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Recent Progress in the Research and Sumitomo Chemical Co., Ltd.
Development of New Products for Malaria and

Dengue Vector Control

Health & Crop Sciences Research Laboratory
Kazunori OHASHI

Yoshinori SHONO

Vector control is the most important method to disrupt transmission of insect-borne diseases, such as malaria or
dengue fever. Long-lasting insecticidal nets (LLINs) and indoor residual sprays (IRS) are major tools for malaria
vector control. Recently we have developed two new LLIN and one IRS formulations. Olyset®Plus is a durable
LLIN containing 2% (w/w) permethrin combined with 1% (w/w) piperonyl butoxide (PBO) with enhanced efficacy
against pyrethroid resistant mosquitoes. Olyset®Duo is also a durable LLIN containing 2% (w/w) permethrin and
1% (w/w) pyriproxyfen. Olyset®Duo has sterilizing and life-shortening effects against pyrethroid resistant
mosquitoes. SumiShield®50WG is a new IRS formulation containing clothianidin which is a new mode of action
insecticide for vector control. SumiShield®50WG shows excellent residual efficacy against both resistant and
susceptible anopheline mosquitoes on various wall materials. As for dengue vector control, larviciding and space
spraying are dominant tools. SumiLarv®2MR is a new long-lasting “matrix release” larvicide based on pyriproxyfen
that has been specially designed for container breeding mosquitoes. SumiPro®EW is a new space spray formulation
with low water evaporation properties that allows spray droplets to travel up to 100 m from the point of application.
Minimal shrinkage of water droplets maintains a superior knock-down and kill activity of SumiPro®EW against
dengue vector mosquitoes. This paper described the key features of the products that provide improved control for
insecticide-resistant malaria and dengue vectors.
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1N Comparison of vector control method
between malaria and dengue fever

Disease Vector Stage Method

Malaria Anopheles spp. Larva Larviciding
Night biting Adult Long-lasting
insecticidal net (LLIN)

Indoor residual
spraying (IRS)

Dengue  Aedes aegypti Larva Larviciding
fever Aedes albopictus
Day biting Adult  Space spraying
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BN Performance of three different LLINs 7
days after 3 consecutive WHO washes
against (a) metabolic-resistant strain of
Anopheles gambiae s.s. in experimental
huts in Pitoa, Cameroon and (b) multi
pyrethroid-resistant strain (kdr + metabolic)
in Akron, Benin (Data from Pennetier et

al.9).
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BGEEEN Performance of Olyset®Plus in the stan-

dard WHO cone test against field-caught,
metabolic-resistant Anopheles arabiensis in
malaria-endemic area, Kenya.
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[J Exposed to pyriproxyfen-treated net before blood meal

B Exposed to pyriproxyfen-treated net after blood meal
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m Fecundity of Anopheles gambiae s.s.
females exposed to nets treated with vari-
ous concentrations of pyriproxyfen before
and after blood feeding. Uppercase and
lowercase letters indicate significant differ-
ences among females exposed before and
after blood feeding, respectively (P < 0.05)
(Ohashi et al.19).
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—o— Control
——0.001% pyriproxyfen-treated net
—— 0.01% pyriproxyfen-treated net

—=— 0.1% pyriproxyfen-treated net

100 g

80 A

60 -

40 A
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20 4

Days after exposure

BTN Survival rates of Anopheles gambiae s.s.
females after exposure to nets treated with
various concentrations of pyriproxyfen
(Ohashi et al.19).

