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ABSTRACT

Malaria is a life threatening disease caused by parasites (plasmodium spps.) which is transmitted through bite of
infected mosquito. In 2012, about 219 million malaria cases and an estimated 660,000 deaths most of them are
under five age children and pregnant women. Currently around three billion people (40% of the world population)
are at risk of malaria. To eradicate the disease various control measures have been taken worldwide. From 1940s to
1960s DDT was used widely, and then replaced by other chemicals. The current intervention is mostly use of ITNs
and/or IRS using pyrerthriod insecticide. In various Africa countries such as Kenya, Gambia, PNG, etc proper and
regular use of ITNs significantly reduced morbidity and mortality rate associated with malaria in under five age
children and pregnant women. However, use of pyrethroid insecticide results in the development of resistance
mosquito speci es throughout malaria epidemic regions. Resistance devel opment mechanisms are many and complex
including behavioural or physiological change, target site alteration and metabolic processes. However, target site
as well as metabolic resistance is assumed to be the main types of resistance mechanisms. A recent research result
indicated that the vectors show behavioural change to avoid a contact with insecticides.
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INTRODUCTION

Malaria is a life threatening disease causedPlagmodium spps parasites transmitted to people through diite
infected mosquito [1]. The parasites are spreguketiple through the bites of infected vectandpheles mosquito)
which bites mainly between dusk and dawn. Therd@reparasite species that will cause malariauiman these
arePlasmodium fal ciparum, Plasmodium vivax, Plasmodium malaria, andPlasmodiumovale [1]. In 2012 about 219
million cases of malaria and an estimated 660,@2h$ most of them are under five children andrmaegmothers.
The distribution and transmission of the diseadeniged between 640 North and 320 South latituzEow 2000m
altitude and requires minimum temperature to cotepits development into parasite [2]. Currentlyuard three
billion people, about 40% of the world populatioe at risk of malaria exposure [2]. To eliminatesthevastating
disease various control measures have been takddwide. For instance, DDT was used in the 1940snany
national malaria control program for indoor residsgraying (IRS), this program able to reduce thpybation at
risk of malaria up to 50% [2]. The other contralaségy is use of insecticide treated nets (ITN$)isTnethod is
effective against mosquito bites and reduced thebidity and mortality rate associated with maladaease [3, 4].
The use of ITNs as a malarial control policy in maountries starts in the mid of 1990s but the cage is still
lower [4]. Eventhough, different malaria vector ttohstrategies (ITNs, IRS, and LLTN) are implenahstill the
distribution and transmission of the disease iy vapid and takes many lives every year.
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The objective of this review paper is to give asight on repeated use of insecticides and bed (HE&s) as a
malaria control measures and its implications @pbpulation dynamics of the malaria vectors.

Bed Netsasa Vector Protective Tool

Use of bed nets against a mosquito bites was peopo®re than 70 years ago before the role of msduithe
malaria disease transmission was recognized [5§. Gde of ITNs come to mind of the public healthezigp 20
years back when they tried to evaluate the efféptyoethriod insecticides on reduction of mosquito Africa and
Asia [4]. In 2008-2010 more than 254 millions ofN§ were distributed to malaria epidemic countrieg\frica,
which results in a significant reduction in morlydand mortality rate associated to malaria dis¢@seA research
report in Kenya indicates that ITNs have been ithisted mainly to pregnant women and children urickerand use
of ITNs was increased from 7% in 2004 to 67% in@hd hence significantly reduced the malariatdbgt44 %
[7, 8]. In Kenya ITNs user children show a sigrafiit reduction in mortality rate (11.3 per-1000speryear) than
non user of ITNs children of same age (17.9 pelp6rson-year) [8]. Result in Gambia also indicatteat
children sleep under bed net got fewer malaria<@e Similarly in Papau New Guinea (PNG) use efl met
significantly protect againsPlasmodium falciparum. Another research report indicated that Japanesdiesol
stationed in Taiwan one battalion sleep with bed a@d other battalion without, 259 malaria casesevobserved
in those sleep without bed nets [5]. In India twalamia endemic districts (Malkangiril, and Korapta)evaluate the
benefits of bed net use, the result showed thatTiNs users were finding fewer mosquitoes insidarthouse at
night and reduced malaria and undisturbed slegjght [9]. The use of ITNs is one of the best wayseduce the
malaria burden in Africa. Proper and regular usé&Tdfs can reduce the mortality rate in childrencagelow five
by 20 % [10]. In India (malaria endemic distriah)dvaluate the efficacy of the chemical (deltamejras ITNs and
IRS for malaria control the result indicated thagher reduction of malaria cases in ITNs than IRSe incidence
rate was 61.5% for control, 43.3% for spray andl@8per 1000-person-year [11]. In sub-Saharan Africdin
America, Thailand, Pakistan, and Iran a researpbrténdicated that use of ITNs reduced malarieesdsy 50%
both P.falciparum andP. vivax infection [4].

