Mosquito-borne diseases in Tokyo

Tokyo’s measures to control

disease-carrying mosquitoes
Be safe and secure
without mosquitoes!
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Tokyo overview

Total

13,515,271

Population
As of October 1, 2015

<14yofage 15-64yofage >65y ofage
(%) (%) (%)

1,518,130 8,734,155 3,005,516
(11.5) (65.9) (22.7)

Population
density

(n/km?)
6168.7

Population
change rate
2010-2015

(%)
2.7

Source: National Census Oct. 1, 2015

Foreign
population

378,564
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Climate of Tokyo
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Mosquito species that transmit
infectious diseases

Aedes albopictus Culex pipiens Culex tritaeniorhynchus

Aedes albopictus o o o o
Culex pipiens ®
C. pipiens molestus
Anopheles o o
C. tritaeniorhynchus o ®
Aedes aegypti* o o o o
* does not inhabit Japan. Source: “Survey on mosquitoes in relation to dengue fever” 4

by Environmental Information Division



Concern over epidemics of mosquito-
borne diseases

* As advances in transportation have allowed infectious
pathogens to enter Japan from epidemic areas using people
and goods as vehicles, concerns are growing over epidemics
of diseases carried by mosquitoes, such as dengue fever and
Zika virus infection.

Infection pattern
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m Infected mosquitoes carry pathogens into Japan.
S > <

Infection spreads in Japan.

by mosquitoes abroad S A
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The infected person is further bitten by mosquitoes. Jdd
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Flow of reporting mosquito-borne diseases

5 Flow of capturing the total incidents | ~\
The doctor who diagnosed the
Doctor infected patient reports to the
. regional health center.
Report incidents.
Health
center _ o
Input the reported incidents in NESID. Incident notification fax
Conduct a survey/training to prevent
the spread of infection.
Infection Control
Tokyo Metropolitan Institute of Public Health Div., Bureau of
(Infectious Disease Information Center) Social Welfare and
Person in charge of epidemiological information | Share info. Public Health
(D Confirm on NESID and report to the gover{ment
@ Feedback by weekly
report etc. National Institute of Infectious Diseases
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Mosquito-borne disease incidents in Tokyo

West Nile fever
Yellow fever
Zika virus infection

Western equine encephalitis
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Chikungunya fever

Dengue fever 66 163" 92 90 65

Eastern equine encephalitis 0 0 0 0 0)
Japanese encephalitis 0 0 0 0 0
Venezuelan equine encephalitis 0 0 0 0 0
Hendra virus infection 0 0 0 0 0
Malaria 12 27 16 18 27
Tularemia 0 0 0 0 0

* Including domestically acquired infection



In 2014, a dengue fever outbreak occurred in Tokyo

Two new cases found,
probably infected in Yoyogi
Park. Mosquito extermination
is under way.

Yesterday, for the first time in about 70 years in Japan, a teenage girl
resident in Saitama was confirmed to be infected with dengue fever.
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Number of reported dengue fever cases
(n=163) by sex and age in 2014
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No

No. of reported cases
o

Number of reported dengue fever cases and
estimated infected areas

Comparison of the number of cases reported [ %
from week 1 of 2014 up to week 42 of 2018 -

5 1 - -
4 gt
Z 1 5 - A -
g d LS S e e i - g e o R ot - oo e |
W1 W6 W10 W14 W19 W23 W27 W32 W36 W40 W45 W49 W1
[ = 20141~ » 20151~ a 20161~ & Z017.1— m 2018.1— |
of casesNumber of reports per week per estimated infectious area from W1 to W42 (up to Oct. 21) in 2018
) 10 e e e e e e e e e e e e e e e e e e e e e e e et e e e e e e e e e e et e g e e et e e e et e e et e e e e e g e e e e e e e e e e et e e et e et e e e e e e e g e e e e e et e e e et e e et e e e e e
9 m Southeast Asia |
s =1South Asia
7 S West Asia
6 = 0ceania
= Africa
= = | atin America
4 =3 More than one region
3 ..................................
2 ..........................
1 __________________________
0




Detailed account of the areas estimated to be
infected with dengue fever in 2017 (n=55)