Experiment II

-0- Control

—=— Pyriproxyfen

0 14 28 42

Days after release of 100 pairs of adult mosquitoes

m Effect of pyriproxyfen-treated bed nets on population growth of Aedes albopictus in microcosms under
semi-field conditions. Experiment I: pyriproxyfen 1%, Experiment II: pyriproxyfen 0.1%. (* P < 0.05, one-way

ANOVA) (Ohba et al.1?).
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Performance of three different LLINs
against multi pyrethroid-resistant strain
(kdr + metabolic) Anopheles gambiae s.s. in
experimental huts, Akron, Benin (Data
from Ngufor et al.19).
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T4 (AvecNet) 25 TT L FF 7 7V DK
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WrhigRy 2 —a v bu— LT T NS
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1P Sterilizing efficacy of Olyset®Duo against natural population of Anopheles gambiae s.s. in experimental

huts, Akron, Benin (Data from Ngufor et al.19).

Pyriproxyfen-incorporated

Untreated net Olyset®Net Olyset®Duo
net (1% w/w)
No. of blood-fed females observed 27 19 15 8
No. of eggs per blood-fed females (95% CI) 37 (15-58) 0 57 (30-74) 0
No. of larvae per blood-fed females (95% CI) 36 (14-57) 52 (39-71) 0
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SumiShield®50WG

300 mg Al / m? 1000 mg AI / m?

Deltamethrin WG
25 mg Al / m?

Pirimiphos-methyl CS
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OEIIEID ST D, BIFSIM: 2 HDIRS
HHNIHAAHR 2 B RETE, FICABETHD S
NAWAAIA P AKIAK T EE5Z LN TES, 77
VB~ 7)) 7T IR A iR < TR
6 HFEE TdH % 72%. SumiShield®50WG TidAF- D
B A —ME TCIGR T Z 2 H %, L
214 F%&EKSE LZLLIN & SumiShield®50WG %
FWAZIRSOMALG LI, 5H~ T ) THED =D
ICEBEAEHER-TTHA S,

(b) permethrin
8.0 -
6.0 -
4.0

2.0 A

LDso (ng/mg female)

0.0
lday 2days 3days b5days 7days

Days after exposure

Changes in the intrinsic activity (lethal doses for 50% mortality + 95%CI) of (a) clothianidin and (b) permethrin
against insecticide-susceptible strain of Anopheles gambiae s.s. observed over a period of 7 days after topical
application.

m OM m ™™
m 1M o 8M
H 2M 0 9M

m 3M 1 10M
m M 1M
m S5M []12M
m 6M

Bendiocarb WP
400 mg Al / m?

PBEEEEN Residual efficacy of SumiShield®50WG and existing formulations for indoor residual spraying against
pyrethroid-resistant Anopheles gambiae s.s. KdrKis strain in the WHO cone bioassay in experimental huts,

Benin, West Africa.
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100 ~
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60 -

¢ 40 A

% Mortality at 5 days after
exposure

SumiShield®50WG  Pirimiphos-methyl CS
1000 mg AI / m?

300 mg Al / m?

Deltamethrin WG
25 mg Al / m?

Bendiocarb WP
400 mg Al / m?

BEEEIN Field evaluation of SumiShield®50WG and existing formulations for indoor residual spraying against
natural population of Anopheles gambiae s.s. in experimental huts, Benin, West Africa. Data were collected

during 4 months after spraying.
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HIZWHOPESAHIGE L=, B Tuds 72 VIidAG
IS BEWERENEAA LTl D, WHOIZ XD fRK
NOEHDFRD SN TH 529, WR7 VTR
HRKAE, 7V IENEMEL TRk T, BNt
DRERHTAKF T LTI RO FEREJTTH %
Zenn, ARBFNIOKZE L EIEEd 5 HIY TR X
Nz, REAIOFFEIZ. KO 122 b 5 T4
Bitk6> HLLEOR], SEAIAENRE 255 & 512Kk
EH L TR0 EE TS5 28 Th b, 202
VT EREID B EDICY L — Y T LREKSE THEE
U7z, RS LI ERBR DA % Fig. 121089, JBAHC
AR U 72 K R AE KA AN TSumiLarv®2MR %

IEPEER Sumilarv®2MR, a matrix release formula-
tion containing 2% (w/w) pyriproxyfen.

