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Epidemiological Characteristics and Risk Factors of Dengue 
Infection in Korean Travelers

Dengue viral infection has rapidly spread around the world in recent decades. In Korea, 
autochthonous cases of dengue fever have not been confirmed yet. However, imported 
dengue cases have been increased since 2001. The risk of developing severe dengue in 
Korean has been increased by the accumulation of past-infected persons with residual 
antibodies to dengue virus and the remarkable growth of traveling to endemic countries in 
Southeast Asia. Notably, most of imported dengue cases were identified from July to 
December, suggesting that traveling during rainy season of Southeast Asia is considered a 
risk factor for dengue infection. Analyzing national surveillance data from 2011 to 2015, 
males aged 20-29 years are considered as the highest risk group. But considering the age 
and gender distribution of travelers, age groups 10-49 except 20-29 years old males have 
similar risks for infection. To minimize a risk of dengue fever and severe dengue, travelers 
should consider regional and seasonal dengue situation. It is recommended to prevent 
from mosquito bites or to abstain from repetitive visit to endemic countries. In addition, 
more active surveillance system and monitoring the prevalence asymptomatic infection 
and virus serotypes are required to prevent severe dengue and indigenous dengue outbreak.
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INTRODUCTION

Dengue fever (DF) is a mosquito-borne disease caused by den-
gue virus (DENV), belonging to the genus Flavivirus. DF has 
become global public health concerns. The dengue infection 
has spread dramatically around the world in recent decades. 
The infection is seen as endemic in more than 100 countries 
and about 50% of the world’s population is at risk of DF (1). A 
recent study indicated an estimated 390 million dengue infec-
tions occur per year, of which 96 million appeared to have clini-
cal manifestation (2). Among the countries with DF, Southeast 
Asia and the Western Pacific countries are known to be the most 
endemic regions (2).
  Any autochthonous case of DF has not been confirmed yet 
in Korea, imported DF was first reported in 2001 and the cases 
have increased continuously thereafter (3). Most cases were 
caused by travelers returning from Southeast Asia, including 
Philippines, Indonesia, Malaysia and Thailand. As Korean trav-
elers visiting Southeast Asia have increased during recent years, 
there was an increased trend in annual imported dengue cases.
  DENV is known to be transmitted between people by the 
mosquitoes, particularly Aedes aegypti and Aedes albopictus. 
Aedes aegypti, known as the primary vector of dengue and zika 

viruses, is not detected but Aedes albopictus is commonly found 
in Korea. Aedes albopictus is known to be a secondary vector of 
DENV and play a limited role for transmission (4). However, 
over-dispersed abundance of Aedes albopictus may be a risk 
factor of DF outbreak in Korea.
  Secondary infection with a different DENV serotype (DENV-
1 to 5) from primary infection has been known as a major risk 
factor for the development of severe dengue, formerly known 
as dengue hemorrhagic fever (DHF)/dengue shock syndrome 
(DSS) (5,6). Secondary infection with different serotype may 
elicit antibody-dependent enhancement (ADE) response, which 
facilitates infection of Fc-receptor-bearing cells with DENV and 
amplified production of cytokines (7,8). These responses were 
reported to be linked to severe symptom and increased mortal-
ity (9,10). DHF or DSS have been not reported yet in Korea. How-
ever, increasing travel to dengue-endemic regions and accumu-
lation of infected people with residual antibody may predispose 
Korean travelers to severe dengue by repetitive infection.
  Previous studies in Europe, Australia, and Japan reported 
various dengue cases imported from endemic regions (11-13). 
The study analyzed the relationship between the number of 
dengue cases imported into each region and the number of 
travelers arriving from dengue-affected areas, using national 
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dengue importation data from web resources and surveillance 
reports. The study in Europe reported that travelers arriving 
from dengue-endemic regions affect dengue importation into 
Europe and the risk of dengue importation was greatest in Au-
gust, September, and October (11). For Japan, most of dengue 
cases were imported from Southeast Asia and the trend in den-
gue infection among Japanese travelers was associated with sea
sonal fluctuation of DF incidence in Southeast Asia (12). The 
study in Australia also reported that imported DF was caused 
by infected travelers returning from Southeast Asia (13). These 
studies provided spatio-temporal elements affecting dengue 
importation into each country and suggested effective public 
health responses.
  In this study, we analyzed epidemiological characteristics for 
imported dengue infection in Korea by using national surveil-
lance data and reports. We suggest the potential risks of dengue 
transmission by continuous importation and the effective re-
sponses to minimize dengue infection.

