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Abstract

Gambella region is characterized by high preciitat high humidity and warm temperature. Th
climatological conditions are favorable for surViead distribution of malaria vectors. The regioaswising

2Se

DDT for over four decades alternatively with malath until it was terminated from use in 2009 gnd

replaced by deltamethrin for IRS. Currently, dekeimin and propoxur are in use for malaria vectmtiol.

The study was conducted in Gambella Town, LareAdmabo districts, southwestern Ethiopia from June to
October 2013. Longitudinal and cross-sectional \stielsign was employed to assess species compgsition

density, parous rates, fed/gravid, gonotrophiceypkak hourly activity and insecticide susceptibgtatus
in three selected sites southwestern Ethiofii@ophelesmosquitoes were collected using CDC light t
from indoor and outdoor to assess of entomologieeameters. Anopheline mosquito larvae were celte

and reared to adult for insecticide susceptibilggt. Data were analyzed using SPSS software gac

version 16.0. Mean indoor and outdoor density aflta@nophelinemosquito species were compared us
ANOVA and mean mosquito density pre and post sppgration was compared using T-té5k 0.05 was
considered statistically significant during the lgss. The fed/gravid ratio was determined. Ove8all77
anopheline mosquitoes belonging to five specieewetlected over the 5 months study period. Ofelh
1,417 (44.6%) belong tén. gambiaes.l. presumablyAn. arabiensisfollowed by An. pharoensis 67
(21.3%), An. funestus group, 53@.6.9%) An. wellcomei309 (9.7%)and An. nili 237 (7.5%) Mean
probability of daily survival pre spray operatiorasvsignificantly higher than mean probability ofilgg
survival post spray operatio? (< 0.05). In deltamethrin sprayed areas, mean parate did not shoy
significant variation (Gambella town and Lare detjr However, significantly higher reduction (more th
50%) in parous rates of anopheline mosquito spee&s recorded in a propoxur sprayed area (Ab

district). Mean mosquito densities did not diffagréficantly between pre and post-IRS operation| i

deltamethrin sprayed areas. In contrast, there sigmsficant difference in mosquito density pre gkt
spray operation in propoxur sprayed area. The iduraf gonotrophic cycle was approximately two déoys
all anopheline mosquito speciém. gambiaes.l., An. pharoensignd An. wellcomeshowed early activity
(before 22:00 hours). MoreoveAn. gambiaes.l. showed resistance to DDT and deltamethrin

susceptible to bendiocarb, propoxur and primiphetayl in all sampling sitesThe development

resistance by anopheline mosquitoes against deti@iménas been determined by assessmer,
entomological parameters. Resistance developmehih.ofjambiae s.lin susceptibility test again
DDT and deltamethrin could be from the long terra akthe insecticides for IRS.
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1 Introduction

1.1Background
In tropical Africa, the share of malaria cases wase than 90%. Except in some highland zones

where it is too cold for the vector mosquitoes andome urban areas in which malarial infections
are rare, most people in tropical Africa get sev@akiparuminfected mosquito bites every year.
In some areas, the inoculation rate is far elevafetb several hundred infected bites per annum on
average (Laumann, 2010). According to WHO (2013afjdvmalaria report, there was high malaria
transmission (Greater than 1 cases per 1,000 paognjlan 1%, low transmission (0 to 1 case per
1,000 population) in 66% and malaria-free (0O case 1,000 population) in 33% of Ethiopian
population. The report of Federal Ministry of Héalithiopia (FMoH, 2012) shows the reduction of

malaria cases sine®06.

Malaria transmission in most parts of Ethiopia éasonal with bimodal rainfall pattern usually
occurring in March-April and June/July-Septembehne Tprevalence patterns are also affected by
differences in altitude, precipitation and popuatmovement (FMOH, 2012). Thus the country is
prone to focal and multifocal malaria epidemics daeinstability of the disease transmission
(Gebre & Negash, 2004). The disease is causddldgmodiunparasites such & falciparum, P.
vivax, P. malariae P. ovale curtisi and P. o. wedli (Alemu et al., 2013). The parasites are
transmitted by the bite o&n. arabiensisthe primary malaria vector in Ethiopia aAd. funestus
group,An. pharoensisndAn. nili secondary vectors (Krafsur & Armstrong, 1978). Skelé vector
control using IRS and LLINs are the main malariatge control approach in Ethiopia (FMoH,
2008) that led to remarkable decreases in malasasmission in some regions and these

interventions are the basis of malaria control paognes in Ethiopia.

Residual insecticides such as DDT, malathion falobr Residual Spray (IRS) resulted in rapid
reduction and complete interruption of malaria sraission from different areas (Laumann, 2010).
Thus, the most widely used insecticide for malaeator control in Ethiopia for more than four
decades was DDT (Biscae al, 2004). However, because of the developmenesistance byn.
arabiensisagainst the insecticide, its use for IRS has beeminated in 2009 (Djenontiet al.,
20009).



Gambella is one of the national regional stateEtimopia located in the southwestern part of the
country adjacent to South Sudan. It is charactdrimehigh precipitation, high humidity and warm
temperature. These climatological conditions axv@rfable for survival and distribution of malaria
vectors (Abebe and Singburaudom, 2006). Similaotteer parts of the country, the region was
using DDT for over four decades alternatively witlalathion until it was terminated from use in
2009 and replaced by deltamethrin for IRS. Howegrtomological monitoring and surveillance is
lacking and the resistance status of the prinapalaria vector in the region is not yet updated.
Therefore, the current study, which was conductethé selected zones (Agnuwa and Nuwer) of
the region, aimed to assess entomological parasneter malaria vectors and determine

susceptibility status o&n. gambiaes.|. to four classes of insecticides used in putxialth.



1.2Statement of the problem
The worldwide risk of malaria is estimated to 3#lidn people in 2012. The highest risk of
acquiring malaria, approximately 207 million casmsd 627,000 deaths in 2012 alone were
estimated to occur with populations living in Suh8ran Africa. Children under five years of age
and pregnant women were of the most affected ptpnolgroups of Sub-Saharan African region.
About 1%, 66% and 33% of the Ethiopian populativese estimated to live in high risk, low risk
and malaria free areas of the country respectiiiO, 2013a). The transmission patterns are

seasonal in highland fringe and relatively longeduration in lowland areas.

A study conducted around Gilgel-Gibe hydroelectdam, southwestern Ethiopia, indicated
knockdown resistancédr) to DDT and pyrethroid. The study also highlighted teed to evaluate
the status of knockdown resistanfier) throughout the country to implement vector control
strategies designed to manage insecticide resestgfewhalawet al.,2010). Another comparable
study conducted in four districts (Omo Nada, Ker3sa Afeta and Sekoru) also showed multiple-
resistance in populations Ah. arabiensigo conduct study and to come up with alternativetve
control options (Yewhalavet al., 2011). Previous study done in Sri Lanka also sugdethat
resistance surveillance should be conducted firsireas where malaria transmission and intensive
agricultural pest control coincide, because thesmsaare most likely to develop insecticide

resistance in mosquito vectors (Overgaard, 2006).