Country
Indonesia
Thailand
Malaysia
Philippines
India
Singapore
"Malaysia/Singapore
Myanmar
Cuba/Mexico
Sri Lanka
Thailand/Indonesia
Tanzania
Maldives
East Timor
French Polynesia

No. of cases
18
10

\l
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Southeast Asia
(n=49)

South Asia

(n=4)

Central America
(n=1) 1
Africa :
(n=1)

0

5 10 15 20 25 30 35 40 45
Cases



Serotyping of samples from patients with

mosquito-borne diseases

O Samples from 199 patients received from April to the end of December in 2017
were tested for viruses responsible for mosquito-borne diseases.
O 27 cases, which comprised about 23% of the total cases, were found positive for

DENV, none of which were domestically acquired.

O A patient who returned from India was tested positive for chikungunya virus in
the sample.

OThe most frequent serotype was dengue type 2 (DENV2, 35.7% of the total).
OThe full length of the DENV region (about 1.5 kb) was analyzed and compiled into

a database. DENV4 CHIKV
. 10.7% 2.6%
Virus serotype  No. of cases
________ Total 28
DENV1 6
DENV2 10 DENV3
DENV3 8 28.6%
DENV4 3
DENV?2
CHIKV 1 35.7%

Reference: “Study of viruses of concern for spread in Japan such as dengue virus” by Michiya Hasegawa
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Gene analysis of samples from patients with

mosquito-borne diseases

O None of the detected DENV1 strains had a base sequence that 100% matched that of Yoyogi strain.
O In the molecular phylogenic tree, the DENV1 strains were divided into 2 lineages (Lineage-1 and -2).
O A relationship was found between the estimated infected areas and each lineage; PHL/IND-derived
strains belonged to Lineage-2, and strains derived from other regions to Lineage-1.

Lineage-1

LC011945/ 2014 Saitama
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(Lineage-1)

srs D. virus 1
D1/Hu/Saitama/NIID100/2014

16DP41 (Indonesia )
15DP28 (Malaysia )
15DP88 (Singapore )
16DP71 (Indonesia )
15DP5 (Indonesia )
15DP17 (Indonesia )
15DP20 (Thailand )
D. virus 1 D1/SG/05K4480DK1/2005 poly...
D. virus 1 Fj231/04 polyprotein
D. virus 1 DG14 polyprotein
15DP11 (Malaysia )
D. virus Hb22/CHN/2014 polyprotein
96~ 15DP68 (T4 X)
D. virus 1 SGEHI (D1) 1494Y08 polyprotein
92 D. virus 1 SG (EHI) D1227Y03 polyprotein

D. virus 1 polyprotein
Dengue virus 1 D1/Hu/Shizuoka/NIID181/201

17DP2 (Philippines) —
D. virus 1 DENV-1/TH/BID-V2277/2001 p...
15DP32 (v~ —) oz

94 Dengue virus 1 DENV-1/VN/BID-V4081/2008
Dengue virus 1 DENV-1/VN/BID-V3907/2008
15-DP51 (HYRT7)

16DP213 (NhkF L)

o 16DP96 (NhF L)

17DP44 (BEF)

17DP120 (RNhF L)

10 17DP97  (RNhF L)

‘ Dengue virus 1 DENV-1/VN/BID-V1772/2008
Dengue virus 1 DENV1/Vietnam/10dx-241...
15DP44 (BEF)

17DP25 -
Dengue virus 1 ThD1 0049 01 -
F Dengue virus 1 SDDF1543

72 Dengue virus 1 DEN1/GZ/OY
Dengue virus 1 GD02/06
15DP60 (Sv¥2~¥—)

16DP160 (R¥>~¥—) -
Dengue virus 1 DV1 SL 2009c

Dengue virus 1 DV1 SL 2009b

Dengue virus 1 BNI-5201

Dengue virus 1 DV1 SL 2009a

Dengue virus 1 SL 2012 GS0289

Phylogenetic tree analysis of dengue viruses derived

Indonesia
Malaysia
Singapore
Thailand
Philippines
2005-2017

SRL

Vietham
Cambodia
Tahiti
2007-2017

China Taiwan
2006

Myanmar

from imported cases
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Dengue virus 1 SL 2012 GS0319
Dengue virus 1 DK87
15DP50 (RYUZH)

2¢~ Dengue virus 1 SL 2012 GS0308
0.0100 3¢ Dengue virus 1 DV1 SL 2010b

16DP42 (AVR)

M FY2015 imported cases
M FY2016 imported cases
M FY2017 imported cases

- Dengue virus genotypes are deeply related to regions;
viruses endemic to particular regions have been
epidemic for nearly a decade.

