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Abstract

Background

The indoor residual spraying programme for malaria vectors control was implemented in

four districts of the Lake Victoria basin of Tanzania namely Ukerewe, Sengerema, Rorya

andSerengeti. Entomological monitoring activities were implemented in one sentinel village

in each district to evaluate the efficacy of pirimiphos-methyl 300 CS sprayed on different

wall surfaces and its impact against malaria vectors post-IRS intervention.

Methods

The residual decay rate of p-methyl 300 CS applied at a target dosage of 1g a.i./m2 on the-

sprayed wall surfaces was monitored for a period of 43 weeks post-IRSusing the WHO cone

wall bioassay method. The bioassays were performed by exposing 2–5 days old unfed sus-

ceptible female Anopheles gambiae s.s. (Kisumu strain) to sprayed wall surfaces for a

period of 30 minutes. In each sentinel village, mosquito collection was carried out by trained

community mosquito collectors. Monthly mosquito collections were carried out from 6.00pm

to 6.00am using CDC light traps and clay pot methods for indoors host seekingand outdoors

resting mosquitoes respectively. Six traps (2 CDC light traps and 4 clay pots) were set per

sentinel village per night for28 consecutive days in a moon. PCR and ELISA were used for

mosquito species identification and sporozoite detection, respectively.

Results

Based on the WHOPES recommendation, insecticides should have a minimum efficacy of

� 80% mosquito mortality at 24 hours post exposure on the sprayed wall surfaces to be con-

sidered effective. In this study, p-methyl 300 CS was demonstrated to have a long residual

efficacy of 21–43 weeks post-IRS on mud, cement, painted and wood wall surfaces.
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Numberof anopheline mosquitoes decreased post-IRS interventions in all sentinel villages.

The highest numbers ofanopheline mosquitoes were collected in November-December,

38–43 weeks post-IRS. A total of 270 female anopheline mosquitoes were analyzed by

PCR; out of which 236 (87.4%) were An. gambiae s.l. and 34 (12.6%) were An. funestus

group. Of the 236 An. gambiae s.l.identified 12.6% (n = 34) were An. gambiae s.s. and

68.6% (n = 162) were An. arabiensis. Ofthe 34 An. funestus group indentified 91.2%

(n = 31) were An. parensis and 8.8% (n = 3) were An. rivulorum. The overall Plasmodium fal-

ciparum sporozoite rate was 0.7% (n = 2,098).

Conclusions

Pirimiphos-methyl 300 CS was found to be effective for IRS in the Lake Victoria basin,Tan-

zania. P-methyl 300 CShas a long residual efficacy on sprayed wall surfaces and therefore

it is effective in controlling principal malaria vectors of An. gambiae s.l and An. funestus

which rest on wall surfaces after and before feeding.

Background

Malaria is still a leading cause of morbidity and mortality in sub-Saharan Africa (SSA). It is

also the number one public health problem in Tanzania, representing more than 30% of the

national disease burden [1]. The decrease in malaria incidence and prevalence has regularly

been ascribed to the universal coverage of long-lasting insecticide treated nets (LLINs) cam-

paigns [2, 3], scale-up of indoor residual spraying (IRS) intervention[4, 5]and improved

malaria diagnosis and treatment [6–8]. Besides, this decrease has also been observed in areas

with restricted or no malaria interventions[9–11]. Furthermore, some studies have recom-

mended that the decrease in malaria vector densities is also a contributing factor towards the

decrease in malaria transmission intensity reported in many parts of SSA [12].

Lake Victoria basin region of Tanzania is characterized by highland with unstable malaria

transmission prone to malaria epidemics and lowland with stable malaria transmission that

act as reservoirs for the highland communities [13]. This region experiences tropical climate

with two annual rainy seasons. The short rainy season runs from October to December while

the long rainy season is from March to May. However, the length of these seasons may slightly

vary from one region to another. Malaria transmission intensity in Lake Victoria basin follows

this rainy seasonal cycle with peaks in malaria incidence occurring one to two months follow-

ing the month of most elevated precipitation [14]. The population of Lake Victoria basin expe-

riences a high malaria prevalence of about 40% [15]. Plasmodium falciparum contributes to

more than 90% of malaria infections in this region [13]. Three major species of malaria vectors

namely An. arabiensis, An. gambiae s.s. and An. funestus s.s have been previously identified in

the Lake Victoria basin [16–18].