MATERIALS AND METHODS

Data collection
This study analyzed national surveillance data on the annual 
number of reported dengue cases from 2006 to 2015. Data for 
the Philippines and Lao People’s Democratic Republic (Lao 
PDR) were collected from World Health Organization (WHO) 
Western Pacific Region (14). Data for Thailand are collected 
from Department of Disease Control, Ministry of Health, Thai-
land (15). For Malaysia and Singapore, data were obtained from 
WHO Western Pacific Region and Ministry of Health (14,16-18). 
Data for Taiwan were collected from Centers for Disease Con-
trol, Taiwan (19). For Japan, the number of reported dengue 
cases was collected from National Institute of Infectious Dis-
eases, Japan (20).
  Data of DENV serotypes for Malaysia, Thailand, Singapore 
and Vietnam were collected from previously published reports 
(17,21-23). Each study group used national epidemiological data 
and provided partial data on the serotype distribution for the 
period 2002-2014.
  For Korea, data on imported dengue cases were provided by 
Korea Centers for Disease Control and Prevention (KCDC) (3). 
Monthly data from 2011 to 2015 were summed and used to an-
alyze seasonal trend in the imported dengue cases. KCDC re-
ported the number of male and female cases by age group. The 
aggregated data from 2011 to 2015 were used to determine risk 
groups by gender and age distributions. To analyze distribution 
of Korean travelers, Korean departure statistics from Korea Tour-
ism Organization were used (24,25).

Statistical analysis
To determine risk group by age and gender, the χ2 test were used 

to compare the observed proportion of males and females among 
reported dengue cases to the expected proportion based on data 
from Korean departure statistics.
  The incidence of imported DF among Korean travelers re-
turning from Southeast Asia was compared between high-inci-
dence period (July-November) and low-incidence period (De-
cember-June). This comparison was calculated as a relative risk 
(RR) and associated 95% confidence intervals (CI). Statistical 
analysis was performed using GraphPad Prism (GraphPad Soft-
ware, La Jolla, CA, USA). A P value of < 0.05 was deemed to be 
statistically significant.

GLOBAL PREVALENCE

DF has rapidly spread in all regions in recent decades. WHO re-
ported the number of cases reported increased from 2.2 million 
in 2010 to 3.2 million in 2015 (1). Increased global traveling of 
people and international trade contributed to transmit DENV 
from endemic regions to other countries (26). Furthermore, 
global climate changes such as warming facilitated spread of 
dengue-infected mosquitoes and transmission of virus (27).
  Recent study reported that 70% of DENV infections occurred 
in Asia (2). The number of DF cases in Asia has rapidly increased 
(Fig. 1). For Philippines, 200,415 dengue cases were reported in 
2015. The Philippines showed increase in DF of about 65% com-
pared to 2014. Furthermore, the number of cases reported in 
August 2016 is 15.8% higher than that reported during the same 
period in 2015 (14). A study reported clinically diagnosed den-
gue cases in the Philippines were associated with a direct cost 
of $345 million per year (28). The trend of dengue incidence in 
Malaysia has continued to increase since 2001 until 2015 (16). 
The dengue incidence rate (cases per 100,000 populations) was 
72 in 2001 and progressively increased to 396 in 2015. For Thai-
land, 144,952 dengue cases and 141 deaths were reported in 
2015 (15). The number of cases in 2015 was about 200% higher 
than in 2014. More than 136,000 cases of dengue were reported 
in August 2016 and is the highest number of cases in over 20 
years (14). The incidence of DF in Taiwan has risen sharply in 
recent years. A significant rise in the number of dengue cases 
was reported especially in 2015 (19). Singapore has seen fewer 
dengue cases in 2015, compared to 2014. However, the cumula-
tive number of cases in August 2016 (n = 10,095) was almost 
doubled as compared to that reported in the same period of 
2015 (n = 5,447) (14). For Indonesia, the government reported 
112,511 DF cases and 871 fatalities in 2013 (29). In 2015, the re-
ported cases of dengue fever doubled those of 2014 in the Jam-
bi, Indonesia (30). A recent study reported that the DHF inci-
dence increased rapidly but the case fatality ratio of DHF de-
creased considerably in recent decades (31). However, it was 
difficult to perform comprehensive analysis for dengue epide-
miology because precise surveillance data of DF cases were not 
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available for Indonesia.
  Notably, periodical epidemic cycles at 2-5 year intervals were 
identified in Thailand, Cambodia and Singapore. Previous stud-
ies also reported that Southeast Asian countries with high den-
gue incidence have the cycles of epidemics occurring every 3 to 
5 years (21,32). These epidemiologic dynamics were known to 
be associated with the changes in herd immunity and genetic 
diversity of DENV (32,33). Japan showed increasing dengue 
cases over recent years. Most of dengue cases are detected among 
travelers returning from endemic regions. However, 162 auto
chthonous cases were reported in 2014 and there is an ongoing 
concern for potential dengue outbreaks in Japan (20).
  Dengue outbreaks and transmission have been frequently 
reported in all regions of Africa (34-36). Recent reports suggest 
that DF is endemic in 34 African countries (Table 1) (34,35). Of 
these countries, 22 have reported outbreaks of local transmis-
sion of DENV. Twelve other countries in Africa reported DF cas-
es only in travelers, returning from dengue-affected areas (34). 