- Among the types that have been epidemic since 2005
over a wide range of regions, including Indonesia,
Malaysia, Singapore, Thailand and Philippines, was the
strain that became epidemic in Tokyo in 2014, indicating
that the virus came from these regions.




Number of chikungunya fever cases reported
from 2012 to 2018 (up to Week 42)

10 4

R Chikungunya fever cases have been reported every year as a
imported infectious disease.

Number of Reported cases

20049 2010 2011 2012 2013 2014 2015 2016 2017 2018
Year
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Number of reported cases

Number of Zika fever cases reported
from 2012 to 2018 (up to Week 42)

Zika fever has been subject to reporting since 2016.
Cases reported in 2016 were all imported cases.

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Year
16



Tokyo Mosquito-borne Disease Control
Measures Conference

 The conference is intended to hear opinions of experts
on how to promote measures against mosquito-borne
diseases in Tokyo.

* |t consists of healthcare professionals and experts of
mosquito-borne diseases and delegates from relevant
administrative agencies.

e Established in September 2014, the conference
investigated incidents of domestically acquired
dengue fever in Tokyo in December of the same year,
and laid out measures that requires joint forces from
the Metropolitan Government, municipalities, related
organizations such as health centers, medical
institutions and private businesses, as well as from the
citizen of Tokyo



Tokyo’s action plan for implementing ssued 2014
mosquito-borne disease control measures Revised 2016

* Basic policies of mosquito-borne disease control measures
- Implement measures according to the stage of incidents.
- If the risk is rated high based on a risk assessment, implement measures
thoroughly.

Incident Definition Policies of measures
stage

No patients = No domestically acquired Reduce the risk of mosquito-borne

emerge infection cases are found disease incidents by hindering
excluding cases imported mosquitoes from emerging as much as
from abroad. possible through government-private

partnerships and improve the healthcare
system for early detection of emerging

patients.
Patients start An incident of domestically Call for attention and promptly
emerging acquired infection occurs in implement mosquito control measures
Tokyo. in the region where incidents are

occurring and control the expansion of
infection and transmission.

Outbreak Transmission persists in Provide proper medical care to severe
multiple regions with patients cases.
emerging in great numbers. 18



Mosquito surveillance

Name

Wide-area surveillance

Focused surveillance

Year of initiation

2004

2015

Objective

Intensify the monitoring of new
infectious diseases that can emerge in
Tokyo with increasing temperature due
to global warming

In response to the incident of dengue fever
patients emerging in Japan, intensify the
monitoring of mosquitoes that can transmit
dengue fever and chikungunya in addition to
the conventional measures for controlling
mosquito-borne diseases.

Sites of operation

16 parks, cemeteries, etc. (16 sites)

9 Urban parks (50 sites)

Target of collection

Adult mosquitoes

Aedes albopictus

Time of operation

June to October

April to November

Method of operation

Use light traps with dry ice.

- Adults: caught by light trap with dry ice from
May to October and by human bait method
in April and November

- Larvae: caught in Parks’ discharge basins etc.
in April through November

Criteria for selecting
the sites of
surveillance

Multiple institutions conduct
surveillance independently of each
other. To avoid redundancy as well as
eliminate regional biases and make
surveillance more effective, sites were
selected in equal number from the
special wards and Tama district.

