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Imported dengue into naive areas is a recognized but un-

quantified threat. Differentiating imported and autochtho-

nous cases remains problematic. A threshold approach 

applied to Japan identified several aberrant incidences of 
dengue. Despite these alerts, no epidemics occurred other 

than 1 in Yoyogi Park in Tokyo, which was probably an un-

usual event.

Dengue is a major international public health concern, 

and the number of dengue outbreaks has escalated 

over the past decade (1). International travel will ensure 

importation of dengue virus (DENV) from dengue-endemic 

regions into nonendemic countries (2). The potential threat 

of DENV invasion into naive areas is illustrated by au-

tochthonous dengue cases in France and the United States 

(3,4) and unprecedented epidemics in the Madeira Islands 

of Portugal and Tokyo, Japan (5,6). Most human DENV 

infections are asymptomatic (7), but the virus can still be 

transmitted to mosquitoes (8), so repeated “silent” DENV 
invasion will probably become increasingly frequent.

In 2012, the World Health Organization released a 

global strategy for dengue prevention and control, with 

the objective of reducing dengue-attributable deaths by 

50% and dengue-attributable illness by 25% by 2020 (9). 

These reductions are to be achieved, at least in part, by 

implementing improved outbreak prediction and detec-

tion through coordinated epidemiologic and entomologic 

surveillance. This approach is also important for areas 

where dengue is nonenedemic, that have no defined sur-
veillance strategy.

Within this context, we examine the case of Japan, 

which had an unprecedented autochthonous DENV type 

1 epidemic in Yoyogi Park in Tokyo in 2014 and is ex-

periencing an ever-increasing number of dengue cases. 

Analyzing dengue case surveillance data from a 6-year 

period, we assess whether other incidents occurred when 

the number of dengue cases exceeded the expected number 

because of importation and whether these incidents rep-

resented potential foci of epidemics. We discuss whether 

the Tokyo epidemic was a rare event, the probability of 

a repeat epidemic, and the value of establishing a dengue  

alert threshold.

The Study

Since 1999, dengue has been 1 of the notifiable diseases 
under national surveillance across Japan. The case defini-
tion of dengue fever includes the presence of suspicious 

clinical symptoms and laboratory confirmation. The defi-

nition of an imported case is DENV infection in a patient 

who had traveled to a dengue-infected area within 2 weeks 

before symptom onset; all other cases are defined as au-

tochthonous. All diagnosed dengue cases are registered in 

the surveillance system database (10).

We selected as study sites the 2 largest metropolitan 

areas, Greater Tokyo (including the prefectures of To-

kyo, Saitama, Kanagawa, and Chiba) and Greater Osaka 

(including the prefectures of Osaka, Hyogo, and Kyoto), 

which encompass the largest number of dengue cases 

during the study period and can be considered as work 

commuting zones. Incidence rate was the number of cases 

divided by the population according to the 2015 nation-

al census. To calculate the threshold, we extracted data 

from annual reports for 2005 through 2014 (http://survey.

tokyo-eiken.go.jp/epidinfo/csvinfo.do). We used Tukey’s 

box plot method to establish the median background 

weekly incidence of dengue in each study area based on 

the previous 6 years’ data. We defined the weekly thresh-

old as the rounded-up value of the third quartile + 1.5 
times the interquartile range of the number of cases from 

the same week. We applied the 6 previous years’ weekly 

thresholds of cases in each prefecture to the weekly re-

ported cases for 2011–2016. We defined an outlier as a 
week when the number of cases was >1 above or equal 

to the threshold. We defined the threshold for an autoch-

thonous epidemic alert as >2 consecutive weeks in which 

outliers were detected.
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The number of imported cases in Japan has been ris-

ing steadily over the past decade (Figure 1), concomitant 

with the increase in visitors, especially from South Korea, 

China, Taiwan, and Thailand (online Technical Appendix 

Figures 1, 2, https://wwwnc.cdc.gov/EID/article/24/9/17-

0408-Techapp1.pdf). Until 2015, the number of outbound 

travelers from Japan exceeded that of inbound foreign trav-

elers; one third of travelers from Japan went to dengue-

endemic countries.

In the Greater Tokyo and Greater Osaka areas, the 

threshold value of the incidence rate varied by year and 

place (Table). Outlying dengue case weeks were detected 

in all 7 prefectures of the 2 aggregated greater areas during 

the 6-year study period (Table; Figure 2). We noted several 

occasions when outliers were reported for 2 consecutive 

weeks (7 times in Greater Tokyo and 4 times in Greater 

Osaka). In Greater Tokyo, conditions warranting an alert 

occurred in 2012 (weeks 10–11 and 36–37), 2013 (weeks 
19–20), 2015 (weeks 2–3), and 2016 (weeks 1–2, 12–14, 
and 17–19); in Greater Osaka, conditions warranting an 
alert occurred in 2012 (weeks 34–36), 2013 (weeks 41–42), 
2014 (weeks 12–15), and 2016 (weeks 12–13).