Aedes aegypti, the primary vector for dengue, is known to be 
resident in all but five countries (Western Sahara, Morocco, Al-
geria, Tunisia, and Libya) (34). Although dengue outbreaks in 
Africa are not well characterized owing to the absence of reli-
able surveillance system and underrecognition of DF, the pres-
ence of disease and high prevalence of antibody to dengue vi-
rus suggest that dengue infection is endemic in all regions of 
Africa. All four DENV serotypes (DENV-1 to 4) have been de-
tected in Africa and DENV-2 appeared to cause the most epi-
demics (34). Until recently, severe dengue had been reported 
infrequently in Africa (37). Previous studies showed decreased 
susceptibility to severe disease among the black population 
and suggested race may be host resistance factor to severe den-
gue (38,39). These genetic factors may be associated with low 
incidence of DHF/DSS in Africa. Furthermore, because over 
70% of febrile illnesses are treated as presumptive malaria in 
Africa, DF cases might be underreported or misdiagnosed as 
malaria (40).

Fig. 1. Number of dengue cases reported in Asian countries, 2006-2015. Increasing trends in annual dengue cases were shown in Asian countries (Philippines, Thailand, Ma-
laysia, Cambodia, Taiwan, Singapore, Japan, and Korea). Note that each graph displays data with different scales on the number of reported cases. Data for dengue cases in 
each country were collected from World Health Organization (WHO) and national surveillance reports, as described in Materials and Methods (3,14,16-19).
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Table 1. African countries reporting dengue transmission*

Type Country

Locally acquired (n = 7) Cape Verde, Egypt, Eritrea, Mauritius, Réunion, Seychelles, Sudan
Locally and travel acquired 

(n = 15)
Angola, Burkina Faso, Cameroon, Comoros, Djibouti, Côte d’Ivoire, Ghana, Kenya, Madagascar, Mozambique, Nigeria, Senegal, Somalia,  

South Africa, Zanzibar
Travel acquired (n = 12) Benin, Democratic Republic of the Congo, Ethiopia, Equatorial Guinea, Gabon, Mali, Namibia, Rwanda, Tanzania, Togo, Uganda, Zambia

*Data for 34 African countries are collected from previously published study (34).
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Table 2. Imported dengue cases in Korea*

Region Country
Year

2011 2012 2013 2014 2015

Asia Bangladesh 8 2 4 - 3
Brunei - - - 1 -
Cambodia 16 21 11 10 7
China - 1 - - 1
East Timor - - 1 - -
Hong Kong - - - 1 -
India 3 7 7 8 14
Indonesia 4 13 23 29 29
Laos - - 9 2 3
Malaysia 2 3 5 13 22
Maldives - - 3 - -
Myanmar - 1 9 4 18
Pakistan - - - - 1
Philippines 17 64 101 56 101
Singapore 4 1 7 - 5
Sri Lanka - 3 - 2 -
Taiwan 1 - - - 1
Thailand 8 28 46 15 25
Vietnam 7 4 12 9 11
Unknown - - 1 12 12

