review. BMC Infect Dis. 2021;211:1-10.

Bhatt S, Gething PW, Brady O], et al. The global distribution and bur-

den of dengue. Nature. 2013;496:504-7.

Aliaga-Samanez A, Cobos-Mayo M, Real R, et al. Worldwide dynamic

biogeography of zoonotic and anthroponotic dengue. PLoS Negl Trop

Dis. 2021;15:¢0009496.

Hanley KA, Monath TP, Weaver SC, Rossi SL, Richman RL, Vasilakis

N. Fever versus fever: the role of host and vector susceptibility and

interspecific competition in shaping the current and future distribu-

tions of the sylvatic cycles of dengue virus and yellow fever virus. Infect

Genetics Evol. 2013;19:292-311.

[10] Rudnick A. Studies of the ecology of dengue in Malaysia. Bull World
Health Organ. 1966;351:78-9.

[11] Vasilakis N, Cardosa J, Hanley KA, Holmes EC, Weaver SC. Fever
from the forest: prospects for the continued emergence of sylvatic
dengue virus and its impact on public health. Nat Rev Microbiol.
2011;9:532-41.

[12] Hull B, Tikasingh E, de Souza M, Martinez R. Natural transovarial
transmission of dengue 4 virus in Aedes aegypti in Trinidad. Am | Trop
Med Hyg. 1984;33:1248-50.

[13] Thongrungkiat S, Maneekan P, Wasinpiyamongkol L, Prummongkol
S. Prospective field study of transovarial dengue-virus transmission by
two different forms of Aedes aegypti in an urban area of Bangkok,
Thailand. J Vector Ecol. 2011;36:147-52.

[14] Jain A, Chaturvedi UC. Dengue in infants: an overview. FEMS Immunol
Med Microbiol. 2010;59:119-30.

[15] Giménez-Richarte A, de Salazar MO, Arbona C, et al. Prevalence of
chikungunya, dengue and Zika viruses in blood donors: a systematic
literature review and meta-analysis. Blood Transfusion. 2022;204:267.

[16] Belaunzaran-Zamudio PF, Rincon Leén HA, Caballero Sosa S, et al.
Different epidemiological profiles in patients with Zika and dengue
infection in Tapachula, Chiapas in Mexico (2016-2018): an observa-
tional, prospective cohort study. BMC Infect Dis. 2021;21:1-13.

[17] Norshidah H, Vignesh R, Lai NS. Updates on dengue vaccine and anti-
viral: where are we heading? Molecules. 2021;26:6768.

[18] Roy SK, Bhattacharjee S. Dengue virus: epidemiology, biology, and dis-
ease aetiology. Can | Microbiol. 2021;67:687-702.

[19] Kularatne SA. Dengue fever. BMJ. 2015;351:h4661.

[20] National Statistics ROCT. An estimated per capita gross domestic
product of US$32,625 in 2022, Taiwan. https://www.stat.gov.tw/cp.as-
px?n=2674. Accessed January 1, 2022.

[21] Luh D-L, Liu C-C, Luo Y-R, Chen S-C. Economic cost and burden of
dengue during epidemics and non-epidemic years in Taiwan. ] Infect
Public Health. 2018;11:215-23.

[22] Dengue fever. Taiwan Centers for Disease Control, 2022. https:/nidss.
cdc.gov.tw/nndss/disease?id=0701. Accessed March 1, 2022.

[23] Communicable Disease Control Act. Taiwan Centers for Disease
Control, 2022. https://law.moj.gov.tw/ENG/LawClass/LawAll.aspx?p-
code=L0050001. Accessed March 1, 2022.

[24] Lin FH, Chou YC, Chien WC, Chung CH, Hsieh CJ, Yu CP.
Epidemiology and risk factors for notifiable scrub typhus in Taiwan

during the period 2010-2019. Healthcare (Basel). 2021;9:1619.

