Pertanika J. Sci. & Technol. 28 (4): 1117 - 1140 (2020)

SCIENCE & TECHNOLOGY

Journal homepage: http://www.pertanika.upm.edu.my/

R

Review Article

A Review: Autodissemination of Pyriproxyfen as Novel Strategy
to Control Dengue Outbreaks

Ahmad Mohiddin Mohd Ngesom', David Greenhalgh?, Asmalia Md Lasim?,

Mazrura Sahani', Rozita Hod* and Hidayatulfathi Othman'*

!Faculty of Health Sciences, Universiti Kebangsaan Malaysia, Jalan Raja Muda Abdul Aziz,

50300 UKM, Kuala Lumpur, Malaysia

’Department of Mathematics and Statistics, University of Strathclyde, 26, Rivhmond Street, Glasgow,

GIl1XH, UK

3Faculty of Science and Technology, Universiti Kebangsaan Malaysia, Bangi, 43600 UKM, Selangor, Malaysia
*Department of Community Health, Faculty of Medicine, Universiti Kebangsaan Malaysia,

56000 UKM, Cheras, Kuala Lumpur, Malaysia

ABSTRACT

The new emergence and re-emergence of arbovirus infections transmitted by Aedes
mosquitoes have been spreading across Southeast Asia, Central Africa, United States,
tropical Oceania and has become a major of public health concern. These arbovirus diseases
were found to have a similar vector, symptoms, and environments. The situation is complex

due to no specific vaccine or treatments being available for the diseases. Therefore, vector

control is currently the best defense against arbovirus diseases, but with its own challenges
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such as the difficulty in controlling scattered
breeding sites and biological behavior.
Herein, we present a literature review of
studies on current techniques proposed to
combat dengue transmission that can fill
a crucial gap in vector control programs,
which is the inability of conventional control
methods to eliminate and destroy cryptic
breeding sites. In particular, we focused on
the concept of autodissemination, which is
a self-delivery technique by manipulating
the behavior of mosquitoes, carrying the
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insecticide and disseminating it to cryptic breeding sites. This technique has shown
promising results in some countries and can be considered as an additional tool in a vector
control program. Therefore, we conducted Boolean searches in several electronic databases
including Google Scholar, PubMed, SciELO and ScienceDirect to identify relevant
published data regarding dengue and autodissemination techniques.

Keywords: Aedes, autodissemination, dengue, pyriproxyfen, vector control

INTRODUCTION

To date, there are more than 300 known species of mosquitoes in the world but with only
a small number of species responsible for vector-borne diseases (Caraballo & King, 2014).
Aedes aegypti and Aedes albopictus are the most important vectors for the transmission
of dengue, Zika, and chikungunya virus. According to the World Health Organization
(WHO), mosquito infections affected more than one third of the world’s population and
caused about one million deaths annually (WHO, 2016).

Aedes aegypti is the most important disease vector worldwide. It is the principal
vector of dengue, chikungunya, yellow fever and Zika viruses. Ae. aegypti is extremely
anthropophilic, has frequent blood-feeding behavior, a long lifespan and is closely associated
with humans, because of their ability to breed in human dwellings, and preferring to feed
on humans even in the presence of other mammals (Faraji et al., 2014). The blood-feeding
behavior becomes the primary concern because it is the major component of the dengue
virus transmission where an infected patient gets bitten by a mosquito which then carries
the virus to another person. Most mosquito species have their preferred distributions, with
the Ae. aegypti being the primary vector of the dengue virus, but it is also an efficient vector
for other viruses that cause human diseases such as the Zika virus and chikungunya virus.

Meanwhile, Aedes albopictus was found to be able to transmit over more than 20
arboviruses, increasing the risk of humans to mosquito-borne diseases (Wong et al., 2013)
and was considered as a secondary vector in importance according to their zoophilic
preferences (Delatte et al., 2010). In certain areas around the world, it has become one of the
most invasive mosquito species. Ae. albopictus is considered a greater threat compared to
Ae. aegypti due to the former’s higher survival rate in larval densities (Camara et al., 2016),
adaptation to extreme temperatures (Brady et al., 2013) and showing greater survivorship
in food-limited competitions (Banerjee et al., 2017; Hopperstad & Reiskind, 2016).

SEARCH STRATEGY

We searched PubMed, ScienceDirect, SciIELO and Google Scholar with the following
keywords: dengue fever; dengue control; vector control; autodissemination; pyriproxyfen;
pyriproxyfen autodissemination; horizontal transfer; autodissemination AND dengue or
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malaria; emergence inhibition; and pyriproxyfen (PPF) in several combinations using
Boolean searches. Non-English language articles were also included if there was an
available English translation. Due to the limited data published in scientific journals, we
also explored the databases of leading organization, such as World Health Organization
(WHO) and Ministry of Health Malaysia (MOH) and Centers for Disease Control and
Prevention (CDC).

Dengue

Although dengue fever is among the most common mosquito-borne infections in the world,
yet it has long been categorized as a “neglected tropical disease” (Faraji et al., 2014). The
Chinese medical encyclopedia from the Jin Dynasty (265—420 AD) was probably the first
record of which diseases were associated with flying insects. The first recognized dengue
epidemics occurred almost simultaneously in Asia, Africa, and North America in the 1780s.
The first confirmed case report of dengue hemorrhagic fever in Southeast Asia occurred in
Manila in 1953 and during the second outbreaks in 1956. Today, dengue fever has become
one of the major public health issues and is endemic in more than 125 countries globally
such as in Malaysia (Othman et al., 2019), China (Xiang et al., 2017), Pakistan (Yousaf et
al., 2018) and Sri Lanka (Sun et al., 2017).

There are an estimated 120 million travelers to the subtropical and tropical regions
with around two billion people living in developing countries (Banu et al., 2014), of which
40% are at risk of contracting the dengue virus annually, while the mortality rate is 2.5%
with more cases of classical dengue with severe symptoms (Rasgon, 2011). There were
an estimated 390 million cases of dengue infections in 128 countries, with approximately
half'a million with dengue fever needing hospitalization (WHO, 2020). In Malaysia, a total
of 130,101 cases and 182 deaths were reported in 2019, compared to 80,615 cases and
147 deaths in 2018. Most of the cases were reported in the state of Selangor, with 72,543
cases which comprised 55.76% of the total cases reported in Malaysia (KKM, 2020). The
escalation in the number of cases was attributed to poor environmental cleanliness, changes
in serotypes and high population density in urban areas.

Control of Mosquitos

Currently, there are no curative treatments or vaccines available. Therefore, control of
the dengue vector is crucial to reduce the transmission of dengue fever. A combination of
multidisciplinary approach involving local authorities, mobilization of the community and
integration of vector control must be done together to ensure the success of the strategy.
However, there are many challenges in the response against dengue outbreaks that include
unmanaged and rapid urbanization, poor sanitation systems and bad disposal management
in the communities (Chang et al., 2011).
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One of the most effective vector control methods is to control the level of vector
populations (Ahmad-Azri et al., 2019; Mazrura et al., 2012). However, most of the vector
control strategies nowadays are solely chemical-based, thus without careful monitoring,
it will increase the insecticide resistance phenomenon (Besar et al., 2019). This situation
has led the WHO and other agencies to demand for more sustainable and reliable strategies
(Bourtzis et al., 2016). Thus, it is important to find novel surveillance and prevention
strategies for dengue management (Huong et al., 2004). The occurrence of insecticide
resistance may vary by geographical distribution due to high usage of pesticides by
households and in agriculture. The development of resistance may also become faster and
more severe than expected, thus it is essential to control 4edes mosquito populations by
eliminating breeding sites through self-initiatives for source reduction in homes and the
community (Mazrura et al., 2010).