Africa Angola - - 1 - -
Ethiopia - - 1 - -
Ghana - - 1 - 1
Guinea 1 - - - -
Unknown - - 2 1 -

Latin America Brazil 1 - - - -
Guatemala - - 1 - -
Haiti - 1 1 - -
Mexico - - - 1 -

Oceania Australia - - 1 - -
Solomon Island - - 1 - -

Europe France - - 1 - -
Middle East Saudi Arabia - - 1 - -
Unknown - - 1 - 1
Total 72 149 251 164 255

*Data for imported dengue cases were collected from Korea Centers for Disease Con-
trol and Prevention (KCDC) (3).

Fig. 2. Number of imported dengue cases in Korea, 2011-2015. (A) The number of 
dengue cases imported from Southeast Asian countries. (B) The number of imported 
cases per 1,000,000 travelers. Most of reported dengue cases in Korea were im-
ported from Southeast Asian countries. Data for dengue cases from 2011 to 2015 
were provided by Korea Centers for Disease Control and Prevention (KCDC) (3,24).
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IMPORTED CASES IN KOREA

Any autochthonous dengue case has not been confirmed yet in 
Korea, but imported dengue cases have been increased since 
2001. Imported DF cases have been caused by the travelers re-
turning from various dengue-affected regions such as South-
east Asia, Africa, and Latin America (Table 2). The accumulated 
data from 2011 to 2015 show most of DF cases were imported 
from Southeast Asia (Fig. 2A) (3). The largest number of DF cas-
es in Korea was imported from the Philippines (n = 339, 38.0%), 
and followed by Thailand (n = 122, 13.7%), Indonesia (n = 98, 
11.0%), and Cambodia (n = 65, 7.3%). The number of imported 
cases per 1,000,000 travelers showed that the incidence of im-
ported dengue was the highest in travelers visiting to Indonesia 
(69.8 cases per 1,000,000 travelers), not the Philippines (60.1 
cases per 1,000,000 travelers) (Fig. 2B). Notably, although the 
number of visitors to the Philippines is similar to that of visitors 

to Thailand, more cases were imported from the Philippines. 
Furthermore, the incidences of dengue from Cambodia and 
Malaysia were similar to that from Thailand. Because the num-
ber of Korean travelers visiting to these countries has been in-
creased in recent years, it is expected that the importation of 
DENV will increase continuously (Fig. 3) (24). Collectively, these 
data showed that Korean travelers to dengue-endemic coun-
tries of Southeast Asia have higher risk for dengue infection, 
and the risk of dengue importation may be closely associated 
with local dengue incidence of visited region. Therefore, we sug-
gest travelers planning to Southeast Asia should be aware of re-
gional dengue situation and take necessary precautions to avoid 
DENV infection.
  DF is caused by five antigenically distinct serotypes of DENV 
(41). Primary infection may be asymptomatic or result in a mild 
febrile illness without lasting complications. However, second-
ary infection with a different dengue serotype may causes DHF 
or DSS, which is characterized by coagulopathy, organ impair-
ment, plasma leaking, and severe bleeding that may progress to 
hypovolemic shock (2). Such severe dengue disease is mediat-
ed by ADE response, which facilitates infection of Fc-receptor-
bearing cells with DENV-antibody immune complexes and vi-
rus replication (42). The rates of severe dengue in each of the 
Southeast Asian countries vary as they have different incidenc-
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es of dengue (Fig. 4). For Thailand, approximately 50% of total 
dengue patients were registered to have severe dengue disease. 
Because passive surveillance system is main source of reported 
data, mild cases of DF may be not reported in Thailand. The 
countries with relatively low incidence of dengue, such as Tai-
wan and Singapore, showed severe dengue rates of less than 
1%. In Korea, national surveillance system has not reported the 
incidence of severe dengue, but clinical case study reported a 
few cases of severe dengue (43,44).
  Previous reports showed that dominant serotype of DENV in 
each country had changed continuously (Fig. 5) (17,21,23,45). 
For Thailand, DENV-1 and 4 were dominant in 2005, and DENV-
1 had kept the highest proportion from 2006 to 2009. In 2010, 
DENV-2 was a dominant serotype (21). For Malaysia, DENV-1 
was dominant in 2005, and DENV-2 became a dominant sero-
type in 2007 and 2009. In 2008 and 2010, DENV-1, 2, and 3 show
ed similar distribution. A dynamic change was also detected in 
monthly distribution of virus serotypes (17). Furthermore, re-
gional data in Malaysia showed a heterogenous distribution of 
virus serotypes in different states (17). In endemic countries, 
dengue incidence has an interannual periodicity of epidemic 
cycles at 3-5 year intervals (32). The epidemic cycle was often 
linked to change in DENV serotypes or genotype (32,33). These 