In Gambella Region, there is high malaria transimmsghroughout the year although case build up
differs from season to season. Privately ownedelaagricultural activities are ongoing using
Alwero Dam. Hence there are abundant temporary oiwstpreeding sites. There are also large
state farms that utilize pesticides which may resukelection pressure. In spite of the calls from
FMOH and others to carry out insecticide susceyltiest in different parts of the country and to
hamper malaria transmission, no study has beerertlyr conducted on some entomological

parameters and on resistance statuisnofgambiaes.l. in the region.



1.3Significance of the study
The major cause of poverty and underdevelopmenitwate and especially with the greatest share
in Sub-Saharan Africa is malaria. Malaria is thganaealth problem in Ethiopia in general and in
Gambella region in particular. The disease sigaifity contributes to the major adverse effects
such as maternal mortality, malaria-induced anespantaneous abortion, neonatal death and low
birth weight during pregnancy (Steketee, Wirima &xpbell, 1996).

To alleviate the problems associated with the diseanportant elements that are available are
vector control by means of LLINs and IRS which arainly dependent on synthetic insecticides
(WHO, 2006). However, the emergence of widespresedticide resistance posed the greatest
difficulty in the prevention and control of the dase. The development of resistance has also been
reported from different regions of Ethiopia (Balketal.,2012; Yewhalaw, 2011; 2010).

In Gambella region, in which intensive agricultamed stable malaria transmission coexist, studies
conducted on different insecticide resistance stahd entomological assessment of malaria vectors
were done before a decade. Therefore, by undegdatkiis study, the extent of resistance or
susceptibility ofAn. gambiaes.l. to insecticides in use and potential insedéidior future use was
determined. Furthermore, some entomological parensaif malaria vectors were assessed and
updated by this study. Hence, the present studybeihelpful for policy makers and stakeholders
for the best alternatives of malaria vector consthtegy. Additionally, the present study is

important to recommend on the appropriate timeafiplication of residual insecticide.



2 Literature review

2.1Global and sub Saharan African region malaria situéion
Malaria is one of the most important public healtincerns at global level. It causes morbidity,
mortality, economic loss and social disruption {Slt al, 2011). It is an infectious parasitic
disease which has been a deadly human companionaoy years. As populations migrated from
tropical Africa into Eurasia and later across tloean to the Americas, malaria parasites moved
with their human hosts. Hence, malaria became #dwate disease. For instance, at the mid of the

twentieth century 77 percent of the global popalatvas at risk of the disease (Laumann, 2010).

Despite its long association with human evolutitve, burden of malaria in sub-Saharan Africa and
in distant rural areas of Asia and Latin Americaswabearably high. According to WHO (2006),
malaria remained as a major cause of poverty addrdevelopment, and it was estimated that 3.2
billion people live at continuous risk of this dise. Each year, there were more than 350 million
cases of malaria and more than one million deatita the disease. The disease still remains as one
of the most important disease of public health irtgozce. According to WHO (2012a), 99 out of
104 countries have ongoing malaria transmission, thie disease killed an estimated 655,000

people in 2010, most of them were children under fiears of age.

The previous decade has authenticated a remankablen commitment to control malaria in Africa
(Gethinget al, 2014). However, malaria rank is high among thgomkiller diseases which are
endemic to the tropics. The disease takes thefitene African child every minute (WHO, 2013a;
WHO, 2012b).

2.2The public health problem of malaria in Ethiopia

Although there was relatively low malaria prevakereompared to most other malaria endemic
countries in Africa, the disease remained as a mmjblic health problem in Ethiopia. Malaria is
seasonal in most parts of Ethiopia, with varialbgms$mission and prevalence patterns affected by
the large diversity in altitude, rainfall, and pdgtion movement (FMOH, 2012). Thus, unstable
malaria transmission patterns make Ethiopia pranéotal and multifocal epidemics that have
every now and then caused little immunity in thenowunity; hence malaria epidemics are common
and lead to high mortality and morbidity (Gebre &désh, 2004). In these unstable malaria

transmission areas, the disease significantly dmrigs to the major adverse effects such as



maternal mortality, malaria-induced anemia, spogdais abortion, neonatal death and low birth
weight during pregnancy (Stekete¢ al, 1996). Particularly, the densely populated higtla

fringes and the semi-arid lowlands of the Afar @wimali regions are liable to seasonal and
unstable malaria transmission. As the study comdubly Kiszewski and Teklehaimanot (2004)

shows, epidemic malaria in the country is veryragtg linked with topography.

Gambella is one of the national regional stateEtbfopia with high malaria endemicity. Most of
malaria morbidity and mortality occur in childrendapregnant women. Children predominantly
under-five years of age are at risk of acquiringesemalaria due to their comparatively less
developed immunity to malaria and the decline obspgely acquired perishable immunity
(Alameraw, 1998).

2.3Anopheline mosquito vectors and their distributionin Ethiopia

Anophelesspecies of Afrotropical region include&n. gambiaes.l. (An. gambiaes.s., An.
arabiensis, An. quadriannulatus species A, An. gaadulatus species B, An. bwambae, An. melas
and An. merus), An. pharoensi&n. funestugiroup consist®n. funestusub-group An. funestus
Giles, An. arunij An. parensis, An. confus@d An. vaneedeni) an®ivulorum sub-group An.
brucei, An. fuscivenosué\n. rivulorum leesonand An. rivulorum) An. nili and An. wellcomei
(Gillies & Coetzee 1987).

An. funestugiroup has been found more widely scattered are&shiopia thanAn. gambiae s.l.
Furthermore, An. gambiae s.lappears to be less widely distributed thfem pharoensighat is
dispersed from the lowlands to the high plateauiamdost common in irrigated areas (O'connor,
1967). O'connor (1967) also reported that the svgaaipng the Baro River in western Ethiopia
offer an environment that favofs. funestuso exceedAn. gambiaen numbers throughout most of
the year An. nili andAn. wellcomeivere found in Gambella regional state, alongstvamps of
Baro River (Krafsur, 1977) andn. wellcomeiin Adami Tulu District, South Central Ethiopia
(Bekele,et al.,2012).

An. arabiensis An. funestus, An. pharoensad An. nili are responsible for the transmitting
Plasmodiumparasite such aB. falciparum, P. vivax, P. malariae P. knowlegiajnly a monkey

parasite, recently identified in humans in Soutlst&ssia), P. ovale curtis and P. o. wallikeri (
foundin most of sub-Saharan Africa, Southeast Asia,tardndian subcontinent) (WHO, 2012b).



These two sub-specieB, o. curtis and P. o. wallikeri wenecently reported from north Gonder,
Northwestern Ethiopia (Alemet al., 2013).

A member of theAn. gambiaecomplex Anopheles arabiensiss the primary malaria vector in

Ethiopia, withAn. funestuggroup, An. pharoensiand An. nili secondary vectors (Balkew et al.,
2006; Krafsur & Armstrong, 1978). For example, 8tady conducted by Krafsur (1977), shows
that An. nili was responsible for nearly 20% of the total inatiohs in Gambella, south western

Ethiopian lowlands during the wet season of 1968.