10

1~ 40 LOM & TR L 7=, — AR5 0K E A
WA, AR L 2D ROKIZH v &4 Vv
AR AR LR AT > 720 £ ORER. REAERA
TH BV INNY 20 Yy WPHRLERH50 H LRI 15
T L7205t L. Sumilarv®2MRO %N 171364 H i
Rt s 5 2 LB 57z (Fig. 12).

100

—e—SumiLarv®2MR (1 piece/40L)
—e— Diflubenzuron WP (40 mg/40L)

0 ¥
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

% Inhibition of adult emergence
% IE)

Days after treatment

IEPEEN  Percentage inhibition of adult emergence
(+SE) in simulated field trials using
earthen jars (n=4) containing 40 L of
water tested against Aedes aegypti larvae,
in Malaysia. Half of the water in each jar
were replaced once a week.

KIZ, FUYTEDHITL TS I ZAEH LT VIR
DRz I TRPEIRFER S & [ TR b i ek &
fio7z, MEXOK (12052, AO679AN) T, fER
DFF AR S NZRKEBO TR TOKRERH K F 5 412
SumiLarv®2MRO 72 4 7% FEHEIHE - T
AL7 (Fig.138), PAHFMFICFUEE L, 4RI
DS HIREFA % 1T > 72, R %Fig. 141587,
HEPRX O TIIAKZET K v 44 ¥ <2 OHRAEH
THREL T ZZ0IZx L, KELS O R TORER
WEAREEZ IR TR A > 72, —J7. SumiLarv®2MR % 4L
BEUZMTIE, KETOREREB Y Lh D, KED
NORZTE ZDORAELEMET L (Fig.14) . ZOHS
Fid, WX OREKRTH v 24 2 I OBEEMET
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2 Sumilary®2MR M

-
4
%
& ARTS
. _,. e
’ .

IGPEEN () Water storage containers and (b)
SumiLarv®2MR treated in a water Jar in
rural village in Lao PDR

6.7

% Positive for Ae. aegypti

I
Jar Other containers
(n=56) (n=65)

Treated village

Jar Other containers
(n=51) (n=60)

Control village

Positive rates for immature stages (i.e.
larvae and pupae) of Aedes aegypti in
water-filled containers 1.5 years after treat-
ment with a prototype of SumiLarv®2MR
in all water storage containers in a rural
village, Lao PDR. Jars and other containers
were randomly examined for presence of
mosquito larvae and pupae. Collected mos-
quitoes were brought to the laboratory and
species were identified morphologically
under a microscope.

18 Dilution rates and spray volumes for SumiPro®EW

L7zZEERBL TS, i, RBRBIAA Y UL
L7=BEINMERICK > TRESIND Z LB L 57208
RN FERE XN D & & ICBEAIORFRIE EA L2,
BIFENIEBOGEHE L TH D, B TOmOA E
DHEEFEHIZL TS, Kkl cid, QX OFHC
B 2T V7 AN ZPRGERE S EX K D A7
KT L2 Z DRI T B2, P En kS,
SumiLarv®2MR % /K% 7 & O 1% FH K ~RUES A 1 2 LR
THILT, T VIBORE LRI TE S L
WExh 3,

FUWEEEEZER (SumiPro®EW)

NCDSHHE R HRR CHAT2HTE 5 Z &0 T v 784
DR TH D, —HEENFAET DL, T A N RIS
L 72K 2 1T LB AR AR T 720, BRI YA
IV ZRAE BB U AT I ODBE S 2 T & i ud
K5V, TOREMEFEA TS 83T
TEOBEERRE LT TEETH 5, 2132014
FORFIZBT 2T CERH SN/ ETH S, it
WU U TR TEN v 2 89 Vil A H 5 A b
7))L b Y v (Eminence®” SumiOne®) 20 & {gh 72343E
RAEHTS 72/ )Y (GOKILAHT®S) %,
E ISR D 7= L STHIPBO % Bl L 728 Lnv2e
[#1E 5% A SumiPro®EW (Table 3) % FA¥&. 20144F12
VYHR-NKOVL =2 7T Eili L7z, ABFHNTIRE
D EEFH (Ultra-low volume, ULV) /%% (Thermal
fogging) IS L CTH 0. EVEEE @m0 ET%
M SEENTEIR AR THE) AT 5, ARH
FIHEBEEAZEALEE BT LY 3 (EW) AL
JiTh57:% (Table 3). fEHHREBUI ST 5 Afi
IRV, ARRFIOHEA R % Table 412787,