Fig. 3. Number of Korean visitors to dengue-endemic countries in Southeast Asia, 
2011-2015. The number of Korean travelers visiting to Southeast Asia has been in-
creased during 2011-2015. Data for Korean travelers were provided by Korea Tour-
ism Organization (24).
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data indicate repeated travel to dengue-endemic region raises a 
possibility of infection with different serotype virus and risk for 
severe dengue. Especially people infected in the past should 
avoid unnecessary revisit to endemic countries to prevent sec-
ondary infection. In Korea, serotyping data of the patient have 
not been provided yet. To reduce severe dengue by secondary 
infection with different serotypes, determination of previously 
infected virus serotypes is helpful. The data for serotype distri-
bution will be also useful for understanding epidemiological 
trends of imported dengue and preventing severe dengue.
  In Korea, the number of imported dengue cases showed sea-
sonal patterns (Fig. 6) (3). The aggregated monthly data from 
2011 to 2015 showed that importation of DF was most common 
during August through November (RR = 2.60; 95% CI, 2.26-2.99). 
The largest number of dengue cases was imported in August 
(163 of 893, 18.3%). In 2014 and 2015, there were two peaks in 
imported dengue cases in July-September and October-Decem-
ber. These periods are relevant to the rainy season with high in-
cidence of dengue in most Southeast Asian countries. For Phil-
ippines, peak infection rates were shown during the rainy sea-
son, between May and November (14). In 2015, more cases were 

reported and highest incidence of dengue was shown during 
June through December. For Thailand, peak transmission oc-
curs in the rainy season, between June and September, all across 
the country (21). In 2015, two infection peaks were shown be-
tween June and December. Cambodia also show highest infec-
tion rates during the rainy season from May to November, and 
infection risk may be increased in urban areas (14). For Indo-
nesia, dengue infection is elevated during the rainy season from 
November to April but year-round transmission occurs (46). For 
Malaysia, the periods with high infection rates differ regionally 
(October-February in east peninsular Malaysia; July-August in 
west peninsular Malaysia) (17,47). Collectively, dengue out-
break in Southeast Asian countries follows seasonal patterns. 
The seasonality of dengue affects not only internal outbreak but 
also importation of DF into non-endemic region. Because sea-
sonal pattern of dengue incidence showed region-specific peaks, 
travelers visiting to dengue-endemic countries need to be aware 
of regional prevalence and seasonal dengue incidence. In addi-
tion, Korean travelers visiting to Southeast Asia should be aware 
of dengue infection not only in summer but also winter season.
  In dengue-endemic regions, DF was known to occur pre-