One of the essential factors of the epidemiologstatus of the malaria vectors is physiological age
of female Anophelesmosquitoes. It is an indirect indication of the fbke infectivity of
Plasmodiumin the salivary glands of a female, in the caseavinich it has taken ifPlasmodium
gametocytes during one of its previous blood fegsliRlasmodiundevelops in a female mosquito
to an invasive stage within 2 — 3 or more gonotromycles (the period in a female life which
begins with the search for a host, continues with girocess of blood-feeding, and finishes with
oviposition into a water reservoir, depending om @dmbient temperature) (WHO, 2001). Assuming
mortality rate to be constant throughout the ovaggcle, the gonotrophic cycle can be estimated
by fed/gravid ratio. Hence, 1:1 and 1:2, is apprately 2-days and 3-days respectively (Davidson,
1954). Then the probability of daily survivalP)(can be estimated for species based on the

= Np
P= \Np +Nn

Wherex is the duration of the gonotrophic cycle in dapp, andNn the numbers of parous and

following formula:

nulliparous females respectively in the popula(ibonald, 1957).

Understanding of vector behavior will allow moreswiuse of control interventions and may further
influence the choice of control method used (Kulka&t al.,2006). For instance, mosquito species
differ in their breeding habitats, biting behavifiight range and in many other ways. Therefore,
different strategies are needed to control differepecies of mosquitoes (Goddard, 2003).
Accordingly, behavioral monitoring is conductedassess if vector behaviors change, especially

early outdoor biting, in response to the changdbeninsecticide used for IRS. Insecticide residual



life monitoring to obtain evidence for the selentiof best alternative insecticide is also a pryorit
activity (PMI, 2012).

The aforementioned major malaria vectors in suba&ahAfrica, such adn. gambiaes.s. andAn.
funestusgroup are primarily anthropophilic, endophagic, and erdlop An. arabiensiss more
variable in its foraging behavior. Although the tggccan be found feeding and resting indoors in
some localities, in other areas it is mainly exapbi@and exophilic. AdditionallyAn. arabiensidas
been reported to be highly anthropophilic in somgians, including southern Zambia, whereas

elsewhere it predominantly displays zoophagic forgg¢endencies (Fornadedtt al.,2010).

Many of theimportant malaria vectors enter human dwelling mmel barn then they rest on the
walls, ceilings and other interior surface beforeatier feeding on the inhabitants for searching
blood meals. Thus endophilic and endophagic charatts of malaria vectors is an important for
the disease control intervention using IRS. Asvibetors comes in contact with insecticide sprayed
on walls or ceilings and other surfaces, they db$ethal dose of the insecticide by their tarsg an
by so doing reduce their lifetime. This resultggnadual decrease in vector density and longevity

and favors to a decline in malaria transmission QYB2013a).

2.4 Malaria vector control and insecticide resistance profile in Ethiopia

Huge scale implementation of IRS and LLINs thatonporate synthetic insecticide for malaria
vector control have led to remarkable decreasesailaria transmission in some regions and these
interventions are the basis of malaria control prognes in Ethiopia and in most African countries
(Balkewet al.,2012; Beieret al, 2008;Collinset al, 2000). Abate and Hadis (2011) also reported
that IRS is a major component of malaria controEthiopia. IRS, conducted according to the
national guideline with effective insecticide, ipawerful intervention to quickly reduce endophilic
adult mosquito vector density and longevity an@réfore, to reduce malaria transmission (WHO,
2013Db).

DDT was one the most widely used insecticide folani@ vector control in Ethiopia for more than
four decades (Biscoe, Mutero & Kramer, 2004). Abesel. (1998) and Nigatiet al. (1994)

reported DDT resistance in Gambella, Southwesténiofia. Different scholars have also reported
the development of resistance by malaria vectodifferent areas of Ethiopia; for example, DDT

and deltamethrin resistanceAm. arabiensiand multiple insecticide resistancetie same species



have been reported byewhalaw et al. (2011, 2010); Cross-resistance between DDT and
permethrinand propoxur resistance iAn. arabiensishave been reported Balkew et al. (2010,
2003); Furthermore, DDT resistance has been repfBalkewet al, 2006). Hence its use for IRS
has been terminated in 2009 (Djénomiral.,2009).

Entomological assessment provides vital informaticoncerning the presence, distribution,
behavior and susceptibility status of malaria vecto different classes of insecticides in a given
area (WHO, 2013b). Accordingly, WHO (2003) idemfientomological indicators to be monitored
for adult mosquito control. These includes: adeitter density, parous rates, and adult insecticide
susceptibility.

Reduction in vector density in areas where effectRS conducted can be indicative of the effect
of the intervention implemented (PMI, 2013; WHO, 03D Therefore, mosquito density can be
used for early warning of malaria epidemics FMOB12). Fed/gravid ratio is used to estimate the
duration of gonotrophic cycle (Tchuinkaet al., 2010). Again the length of gonotrophic cycle is
used to compute estimate of the probability ofydailrvival of mosquitoes (Davidson, 1954). As
the number of gonotrophic cycles increases, thatgras its epidemiological importance (WHO,
2002). IRS functions by reducing the female mosqulaily survival rate and human biting

frequency (Massebo, 2013).

By measuring the proportion of parous mosquitoes uector population one can monitor changes
in vector populations and evaluate the impact aohsrvention. Changes in vector populations and
the impact of an intervention can be evaluatedheygdroportion of parous mosquitoes in a vector
population. The aim of killing mosquitoes that restsprayed surface area of a given unit structure
is to reduce their longevity and ability to transmalaria. If residual spraying is effective thernd

be less parous mosquitoes compared to nulliparcesquitoes following spraying than before
spraying (WHO, 2003).

Insecticide resistance monitoring is crucial topgup programmers to implement more efficient and
sustainable malaria control strategies in endemimties (Djegbét al, 2011). Nonetheless, low
priority is given in most sub-Saharan African coig® (Betson, Jawara, & Awolola, 2009).
Insecticide resistance monitoring studies werei@arin Oromia, Ethiopia by President Malaria

Initiative from 2008 to 2012. Hence, widespread Di@Bistance along with a reduced level of



deltamethrin efficacy was confirmed. Based on thdifigs, the FMOH decided to discontinue the
use of DDT in 2009 and made an interim decisionge deltamethrin for IRS (PMI, 2013; 2012).

The simplest form of resistance management isylikelbe insecticide based, and this could take
the forms of rotation, mixture, fine scale mosaid dnsecticide Resistance Management (IRM) in

an Integrated Vector Management context (IRAC, 2011

WHO susceptibility bioassay for insecticide resista monitoring is a direct response-to-exposure
test; it measures mosquito mortality to a knowmdasad dose of a given insecticide (i.e. the
diagnostic or discriminating concentration). Acdagly, the mortality of test sample and control is

calculated by the following formula.