There are several ways to control a vector population, which are through source
reduction, biological control, genetic manipulation, and chemical control (Buhler et al.,
2019; Evans et al., 2019; Arham et al., 2018; Awang et al., 2012; Sulaiman et al., 2007).
However, the best vector control strategy is to combine source reduction methods, law
enforcement and controlling the use of insecticides, which are crucial for the success of
any vector control program (Boubidi et al., 2016; Schorkopf et al., 2016). The responsible
agencies should prepare several strategies on mosquito management such as performing
location assessment, insecticide treatment, educating the public, establishing the policies
and regulations, conducting mosquito surveillance and utilizing new technologies (Zaini
et al., 2019; Gerding et al., 2016).

The WHO has announced the concept of Integrated Vector Management (IVM) to
optimize the use of resources in the management of vector programs that is a rational
decision-making for the best management of vector control resources (Sukumaran et al.,
2019). The IVM aims to more effectively prevent the transmission of vector-borne diseases
such as dengue, chikungunya, malaria and Zika virus, while being more ecologically sound
and sustainable (Niang et al., 2018). This strategy implies the collaboration between the
public sectors, health sectors and the empowerment of communities by making insecticide
application as the last resort. There are five key elements of IVM guidelines: (i) advocacy,
social mobilisation and legislation which is enabling the embedding of IVM in policy-
design across relevant organisations, (ii) collaboration within the health sector and other
agencies, (iii) integrated approach by ensuring the rational use of available tools and
resources, (iv) evidence-based decision-making based on local ecology, epidemiology and
resources and, (v) capacity-building at national and local level (WHO, 2012). However,
without a proper direction, the efficacy of the IVM would not be able to be fully utilized.
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Insect Growth Regulators as an Alternative?

Insect Growth Regulators (IGR) are the third generation of insecticides that differ
from earlier insecticides on their mechanism through influencing insect development,
disrupting the activities of the insect endocrine system and metamorphosis (Palli,
2016). In comparison, the first generation of insecticides is characterized by chemicals
known throughout human history that include oils and arsenic. The second generation
of insecticides includes carbamates, organophosphates, and organochlorides that were
synthesized after the discovery of dichlorodiphenyltrichloroethane DDT.

Insect Growth Regulators (IGR) have a selective mechanism in their mode of action
that specifically inhibit the development of insects into adults. The mechanisms of IGR
delay the transformation and inhibit the cuticle formation in an insect’s immature stage
(Darabi et al., 2011). IGRs will be applied during the early life stage of the insects and kill
the insect before they become adults, and thus unable to reproduce. IGR is a form of “birth
control” and can be described as control of insects through the release of hormones/IGR
into the populations. It is not necessary for the IGR to have high toxicity against the target
sites but enough that it may lead to a change and abnormalities against insect survival. Two
compounds are important in regulating the development of insects, namely: (i) ecdysone
(also known as molting hormone, MH), and (ii) juvenile hormone (JH) which directly
interfere with insect metamorphosis, embryogenesis, or reproduction.

Pyriproxyfen is a powerful JH agonist which affects the physiology of metamorphosis,
embryogenesis, and reproductivity in insects with a unique mode of action. In general,
pyriproxyfen is used in larvicidal activities to control mosquitoes, an example being the
Sumilarv™ brand of IGR. Pyriproxyfen is useful in inhibiting the emergence of adult
Aedes spp. and is used in the range of only 0.000048 ppm (Seccacini et al., 2008) to 0.33
ppm (Suman et al., 2017) and could inhibit the emergence of Ae. albopictus with a LCs,
and LC ¢, 0f 0.0012 ppm and 0.021 ppm respectively (Lau et al., 2015), while the LCs, and
LCy, for de. aegypti were 0.012 ppb and 0.61 ppb, respectively (Sihuincha et al., 2005).
These studies proved that pyriproxyfen is one of the most effective larvicides against Aedes
species in laboratory settings.

In addition to the larvicidal impact, pyriproxyfen has been reported to reduce the
longevity, fertility, and fecundity in exposed mosquitoes. This is a novel strategy as the
mosquitoes exposed to the pyriproxyfen are laying unviable eggs. Earlier studies on Ae.
aegypti using sublethal pyriproxyfen doses demonstrated effects on mosquito fecundity and
fertility (Harburguer et al., 2014). Due to its environmental persistence, specific activity
against insect stages and being non-toxic to mammals, pyriproxyfen is considered as an
attractive alternative to conventional insecticides. Furthermore, pyriproxyfen has been
evaluated as a safe insecticide for application in drinking water with minimal impacts on
non-target aquatic insects and the environment.
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Pull and Push Concept: Autodissemination Potential Against 4Aedes Spp.
Mosquitoes

Autodissemination is a novel technology to control mosquito populations by exploiting the
ability of female mosquitoes to find suitable breeding sites, and on the skip-oviposition,
the mosquito will lay their eggs in different containers during a single gonotrophic cycle.
The contaminated mosquito is carrying a small particle of insecticide and will transfer
it to other mosquitoes via mating, and oviposition in the hidden and cryptic breeding
sites that humans may not be able to assess during inspections (Mains et al., 2015). The
mechanism of autodissemination approaches is presented in Figure 1. Autodissemination
can be considered as pull and push technologies with the attraction and dispersal concept
which are beneficial and cost-effective to the vector control program (Unlu et al., 2017).
For the autodissemination technique to be successful, specific prerequisites have to be
met which are: 1) The ability of the autodissemination station to attract mosquitoes, 2)
the autodissemination station is able to transfer the chemical to the mosquitoes and 3) the
insecticide distribution from the exposed mosquitoes to the breeding sites (Caputo et al.,
2012; Gaugler et al., 2012). In addition, another requirement is that the chemical used can
work at a low concentration and persists in the environment for a long time (Mains et al.,
2015).

Fi N MOSQUITO INFECTED WITH PPF

MOSQUITO EXPOSED TO PPF DURING
ITRANSFERED PPF TO ANOTHER BREEDING SITE OVIPOSITION

Figure 1. The mechanism of autodissemination of pyriproxyfen by female mosquitoes from exposure containers
to other breeding sites.

History of Autodissemination Methods

The concept of autodissemination devices has been tested on other weeds and pests (Pell
et al., 1993; Vega et al., 2000). One example is an automatic device using a fungus as
biocontrol agents (BCAs) working as a lure. Once the insect is attracted and enters the
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device, it becomes contaminated and transfers the BCA into populations after leaving the
device. The use of BCA dissemination by honey bees was significantly more efficient than
conventional sprayers to spread the inoculums against a pest-infested flower (Gross et al.,
1994). To enhance the impact of BCAs, the “push-pull” strategy was devised by stimulating
the insects out from the population (“push”) with feeding the deterrents and extracted
(“pull”) into the trap. The deterrent lures must be more favorable and attractive than the
crop to encourage the insect to enter the traps. In several studies, autodissemination has
shown promising results within the pest population when using an attractant device as the
initial source of infection (Moslim et al., 2011; Scholte et al., 2004).