- Human-related conditions
Numbers of visitors and events, frequency
of foreigners’ visits, long hours of stay
- Environmental conditions
Bushes and shrubbery
Untended environment
Frequent complaints about mosquitoes




Method of catchmg mosqwtoes (trap)

battery
Motor -

Cool bag
Jr dm (with dry ice)
Net




Early detection of disease-carrying mosquito
incidents

Facilities for wide-area surveillance
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. Facility name - Facility name
1  OiCentral Seaside Park 9 Inokashira Park
2  Odaiba Marine Park 10 Tama Zoological Park
3  Aoyama Cemetery 11 Sayama Park
4  Yanaka Cemetery 12 Oyamada Green Area
5 Somei Cemetery 13  Hachioji Cemetery
6  Shakujii Park 14 Medical Botanical Garden
7  Toneri Park 15 lJindai Botanical Park
8 Kinuta Park 16  Mizuho Nogei High School

Facilities for
focused surveillance

Facility name

Yoyogi Park (Districts A and B)

Hibiya Park

Hamarikyu Gardens

o|loOo|w| >

Toyama Park

m

Ueno Park

-n

Komazawa Olympic Park

Hikarigaoka Park

| o

Sarue Onshi Park

Kasai Rinkai Park 21
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Tests items

- Monitoring of virus-carrying

mosquitoes
: - Virus-carrying mosquito - Survey of mosquito incident-
Tests items el < . <
monitoring densities
- Survey of mosquito larvae
incidents
Dengue virus Dengue virus
Chikungunya virus Chikungunya virus
Test L L
h Zika virus Zika virus
pathogens West Nile virus

Plasmodium falciparum

22



Number of mosquitoes collected in
focused surveillance (2015-2017)

(No. of mosquitoes)

900
800
700
600
500
400
300
200
100 -

Periods of operation
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Number of mosquitoes collected per park
in focused surveillance in 2017

(No. of mosquitoes)
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Distribution of Aedes albopicti in Japan
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Number of Culex fasciatus mosquitoes
collected in 2015-2017

(No. of mosquitoes)

800

700
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500

400 W 2015

300 m 2016
w2017

200

100
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Detection of viruses from mosquitoes

The numbers of samples were:
FY2015

7816 adults and 9128 larvae,
FY2016

11161 adults and 3429 larvae, and
FY2017

7383 adults and 1629 larvae.

No mosquito-borne infectious
viruses including dengue virus were
detected by genetic testing in
samples from either adults or larvae.

27



Viruses (cases) detected by wide-area
surveillance in 2017

B 7S Py Ty T T

2017/6/12-6/16 0 0 0
6/26-6/30 0 0 0 0 0
7/10-7/14 0 0 0 0 0
7/24-7/28 0 0 0 0 0

8/7-8/10 0 0 0 0 0
8/21-8/25 0 0 0 0 0
9/4-9/8 0 0 0 0 0
9/25-9/29 0 0 0 0 0
10/10-10/13 0 0 0 0 0
10/23-10/27 0 0 0 0 0
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Viruses detected in the past 3 years

2015 2016 2017
(No. of positive/total sites) (No. of positive/total sites) of positive/total sites)
WNY D f NV DN P.f f
KV Vv KV Vv

(No.
NV CHI  ZIKA P, w CHI  ZIKA WN DNV  CHK ZKA  p,
A\

. . / / / / / / / / / / / / / /
Wide-area surveillance 1 1 1 X o s 15 s 15 1 s 11 im0

0 153 125 125 125 1 148 111 111 111 0
(No. of mosquitoes collected) 2419 4989 3184
Focused surveillance O X X X X g 9 % X x 0 0 0 x
X 43 43 43 43
Larvae
(No. of mosquitoes collected) 1796 3429 1629
Focused surveillance X % g X X o x YooY ¥ ox ox %Y Y 0x
Adults
(No. of mosquitoes collected) 5397 6172 4198

WNV: West Nile virus

DNV: Dengue virus

CHIKV: Chikungunya virus
ZIKA: Zika virus

PF: Plasmodium falciparum

29



Feedback of surveillance information on
the web site
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Tokyo s reasures to control
disease-carrying mosquitoes

Be safe and secure
without mosquitoes!
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high-risk sites are shown on the map
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= ST - Select “Disease name,” and the high risk sites for the disease will be shown on the map.
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Tokyo’s measures for controlling
mosquito-borne diseases

* Be prepared at all levels in peace time, such as
acting to prevent mosquito infestation and
improving the system for early diagnosis.

* |n the event of domestically acquired infection
cases, act proactively to stop the disease
spreading.