Total No.of dead mosquito

Total sample size

Observed mortality (%) = ( ) X 100

No.of mortality of control mosquito

Control mortality(%) = ( ) X 100

Total No.of control mozsquito

When control mortality is between 5% and 20%, then observed mortality has to be corrected

using Abbots formula, as follows:

% observed mortality — % control mortality
100 — % control mortality

Observed mortality (%) = ( ) X 100
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3 Obijectives of the study

3.1 General objective
To undertake assessment of entomological parameteranopheline mosquitoes and
insecticide susceptibility status @hopheles gambias.l. in selected zones of Gambella

Region, Southwestern Ethiopia

3.2  Specific objectives

To determine the species compaosition of anophefiogquitoes

To compare anopheline mosquito species densitparals rates of pre and post-IRS
To determine the fed to gravid ratio of anophefmesquitoes

To determine the peak hourly activity of anophelmesquitoin the study area

-+ + & &

To assess the susceptibility status Aofopheles gambias.l. against the 4 classes of

insecticides

4 Hypotheses
+ Anopheline mosquit@pecies composition, parous rate and density amgasithroughout
the study period.

+ An. gambiaes.l. is susceptible to all four classes of ins@dés.
5 Materials and Methods

5.1 Study area and period

Gambella People's Regional State (GPNRS) is locamahwesternEthiopia between the
geographical coordinate$28'38" to 834' North Latitude and 330 3511'11" East Longitude,
which covers an area of about 34,063kt is situated at 766 kms South West of Addisaibé.
The total population of the region is 406,606. Tégion is a lowland Savannah and the topography
is relatively flat. The people live in "tukuls”, vadh are the common type of rural dwellings. Most
of the residential areas are near the rivers arghrsis. Mean annual rainfall of the region was
1031mm. The main rainy season lengthen from Jutieetend of October. Annual mean minimum
and maximum temperature was 2Cland 35.8C respectively. IRS and LLINs are the main
strategy for malaria vector control in the area (¥ 2008). Deltamethrin was sprayed in
Gambella town and Lare district and propoxur wasygd in Abobo district in 2013. The study
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areas were selected based on insecticide userfoultigral purpose, sentinel site for malaria syrve

and prevalence of malaria in the districts.

Lare is one of the five districts in the Nuer Zoiteils 80 kms away from the capital city of the
region, Gambella Town. Average altitude is 430 meetEbove sea level. The people engage in
agriculture and stock herding. Cattle are herdempen enclosure close to human habitations. It has
been nationally used as sentinel site for Malani@esy. Flood during heavy rainfall is the common
annual phenomena. There is low agricultural agtivifccordingly, insecticide usage for

agricultural purposes around the study area dicrist.

Abobo is one of the six districts in Agnuwa Zonkisl 45 kms away from the capital city of the
region. Average altitude is 461 meters above seal.léfhe people engage in agriculture and
fishery. Large estate farm (3,000 hectares of lamay been occupied by Abobo Agricultural
Development Enterprise in the district. The statenf has been utilizing deltamethrin and Ethio-
sulfane for pest control since 2011 (Ato HabtamueBse- Head of Agricultural Development
Enterprise, personal communication). Cotton andzenarere the main crops harvested from the

farm. There were also privately owned farm landsaiad the study area in the district.

Peripheral villages around Gambella town were idetlin this study. Average altitude is 453
meters above sea level. Baro River, a permanesdrstiof greatly variable volume, arises in the
highlands and flows nearly to the east of the neglabjabe stream that originate from the northern
highlands is one of the temporary tributary of BRiger. Both join in the capital city of the region
The Baro River flows westerly crossing the Laretrdis Numerous seasonal streams also exist
throughout the study areas and their flow corredposmith periods of heavy rainfall, usually from
June through October. This study was conducted frane to October 2013.

12
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Figure 1: Map of the study area

5.2  Study design
Both longitudinal and cross-sectional study designs wergloyed forentomological assessment and

insecticide susceptibility test respectively.

5.3 Mosquito sampling

After obtaining verbal consent from the heads afdeholds, mosquito collection was conducted at
fortnight interval in each village of the selectédtricts, from June to October 2013, using two
motorcycle battery operated Centers for DiseasetrGomand Prevention (CDC) light traps
(BioQuip Products, Inc, CA, USA).

Mosquito collection
One light trap was installed in the sleeping roasitle a bed. Another trap was installed outdoor at

five to eight meters distance from residential lesusn the same household. Each selected

household was provided with untreated mosquitoTiet.trap was hanged at about 1.5 m above the
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floor next to the foot of the bed in the indoor aatdthe same height in the outdoor. Human
volunteer slept under the net during the night,levthe light traps attracting mosquitoes. Trapped
mosquitoes were removed at an hour interval startiom 18:00 to 06:00 (WHO, 2003). The
collected mosquitoes were transferred to paper andghen transported to temporary examination
post in the field.

Mosquito identification
Species identification was made using morphologieas (Gillies, 1987). Femal@nopheles

mosquitoes were counted and determination of plogical status was undertaken as unfed,
freshly fed, half gravid and gravid (WHO, 2003).

Mosquito dissection for parity
Legs and wings of unfed femalknophelesmosquitoes from the light trap collections were

removed after anesthetized by chloroform. A dropPbbsphate Buffer Saline (PBS) on clean
microscope slide was placed. Then the mosquitoes dissected under the dissecting microscope
by gently grabbing the thorax with forceps, andcplg ventral side up with their abdomen in the
PBS. While viewing the specimen under the dissgatiicroscope, a fine tip forceps was taken and
the 7th and 8th abdominal segments of the ferAatghelesvere gently removed by grasping and
pulling away slowly. Then other tissues were ditsd@way and ovaries were isolated. Under a
compound microscope (x10 objective), ovaries inclwhihe terminal skiens of the tracheoles

become uncoiled were considered to be parous (@&tjr1962).

5.4 Insecticide susceptibility test

Larval collection and adult rearing
Anopheledarvae/pupae were collected by dipping from diffeérbreeding sites available in the

area. The collected larvae were feed yeast urdif teared to adults. The reared mosquitoes were
identified using standard key (Gillies, 198Quadruplet and duplicate of 25 fem#la. gambiae

s.l. were obtained for each insecticide test (WB@,3c).

Insecticides for susceptibility test
The mosquitoes obtained from larval collection wesgosed to discriminating dose of five

insecticides from all four classes i.e., DDT 4%]tataethrin 0.05%, Primiphos-methyl 0.25%,
Bendiocarb 0.1% and Propoxur 0.1% using WHO stahdaisceptibility test kit. The test was
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conducted at field in the building free from inseidal contamination and at a temperature of
25°C+2°C. The relative humidity during the test was alsaintained between 80%#® by using
wet towel (WHO, 2013c).

Test methods
Six sheets of clean white papers were insertedsxtbolding tubes and fastened into position with

a steel spring-wire clip. One hundred and fifty &8emosquitoes were aspirated from a mosquito
cage in to the six holding tubes to give four regiié samples and two replicate of 25 mosquitoes
per tube. Then, the slide unit was closed and tidirg tubes set in an upright position for one
hour. At the end of this time, the damaged inseete removed. Six exposure tubes were prepared
(4 red-dotted for insecticide-impregnated paperd argreen-dotted controls for oil-impregnated
papers). Then mosquitoes were blown gently intoetihety exposure tubes. Mosquitoes were kept
in the exposure tubes forl hour and knockdown \easrded at 0, 10 15, 20, 30, 40, 50 and 60
minutes. At the end of 1-hour exposure period,niesquitoes were transferred back to the holding
tubes. A pad of a cotton-wool soaked in 10% sughlutisn was placed on the mesh-screen of each
holding tube. Mosquitoes were maintained in thelimgl tubes for 24 hours in a shady, sheltered
place. Temperature and humidity was recorded. Afezovery period, the number of dead
mosquitoes was counted and recorded (WHO, 201REB)ntified mosquitoes were cross checked
after mortality countFinally, mosquitoes were individually preservedlid ml labeled Eppendorf

tubes (dead and survive kept in different tube®y @ilica-gel for further analysis.