Autodissemination has widely been used against diamondback moth (DBM), Plutella
xylostella using Zoophthora radican and rhinoceros beetle, Oryctes rhinoceros using
Metarhizium anisopliae. The manipulation of DBM behavior using semiochemicals such
as pheromones has been used to attract and developed epizootic populations before the
critical level was achieved (Pell et al., 1993). Other studies in Klang and Selangor, Malaysia
found that the mortality rate of Oryctes rhinoceros was 75% to 90% when infected by
Metarhizium anisoliae with the percentage of trapped adults leaving the traps ranging from
85% to 95% (Moslim et al., 2011).

Autodissemination of Pyriproxyfen on Mosquitoes

Although there is still a lack of autodissemination field trials, more studies are being
carried out on the effectiveness of pyriproxyfen, with some researchers making favourable
general conclusions. Most of these studies found that autodissemination did occur and
successfully killed the larvae and reduced Aedes spp. populations. Table 1 summarizes
the autodissemination studies conducted under semi-field and field settings. The first trial
was done in a laboratory (Itoh et al., 1994), and then the concept was furthered by others
(Chism & Apperson, 2003). These studies operated under the assumption that mosquitoes
were better at carrying insecticides to their preferred breeding sites compared to human
operators. The key to the success of the technique is to use pyriproxyfen in small particles
to contaminate mosquitoes which can affect control to the whole area (Gaugler et al., 2012)

A novel method was developed based on the skip oviposition behavior of mosquitoes
where female mosquitoes transfer small particles of insecticides to their cryptic breeding
sites, thus interrupting the development of the larvae and subsequently killing and reducing
the mosquito population in target areas. In 2009, a significant trial for an autodissemination
concept with pyriproxyfen was conducted in Iquitos, Peru. The placement of the
autodissemination was 5% from the available resting areas, which achieved a 42-98%
reduction in adult mosquito emergence with a maximum mortality rate of 98% (Devine et
al., 2009). Commercially prepared pyriproxyfen in an emulsifiable concentrate (EC) form
was shown to be transferred as far as 200 m from the treated areas.

Pertanika J. Sci. & Technol. 28 (4): 1117 - 1140 (2020) 1123



Ahmad Mohiddin Mohd Ngesom, David Greenhalgh, Asmalia Md Lasim, Mazrura Sahani,

Rozita Hod and Hidayatulfathi Othman

SOJIS [UNUAS ‘SS ‘UONEBIS UONBUIWASSI( ‘S ‘SYIUOW ‘W YoM ‘M (SAep ‘p ‘SuonIqIyul 9ouddIowo ‘Iq ‘udjAxorduid ‘qdd prey uedo $1O pIoy-1was ‘{S 270N

‘soyoeoldde
UONBUIUASSIPOINE
oy Jo Koeouyo ay)

pasoxdur o3 9[qe
sem uojAxorduAd
JO UONBNUIIUOD
1oy31y 2y} 18y}
Pa1sa33ns sy L,
"KJI[e)IOW QBATR]
%08 < pamoys

"SOIS [OUNUDS UL SONI[E}IOW
I0ySIY YIIM UOTJBUILIISSIP 10330q
pamoys (%) uajAxordukd jo
UOT)BIIUOOU0D IOYSIY B TIOAIMOH
‘[onuod 03 paredwoo

'sKep 7] 0] U9ADS 10J PAIOJIUOW
QIOM dBAIR] 7dASaD "2 YIM 1913930}
SS pue S [[B Woly pajoa[od sojdureg

“II 9IS UI POsn Sem UOIB[NWLIOJ %G O[IYM
‘1 911§ ur uonenuioy usjAxoidukd oy¢ pue
256’0 SuIsn pajonNpuod da1om sajedrdor omy,

19110 yord
IO} SI19JoW 0M] 0) Wd ()6 paoeld sais
10q ur pakojdap a1om §S U9} pue §( UdJ,

(ey ) uopIes pasojoud (I ‘pue (W g X 77)
£1010W100 159P[0 (I :PIOJ[AS AIOM SIS OM],

uojAxoiduAd 04, 1L 03 §°0¢ woly Surduer “ds sapap Jo A1sudp Y3y e yim woy
(zZ102) %6 Sursn AJ1[e1I0W UT 9SBAIOUT JUBOYIUTIS Ul S9JIS PAIB[OSI 0M] UT PAJONPUOD AIoM
‘Te 10 onde) uonedrjdde oy, B POMOUS S[BLI) JO S19S OM], UOTIRUTWIASSIPOINE JO SUONBN[RAD P[AI]  $71101doqiv "o J0
juowdo[aAap
119} JO SULIO}IUOW PUB SABSSBOIQ BAIE[
10} A10J810QE] A} 0} JY3N0Iq dIoM
‘uoyAxo1diuiAd ayp jo uoneyrodsuen sdno uonisodiao [y ‘sAep Inoj A19A9
s911s uonisodiao ® se o101 jueproduwr ue Aeyd paiojiuowr d1om sdnd uonisodiao [[e pue
ay 03 2oe[d Sunsax os[e Aew sa03mbsow oew Ay ], sAep 9] 10J paurgjurew sem Apnis ay [,
y) woly AAnoe ‘pa1IN020 pey ugjAxordukd jo ‘sdno uonisodiao uoy jsurege asnoy oy
UOIBUIWIASSIPOINE  UOHRUIWIASSIPOINE Y} SUIULILWOD u1 pooeld a1om (udyAxordiAd jo 9o91n0s)
Jlensuowp ‘uonIqIyur oUW Y3y e sdno 3unsar ano ‘puefrey], ‘yoy3ueg
0] 1811 Ay} Sem pamoys sdno uonisodiao woiy ul (W ()] X 9) AsSNOY & Ul pAJoONpPuUod
(€661) yoir Apmis [[ews Sy, P21991109 sajdwes ay) JO ISON sem u9JAxo1duIAd Jo uorreurwassIp vy 1dA3av o S
SO0URIRJOY uoIsn[ou0)) nsay SpoyleN  saroads 1031e], s3umes

SqpLi plaY uado puv pjarf-1uas Lopun paionpuod S|pLi UOHDUIUSSIPOIND O MIIALAQ)

I 2l9eL

Pertanika J. Sci. & Technol. 28 (4): 1117 - 1140 (2020)

1124



Review of Autodissemination in Vector Control Strategy

SUJUOW ‘W $SQIM ‘M (SABD ‘P ‘suoniqryul d0uddIowd ‘I ‘uojAxolduid ‘4dd ‘pley uado ‘4O PIoy-1was ‘JS 270N

‘wesgord

BLIE[RW JY) UI S[O0}
[euonippe ayj Jo
QUO S PAIIPISUOD
9q ueo soyoroidde

30d Ke[o ouo 3ursn uey
JIoyjel 90UdFIoWo JNpe pue
uono[[0o sednd ur uoronpal
19139q © UMOYS JARY] (S9O1AOP
uoneurwIssipone ) jurod
sjod Ae[o uoneuIWASSIpoOINE

*S9)IS [01U0D pue

JuoWIBdI) UdaMIq paredwod arom udgAxorduAd
Jo joedwil oY [ "popPIOIAT 2I9M SOJBI JOUITIOWD
oy} pue sjod Ae[o woiy parowal d1om dednd [y
‘SABp G7 10J PojoNpuod sem JudWLIddxd

oy} pue SJS 9Y3 0JUI PISEI[I dIoM 90} Inbsow

UOT}RUTUIASSIpOINE Jo 1oquinu 10y3S1y Y pajun "ANIAT)OR UOTJRUTWIASSIPOINE I} SSASSE 0}