LR Composition of SumiPro®EW

Ingredient Content % (w/w)
Metofluthrin (SumiOne®) 0.1

d-d-t Cyphenothrin (GOKILAHT®S) 6.0
Piperonyl butoxide (PBO) 10.0

Inert ingredients/water 83.9

Total 100.0

Space Application technique Dilution Rate (SumiPro®EW : Water) Spray Volume

Outdoor Cold fogging (ULV) 1:9 0.5L/ha
Thermal fogging 1:99 10L/ ha

Indoor Cold fogging (ULV) 1:9 0.1L/2000m3
Thermal fogging 1:49 1L/2000m3

{FRAEE 2015
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100 ~ T

60 -+

20 A

% Mortality (mean + SE)

FrUBmERLELT—

B 10m
B 2%m
[ m 50m
J I 75m
7100 m

Aedes aegypti Aedes albopictus
SumiPro®EW

Aedes aegypti Aedes albopictus

metofluthrin 0.1%/cyphenothrin 6%/PBO 10%

EC

G Field efficacy of SumiPro®EW compared with a formulation of emulsifiable concentrate (EC) at distances
of up to 100 m downwind from vehicle-mounted ULV cold fogger in Malaysia. Water-diluted formulations
(1:9) were sprayed at a rate of 0.5 L/ha in a football ground (n=3) in typical conditions (24-28°C; 58-77%
RH; 0.2-0.9 m/s wind velocity). Laboratory reared Aedes aegypti and Ae. albopictus females were kept in
holding cages at 1.5 m above the ground. Mortality was observed at 24 h post treatments in clean cups.

WHO DA TEFEENAE - 7= ikl &2~ L — & 7 LF}
KREFTE LU=, b5 2 IC888 L2 ULVIEFEE Y
71 =3O A 5 5 SumiPro®’EW A IEFE L, v &4 ¥
T AKOE b AV YRR AR A S —E DR
MECRFZE S, TOME, WIThoBUIHL TS
SumiPro®EWI #6155 5100 moD FREE £ TEni

HKARLZZDIZX L, SumiPro®EW & [6] UARIK 7
I LZFLAT (EC) A5 T3t~ 550 m&k 0
FOHTTHESELRME T L (Fig. 15). 2D & H 1,
SumiPro®EWIZ T v )L > g YRUGIZ X - CaEl & T
AIMEREL, BOWBICRI &R 5 Z LAME»D 5
nr=,

ARBFIOFFEMET, B H 22 CHARR) 2ok 1%
(10-30 pm) #HEOZ & TEE I N TS, 22HIETE
AR T30 pum A A % & WL »ITHE T L. i
5umll FTIRIRNRFRADMNEENKE LT T
528, SumiPro®EWIXIEIHE R Fh A2 &5/ L T\5 72
®. Fig. 161789 & 5 1ZHATI A BRI 7ok 118 & Ok
FL72FF100mBICERET S 2 &N TES, —,
bR R 70 i RNy | RO R RY Ly s Rl = Sl & T L=/
SHEN B EERTFENME/INL 72, 2D K512, Sumi-
Pro®EW Tidmi e M1z & - CHRANROR & Hch 2
Z b EKIZMA S Z ENTE, 7V 7EOBEZMR
ICKkERREE 20T 8D LM ah 5,