Data interpretation
Mortality of test result is interpreted as susdaptif mortality ranges between 98-100%, suggest

the existence of resistance if mortality is lesantt®8% and further investigation is required if
observed mortality is between 90% and 97%, presehcesistant genes in the vector population
must be confirmed. If the control mortality is¢ethan 5%, no correction is necessary but above
20%, the tests must be discarded (WHO, 2013c).
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6 Study variables

6.1 Dependent variables
Susceptibility ofAn. gambiaes.|. to an insecticide, parous rate, vector dengaty/gravid ratio,

length of gonotrophic cycle, biting activitygsquito SPECiIES COMpOSition

6.2 Independent variables
Discriminating dose of insecticides, temperatueggtive humidity, time, study site, vector control

intervention

7 Data analysis
Data was analyzed using SPSS version 16.0 softparkage. The parous rate was determined as

the proportion of parous mosquitoes to the sum tdt@arous and nulliparous mosquitoes caught
by CDC light traps that had ovaries with uncoiledcheoles. Monthly vector densities in each
village were calculated as the means of the mordkbrages of the traps/day for each sampling
sites (Bigogeet al, 2007). Students’ t-test was applied to comphesindoor and outdoor mean
density of adult anopheline mosquitoes. The monidiygravid ratio was determined for different
sites and used to estimate the duration of gonbitapy/cle (Donald, 1957). The resistance status of
An. gambiaes.l. against 5 insecticides was determined basatie@WHO protocol (WHO, 2013c).

P < 0.05 was considered significant.

8 Data quality assurance
Standard protocol was used, support from experteneetomology technician and further
morphological identification of preserved mosquito@as made by VLIR insectory workers.
Furthermore, quality of insecticide susceptibiliggt was controlled through replication and using

control.

9 Ethical consideration

Ethical clearance was obtained from Jimma Univemiesearch and Ethics Committee. Written
consent was also obtained from Gambella Regionallthldureau, Abobo, Lare and Gambella

Town health offices and households selected farghidy.
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10 Result

Mosquito species abundance

A total of 3,177 female anopheline mosquitoes bgilug to at least 5 species were collected from
the three sampling sites. The majority of the madsgs species were collected in August (26.8% of
853) followed by September (22.9% of 726), July.422 of 712), October (15.7% of 499) and June
(12.2% of 387). From the total mosquitoes collécten. gambiaes.l. (44.6% of 1417yas the
predominant from the overall samples collectedrduthe study periotbllowed byAn. pharoensis
(21.3% of 676) An. funestugroup(16.9% of 538) An.wellcomei(9.7% of 309)andAn. nili (7.5% of
237). There was significant difference in abundance antbedg anopheline mosquito speciBs<(
0.05).An. gambiaes.l. was also the predominant species collected frorsaatipling sites (Abobo
49.0%, Lare 44.8% an@dambella Town 41.0%4(Table 1).

Table 1: Abundance of anopheline mosquitoes collected ftoerstudy sites (June to October
2013)

An. An. An. nili An. An. Total
Study sites | 9ambiae pharoensis | n(%) funestus wellcomei n(%)
n(%o) n(%o) n(%o) n(%o)
Gambella 'own 451(41.0 237(21.6 98(8.9 | 193(17.6 120(10.9 | 1099(34.6
Lare 557(44.8 253(20.4 | 117(9.4| 188(15.1 128(10.3 | 1243(39.1
Abobc 409(49.0 186(22.3 22(2.6 | 157(18.8 61(7.3 835(26.3
Total 1417(44.6 676(21.3 | 237(7.5| 538(16.9 309(9.7 | 3177(100

Density ofanophelinemosquito species pre and post IRS operation

Mean Anophelesnosquito speciedensity per trap increased from June to beginnfrigeptember
(the time of IRS operation started in the distritfpwever, mean anopheline mosquito species
density per trap decreased post IRS operation €8dpr to October) using deltamethrin in
Gambella Town and Lare district by 23.4% and 40r8%pectively when compared to the density
per trap recorded in August in the same site (T@blend Table 2b). Mean anopheline mosquito
density per trap sharply decreased by 62% follovaragpoxur spray (Abobo district) as compared
to the density per trap documented in August (Tadde However, the difference in mean
anopheline mosquito species density per trap andettgmethrin sprayed area (Gambella Town
and Lare district) was not significar® & 0.05). But significantly reducedP (< 0.05) in propoxur
sprayed area (Abobo district). Overall, density pap of An. gambiaes.l. was the highest (23.6
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mosquitoes per trap) followed #n. pharoensig11.4 mosquitoes per traphd the lowest density
per trap was recorded fén. nili (5.2 mosquitoes/trap /night) (Table 2a, Table 2t &able 2c).

During pre and post-IRS, density per trapAor. gambiaes.l. collected from Gambella Town, Lare
and Abobo districts in all the months of collectimngreater as compared to other anopheline
mosquitoes density of the study site in respeatiemths of collection. Except in Gambella Tqwn
An. gambiaes.l. density Post-IRS was reduced in other stuigg §Table 2a, Table 2b and Table
2c¢). Significant reduction of density per trapfof. gambiaes.l. 2.0, 25.3 and 12.3 An. gambiaes.|.

per trap in August, September and October respygjivollowing propoxur spray was obtained
from Abobo district (Table 2c). In other study sitelensity per trap oAn. gambiaes.l. was not
significantly reduced after deltamethrin spray ([€akb, Table 2c).

Table 2: Density of anopheline pre and post spray as detexaiiby CDC light trap collection
a) Gambella Town

Anopheline Pre-IRS Post-IRS

species June July August September October
An. gambiae 10.3 21.3 22.5 29.5 29.3
An. pharoensis 6.3 12.8 16.8 12.3 11.3
An. funestus 5.5 11.0 15.0 10.5 6.3
An. wellcomel 1.0 5.5 10.0 9.3 4.3
An. nili 3.0 6.5 5.8 6.8 2.5
b) Lare

Anopheline Pre-IRS Post-IRS
species June July August September October
An. gambiae 14.0 30.5 33.5 34.8 26.5
An. pharoensis 8.8 14.0 17.0 13.5 10.0
An. funestus 7.3 10.8 14.5 9.0 5.5
An. wellcomel 5.5 8.8 8.3 6.3 3.3
An. nili 5.0 6.5 9.0 5.0 3.8
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c) Abobo

Anopheline Pre-IRS Post-IRS

species June July August September October
An. gambiae 11.2 21.5 32.C 25.2 12.2
An. pharoensis 8.2 12.C 14t 7.€ 4.¢
An. funestus 7.C 9.C 10.: 8.2 4.¢
An. wellcomei 3.6 2.5 4.3 3.t 1.2
An. nili 0.C 5.C 0.C 0.C 0.C