Jo uoneordde ‘101U0d Pasn a1oMm SIdQUIBYD [BI1IUSPI 1IN0, “S903mbsow

QYT "BOLIY UT o) 03 paredwoo Jusunean 10J so)1s Sunsar o[qisod pue jreq M09 PAIAYId)

#102) J10JO9A BLIB[BW JY) ur 1oy31y Apueoyiudls  10J papraoid sem Jny [[ewS Y “BIUBZUR] UIOYINOS

BLRE) jsurege pojonpuod SeM S9JBI Q0UFIoWD Jnpe  [eInt ul (Y31 W §°¢€ ‘W 9'6 X W 9°6) (SAS) WoIsAS
eI1oftojomT Apmys 3s1g oy 1, JO IOqUINU UBOW Y] P[OY-TWAS B UT POJONPUOD SEM [BLI) P[OY-TUIAS oY ], SISU21GDAD U S

‘deniao yoea woly pajdd[od

sojdures Iojem 9y} WOIJ PauIelIqo SABSSEOIq BAIR[

BIA POSSOSSE UAY) 2IOM UOTJRUIIIISSIPOINE JO

“Kysuop K)1ATIOR QU "PAIOIIUOW OIdM S)BI UO SI[RIIQ)

s[eL oy} oymbsow o) passaxddns pue 2je1 Surydyey ‘prej s339 Jo roquunN

Surmnp paalesqo  Apuonbasqns pue sooynbsow (% 1°0) 1 dxq pue (% 1) I

a1om uonerndod U0 palIojsuel} 9q p[noo 3ou  dxg ur pasn a19m udjAxoidukd jo suonenuoouod

oymbsow ur  paq pajeon-uoyAxorduid oy, juardyiq ‘sAep (11 dxq) ## 01 (1 dxq) oz 10F

(Anqiqeyorey S30 “K)11e110W BAIR] PISBOIOUL POIOJIUOW Q1M PUE JOU Paq OB OJUT PASBI[AI

pue A3rpunogy) Apueoyrugdis pamoys a1am snpordoqp sapay jo sited (T JO 1810}

suononpal SABSSEOIQ BAIER] “TOAOJIOIA "(uorsnjur Aey S 70 pue

JuBOYIUSIS "S}oU ‘Jo1nu0d 3y} 0} paredwod QRAIER[ POOJ SE }5BIA pue J9[[od asnowr Jo oInyxiu

Poq oyl Im juowyeary udyAxorduAd 1:1 Jo 8w ¢) sdeniao uo) ‘19jem Iesns ‘sojis

19BJU0D 10911 19)J& UOIONPAI JUBIYIUSIS Sunsal [eInjeu pue [eIOYIIE YIm papiaold sem

Aq uajAxordiikd & pamoys (yorey 339 pue jou paq yoed ueder ‘ryesedeN je (W O] X W 9J)

(€102) 0} pasodxa a1om oednd ‘pref s359 Jo 1oquunu) osnoyuaai13 a81e] & Ul pasn axom (wo (L7 ‘YP3u9|
‘18 39 eqUO snmpordoqp sapay s1o1owered parojruow [y ‘WO (07 “YIpIM ‘wod 277 yS1aY) s1ou paq XIS smpordoqv o S
SQOUAIRJOY uorIsn[ouo0)) Jnsoy SPOIdN safoads ssumyeg

: jo31e], :

(ponuiuo)) 1 dqeL,

1125

Pertanika J. Sci. & Technol. 28 (4): 1117 - 1140 (2020)



Ahmad Mohiddin Mohd Ngesom, David Greenhalgh, Asmalia Md Lasim, Mazrura Sahani,

Rozita Hod and Hidayatulfathi Othman

SYJUOW ‘W $S3OOM ‘M ‘SAep ‘P ‘suonIqIyuI doudSIowd T ‘UdJAx01duAd “Idd ‘Proy uedo IO ‘PloY-1was S 270N

onbruyoo)
UOTJBUIWIASSIPOINE
ay} Jo Koeorgo oy
9JBII[10B] P[NOM
sqojnbsow pue

‘SUOT)B)S UONJBUILIISSIP
pue so)1s uonisodiao usomidq
Q0UBISIP A} JOAO PISBIIIP
Ayipeyrow 9y J, "pajod[0o
so10ads [1e jsurede sdeniaro

[[e ul (Juowean) 910Joq) %7 &
0} paredwos (Juowiean) 1d3ye)
%1°SL POMOYs Aesseolq [eale]
wL6E

‘A19re1odos passasse a1om uonisodiao jo
UOIJBUIWEBIUOD PUB ‘AJI[BlIOW dBAIR] JO 93BIU001dd
oy L, "A103e10qE[ 9Y) Ul UONESIISOAUL JOUIINJ 910J0q

sKep XIS 191 pa3oa[[09d a19m uonisodiao Yy,

‘(sypuow 9) Juowiean 3sod pue (syjuow
) UOTJUIAISIUL ‘SYJUOUW ()] 300} Juduean}-aid oy,

(S102) T ‘ds sapap Jo 03 dn sooue)sip deniao [ounuos ‘UOSBIS JoM 9} YIIM FUIPIOUIOD SYIUOW INOJ J0J
o youel]  sOqWNU YSIYIBY)  [YIM 9G] < SeM UONBUILIUOD  [IZelg ‘SRUOZBUIY Ul SBAIB-qNS Jo By , ul pokojdop  smpordogp o

-peqv punoj Apm3s siy ] uojAxo1diiAd Jo 98e10A00 Oy ], QIoM SUOIB)S UOJBRUIWASSIP ()0 ] JO [8I0) 1dd3av 2 10

SAeSSBOIQ BATR] BIA PISSISSE SEM UOIIRUILIASSIPOINE

uajAxoidukd pue saoymbsow jnpe 1031u0W 03

pasn a1om sdern) g ‘seare Ay} Jo 2,87 punoIe

pakerds sem AT POIUNOW-NONI) ‘[ 10T UL A[IYA

‘PIoY oy} 'SBAIE PAISA0D-93RI0] oy} 18a1) 0} s19Aeids

ous  ur udjAxorduAd Jo ssauaAnodxye yoedyoeq Sursn urdyed pIeoqyoayd paIneos

[013U09 J) Jsurese 9y Suronpai ur 901 jueprodur ul pajean) a1am 9,6z Ajrewrxoxdde ‘010z uf

joedwr jueojrusdis ue Surkerd oq Aew [rejurer JUSWI)BAI) OPIMEBATY

ou pamoys pue suonendod oymbsow JuoUIIBAI)

JUQWISSISSE  99NPal 0] J[qBUN SBM JUSWIIEAI) OB SYAIM XIS J0J I9Uurejuod uonisodiao yoes woly

opIMm BAIE I9pUn OpIM-BAIR O} “TOAIMOYH P21097]00 sojdwes I19jem jsuresSe pajonpuod dIdM

uvonpjuowd[dwr  's193owr gz 01 dn ugyAxordukd  sAesseorq eareT ((1107) W Q0¥ pue (0107) W 00T 0}

oy [, “Juduneas) 9JeUIWASSIP 01 9]qe punoy  dn suonoanp ssedwod dj1soddo oy ur paserd azom

10211p ) o19Mm soo)nbsowr oy, s1ourejuod uonisodiaQ ‘uoyAxorduAd yym pajeon

wolj Indd0 110 03 paredwoo 010z sem jeyy ofid a1y © Suisn pajonpuoo sem Apnys SIy [,