At the prefecture level, an alert condition was detect-

ed August 25–September 7, 2014, in Kanagawa Prefec-

ture; this timing coincided with the Tokyo autochthonous  

epidemic. In addition, alert conditions were identified in 
Tokyo in 2013 (weeks 32–33) and 2016 (weeks 13–14), in 
Chiba in 2016 (weeks 33–34), and in Osaka in 2016 (weeks 
12–13). The Tokyo and Osaka 2016 alert conditions oc-

curred during the cold season and were probably caused 

by an increase in imported cases from Indonesia (11). By 

contrast, the alert condition in Chiba was followed by 2 ad-

ditional cases reported in week 39 and 2 in week 42; both 

occurrences are outliers but are not in consecutive weeks 

and thus do not warrant an alert. The alert condition in 2013 

in Tokyo was the first such occurrence observed in our data 
and coincided with a visit by a traveler from Germany who 

was allegedly infected with dengue in Japan (12) and had 

visited Tokyo.

Conclusions

We have addressed the increasing probability of dengue 

invasion into Japan in light of the 2014 Yoyogi Park epi-

demic. Although the increase in dengue cases in Japan is 

concomitant with the increase in human travel between 

Japan and dengue-endemic areas, several reports exist of 

travelers contracting dengue while visiting Japan, which 

suggests that DENV is circulating in the form of subclini-

cal infections; by extrapolation, allegedly imported cases 

might be autochthonous (12).

Figure 1. Annual reported 

dengue cases reported 

in dengue surveillance 

system, Greater Tokyo and 
Greater Osaka areas, Japan, 
2011–2016. Black indicates 
imported cases; white indicates 

autochthonous cases detected 

during Tokyo epidemic.

 

Table. Thresholds and conditions warranting an autochthonous dengue case alert, Greater Tokyo and Greater Osaka areas, Japan, 
2011–2016 

Area and 
prefecture Population 

Total no. 
cases 

Incidence rate, 
cases/106 person-years 

Threshold range, 
maximum (mean) No. outliers 

No. occurrences 
of alert conditions 

Greater Tokyo area 36,126,355 609 2.8 17 (4.5) 52 7 
 Tokyo 13,513,734 358 4.4 11 (3.1) 32 2 
 Kanagawa 9,127,323 111 2.0 5 (0.77) 16 1 
 Saitama 7,261,271 45 1.0 3 (0.12) 4 0 
 Chiba 6,224,027 95 2.5 7 (0.89) 14 1 

Greater Osaka area 16,986,037 230 2.3 9 (2.0) 25 4 
 Osaka 8,838,908 140 2.6 5 (1.4) 12 1 
 Hyogo 5,536,989 52 1.6 4 (0.29) 6 0 
 Kyoto 2,610,140 38 2.4 3 (0.24) 1 0 
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Differentiating imported and autochthonous cases 
based on recent travel history might be misleading. A 

case-patient in Hyogo Prefecture, ≈400 km from Tokyo, 
had stayed in Malaysia during the 12 days before symptom 

onset but had recollection of mosquito bites 6 days before 

onset, and the virus strain 100% matched the Yoyogi Park 

strain (13). Unusual above-threshold incidences of dengue 

might provide an additional criterion for differentiation. Al-
though no official epidemic coincided with the occurrence 
of dengue in the traveler from Germany (12), our alert 

threshold pinpointed this period as being aberrant. Unusu-

al above-threshold dengue incidences were noted during 

several periods, but no subsequent epidemic progression 

was noted. A substantial stochastic dieout of circulating 

DENV is occurring, despite permissive temperatures that 

would enable efficient transmission of DENV by the pre-

dominant mosquito vector, Aedes albopictus, which occurs 

at high densities in urban areas of Japan (14). However, 

most infections probably will go unnoticed, and the actual 

spread of DENV is greater than estimated from surveil-

lance. DENV seroprevalence results for 207 persons who 

frequented Yoyogi Park indicated that 10 persons without 

recollection of symptoms were seropositive (15).

In conclusion, although increased human movement 

and permissive temperatures pose a threat for DENV inva-

sion, evidence suggests that the Yoyogi Park epidemic was 

an exception and that a considerable viral biomass after 

repeated introduction might be required for successful vi-

ral implantation. The added utility of using a threshold ap-

proach to detect aberrant incidence rates for public health 

activities remains to be developed but could provide a basis 

for performing seroprevalence studies around cases detect-

ed during weeks with aberrantly high incidence to establish 

the extent of the problem.
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