2

3

[4

[S

6

[7

(8

[9


https://www.stat.gov.tw/cp.aspx?n=2674
https://www.stat.gov.tw/cp.aspx?n=2674
https://nidss.cdc.gov.tw/nndss/disease?id=0701
https://nidss.cdc.gov.tw/nndss/disease?id=0701
https://law.moj.gov.tw/ENG/LawClass/LawAll.aspx?pcode=L0050001
https://law.moj.gov.tw/ENG/LawClass/LawAll.aspx?pcode=L0050001

Wu et al. ® Medicine (2025) 104:1

[25] Lin FH, Chen BC, Chou YC, Hsieh CJ, Yu CP. Incidence and risk fac-
tors for notifiable typhoid and paratyphoid in Taiwan during the period
2011-2020. Healthcare (Basel). 2021;9:1316.

[26] Definition of dengue confirmed case. Taiwan Centers for Disease
Control, 2022. https://www.cdc.gov.tw/File/Get/V2K1Jcudq7IWXrq_
ZUGYZQ. Accessed March 1,2022.

[27] Wilder-Smith A. Dengue during the COVID-19 pandemic. ] Travel
Med. 2021;28:taab183.

[28] Yang X, Quam MB, Zhang T, et al. Global burden for dengue and the
evolving pattern in the past 30 years. ] Travel Med. 2021;288:taab146.

[29] Osman S, Preet R. Dengue, chikungunya and Zika in GeoSentinel sur-
veillance of international travellers: a literature review from 1995 to
2020. ] Travel Med. 2020;27:taaa222.

[30] Redondo-Bravo L, Ruiz-Huerta C, Gomez-Barroso D, Sierra-Moros M],
Benito A, Herrador Z. Imported dengue in Spain: a nationwide analysis
with predictive time series analyses. ] Travel Med. 2019;26:taz072.

[31] Lachish T, Lustig Y, Leshem E, et al. High incidence of dengue in Israel
travelers to Kathmandu, Nepal, in 2019. ] Travel Med. 2020;27:taz105.

[32] Diagne CT, Barry MA, Ba Y, Faye O, Sall AA. Dengue epidemic in
Touba, Senegal: implications for the Grand Magal Pilgrimage for trav-
ellers. J Travel Med. 2019;26:tay123.

[33] Wilder-Smith A. The expanding geographic range of dengue in
Australia. Med J Aust. 2021;215:171-2.

[34] Pan C-Y, Liu W-L, Su M-P, et al. Epidemiological analysis of the
Kaohsiung city strategy for dengue fever quarantine and epidemic pre-
vention. BMC Infect Dis. 2020;20:1-9.

[35] Lai L-W. Influence of environmental conditions on asynchronous
outbreaks of dengue disease and increasing vector population in
Kaohsiung, Taiwan. Int | Environ Health Res. 2011;21:133-46.

[36] Lippi CA, Stewart-Ibarra AM, Muioz AG, et al. The social and spatial
ecology of dengue presence and burden during an outbreak in Guayaquil,
Ecuador, 2012. Int ] Environ Res Public Health. 2018;15:827.

[37] Liu K, Sun J, Liu X, et al. Spatiotemporal patterns and determinants
of dengue at county level in China from 2005-2017. Int J Infect Dis.
2018;77:96-104.

[38] Liu Q,Xu W, Lu S, et al. Landscape of emerging and re-emerging infec-
tious diseases in China: impact of ecology, climate, and behavior. Front
Med. 2018;12:3-22.

[39] Yue Y, Liu Q, Liu X, Wu H, Xu M. Comparative analyses on epide-
miological characteristics of dengue fever in Guangdong and Yunnan,
China, 2004-2018. BMC Public Health. 2021;21:1-12.

[40] Sun ], Lu L, Wu H, et al. Epidemiological trends of dengue in mainland
China. Health. 2009;9:422.

[41] YueY,Liu X, Xu M, Ren D, Liu Q. Epidemiological dynamics of dengue
fever in mainland China, 2014-2018. Int ] Infect Dis. 2019;86:82-93.

[42] Lai S, Huang Z, Zhou H, et al. The changing epidemiology of dengue
in China, 1990-2014: a descriptive analysis of 25 years of nationwide
surveillance data. BMC Med. 2015;13:1-12.

[43] World Health Organization. Dengue fever and dengue hemor-
rhagic fever. 2014. http://www.who.int/mediacentre/factsheets/fs117/
en. Accessed July 27,2014.

www.md-journal.com

[44] Xu G, Dong H, Shi N, et al. An outbreak of dengue virus serotype 1
infection in Cixi, Ningbo, People’s Republic of China, 2004, associated
with a traveler from Thailand and high density of Aedes albopictus. Am
J Trop Med Hyg. 2007;76:1182-8.