PeY SONIAT}OR Ul SONI[eMIOW [BAIR] JO JoquINU uonedrjdde 921nos jutog

(#107) ‘T uoneUIWASSIPOINE  YSIY B POMOYS JUIWIILII] 9DIN0S VSN
19 UeWING 1Bt} pasoad sy, jutod Sursn JuaueAI) J9IIP Y ‘[N Ul Po3onpuood d1om sjuswiiadxo jo sadKy om],  smpordoqp oy 10
SQOUQIAJOY uoIsnjouo)) sy SpoylojN  soroads jo3re],  sSumyeg

(ponuiuo)) 1 dqeL,

Pertanika J. Sci. & Technol. 28 (4): 1117 - 1140 (2020)

1126



Review of Autodissemination in Vector Control Strategy

SYIUOW ‘U $SOOM ‘M ‘SAep ‘P ‘suonIqIyuI doudSIoWd T ‘UdJAX01duAd “Idd ‘Ploy uedo IO ‘pPloY-1was S 270N

‘wesdoid [euonerodo
Ue 10J 9[qeUOSEAIUN
9q p[noMm yorgm
‘uonye)s uonisodiao
pue uone;s
UOTIRUTWASSIP ) 0}
9SO[9 9I9M SUOTIIROO[
) ‘TOAIMO SIS
[ounuas ur Ajjejrow
[BATB] %P8 — 67 UM
Sumaes proy uado

S[e1 9y JuLIND %86 — Tt
sem (1) uononpal oynbsow
JO IoquInu [[BISAO0 AU ],

“SOIS [OUNULS Ul
UOTJBUIWIEBIUOD %G6 < PISNEd
uojAxo1duiAd yym pajeon s
urpoaiq 9, G- € Jo asn ay ],

SO)IS

Surpaaiq 1930 03 udjAxordukd
oy I9Jsuen ued soojmbsowr
Pasea[al A} JeY) PIMOYS
9OUDPIAD SIY[ ], “[OUOD M
paredwos [ealaIns ojrbsow
Ul Uoronpal JuedyIugis e
pajensuowop skesseorg
‘syurod uorye)s oses[ar

oy woty w (g1 03 dn 940/ 03
%0 woij Surguer Ajjejrow
[eAJe] Ul POAIISQO SeM J[NSAT
UONRUIWEIUO0D JUROYIUSIS

‘19130

(OO WIOJJ W G'/ € 0} W G()'[ UdIMIDq PIeIO]
9I0M SUOTJBIS UOHBUIWISSIP pue uonisodiao
IV “19)em JO [W ()QZ Pue deAle] A10jeI0qR]

PAIUTWEITOIUN G JO PIISISUOD SIS

uonisodIAQ) "931s oed ul SIS uonIsodiAo (f
pUE SUOTIEBIS UOTJRUTWASSIP ()] YIIM PajeaT)
oroM (W ¢ X TG 1 QNS W { X €6 1V 9US)
SIS JUdWIBAI} OM], ‘NIdg soynby ‘A1ojowoo
o1qnd & UI PajONPUOD SEM UOTJBN[BAD PIOI]

‘saoybsow

JO uonIqIYUI 9oUITIAW SSISSE 0) SOYIS
uonisodiro woij pajdues 10jem jsurede
P)onpuod d1om skesseolq eare] jurod
9SBI2I A1) WOy W (G| punote paoe[d arom
soy1s uonisodiaQ Jurod aseafar Yy woly
S)YoaMm ()7 10 pasedfar axam udjAxordriAd

YIm pajeal) sofewr )OS INOQqYy "seale

[o1u0d pue JudUNEal) Yoq Ul sder) [dunueg
ng Sursn palojiuow a1om suonendod
oymbsow — | Apnis p[a1g "yS ‘U0IFUIXS]
Ul S9JIS 0M) UI PJonpuod sem Apnjs o[,

11ddA3ap 2y 10

snpordoqv ‘o
11dd3ap o 10

(6007)  ue ur paurodar Aprs

‘Te 30 auird(g 18I QU3 ST SIY L,
soyoeoldde

UOIJBUIUIASSIPOINE

10 saoynbsow oew

(s102) Jo Ayjiqiseay oy

‘819 SUIR]  Po[BIAdI ApMIS SIY ],
SOOUQIOJOY uoIsn[ou0))

Jnsoy

SPOYIOIN

sar0ads 3818, s3umog

(ponuiuo)) 1 dqeL,

1127

Pertanika J. Sci. & Technol. 28 (4): 1117 - 1140 (2020)



Ahmad Mohiddin Mohd Ngesom, David Greenhalgh, Asmalia Md Lasim, Mazrura Sahani,

Rozita Hod and Hidayatulfathi Othman

SYIUOW “UI $SOoM ‘M ‘sAep ‘P ‘suonIqIyul douddIowd ‘Ig ‘uojAxo1duid 4dd ‘prey uado ‘4O ‘PloY-1was S 270N

‘7 Apmys ut
UBOYIUSIS JOU 2IoM
PUB PALIBAS)[NSAI A}
TOAIMOY “so[onaed
ugjAxoidukd oy

(9102) 19jSUeI) 0} PUNOY

'SAV Jo Koeoryoe ay) 109 e
Kew sorweukp uonendod

puR ‘SUOIIPUOd dNBWI[D
‘S9)ISTAO JO @duBpUNqE O],
"C 9IS UL PIjda3ap

SeM QOUDIYIP JueoYIuSIs
ou ‘1oAamoq ‘(] aug) dno
JUSW)BAI) AU} UI PIAIISQO
sem (9,Sy) Ajerowr

Juawdo[oadp pue

Kj1ejiow eATe| ssasse 0} K1ojeloqe] o) 0} yorq
Jy3noi1q 21oMm pue SABp A 0} IN0J 10 pakojdop
219M UONISOdIAO [V 9}IS [OTJUOD SB POAIDS

pue sa03rnbsour 1970 WO} UOHBUILILIUOD AU®
juaAaid 0) ysowr ur pa1dAod sem dno uonisodiao
a1} JO U SIS JUIUNE] A} punoIe