N7 52— NA—IVAFHBRERIR D DB

RSN I AT 5 ADERNRSY DA kI
DRUHINE Ry 2 —a v b a— LB\,
PO BT H 2 EKETRN L DEE AL 5, HiL
WIERME A $ 2 BB I # A I8 AT 5 Z
Sl BPIMREOARB MR S L CTiRd THET
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B 10m
B 25m
[ 50m
[J 75m
[] 100 m

Droplet size (mean + SE, pm)
IS

SumiPro®’EW SumiPro®EW without
evaporation retardant

IEEEIN Droplet size (volume medium diameter?d)
of SumiPro®EW compared with a formula-
tion of SumiPro®EW without evaporation
retardant at distances of up to 100 m down-
wind from vehicle-mounted ULV cold
fogger in Malaysia. Water-diluted formula-
tions (1 : 9) were sprayed at a rate of 0.5
L/ha in a football ground in typical condi-
tions (24-28°C; 58-77% RH; 0.2-0.9 m/s
wind velocity). Teflon coated slides for
droplet deposition were placed at 2.5 m
above the ground.

H5, LrLano, HARIKS ORISR LE
AEET 5720, THHRLNZAKGED XS 558,
DEOHFENDA v VT 4 TIERLTENEEFE L
N,

IVCC (Innovative Vector Control Consortium) i,
Bill & Melinda Gates Foundation®¥& & 4% H) & 52 3 #F
LWEGHER 7 2 —Fikrfefi o FE (e 2 By & LT
AL X Tz, HEE ) N T — LSRR A F O JEE RN
KTH 229, HiidOfE % vl d 5729, IVCCla~~s
S —a v b a— L FEOFIA R ORI % 5
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Tuvx s b EMEMNTTOS30, BEEZ20094E 6
14E-[8 Proof of Conceptfff7t # 92hE L. M4tLORA T
21687 4 77 ) — Ol & 470, BPAHEP MR
DN 2T HRHITEEEH T 260 E W O R
U7z, 2 ZT20114E 2> 5 IVCCOMZRE #147TCT, X2
S —FHBRFAARR R A DO BERITE 7 a Y = 7 b % AR
IZPBR L 72 T OBRBEBMH LMD, Xy 42 —aV |
o= LH@EE UTH LWERSE AR H$ 5. FiilE K
T OFEMLAE Y 2 E S U, BUEARSBRTR s T O
RAEITH>TWAB,

BbhUIC

<7 ) 7 OFEEEIT2000F LUEBIAE £ TITIRIEF
L7z, ZHIZ2000-1RF N SRRG S =, 77 ) 4
D& L72v 5 ) 7T O LLIN O 4 i K Al
7 (Universal Coverage) #Huh& L72#ANRED
BERTH 5, ZDO— ) TREAMPEPUE 2 &8 7= s
LWL LDDH %, TV /EIZDOWTIE, Zu—n
V¥—v g VOMRBICEZEEABELZAN, /0K
B, X S IZIFHERERE (LI 1k 5 BT O S A Pl KRS D
BT &Y, BERIFELABINL TS, Th
FTCRBRRTE X2, WA ZORVUSH IS BE &
EREFHR s 4 —a v o - VBB ERRE L, &
722012 F6 HIZIZ & v =T IcRo £ —a 7 [ a— )L
FeDT 7 J DL & U TAfrica Technical Research
Centre &% .. Bl CoOMRARHIOMILZEX -7z, 4
S HE RNy 4 — 3 b a— L5 R ORKEEESE
S C R DN R & AT, RS
JRGYRE D HIEIZ [ THE A 200 &t T <,

A E

AT B9 2 HIRINIFE & F2hE U C & 7= R34
TR ISR  R&H ORE A 2§ 5. Olyset®Duo®d
B FE BT 2 D — B S OSHT B i 1 oy D $:5% 13 Bl &
Melinda Gates Foundation?® & 442112 & 3IVCCD
Juv s bELTEBI N,
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