Fig. 5. Changes in serotype distribution of dengue virus reported in Southeast Asian countries, 2002-2012. Annual distributions of dengue virus serotype had changed continu-
ously in endemic countries. Serotype data were collected from national surveillance reports and previously published studies (17,21-23).
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Fig. 6. Number of monthly dengue cases in Asian countries, 2011-2015. The seasonal patterns of dengue cases were shown in Asian countries (Philippines, Thailand, Malay-
sia, and Korea). Note that each graph displays data with different scales on the number of reported cases. Data for dengue cases in each country were collected from World 
Health Organization (WHO) and national surveillance reports, as described in Materials and Methods (3,14-16).
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Fig. 8. Number of imported dengue cases by age and gender groups in Korea. 2011-2015. (A) The accumulated number of dengue cases from 2011 to 2015, stratified by age 
and gender. (B) Age and gender distribution of dengue cases per 1,000,000 travelers. Data for Korea (2011-2015) are provided by Korea Centers for Disease Control and Pre-
vention (KCDC) (3,25).
*P < 0.001 analyzed by χ2 test, comparing the observed proportion of males and females among reported dengue cases to the expected proportion based on the number of 
travelers.
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dominantly in children (21,48,49). Most cases of dengue in the 
Philippines were reported in children aged 5-14 years (Fig. 7) 
(48). Similar pattern was shown in Thailand. The highest rates 
of dengue in Thailand were reported in individuals aged 5-14 
years, followed by those aged 15-24 years (21). Furthermore, 
previous study reported more cases of severe dengue by sec-
ondary infection were examined in individuals aged between 5 
and 14 years compared with those aged 15 years or older (50). 
However, dengue patients aged 20-49 years accounted for 75.2% 
of total imported cases in Korea (P < 0.001). Similarly, dengue 
cases aged 20-39 years occupied about 60% of total imported 
cases in Japan (51). Such distribution is different from those in 
dengue-endemic countries. The pattern among Koreans may 
be associated with the highest rate of travel abroad in the 20-49 
year old age group (60.7% of total overseas travelers) (25).
  The aggregated data from 2011 to 2015 showed that males 
were found predominantly among imported dengue cases in 
Korea (P < 0.001) (Fig. 8A) (3). Specially, infected males (n = 411) 
were 1.5 times more than females (n = 261) in the 20-49 year 
age group. Similarly, more dengue cases were reported for males 
than for women in Korea and Japan during 2006-2010 (51). A 
previous study also showed that there was a predominance of 
males with DENV infection in six Asian countries (Lao PDR, Phil-
ippines, Singapore, Sri Lanka, Cambodia, and Malaysia) (52). 
The report demonstrated an excess of males was detected among 
reported dengue patients over 15 years of age in dengue-ende
mic countries.
  With consideration of the number of travelers by age and gen-
der, age distribution of dengue cases per 1,000,000 travelers 
shows that the incidence of imported dengue was the highest 
in males aged 20-29 years (Fig. 8B). Notably, although dengue 
cases aged 30-49 years occupied higher proportion of total cas-
es due to frequent travel, the incidence of dengue in group aged 
30-49 years was shown to be similar to that in group aged 10-19 
years. These data indicate all age groups except 20-29 year old 
males have a similar risk for dengue infection. Different age dis-
tribution of DENV infection between Southeast Asia and Korea 

may come from the different status of herd immunity. Koreans 
were not exposed to DENV and susceptible to DENV in any age 
group, while repeated infection in Southeast Asia may form the 
immunity to DENV through the juvenile period (21,53).
  The reasons for male predominance are not clear, but it is sup-
posed that gender-related biological factors or behavior may af-
fect the male predominance in dengue infection (49). Collec-
tively, males aged 20-29 years, having frequent visit to endemic 
regions and outdoor activities, are considered the highest risk 
group for imported DF in Korea. Considering the age and gen-
der distribution of travelers, all age groups need to be aware of 
dengue infection when traveling to endemic areas.