pakojdop a1om QBAIE[ JRISUL \,€ PUE JOJBM JO

snpordoqv oy

‘[B 19 [ouIZIEY] sem oynbsow [800] oeAIR] JUBOYIUTIS Y [w Q[ Jo Sunsisuod sdnd uonisodiao a1y, 1ndd3ap oy 10
‘sporrad Apmis
U} SuLIp PIAIISqO
sem sas ondA1o 10§
douaroyald 1oy3Iy -do
vV "sous ondA1o oy uonisodiAo Jo soouojyald oy ssosse
ur s330 110y} Aej 03 ‘uojAxo1diAd 03 pasn sem 931 uonsodIAO OB WO} PIJOA[0D
sooymbsow o1ewoy Jo 0} 21ns0dx9 191J& UdAD Joquinu oy ], ‘S9[BWQ) PIALIS YIIM PIonNposul
soouaidyaxd oy} 3000 sous Surpoaarq ondA1d  a1om sojis Surpaaiq ondA1o pue uado yym (W ¢
jou soop uonisodiao 1oy ooudroyard Suonse X w g X w ()G) 98e0 [ouuny Jooid oymbsowr — 4§
9102) Sunmp udjAxorduAd  pojensuowdp sooynbsow ‘s3unyes poy uado pue ploY-IWas 1Opun YN
‘[e 30 [opuey) Jo omsodxo oy, o) JO IS0W : S IN UI P9}ONPUOd 9I9M SIIPNIS JUIOYIP oM],  snpordoqpv "o aS
"S9YIS
Apnis oy) Ul paLIndd0 ‘s1oureIu0d 3uIp[oy *sa1s uonisodiao
Suiaey Kjianoe -I0JEM 0] SOOIAJP pIjean) woly pajod[[0d sojdues 19jem U0 SABSSeOIq
UOIJBUILIASSIPOINE U29M19q PaLIdJsuRI) Sursn passasse sem AJIAI)OB UOIIBUIIISSIPOINE
Jo oouoprad 1edd  udjAxorduAd jo oouoprad oy ‘suonendod oynbsow 1ojruow 0y pakordop
OU SeMm 2191[} OU SI 9191} “I9AIMOYH 219Mm $)1s uonNIsodIAQ "SUOIBIS UOTIRUIWISSIP
‘uonerndod -ds (10°0 > d) senelIoWwr INOJ UQAIS Sem 9snoy yoe "9[0IId snIpel
Sapay ul uononpal eAIe[ pue (G0°0 > d) pre| w ()G ] & punote pako[dop a1om suone)s
(€102) e pomoys ejep der],  s339 jsureSe paprodar sem UOIRUIWASSI(J "PUB[IRY ] ‘@ourr0ld JuoAey ur
‘[e10eMBIUOJ D U} yInoy) udAqg QOUQIOYIP JUBIYIUSIS SoFe[[IA 0OM] UI PAJONPUOD SEM JUSUIEII) O[], 1dd3ap 2 J0
SQOUQIRJOY uoIsn[ou0)) sy SpoyloJN  soroads jo3ie], s3umog

(ponuiuo)) 1 dqeL,

Pertanika J. Sci. & Technol. 28 (4): 1117 - 1140 (2020)

1128



Review of Autodissemination in Vector Control Strategy

SUJUOW ‘W $SQIM ‘M (SABD ‘P ‘suoniqryul d0uddIowd ‘I ‘uojAxolduid ‘4dd ‘pley uado ‘4O PIoy-1was ‘JS 270N

"U31M0I3 drAlE|

Jo o3e3s A10A0 UT 18I
Ayreyrow 10y31y pomoys
pue s031s SuIpadIq Ioy)o
0} uojAxoidiiAd 1oysuen

‘sooybsow jnpe Jo A11A93u0]
oy} peonpar Apuedyiudis Y g4 10§
are)gur jsurede ainsodxo oy,
(%¥6

- %18) dentao ur (11 {(%001) den

"UONIQIYUI 9JUITIOWD UO PISE( PISSOSSE
SeM UONBUIWOSSIPOINE JO AJIALOR Y],
"SUOT}BIS [OJJUOD PUB JUIWILAI) USIMIOQ
oealre[ Jo Ayrjerrow oy} Surredwos £q
PIssasse sem AJIAIJOR [EPIOIATR] OY L
‘Swo0I JuruoaIds gururolpe w 9y x

(L102) ‘T8 K[0AO9JJ0 03 puNnoj sem 10011p (1 POAIOSQO SEM 90USTIOWD 9t X 9'f SuIsn S3UIAS ploy-1wos snpordoqv a7
10 JouUNONg 9OIAQP [BIOIOWIWIOD SIY ], Jo uoniquyur Juedyrusis y Ul pajoNpuod Sem UOIIBN[BAd oY, /mdASop o S
‘SUOT}BIS UOHBUIISSIPOINE JO
uone[[esur 9y) SULMO[[0F SYOIM dUIU 10
'SQIS J01U09 03} paredwod P9IONPUOD dIOM S[eLI} YL "SES Yyoes ur
JUSIOPIp APUBOYIUSIS 010M PUB  Po3I9[[00 so[dwes 1ojem WO} PAjoNpuod
paonpai osfe a1om sdeniao ur o10Mm sKesseolq eAIeT ‘SES pue sdno
‘'Sgs oyl oeAIR[ JO JOqUINU UBOW puk  uonisodiao ‘[ounueg H Juisn passasse
Wwolj paure}qo Ajrjerrour dnorao/339 Jo 1oquinu ueow Y], QI0M SQJIS [01JUOD PUE SJUSUEIN [[Y
oBAIR] PUB UONONPAI (%$°0) -j01d Juounyear) oy ur pakordop orom
uonendod 339 oy [01u05 03 pareduwion oyt 7] Sem SUOTJB}S UOLJBRUIWOSSIPOINE {7 0 9T
(L107)  Suipre3ox Suipuy Jes[o yorym Arpeyrow ednd ur pajrodar pue pa3og[as a1om sjodsjoy XIS VS
‘e nun  pojensuowop Apnys Siy, SeM OOUQIIP JUBOYIUSIS ‘fN UI po3onpuoo sem Apms SIy L snpordoqpp o J0
s[ern oy} SuLInNp palINdd0  'S9YIS [0NUOD Ul AYifejrow ySiy oyl
UOT)BUIWIASSIPOJNE £q po1onIsqo OS[e Sem J[NSAI A ],
ey} SUIMOYS 90UIPIAD 's)eaMm § 1e (ouaidoyiow) 9,89
owos st a1y} ‘yoeordde  pue (uejAxorduikd) 0,69 03 paonpax
UOTJBUIWIASSIPOINE 10 SeM OpIONOSUl AU} JO AJBOLO QY)  "UISBq [OJBd [OIUOD PUE JUSW)EBAI) WOI]
paugisop A[jeoyroads jou IOAQMOY "SYO9M ¢ ISIY dY) 10] jinsar oy} Surredwos £q syoom Y310 0)
sem Apmys oy) y3noyy smp1osnfonbuinb xajny) jsurede dn passosse sem 0oUdTIOW UONIqIYUT
(L102) “uiseq [ojed [01U0d Pap109a1 sem (%00 ]) UonIqIyuI QUL "uIseq yojeo pajedn e Suisn ySn  smviospfonbuinb
‘Te 19 UBIN ur Aieyow ySiy v QouddIowd Jo oquinu Y3y v ‘YD UI pa3onpuood sem Apnys Y], xa[n) J0
SOOUAINJOY uoIsnjouo)) Jnsoy SPOYIRIA s9103ds ssumyeg
I jo31e], :

(ponuiuo)) 1 dqeL,

1129

Pertanika J. Sci. & Technol. 28 (4): 1117 - 1140 (2020)



Ahmad Mohiddin Mohd Ngesom, David Greenhalgh, Asmalia Md Lasim, Mazrura Sahani,

Rozita Hod and Hidayatulfathi Othman

SYIUOW “WI ¢SOaM ‘M ‘sAep ‘P ‘suonIqryul douddIow?d ‘Ig ‘uojAxo1duid 4dd ‘prey uado ‘4O ‘PloY-1was S 270N

‘suonendod

oY} paonpai
Apuanbasqns
pue ugjAxoxdukd
9JBUIWASSIP 0}
10100 BLIB[EW

€ JO sanIjiqe oY)

‘SIoqUIBYD
juour)eaI) ur pajrodar sem
uoissaxddns o/ 6 < yIm
(ueunean) £0°0 F ¥1°0 pue
(Jonuoo) TH'0 F TT'S sem
90Ud3IoWN JO IoqUINU UBdW
A yuOUIEL) I9)J€ SYIUOW
Q0IY [ SIOQUIBYD JUIWIEAT)
pUE [0T)UO0D USIM}IAq TB[TWITS
sem ojmbsow Jo 9ouUdFIoWD
J) ‘JudunedI) 910Jo¢
"POAISSQO SeM IOqUIBYD
[013u09 9y} 03 paredwod