Parous rates ofanophelinemosquitoes

Of 1,606 unfed mosquito collected and dissectedi%4(n = 649) were parous. The overall parous
rate pre-IRS was 45.8%. However, durpust-IRS operation, thewgas an overalleduction of parous
rate by 11.6%Parous rate was increased during pre-IRS (JuoedhrAugust) and decreased post-
IRS operation (September and October) in all s&iths In Gambella Twn, the highest parous rate
reduction (from 52.0 in August to 25.0 in Octobavps recorded forAn. funestusfollowed by
An.wellcomei(from 47.1 in August to 30.8 in October) and thasteparous rate reduction (from 45.9 in
August to 38.3 in Octoberyvas recorded foAn. gambiaes.|. (Table 3a)ln Lare district, the highest
parous rate reduction after spray whaserved foAn. wellcomifrom 46.2 In August to 10.0 in October)
followed by An. nili (from 46.7 in August to 16.7 in October) and thast reduction was recorded fn.
funestugfrom 47.8 in August to 33.3 in October) (Table .34p parousAn. nili was recorded in Abobo
district from August through October. The highesduction in parous rate (from 55.6 in August to 0.0
October) was recorded fén. wellcomeifollowed by An.pharoensigfrom 46.2 in August to 7.7) in the
district (Table 3c).
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Table 3: Parous rate of anopheline mosquitoes collected fhenstudy sites (June to October

2013)
a) Gambella Town
Anopheline Pre-IRS Post-IRS
species June July August September Octobe
An. gambia 43.¢ 457 45.¢ 45.¢ 38.2
An.pharoens 45.F 42.¢ 48.1 48.C 35.5
An.nili 33.¢ 45t 40.C 42.€ 25.C
An. funestt 40.C 45.C 52.C 50.C 25.C
An.wellcome 33.2 40.C 47.1 45.C 30.¢
b) Lare
Anopheline Pre-IRS Post-IRS
species June July August September October
An. gambia 43.t 42.€ 49.1 40.¢ 30.¢
An.pharoens 46.7 52.C 50.C 44.¢ 29.¢
An.nili 50.C 46.2 46.7 36.4 16.7
An. funestt 46.2 474 47.¢ 35.C 33.%
An.wellcome 33.2 53.Z 46.2 35.% 10.C
c) Abobo
Anopheline Pre-IRS Post-IRS
species June July August September October
An.gambiat 42.C 24 47.1 33.8 15.¢
An.pharoens 44.4 14 46.2 28.t 7.7
An.nili 0.C 5 0.C 0.C 0.C
An. funestt 43.¢ 17 44.¢ 33.2 13.c
An.wellcome 25.C 4 55.€ 22.2 0.C




In deltamethrin sprayed areas, (Gambella town aa@ Mdistrict), mean percentage of parous rate
was reduced from 46.1% to 37.2%. Nearly 50% reduostin mean percentage of parous rate of
anopheline mosquito species was recorded in promprayed area (Abobo district) following IRS

operation (from 44.9% to 24.0%). There was sigaificmean percentage of parous rate reduction

following IRS operation in propoxur sprayed area(8.05) (Figure 2).
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Figure 2: Mean parous rates of anopheline mosquito specgeanu post-IRS in deltamethrin and
propoxur sprayed districts (June to October 2013)

Physiological statusof anophelinemosquitoes

The highest percentage of unfed mosquitoes cotleitten Gambella Town wa8n. gambiaes.|
(41.3% of 227) followed byAn. pharoensi$21.1% of 116) andn. funestu$16.9% of 93) and the
smallest percentage was recorded Aaor. nili (9.1% of 50). The percentage of half gravid and
gravid was also highest fgambiaes.| (43.4% of 112) followed bjn. pharoensi$22.9% of 59)
andAn. funestug17.8% of 46) and the least percentage of halfigramd gravid was recorded for
An. nili (7.8% of 20). The highest percentage of unfed mitses! collected from Lare district was
An. gambiaes.| (45.2% of 274) followed byAn. pharoensig19.8% of 120) andAn. funestus
(14.9% of 90) and the smallest percentage wasdeddiorAn. nili and An.wellcomi (10.1% of 61
each). The percentage of half gravid and gravid alas highest fogambiaes.| (45.5% of 131)
followed by An. pharoensi¢20.8% of 60) and\n. funestu§15.6% of 45) and the least percentage
of half gravid and gravid was recorded fan. nili (7.6% of 22) in Lare district. The highest
percentage of unfed mosquitoes collected from Abdibtrict wasAn. gambiaes.| (48.3% of 218)
followed by An. pharoensig(21.1% of 95) andAn. funestus(19.7% of 89) and the smallest
percentage was recorded #n. nili (2.4% of 11). The percentage of half gravid anavgt was
also highest fogambiaes.| (563.6% of 81) followed byAn. pharoensig24.5% of 37) andAn.
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funestuq15. 2% of 23) and the least percentage of halidrand gravid was recorded fan. nili
(2.7% of 4) in Abobo district (Table 4).

Table 4: Physiological status of anopheline mosquitoes ctdtefrom the study sites (June to
October 2013)
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Probability of daily survival

The difference was significant in mean probabitifydaily survival between pre and post-IRS (P <
0.05) being lower during post-IRS. Mean monthlykadoility of daily survival of the mosquito
species was highest during pre-IRS; in August (0f6Bowed by July and June (0.68 and 0.64
respectively). However, mean probability of dailyngval was not significant among anopheline
mosquito specied(> 0.05) in deltamethrin sprayed districts. Thehlegt mean probability of daily
survival was recorded fohn. gambiag0.39) andAn. pharoensig(0.39) in deltamethrin sprayed
districts and the lowest was fén. nili (0.30) and An. wellcomi (0.30). In propoxur sprdyarea,
An. gambiag(0.25) andAn. pharoensig0.23) yet again showed the highest mean probwlafi

daily survival (Figure 3).
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Figure 3: Mean probability ofiaily survival of anopheline mosquito speciesieltamethrin and
propoxur sprayedistricts (June to October 201

Hourly activity of anopheline mosquito species

Of 3,177 mosquitoes collected, indoor and outdagches accountel,921 (60.5%) andl1,256
(39.5%), respectively and indoor mosquito catchas kigher than outdoor catchP < 0.05) with
indoor to outdoor ratio of 1.53:1.The overall indoor caches wedlecreased from 61.3% to 59.!
following IRS operationThis trend was reversed and thacentage of outdoor restiranopheline
mosquitospecies increased from 38.7% to 40.9% following tp8ration Outdoor densitiof An.
gambiaes.l. increased following post IRoperation from34.4% to 41.4%. Similarly, the outdc

density ofAn. wellcomeincrease from 31.3% to 34.2% (Table 5).

Table 5: Mean indoor and outdo@nopheline mosquito pre and post sgiayne to October 201

Pre-IRS PostIRS

Mosquito species In Out In Out

n (%) n(%o) n(%) n(%o)
An. gambiae 516(65.6) 270(34.4) 368(58.3) 263(41.7)
An. pharoensis 223(50.6) 218(49.4) 125(53.2) 110(46.8)
An. nili 105(64.0) 59(36.0) 51(69.9) 22(30.1)
An. funestus 220(60.9) 141(39.1) 107(60.5) 70(39.5)
An. wellcomei 123(61.5) 77(38.5) 68(62.4) 41(37.6)
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Peak outdoor and indoor density Af. gambiaes.l. was observed from 21:00-22:00 hours. Peak
outdoor and indoor activities @in. pharoensisoccurred between 21:00-22:00 and 20:00-21:00
hours, respectively. Fgkn. wellcomiits peak outdoor and indoor activities were recdrdetween
20:00-21:00 and 21:00-22:00 hours, respectivelyicvisharply went down afterwards but with a
considerable peak between 01:00-02:00 hours owd&@ak outdoor and indoor activitiesAof.

nili was recorded between 02:00-03:00 and 01:00-02:@@shaespectively, and then sharply
decreased until 04:00-05:00. Peak outdoor and mndcivities ofAn. funestuggroupwas recorded
between 01:00-02:00 hours, and then sharply desdleastil 04:00-05:00hours. In general, about
44%, 57%, and 69% oAn. gambiae, An. pharoensad An. wellcomidensity occurred before
22:00 hours. Except fohn. nili (P < 0.05), there was no significant difference iralp@nosquito

density among the study sitd3% 0.05 (Figure4).
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Figure 4: Hourly indoor and outdoor hourly activity of anofihe mosquito species, Gambella,
southwestern Ethiopia (June to October 2013).