DISCUSSION

Cases of DF have increased in Southeast Asia over recent de-
cades. Increased dengue viral infection in Southeast Asia also 
affects the incidence of dengue in non-endemic area. Recent 
studies reported climate change may facilitate dengue outbreaks 
in endemic areas (27,54). Global warming enhanced spread of 
dengue vectors and transmission of virus (27). Numbers of 
months with average temperature higher than 18°C per year 
were found to be associated with increasing incidence of DF in 
Taiwan (54). In addition, urbanization affected the propagation 
of dengue fever throughout the world (55,56). Rapid urbaniza-
tion in Southeast Asia brings a higher population density and 
makes it easier for infected mosquito to transmit dengue virus 
(56). Increase in population density and movement by urban-
ization contribute to rapid spread of DF.
  To reduce the burden of dengue, WHO global strategies for 
dengue prevention have focused on five technical elements: 1) 
early diagnosis and case management, 2) integrated surveillance 
and outbreak preparedness, 3) sustainable vector control, 4) fu-
ture vaccine implementation, and 5) basic operational and im-
plementation research (57). WHO suggests international col-
laboration for integrated vector management and development 
of effective control measures. Furthermore, WHO indicates ear-
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ly diagnosis of dengue cases is crucial for determining clinical 
outcome, and emphasizes early notification for initiating an 
early response against dengue outbreaks.
  In Korea, DF has been included in a legally designated infec-
tious disease since 2000. Surveillance and detection for dengue 
infection is performed by KCDC. Suspected cases in local hos-
pitals are reported to KCDC, and then KCDC performs serolog-
ical and molecular test to confirm dengue infection. Because 
DF is not endemic in Korea, the government does not perform 
active surveillance but focuses on early diagnosis, education 
and information for dengue prevention in recent years (3).
  Among people infected with DENV, asymptomatic cases are 
more frequent than symptomatic cases. About 75% of all den-
gue infections are known to be clinically inapparent or mild 
symptomatic cases (2). A recent study reported asymptomatic 
people can be infectious to competent mosquitoes despite their 
lower level of viremia (58,59). Moreover, it was reported that 
people with asymptomatic dengue infection can spread DENV 
to non-endemic area by nosocomial transmissions such as trans-
fusion, organ transplantation, and needle stick injury (60-62).
  In Korea, national surveillance system did not include the 
prevalence of asymptomatic infection, and only symptomatic 
cases were recorded. Possibly, there might be much more cases 
with asymptomatic infection than reported cases. The asymp-
tomatic people also have a risk of developing severe dengue, if 
any, by secondary infection. Moreover, the asymptomatic peo-
ple with persistent viremia may contribute to dengue transmis-
sion to mosquitoes or contact people by atypical contamina-
tion. Therefore, travelers should consider asymptomatic den-
gue infection and subsequent risk. And monitoring and surveil-
lance system for travelers returning from dengue-endemic coun-
tries are required to detect any asymptomatic infection and to 
control virus transmission.
  Although there were no indigenous DF cases in Korea, im-
ported cases occurred every year and 1,339 cases were reported 
between 2001 and 2015. Previous studies have estimated that 
severe dengue may develop in 1%-5% of total dengue-infected 
people and, if treated, a mortality rate is less than 1% (1,2,63). 
The data indicate an accumulation of infected people in Korea 
may predispose to severe dengue infection and dengue-associ-
ated deaths. Moreover, because most of people with primary 
infection are asymptomatic, more people have the potential 
risk of developing severe dengue. For example, considering as-
ymptomatic cases comprise 80% of the total cases, it is expected 
that an estimated 6,700 people may have been exposed with 
DENV. Furthermore, supposing approximately 2,000 people 
(30% of 6,700 people) have frequent revisit to endemic regions, 
an estimated 20-100 people (1%-5% of the 2,000 people) may 
develop severe dengue by repetitive infection and approximate-
ly 0.2-1 dengue-related death (1% of the 20-100 people) may 
occur in near future.

  There are several limitations in current study. Because only 
low numbers of imported cases were reported in Korea, there 
was no detailed epidemiological information available for risk 
analysis. This lack of epidemiological knowledge makes it diffi-
cult to assess distinct risk by gender and age distribution. To 
further analyze the risk factors, more detailed information such 
as visit locations (urban or rural) and duration is required. Fur-
thermore, it is difficult to detect repetitive infection and severe 
dengue cases because symptomatic information such as time 
of onset, disease severity and virus serotypes were not available. 
As there has been an increasing trend in imported dengue cas-
es in Korea, it is required to analyze risk factors for severe den-
gue with more data in the future.
  In conclusion, as dengue infection has rapidly spread around 
world, imported cases also have been increased continuously 
in Korea. Recent data in Korea demonstrated that most of den-
gue cases were imported from Southeast Asia and the seasonal 
trend is also similar to those of endemic countries. An increas-
ing trend in dengue cases in Korea may contribute to introduc-
tion of severe dengue and autochthonous outbreak, as indicat-
ed by the recent dengue outbreak in Japan. Furthermore, unre-
ported asymptomatic infection can increase a risk of severe den-
gue and virus transmission. To minimize a risk of dengue infec-
tion, travelers planning to endemic regions should consider 
current dengue situation and try to avoid mosquito biting or 
abstain from repetitive visit to endemic countries. In addition, 
considering global trend of mosquito-borne disease, more ac-
tive surveillance is required to prevent the importation of DENV. 
Introduction of diagnostic and monitoring system for travelers 
returning from endemic area would be helpful to preventing 
indigenous dengue outbreak and transmission.
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