‘SIoqUIBYD
JUSWIBQI) PUB [0JJUO0D USIM)AQ Paseduod arom
Ayreyiow pue sAeSSeolq [eAle] AQ passasse
0I0M UONBUIWASSIPOINE JO ANIAIIOR JY ], "9[}1ed
PAIOY}A) UO PIJ 9I0M OBAIR] 9OUITIOWD Y,
‘SdS Y} opIsul paysijqesd a1om suonendod
Sunegedoid-J[og "s1oqueyd JUSWIBII) )

0JUI PONPONUI AIdM SIB}IqRy dnenbe (g pue
$901n0s udyAxoIduAd se paads sjod Lejo moq

(6102) T2 10 porensuowdp uone[ndod sisuaigv.v up ‘BIUBZUE] UIOYINOS UI (SS) WaISAS PIoy
e1oflojom] Apmgs siy [, ur uononpal JuedyIugis y -TWIS Y} SuIsn pajonpuod sem Apnis SiyJ, SISU2IGDAD U} S

‘suonejuawd[dur ayp ‘skesseolq

Jo own pue soojnbsowr ynpe [eATe] SUISN PISSISSE SEM UONBUIWIISSIPOINE

JO AJISU9p [B90] “@oUR)SIp JO AJIATIOR QU [, "9RAIR[ JRISUI PIIY} ()7 PUB POOJ

93 uo Juopuadop osye sem 180 ‘19JeM PIJRULIO[YO-IP [W ()G SUIBIU0D SV

A3o1ens UOH)RUTIIISSIPOINE yoey ‘seare Apnjs oy} noyInoy) Ajuopuer

‘uone)s AU} JO SSOUIATOPR Y, PaINqLISIp 210M (SFV) S1Is SUIpadiq [BIOYILIE

UOI}RUIWASSIpOINE ‘soojinbsow jo L€ pue 1SDg pardepe uaaag uojAxorduid

U SB OAI10QQQ  Ioquunu 2y) Jsurede 1oedwr ue yum pajearn; sem Seq aimdes [SOY Ay

(6102) 9q 0} punNoJ  PaMOYs A[ud)sisuod yoeordde ‘[eSnI0d “BIIOPRA Ul PAONPUOD SEM UOIIR)S
‘[B 19 SexIog sem 1SDY UOIJBUIWIASSIPOINE Y], UOTJBUIWIASSIPOINE UR SB [ SOE JO Uoneneaq 1dd3ap 2 J0
SQOUQIRJOY uoIsnou0)) sy SPOYIOIN so109ds 1031e], s3umog

(ponuiuo)) 1 dqeL,

Pertanika J. Sci. & Technol. 28 (4): 1117 - 1140 (2020)

1130



Review of Autodissemination in Vector Control Strategy

SUJUOW ‘W $SQIM ‘M (SABD ‘P ‘suoniqryul d0uddIowd ‘I ‘uojAxolduid ‘4dd ‘pley uado ‘4O PIoy-1was ‘JS 270N

‘e 12 uezex

*SuUONE3NSIAUL

IOU}INJ POdU pue
Jeg[oun Surewal j1 pue
910T - ST0T Ul MO[ sem
suonrendod oymbsowr
jsurede uojAxorduAd jo
joedwr oY) 1oAOMOY
"S91IS SuIpaalq JOy)o

03 ugAxordukd
paLIysuer)
A[Inyssooons uorye)s
UOIBUIWASSIPOINE Y],

(0202)
‘Te 19 njun

uonjeindod

“ds sopap [013U00
K[9AT}O9]9 03 punoy
sem (WRISASOWOH
oymbso

[0)Sopay) uone;s
UOT)BUTWIASSIPOINE I ],

(0202)

sonzodord

[enPIAIPUL 0} SSOI0E PAYIWI] PUL
(SAV JO 2zIs 11xd pue 93e00[q)
swapqold [eoruyo9) pue [eoNsI30] st
[ONS SSOUIATIOOHO UOT)BUIUIISSIPOINE
Ul UOTONPaI oy} 0} ANP POAISSQO AIIM
suonejw| pue swoqoid [e1a0g

‘steLn snotaaxd 03 paredwoo 1omo|
sem suonendod oymbsow jsurede
uoneurwessipoyne  jo joedwr oy,

‘910C pue 10T Ut
PIAIISQO QOUAIYIP JULOYTUSIS OU Sem

1Y) ‘47 Ul paonpal Apueoyrugis
sem $330 Jo 1oquinu oy} y3noy} udAyg

"SBOI. JUOUIBAI) OU} Ul %6 ]-¢] WOIJ
paSuei sonienow [ednd pue eAre[ oy ],

‘deniao

[RUOIIUSAUOD 3T} 0} patedwiod
uonIqIyuI 95UZIOWS JULIYIUSIS ©
PIMOYS UOIILIS UOHRUILIASSIPOINE

Y} WOIJ PaId2[[0d AJ302IIp S3TF2 [[V
“(50°0 > d) suonels uopeUILIASSIPOINE
Sursn £q UOT)UDAIUT Jo
squowl ¢ I9Pe UOnod[od 3o ur
uoponpal JuedymusIs e sem 1oy,

‘SISATRUR [ROTISTIB)S

I0J PAPI0IAI A10M KJI[BIIOW [BATR]
pue [ednq ‘sAesseolq [eale] uisn
PISSASSE dIOM PO A} UT AJTATIOR
UOTBUIWIASSIPOINY S109SUT PBIP 10
SLIQOp AUB dAOWIAI 0} PAIY U}
a1om sdno [ounuas 10 sdeniro woiy
P9199[]09 sojdwues 191eMm [V “S[BAIIUT
Appoomiq 10 A[joam je pakojdop-a1
pue pojduwes a1om sdno [ounuas
pue sdno uonisodiro yrog 00[q
K310 yoed ur pakojdop a1om sdno
[ounuas ud) pue sdno uonisodiao
JAY ‘SUOTIB]S UOTIRUITISSIPOINE
8C-97 JO T30} V 9T0T 03 10T
woxy VSN ‘IN Ul pajonpuod

sem anbruyod) uoneuUIIASSIpOINE

Jo Apmys sreak 901y} v

*(S3[9oM In0J) ApN3s UOTIUIAIIUL

1s0d pue (Syjuow ¢) UOTJUIAIUT
SY09M 0M] J0J PIJONPUOD Sem Apnjs
UOTJUIAIUI-A1J "IOYI0 OB WOIJ
SI9)OW QAL URY) ss9] pooe[d o1om
sdeniAo [BUOIIUSAUOD PUE SUOIIE)S
UOT)BUIWIASSIPOINE AU} "SedIe Apnjs oy}
noy3no1y) pakordap a1om sdeniao
[BUOTIUDAUOD ()] YHM SUOTBIS
UOTJBUIWIASSIPOINE ()8 JO [€10} Y

snpordoqv o d0

snpordoqv ‘o

/ddSap 2y d0

Jnsoy UoIsn[ouo))

N

SPOYIOIN

so100dg 10818, Sumog

(ponuiuo)) 1 dqeL,

1131

Pertanika J. Sci. & Technol. 28 (4): 1117 - 1140 (2020)