Susceptibility status ofAn. gambiae s.|.
A total of 2250 adult mosquitoes reared from laipmgba collections in all sampling sites were
identified morphologically ag\n. gambiaes.l. Of these, 1508n. gambiae s{100 mosquitoes per

insecticide) were exposed to the discriminatingedosf insecticides (DDT 4%, deltamethrin
0.05%, primiphos-methyl 0.25%, bendiocarb 0.1% prapoxur 0.1%). The remaining 750 (50
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mosquitoes per insecticide) were used as con@served mortality of field populations An.
gambiaes.l. exposed to deltamethrin was 16%, 2% and 16% in @dabown, Lare and Abob
districts respectivg. Except tobendiocarb which had 99% mortality, field populasoof An.
gambiae s.I. were 100% susceptible to boprimiphos-methyl and nepoxur 24 hours po:
exposure. Difference in observed mortality rateswben the three sampling sites was
significant @ > 0.05). However, there waignificant difference in mortality ratamong the insecticides
in all sampling sitesR < 0.05) (Figure5). Two percent and four percent control mortality wesordec
at the end of 24 hours holding time in Gamb¢Town and Abobodistrict as determined &
susceptibility test oAn. gambiae s against DDT and propoxur respective
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Figure 5: Susceptibility of An. gambiaes.l. to discriminating doses insecticidesouthwestern
Ethiopia
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For both DDT and deltamethrin 50% and 95% knockddinres were not observed within 60
minutes of the exposure period. Therefore, it wowdtlbe possible to determine KRyTand KDTgs

values for both insecticides in all the study ar@ale 6).

Table 6: Knockdown of An. gambiae s.|. exposed to discririmgaconcentrations of DDT and
deltamethrin, southwestern Ethiopia

KDT (minute)

Study site Insecticide 10 15 20 30 40 50 60
Gambella Town DDT 0 1 2 2 4 11 18
Deltamethrin 0 0 0 0 1 7 12
Lare DDT 1 9 19 23 24 27 29
Deltamethrin 1 1 1 1 5 9 13
Abobo DDT 0 3 10 14 17 21 24
Deltamethrin 0 0 2 4 8 12 14
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11 Discussion
In the current study anopheline mosquito speciesposition were similar in all the study areas.

The result shows that five anopheline mosquito isgewmere collected, these include. gambiae
s.l, An. pharoensisAn. funestugrroup An. wellcomiand An. nili. This finding is similar to the
findings reported from Gambella Town and villagesuad BaroRiver (Krafsur, 1977). An.

gambiae s.was the predominant species in the study areasla8y, the report of Krafsur and
Armstrong (1978) indicated that a member Anf. gambiaecomplex, An. arabiensiswas the

predominant species.

Analysis of the results from the entomological ass&nt shows that mosquito densities per trap
did not differ significantly between pre and poR&Sl operation in areas where deltamethrin was
sprayed (Gambella Town and Lare district). This ldobe from resistance development of
anopheline against deltamethrin sprayed in thesaidae finding is also consistent with the present
susceptibility test conducted in whiém. gambiaes.l. is highly resistant to deltamethrin. However,
there was considerable reduction in anopheline mtisgpecies density per trap in Abobo district,
which was sprayed by propoxur. Reduction of vedemsity in this district could be indicative of
the effective action of propoxur sprayed (PMI, 2008410, 2003).

Mean percentage of parous rate of all anophelinsquitoes pre-IRS was less than 50%. This
observation could indicate that a small proportwdranopheline mosquitoes in the study areas had
blood fed (Olayemi & Ande, 2008) or it could berfrahe time of sampling the mosquitoes as high
parous rate mosquitoes are more in drier area® @ry season than wet areas or wet season
(Warrell & Gilles, 2002). Mean percentage of paroat® of all anopheline mosquito was further
declined following IRS. The reduction in parouseraf the species could be from the application of
IRS (Olayemi & Ande, 2008). Furthermore, less pargate is directly proportional to less
probability of daily survival. The relatively highean percentage of parous ratéof gambiaes.|.
during post-IRS may possibly be from more resistadevelopment of the species than other
anopheline mosquitoes. Evaluation of the areasrdiapto the insecticides used shows that the
mean percentage of parous rate in propoxur sprasgadis almost reduced by 50% as compared to

deltamethrin sprayed areas where percentage ofipaate is reduced only by 20%.

There was no significant difference in fed to gdakatio among anopheline mosquito species. The

ratio of all Anophelesspecies in the present study was approximatehl.D.0Thus the duration of
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gonotrophic cycle was just about two days for abh@helinemosquito species the study areas.
Gonotrophic cycle of three days has been repomethe highland areas of east Africa and in
Cameroon. In agreement with the present studyieGi& Meillon (1968), two day cycle has been
reported to be common throughout Africa. Thereforfsctive anopheline mosquitoes in the study
areas require at least four blood meals, with jpd#gifor malaria parasite transmission. As the
number of gonotrophic cycles of malaria vectorsrease, the greater is its epidemiological
importance (WHO, 2002). The likelihood of the pa@mstransmission within two days of
gonotrophic cycle has also been reported by prevstudy from Nigeria (Olayemi & Ande, 2008).

The overall probability of daily survival of anopime mosquito species in this study was 0.62
which was lower than that of the study conductedsmme malaria vectors in a lowland region of
Ethiopia (0.89 in wet season and 0.79) in dry sed&oafsur, 1970). Mean probability of daily
survival of mosquito species decreased post-IR$atipa. These reductions in survival rate could
be from intensive use of IRS and LLINSs to fight aré vectors in the region because both IRS and
LLINs function by reducing female mosquito probapilof daily survival (Massebo, 2013).
Related studies conducted in Benin and Malawi sbthat daily survival oAn. gambiaes.l. was
reduced in IRS operated areas (Ossal. & Wondji et al, 2012). The probability of daily
survival of An. gambiaes.l. andAn. pharoensisvas relatively higher in deltamethrin sprayed areas
but significantly reduced in propoxur sprayed afBais finding might suggest propoxur is more
effective in reducing the daily survival of thegesies. On the other haAd. gambiaes.l. had the
highest daily survival probability in both deltarhgh and propoxur sprayed areas. This also shows
that An. gambiaes.l. could be well adapted to the environmentalditions of the study areas.

Comparable finding was also reported from Nige@Q&agemi & Ande, 2008).