Mosquito infestation
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Information service and public relationship

3 Leaflets

Get Rid of Mosquitoes for
Safety and Peace of Mind! )
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Upcoming workshop
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Workshop on how to fight against
mosquitoes that transmit diseases
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Lecture contents

1. Infectious diseases transmitted by

mosquitoes

Speaker: Satoshi Kutsuna, Center Hospital of the National Center
for Global Health and Medicine (National R&D Agency)

. Biology of mosquitoes (Aedes
albopictus)

Speaker: Atsuhiko Muto, East Japan Branch, Japan Environmental
Sanitation Center (General Incorporated Association)

. Mosquito control measures you can

apply in your daily lives

Speaker: Masaya Adachi, Hygienic Insecticide Industrial Association
of Japan
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Responses to the emergence of patients

Responses to imported cases (non-domestically acquired
infection)

* Acquaint healthcare workers with mosquito-borne
diseases and improve the system of testing;

e Conduct surveys of patients who were infected abroad

and provide them with appropriate health instructions;
and

e Secure samples from persons who were reported to
have been infected abroad with dengue fever,
chikungunya fever and Zika virus to analyze them for
pathogens.



Government-led mosquito-borne disease testing

People who are likely to be infected, even if they have no history
of travel abroad, should be tested.

Have you ever traveled to an area of a country with an epidemic of Zika virus infection?
[No - Requirement A; Yes - Requirement B]

[Requirement A] Cases falling under all the following criteria (1) through @:

(D got bitten by mosquitoes within about 2 weeks before the onset of symptoms (regardless of
whether the bite was in Japan or abroad),
have sudden fever (38°C or higher),
have more than one of the following: (1) rash, (2) nausea/vomiting, (3) joint pain/muscle
pain/headache, (4) decreased platelets, (5) decreased white blood cells, (6) positive result
for tourniguet test

@ have no health insurance coverage for dengue virus NS1 antigen testing

[Requirement B] (with history of travel to an area of a country with an epidemic of Zika virus
infection (*)) Cases falling under all the following criteria O through &:

(D have traveled or stayed in an area of a country with an epidemic of zika virus infection (*)
within 2 weeks before the onset of symptoms

(@ Got bitten by mosquitoes in an area of a country with an epidemic of Zika virus infection

3@ have either (1) rash or (2) fever (37°C or higher) or both

4 have more than one of the following: (1) joint pain, (2) arthritis, (3) and conjunctivitis
(nonexudative and hyperemic)

(B Have the sample collected within 2 weeks before the onset of symptom:s.



Viruses separated from patients’ serum

Dengue | Dengue | Dengue | Dengue | Chikung Zika Total
type 1 type 2 type 3 type 4 unya
2015 9 16 5 3 1 0 34
2016 7 10 10 2 0 1 30
2017 1 6 5 2 0 0 14
Total 17 32 20 7 1 1 78

Dengue viruses were separated using VeroE6 cells, and Zika and

chikungunya viruses using Vero9013 cells.
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Health center responses

e During viremia, confirm whether or not the patient
has been bitten by mosquitoes in Japan

— If the place where the patient got bitten was located,
inspect the place and exterminate mosquitoes.

* Provide training of how to prevent patients from
getting bitten by mosquitoes

— Use of repellents, use of mosquito nets and insecticides
indoors

* Confirm whether or not a large number of
mosquitoes live near where patients are
recuperating.

— Consider extermination if infestation is great.



Information sharing among related
organizations
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Mass gathering and mosquito-borne
diseases

* Chances are high that viruses are brought in
from overseas by visitors with history of travel
to, or stay in, foreign countries.

* |t takes time to identify incidents of such
patients.

* The higher the incidence of mosquitoes and
the greater the number of park visitors, the
higher the risk of infected mosquitoes
emerging and infectious diseases spreading.



Preparations for the upcoming

Olympics and Paralympics

e 2020 Tokyo Olympics and Paralympics will be
neld in summer.

* |tis necessary to reduce the risk of mosquito-
porne diseases including dengue fever.

 Comprehensive measures including mosquito
infestation control should be implemented
with coordinated efforts from relevant
organizations and the citizens of Tokyo.