Ahmad Mohiddin Mohd Ngesom, David Greenhalgh, Asmalia Md Lasim, Mazrura Sahani,
Rozita Hod and Hidayatulfathi Othman

More recently, the effectiveness of autodissemination methods using pyriproxyfen has
been studied in Trenton, New Jersey, which was reported to have a high de. albopictus
population (Unlu et al., 2017). The study showed a reduction in the number of dengue
cases, fewer numbers of eggs and residual effects of pyriproxyfen within the treatment
areas. Autodissemination has also been studied under different conditions in small-scale
field trials against Ae. albopictus and Ae. aegypti (Buckner et al., 2017; Caputo et al., 2012).
Moreover, in 2014, the first study against Anopheles arabiensis was conducted in Tanzania,
Africa, which observed a 82% inhibition of adult mosquitoes by using pyriproxyfen
autodissemination and similar results were observed against Culex quinquefasciatus and
Anopheles gambiae (Mbare et al., 2014). This strategy has shown promising results and
can be considered as an alternative vector control against malaria in the future (Lwetoijera
et al., 2014). However, a large-scale application of the autodissemination approach needs
further investigation.

Recent Advances in Autodissemination on Mosquitoes

Arecent advance in autodissemination is the boosted sterile insect technique (SIT) which is
a combination of two methods: releasing sterile mosquitoes and contaminating them with
pyriproxyfen. Despite the failure of mating, the percentage of pyriproxyfen contamination
between the populations is high. During the mating, male mosquitoes will contaminate
females and at the same time can contaminate the breeding sites too. Currently, ongoing
research has been conducted to explore the effects of pyriproxyfen against mosquito
competitiveness, the amount of pyriproxyfen needed from males to females and then, from
females to breeding sites and the design of the smart machines to release the mosquitoes
in a large scale (Bouyer & Lefrancois, 2014).

One study enhanced the persistence of the insecticide and attraction using a
dual treatment system involving an EC formulation and granule formulation for the
autodissemination stations and showed that the mosquito can carry the insecticide up to
200 m along the residential areas in the study as detected by residue analysis (Suman et
al., 2017). Other studies using a combination of Beauveria bassina (entomopathogenic
fungus) and pyriproxyfen also gave 100% larval mortality in the laboratory; however, the
study did not include any field trials (Buckner et al., 2017; Snetselaar et al., 2014). Another
approach used a combination of oil and pyriproxyfen to enhance the attachment of the
particle on female mosquitoes and increase the transfer of pyriproxyfen to the oviposition
sites (Wang et al., 2014).

An Innovation of Autodissemination Device

An autodissemination station is a new device that has shown promising results in different
settings. This device significantly reduced Aedes mosquito populations and subsequently
inhibited the transmission of dengue cases. In general, most autodissemination stations
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use a similar concept of attracting mosquitoes to lay their eggs into the traps. Female
mosquitoes were then contaminated with pyriproxyfen and transferred the particles to
other breeding containers. Some autodissemination stations were developed with their
own unique features while still maintaining the basic concept of autodissemination. It is
important to determine the effectiveness of prototype autodissemination stations based on
their ability to serve as a lethal ovitrap, high mosquito attraction, low cost, biodegradability,
and ease of maintenance (Gaugler et al., 2012). These stations are described below and
may become widely available with a significant impact on dengue control programs. Thus,
a comparative study of autodissemination devices is warranted.

Auto-Dissemination Augmented by Males (ADAM)

Auto-Dissemination Augmented by Males (ADAM) was developed by using a combination
of autodissemination and autocidal concepts, and by enhancing the abilities of male Aedes
mosquitoes (Mains et al., 2015). This technique uses mosquitoes as a transporter to transfer
pyriproxyfen via mating attempts, and subsequently, it will transfer the pyriproxyfen to
cryptic breeding sites during the oviposition. Corbel et al., (2017) found a significant cross-
contamination between males and females who were suitable to release the ADAM in
areas of low density Aedes populations. Although the density of adult mosquitoes declined
after four weeks of treatment, further studies on the mosquito behavior, study area with a
different ecological context, as well as the size of the field trials are needed to validate the
efficacy of ADAM in the vector control program (Corbel et al., 2017).

In2Care Mosquito Trap

The In2Care mosquito trap has been approved by the United States Environmental
Protection Agency (EPA) for use by professionals against Aedes mosquitoes. It is the
first commercial trap that controls both larvae and adult mosquitoes using pyriproxyfen
and B. bassiana, a fungus with slow-killing abilities on adult mosquitoes, which can be
disseminated by affected female mosquitoes. During the oviposition, female mosquitoes
will touch their tarsal on a gauze contaminated with pyriproxyfen and B. bassiana. Both
agents will stick to the mosquito bodies and be able to disseminate pyriproxyfen to other
breeding sites within their flight range (Buckner et al., 2017). The In2Care mosquito traps
manipulate the behavior of female mosquitoes by “skip oviposition” and finding cryptic
breeding sites. At the same time, the B. bassiana spores will grow hyphae, feed upon the
bodies, reproduce and kill the mosquitoes within 18 hours (Ragavendran et al., 2017).

AedesTech Mosquito Home (AHM)

AedesTech Mosquito Home (AHM) works by using a “pull” and “push” control strategy
combined with the lure-kill technology to reduce Aedes populations and interrupting dengue
transmission. It has the potential to target larval breeding sites that cannot be reached by
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traditional larvicidal applications (cryptic breeding sites). The “pull” component uses a
formulation with an attractant ingredient lure against female mosquitoes to breed inside
the AHM while the “push” component refers to the contaminated mosquitoes dispersing
after ovipositing their eggs. In this method, female mosquitoes are used as a carrier for
the transfer of insecticide to other containers, and thus disseminating the insecticide to
the larval habitats (Liang et. at., 2019). The AHM devices have been designed with a
sustainable feature in which gravity is used to control the level of water in the casing.
During evaporation, water is released in the casing, filling it back to the pre-set level and
the evaporation rate will always be kept at the optimum level which is sufficient for the
development of Aedes from egg to pupae.

STATUS AND ONGOING STUDIES IN MALAYSIA

Studies on autodissemination using pyriproxyfen are not well established in Malaysia. Most
of the studies conducted were only to evaluate the effectiveness of pyriproxyfen against
Aedes spp. mosquitoes. In a study by Nazni et al. (2015), a total of 350 autodissemination
devices were deployed in three apartment blocks consisting of 27 storeys with ten-unit
houses per floor. Four units of autodissemination were placed at each level at a distance
of 5 m from apartment units. After the exposure periods, there were no viable larvae in the
traps, and a significant reduction in number of dengue cases was observed from 53 cases
(2013) to 13 cases in 2014. Another study was carried out to explore the additive impact of
targeted outdoor residual spraying (TORS) and deployment of autodissemination devices
(ADD) in Johor Bharu, Malaysia. Unfortunately, there was no significant effect on the
mosquito populations following the combination of TROS and ADD (Hamid et al., 2020).

CONCLUSION

Vector control programs for arboviruses transmitted by mosquitoes are facing many
obstacles. However, with new advances and technologies, it may be viable in the foreseeable
future. One of these advances is autodissemination which is a self-delivery technique that
manipulates the behavior of mosquitoes to carry insecticides and disseminate it to cryptic
breeding sites. Autodissemination has shown promising results in several countries and
can be considered as additional tools in a vector control program.
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