Insecticide as Vector Control

Currently, use of ITNs, IRS, and spraying (foggiagg the common chemical control strategies ta ling vectors
[5, 6]. The choice of control methods depends mpastlthe behavior of the mosquito. For instanceijrfdoor,
night biters such a&n.gambia andCulex quinqufasciatus use of ITN and IRS are effective method.

Currently only four classes of insecticides haverbapproved by WHO for malaria control [6]. Stagtiinom the
1940s DDT was widely used insecticide for the caréind eradication of the vectors. Now a day’s malaector
control program depends mostly on the use IRS aodITNs. These control strategies contributed tairiothe
reduction of the vector in Africa and other malagiademic areas [3, 5, 6]. The current malaria wectmtrol
strategies based on pyrethroid insecticide (thg cetommended chemical for ITNs use by WHO for et 30
years) face a great problem due to the developmEntsistance by the vector throughout the malaridemic
countries. This is thought to be repeated use efsime chemical for more than three decades phaydte for
resistance development [3, 6, 7, 12, 13].

I nsecticides Resistance Development

Many scholars give definition to insect resistartsvelopment to a give insecticide. According to][ltke
developed ability in strain of insects to tolerdtse of insecticides which prove lethal to the mgjof individuals
in a normal population of the same species’. Thétylof an insect to withstand the effects of aisecticide by
becoming resistance to its effects by means ofrabselection and mutations [7]. Development dfig&nce is
dependent on the genetic variability of insect pafion and the mutation that occurs by selecti@sgpure. The first
resistance in mosquito to DDT was observed in B&rUSA in 1947 after four years use of it. Curdyentore than
500 species of arthropods, including 109 mosqptcies found resistance to organochlorine, padituto DDT
and dieldrin [12]. A research report indicated thenber of resistance mosquito species waanspheline and 39
culicine [14]. Malaria vector resistance development meidms are many and complex, it includes behaviaral o
physiological change (avoidance, altered penetrattc), sequestration, target site alteration, lsinelegradation
(metabolic processes) [6]. It is assumed that thezedwo main types of resistance mechanisms; thestarget site
resistance and metabolic resistance. The targetesistance is well studied and understood; wketeametabolic
resistance is more complex but recently the mayre responsible for it is identified [7]. Physigical and
behavioural change will also contribute for thea@epment of resistance [6, 7, 13, 14]alopheles mosquito, high
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level of glutathione-S-transferases causing DDTstasce, elevated level of P450 mono oxygenaseawyalith

altered sodium channel (kdr-knock down resistagos) resistance to pyrthroid, esterase enzymessjgonsible for
organophosphorous resistance in mosquito wherdssed malathion carboxyl- estrases confer resistato

malathion [6,13,14,15].

Target Site Resistance

Target site resistance is a change in the tartgettsit will reduce the binding of the insecticidge®l increase the
metabolic rate and hence lower the insecticideswlilabind to the target site [3]. Or a changetlire amino acid
which is responsible for insecticide binding thatuses the insecticide less effective or totallyffantive.
Acetylcholinestrase is targeted by Malathion, aathamate insecticides, on the other hand, orgaoochkl (DDT)
and synthetic pyrehriod acts on sodium channel. [dy#ethroid, organochlorine, etc target the vadtggted sodium
channel in the insect’s neuron. It's binding delepging of the channel and prolonging the actioteptial and will
cause paralysis and death of insect. The resistaiticdevelop due to the prolonged exposure toittsecticide. A
mutation in sodium ion channel leads to resistancpyrethroid in a variety of insects. Target sisistance to
pyrethriod and DDT irAn.gambiae is mostly related to a single point mutationsitbmmonly called knock down
resistance (kdr) [3, 13]. The mutation caused &agel gated sodium channel insensitive to pyrethaoid DDT.
Currently two kdr mutations were identified Am.gambia, West and East Africa. The West Africa kdr is knolyn
leucine is replaced by phenylalanine at positioh416f the voltage gated sodium channel, on othed lizast Africa
kdr is leucine is substituted by serine at the sposition of the sodium channel [7, 13]. A recesgegarch result in
Kenya indicates that there is an association witliga distribution of ITNs and kdr. kdr is highgsociated with
An. gambiae, rare inAn. arabiensis and not observed iAn. funestus. On other hand, P450 or gluthsthion-S-
transferases related pyrethroid resistance is ém®tjnAn. arabiensis andAn. funestus[7].