This study revealed that more numberAof. wellcomeiand An. gambiaes.l. were caught indoors
than outdoors. The recent baseline survey conduatdethiopia is also in consistent with our
findings (PMI, 2013). Reduction in indoor densitlyanopheline mosquito species was observed
post-IRS operation using deltamethrin and propoXiis could be due to behavioral resistance
when the resistant insects stay away from the fitsée treated surfaces by shifting their usual
behavior (Ménardet al, 1997). Indoor density oAn. gambiaes.l., which is the primary malaria
vector of Ethiopia, decreased post-IRS. In confrérg outdoor density increased. The change in

resting habit of the species could be challemgenalaria vector control program in the region
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where LLINs and IRS which target indoor resting quises. In agreement with the present
finding, studies conducted in different African oties on distributions of malaria mosquitoes

revealed the effect of IRS and insecticide treatets in reducing indoor resting habit and

increasing the rate of exophily (Coetzee, Craige&Skur, 2000). Furthermore, the previous study
conducted in Gambella, Ethiopia showed that masgsiescape from living houses during the
spraying and immediately post spray period (Knaf$@77).

The majority ofAn. gambiaes.l., An. pharoensiand An. wellcomiwere trapped earlier than 22:00
hours, before people go to bed. In-line with thespnt, study conducted in Tigray and Zwai
Ethiopia showed that the peak biting timefaf. arabiensisvasfrom 18:00 to 20:00 (Yohannes &
Boelee, 2012). Moreover, the highest peak bitingvigag of the same species in Tanzania was
detected at 20:00. However, peak activity Aor. arabiensis/aries in different countries of Africa.
Accordingly, in Kenya, Chad and Senegal wee smallrd was the highest peak activity time
recorded for the species. On the other hand, inavdque and Tanzania, high activity of the
species were recorded at 20:00 (Fornatdedl, 2010). A peak outdoor and indoor activityAuf.

nili was recorded between 02:00-03:00 and 01:00-0Rc2@s respectively. Comparable hourly
activity of An. nili was recorded in earlier study conducted in géanearby Baro River banks

around Gambella Town, southwestern Ethiopia (Kmrafs877).

The level of mortality ofAn. gambiaes.l. recorded in the resistance tests of the ptesady using
DDT and deltamethrin was low and didn’t exceeds 38%ll the study areas. This suggests that
An. gambiaes.l. from all the 3 study sites developed resistaagainst DDT and deltamethrin.
Similarly, DDT resistance has been reported froomBella (Aboseet al 1998; Nigatuet al,
1992). Furthermore, the previous longitudinal stedypducted in Omo Nada, Kerssa, Tiro Afeta
and Sekoru districts, Ethiopia, showed that a menabeAn. gambiaecomplex, An. arabiensis,
resistant to DDT and deltamethrin (Yewhaletal.,2011; 2010). The development of resistance of
An. gambiaes.l. to deltamethrin could be from the prolonged f® IRS and community-wide use

of deltamethrin impregnated LLINs.

Populations ofAn. gambiaes.l. were 100% susceptible to propoxur (Carbamaiel) primiphos-
methyl (Organophosphate) 24 hours post exposurghdimore, 99% mortality against bendiocarb

(Carbamate) was found only in Abobo district. Likesy complete susceptibility @fn. arabiensis
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to propoxur was reported from Omo Nada, Kerssay Afieta and Sekoru districts, southwestern
Ethiopia (Yewhalawet al, 2011). In addition to this, the recently coneuwlcistudy in central,
northern and southwestern Ethiopia indicated tisreptibility of An. arabiensisto primiphos-
methyl, propoxur, and fenithrotion (Balkest al, 2012). A previous study conducted in Sudan also
showed susceptibility oAn. arabiensigo bendiocarb and propoxur (Abda#a al., 2008). These

results indicated that the three insecticides @pdiential alternatives in IRS use in the stuthssi

Fifty and ninety five percent knockdown was noterved in populations ofAn. gambiaes.l. for
DDT and deltamethrin within 60 minutes of expospegiod indicating the high resistance of this
mosquito species to DDT and deltamethrin. Therefdetermining KDFy and KDTgs is not
possible for both insecticides. Similarly, the de$rom previous study in villages around Gilgel-
Gibe dam, southwestern Ethiopia shows unfeasibilitdetermining KDy and KDTgs for DDT
and deltamethrin (Yewhalaet al, 2011). In line with this study, the study congiacin Senegal

where mosquitoes were relatively resistant to DRIDTso was long (Ndiattet al, 2012).
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12 Conclusion
The development resistance by anopheline mosquitgesnst deltamethrin and peak hourly
activity of An. gambiaes.l., An. pharoensiand An. wellcomibefore the people go to bed has been
determined by assessment of entomological parameRasistance development Afi. gambiae
s.l. in susceptibility test against DDT and deltametheould be from the long term use of the
insecticides for IRS.

13 Recommendations

Community awareness on personal protection agtiedbite malaria vectors before they go to bed
need to be raised in the study areas by coordmaticGambella Region Health Bureau. Gambella
Region Health Bureau need to replace deltamethiih potential alternative insecticide such as
Bendiocarb and primiphos-methyl. Entomological siltance and insecticide resistance
monitoring need to be conducted by Federal ministryHealth and Gambella Region Health
Bureau for effective malaria vector control andslow down the development and spread of
insecticide resistance.
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15 List of Annex

Annex |: Form for recording susceptibility test data in tieédd (WHO, 2013c)
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Annex Il: Form for recording results of susceptibility tegtin the field (WHO, 2013c
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To be comp lated by a supervisor at the and of the test
Code of suporvisor [ ][] []
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Annex IV: Formats for hourly mosquito collection by CDC ligrdp

Region: , District: Kebele:

Locality name: , House code: Altitude Date of collection: , Round:

Types of anopheline mosquito Total

Collection | An. gambiag An. A il An. funestus An. oth anopheline C-Eﬁ;[:?rl]e
: n. nili ers .
time s.| pharoensis group wellcomei mosquito

In Out | In Out In Out| In Out| In Out In Ou| In Out | In | Out

18:00-19:00

19:00-20:00

20:00-21:00

21:00-22:00

22:00-23:00

23:00-00:00

00:00-01:00

01:00-02:00

02:00-03:00

03:00-04:00

04:00-05:00

05:00-06:00

Total

Collector's name: ---------------=------- Sign. -------m-mememee e Checked by------------- ---Sign. ------------m-ooo-



Annex V: Individual mosquito collection registration format

District: , Kebele:

, Average rain fall & temperature------- & ------ respectively
Altitude of the localities----------======----- Mortts of collections:
Indoor/outdoor | Abdominal status S | Parity
Round of .. | House No. of Vect(_)r %
Date lecti Locality d An. species o}
colliecton coae mosquito |dent|f|ed |nd00r OutdOOt’ UF FF HG G O % NP
2T

UF = Unfed, FF = Freshly Fed, HG = Half gravid=&ravid, NP = Nulliparous and P = Parous

Collector's name-------------------



Annex VI: List of plates

Plate 3:ldentification of nulliparous and parous mosquit@soto credit: Teshome Gobena)
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Plate 4: Mosquito larval collection and rearing $asceptibility test (Photo credit: Teshome
Gobena)

Plate 6: Mosquito Mortality 24 hrs post exposurd preservation (Photo credit: Hailu Turura)
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