Yong HX, Xia MH, Feng WH, et al. Outbreak of dengue fever in cen-

tral China, 2013. Biomed Environ Sci. 2014;2711:894-7.

Guo R-N, Lin J-Y, Li L-H, et al. The prevalence and endemic nature

of dengue infections in Guangdong, South China: an epidemiologi-

cal, serological, and etiological study from 2005-2011. PLoS One.
2014;9:e85596.

[47] Maulana MR, Yudhastuti R, Lusno MFD, Mirasa YA, Haksama S,
Husnina Z. Climate and visitors as the influencing factors of dengue
fever in Badung District of Bali, Indonesia. Int | Environ Health Res.
2022;33:924-35.

[48] Huang AT, Takahashi S, Salje H, et al. Assessing the role of multiple
mechanisms increasing the age of dengue cases in Thailand. Proc Natl
Acad Sci U S A.2022;119:€2115790119.

[49] Ng L-C, Koo C, Mudin RNB, et al. 2013 Dengue outbreaks in
Singapore and Malaysia caused by different viral strains. Am J Trop
Med Hyg. 2015;926:1150.

[50] Kutsuna S, Kato Y, Moi ML, et al. Autochthonous dengue fever, Tokyo,
Japan, 2014. Emerg Infect Dis. 2015;21:517-20.

[51] Ling E Fan W, Lin ], et al. Epidemiological survey on a dengue fever
outbreak in Yiwu, Zhejiang province. Dis Surveill. 2010;259:757-9.

[52] LiIL, Su CP, Chien TJ, Wu KP, Shih H. Local dengue fever cluster event
caused by overseas immigration in Luzhu Township, Taoyuan County,
Taiwan. Taiwan Epidemiol Bull. 2013;29:69-74.

[53] Guo C, Zhou Z, Wen Z, et al. Global epidemiology of dengue out-
breaks in 1990-2015: a systematic review and meta-analysis. Front
Cell Infect Microbiol. 2017;7:317.

[54] Ratnam I, Leder K, Black ], Torresi J. Dengue fever and international
travel. ] Travel Med. 2013;20:384-93.

[55] Harvey K, Esposito DH, Han P, et al. Surveillance for travel-related
disease—GeoSentinel surveillance system, United States, 1997-2011.
MMWR Surveill Summ. 2013;623:1-23.

[56] Steffen R, Rickenbach M, Wilhelm U, Helminger A, Schar M.
Health problems after travel to developing countries. ] Infect Dis.
1987;156:84-91.

[57] Hill DR. Health problems in a large cohort of Americans traveling to

developing countries. ] Travel Med. 2000;7:259-66.

Castillo-Salgado C. Trends and directions of global public health sur-

veillance. Epidemiol Rev. 2010;32:93-109.

[59] Sosa-Hernandez O. COVID-19 and dengue co-circulation: a challenge
for the health system. Gac Med Mex. 2021;157:213.

[60] Liyanage P, Rocklov J, Tissera HA. The impact of COVID-19 lock-
down on dengue transmission in Sri Lanka; a natural experiment for
understanding the influence of human mobility. PLoS Negl Trop Dis.
2021;15:0009420.

[61] Mosquito repellents. Taiwan’ Centers for Disease Control, 2022.
https://www.cdc.gov.tw/Category/Page/e6K1xXrOV]JQ7FuxsMtM-
Vhw. Accessed March 1, 2022.

[45

[46

[58


https://www.cdc.gov.tw/File/Get/V2K1Jcudq7IWXrq_zUGYZQ
https://www.cdc.gov.tw/File/Get/V2K1Jcudq7IWXrq_zUGYZQ
http://www.who.int/mediacentre/factsheets/fs117/en
http://www.who.int/mediacentre/factsheets/fs117/en
https://www.cdc.gov.tw/Category/Page/e6K1xXr0VJQ7FuxsMtMVhw
https://www.cdc.gov.tw/Category/Page/e6K1xXr0VJQ7FuxsMtMVhw