M etabolic Resistance

“Metabolic resistance is an over expression of eresy capable of detoxifying or sequestering insigigttcand /or
amino acid substitution within these enzymes whadtier the affinity of the enzymes for the insedes” [3].
Metabolic resistance occurs when one or more engyofignsect will be involved in the detoxificatiasf the
insecticide before it will bind to the target sftE3, 14]. Metabolic resistance is principally basmd the three
enzyme families, such as cytochrome P450 monooxgyefiP450s), carboxylesterases, and gluthathion-S-
transferases. Each enzyme family contain variousegevhich will involve in insect metabolic procdsswever,
only few numbers of these genes will be directlyolwed in detoxification of the insecticides [4,]13-or instance,
cytochrome P450 enzyme family is responsible fdoxication of pyrethriod in insects, 111 P450 gmes is
effective particularly inAn. gambiae. A micro-array based investigation shows thatelzandidates of P450 genes
(CYP6P3, CYP6M2, and CYPZ2) were frequently overegped in pyrethriod resistance populatiodmbambiae,
however; only CYP6P3 & CYP6M2 can metabolize theefiyriod chemical. Recent research reporinfunestus
indicated that the putative ortholog Aifi. gambiae CPY6P3 and CYP6P9 have been identified, which pvitivide
resistance against pyrethroid chemical in this igsejel, 6]. Micro-array based study Am. gambiae showed that
many P450s enzymes (CYP6M2, CYP6P3, CYP6Z1 and C¥PEYP325A3) are associated with pyrethriod
resistance. Of these CYP6P3 and CYP6M2 are mostlyvimverexpressed in the field population (8).Africa
pyrethriod resistance mosquito is wide spread. filseresistance case was reported in 1993 in Gitere. But
now it is spreads through West, Central and East@{3]. In Ghana, DDT resistance populationfofgambiae
show high level of CYP6M2 gene expression, on theemhand, CYP6Z1 gene is highly expressed in both
Pyrethriod and DDT resistance strain.An .funestus, CYP6P9, CYP6P4, CYP6Z1, CYP6Z3 and CYP6M7 genes
expression are high related to pyrethriod resigtahcreased level of CYP6P9 is frequently obseimguyrethriod
resistance both in laboratory and field population Mozambique, Uganda, and Benin [6]. The resisanc
development pattern of mosquito depends on theespaad the type of the chemicals used. For instancSouth
Africa Kwazulu Nata districiAn. funestus were reduced by use of DDT but when pyrethriocagpthe disease re-
appeared in an alarming rate, which mean thatsihégies was resistance to pyrethriod not to DDTI{8beninAn.
gambiae s.s populations are highly resistant to pyrethboadl the An. funestus population is not resistance [16]. A
recent study in Africa shows that there is an iaseein the frequency of resistance allele&ringambiae, this might

be due to the selection pressure on the malari@mwneguartly scale up of ITNs and pyrethriod usdR$ [3, 7]. In
many insects insensitive to acetylcholinestrasehBcleads to resistance to organophosphate anchroatb
insecticides. Two mosquito specieA.gambiae and culex pipiens) ace gene (ace-1) is responsible for AchE
insensitivity and resistance development [17]. erd research report indicated that high inserisitin A.gambiae
andc. pipienswas due to the replacement of glycine amino aciddsine by single gene mutation in ace-1gene [17].
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Behavioural Resistance

Behavioral resistance describes “any modificatiorinsect behavior that helps to avoid the contact /ar lethal
effects of the insecticides” [3]. So far there mrany reports of mosquito changing their behavias @ intensive
use of insecticides (ITN and /or IRS) but therengs sufficient data to proof the change is genetiadaptive
response [3]. A new research result indicated thatmalaria vector undergoes a behavioral changevéad a
contact with insecticides either by biting at owddand /or in the late evening [16]. The behavietange will be
by a selection pressure and /or phenotypic pl&gtiai response to wide coverage of Long Lastingettiside
treated Nest (LLINS) and / or IRS. For instanceKenya there is a shift in malaria vector typendran. arabiensis

to An. gambiae following to an intensive use of LLIN [16]. A receresearch done in Benin (Tokoli and Lokohoue
district) shows that there is a clear behaviorék s An. funestus in there biting times. According to the research
result, in the first round of the research the pbeiikg time of the mosquito was between midnight £1:00 in
Tokoli district. In round two (year after use of INs), two peak biting times were recorded in thensaistrict,
between 00:00 - 01:00 and between 03:00- 04:0G Jtndws a shift in biting time between round onentbtwo of
the research. In round three (three years afteusigeof LLINS) one peak biting hour was recognitieat was
between 04:00-06:00 (16). In general speaking f@d822011 theAn. funestues mosquito shifts it peak biting time
from 02:00 to 05:00 (16). On the other distriabkbhoue, in the first round of the research, ndkp@#ng time was
scored. In this district before distribution of INd the peak biting times was around 03:00, butr afte use of
LLINs the time shifts to 04:00 and 05:00 in rouma and three respectively [16]. On the other hawodcerning to
the outdoor biting proportion of this mosquito histtwo districts, in the first round, it was fouA8.6% and 44.6%.
In Tokoli district there was a dramatic shift iretproportion of outdoor biting in the second anddtihound of the
research, 68.1% and 60.9% respectively. In consdasbst no shift in the outdoor biting behaviottlie Lokohoue
district in the second and third round of the reste444.2% and 46.7 respectively) [16]. There ®ak report in
TanzaniaAn. funestues shifts from indoor to outdoor biting following twide coverage of pyrethroid impregnated
nets [16]. This and other research report indicdked there is a behavioral change in the malamsouito in
response to the ITNS and / or IRS.

DISCUSSION

Malaria is one of the major healths and developméstacle in Africa. It takes large number of vgoung children
and pregnant women life every year [10]. The usE bis come to mind of the public health expertsy2ars back
when they tried to evaluate the effect of pyretthirinsecticides on reduction of mosquito in Aframad Asia [5].
Currently ITNs is one of the main malaria vectontrol intervention strategy used by many countdes national
malaria control mechanism. in Kenya , ITNs use biydecen aged less than five significantly increasean 7% in
2004 to 23.5% in the next year and to 67% in 200@]. Even though the number of INT users in Adrincreased
every year still the distribution and transmissadrthe disease is continued, why it so? Resistafid¢bke vector to
the pyrethriod (pyrethriod insecticides used 409R5 and 100% as ITNs by WHO) is the main chaléeeimgmany
Africa countries such as Kenya, Ghana, Tanzaniazavidique, Benin, etc [3, 7, 13, 16].The mechanisins
resistance development in malaria vector are madycamplex, such as behavioral change, physiolbges#stance,
metabolic based resistance, target site resistamticeHowever, the main resistance development amgsims are
metabolic based as well as target site resistanregntly behavioural resistance also get an atteri8, 6, 13, 15,
16].

In metabolic resistance when one or more enzymethefinsect will be involved in the detoxificatiaf the
insecticide before it will bind to the target sjfe8, 14]. Metabolic resistance is principally basedthree enzyme
families, such as cytochrome P450 monooxygenesO§)4barboxylesterases, and gluthathion-S-transferaeach
enzymes will involved the detoxification of the @usicides [4, 13]. In target site resistance a gban the amino
acid which is responsible for insecticide bindirauses the insecticide action less effective oflyotaeffective.,
acetylcholinestrase is targeted by organophospBofmalathion) and carbamate ( propoxur) insectgiadm the
other hand, organochlorine (DDT) and synthetic psicel acts on sodium channel [14]. In a very recesearch
work in Benin two districts shows that a malariadergoes a behavioural change (a change in a hpénigd) in
response to a wide coverage of LLIN, the reseafsb iadicated that in Tanzania tia. funestues bites more
frequently in the outdoor than indoor in resporse twide distribution of pyrethriod treated bedsngt6]. It is
obvious that high coverage of ITNs and/ or IRS eaaglynamic shift in the malaria vector populatidnich will
impose great problem in the control of the diséagdrica.
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Prospective

From the 1940-1960s malaria vector control strategy depends solely on the use of DDT and it wiestfe, but
later replaced by other chemicals due to the w@asist development by the vector. Currently, the arecontrol
program is mostly relay on the use of pyrethriodrattal either ITNs and /or IRS form for many yed@st there
are many reports for the development of resistdaycehe vector to this insecticide. In order to avor reduce the
resistance development pattern the current matari@ol approach (intensive use of ITN and / or)IRBould be
diversified and intergraded with other approact&sntrol strategy should consider use of biologita@thods to
reduce the disease distribution and limit the tesie development of the vector. Other methodg like of
genetically modified mosquitoes (male sterile) ¢éaluce the reproduction rate and to lower the nextemation
mosquito population density. In recent report thisran indication of a behavioural change in théan vector in
the their peak biting period and outdoor bitinguettter this issue should be well studied becthese changes are
associated with wide coverage of ITNs and IRS asdilts in change in malaria vectors population.
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