Long-lasting insecticide treated nets and insecticides-IRS are the fundamental interventions

of present malaria vectors control [19, 20]. While IRS acts by killing blood-fed malaria vectors

that might be carrying malaria parasite and hence provides protection to the extensive com-

munities at risk, LLINs principally provide individual and a community protection as they kill

host-seeking malaria vectors[21]. Indoor residual spraying utilizing dichloro-diphenyl-

trichloroethane (DDT)was the pillar of the worldwide malaria vector eradication campaigns

from 1955–1969[22, 23]and was among the World Health Organization’s (WHO)
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recommended insecticide of choice [24]. However, due to DDT resistant to malaria vectors,

alternative insecticides have been experimented in field trials to replace DDT[25]. In addition,

the spread of resistance to pyrethroids used in LLINs poseda great concern to malaria vector

control interventions [26, 27]. Other alternatives to DDT and pyrethroids resulted from field

trials were carbamates and organophosphates. However, these insecticides have short life span

on sprayed wall surfaces. For this reason new insecticide formulation with long life span on

sprayed wall surfaces were immediately required. A promising technique was the repurposing

of existing insecticides not presently utilized in malaria vectors control, together with the

advancement of enhanced long life span formulations utilizing micro-encapsulation. A notice-

able insecticide candidate coming from this technique was micro-encapsulated pirimiphos-

methyl 300 CS (p-methyl 300 CS)[28–30].

Pirimiphos-methyl is an organophosphate which in early field trials of an emulsifiable con-

centrates (EC) formulation exhibited high level of toxicity, however short life span efficacy

against malaria vectors and non malaria vector mosquitoes [31–33]. Syngenta (Basel, Switzer-

land), the producer of p-methyl, has recently produced micro-encapsulated formulations (CS)

with a long lasting efficacy in response to the need to control DDT and pyrethroid resistant

malaria vectors [28]. Indoor residual spraying randomized control trials conducted since

1970s indicated high toxicity of p-methyl to malaria vector mosquitoes [34]. Based on these tri-

als, WHO Pesticides Evaluation Scheme (WHOPES) has recommended IRS with p-methyl for

a wide use for malaria vectors control as an option control of DDT and pyrethroid resistant

malaria vectors.

The IRS programme reported in this paper was implemented in four sentinel districts of

Lake Victoria basin, Tanzania in 2014. These districts are namely Ukerewe, Sengerema, Rorya

and Serengeti. With the financial support from the U.S. President’s Malaria Initiative (PMI)

through Research Triangle Institute (RTI) International Tanzania, the National Institute for

Medical Research (NIMR), Mwanza Centre, carried outlongitudinal entomological monitor-

ing activities inthesprayed four districts post-IRS intervention. The entomological monitoring

activities were performed to evaluate the biological efficacy of p-methyl300 CS on different

sprayedwall surfaces and its entomological impact against malaria vectors post-IRS interven-

tion in Lake Victoria basin, Tanzania.

Methods

Study areas and population

Lake Victoria basin is situated in the North-western part of the United Republic of Tanzania

(URT), between longitudes 29˚E—41˚E and latitudes 1˚S—12˚S. The United Republic of Tan-

zania occupies an area of 33,756 km2 of the Lake Victoria (49% of the total lake surface). The

2014 IRS campaigns were implemented in two regions of Lake Victoria basin, namely Mwanza

and Mara. Four districts under IRS campaigns were selected for longitudinal entomological

monitoring and assessment of p-methyl 300 CS decay rate using WHO cone wall bioassay

tests. The selected districts were Ukerewe and Sengerema for Mwanza region and, Rorya and

Serengeti for Mara region (Fig 1). According to the 2012 national census [35] the Mwanza and

Mara regions have a total population of 4,516,339. According to Tanzania HIV/AIDS and

Malaria Indicator Survey (THMIS) 2012[36], malaria prevalence in under five children in

Mwanza andMara regions are 31.4% and 30.3% respectively. The Lake Victoria basin regions

have a higher malaria prevalence compared to other regions in the country. Lake Victoria

basin experiences tropical climate with two annual rainy seasons. The short rains occur yearly

from October to December and the long rain season happen yearly from March to May, but

the length of rain and dry seasons may slightly vary from one region to another. Indoor
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residual spraying campaign and monitoring only covers a single of these potential malaria

transmission peaks in this study area (Fig 1).

Indoor residual spraying campaigns 2014

Pirimiphos-methyl300 CS was selected for spraying on wall surfaces for 2014 IRS campaigns

in Ukerewe, Sengerema, Rorya and Serengeti districts. P-methyl300 CS was selected as an

alternative insecticide of rotation followingthe previous2012-13 IRS campaignswhere delta-

methrine K-Othrine (WG 250, Bayer) was sprayed in Sengerema, Rorya and Serengeti districts

and bendiocarb (FICAM 80% WP, Bayer) wassprayed in Ukerewe district (RTI-International

unpublished report). The 15-liter-capacity H. D. Hudson Manufacturing Company (Chicago,

IL, USA) 67422 AD, Hudson1 X-pert spray pumps, recommended by the WHO for use in

IRS were used. One bottle containing 833ml of p-methyl 300CS was mixed in 10 liters of clean

water in the spray can and pressurized to 55 Psi as per manufacturers’ instruction. The 10 liter-

sof insecticide mixture was applied over a 250m2 resulting in a target dosage of one gram of

active ingredient per square metre (1g a.i. /m2). Only one round of IRS was carried out in the

beginning of the long rainy season in March 2014(Table 1).

Fig 1. The map of Lake Victoria basin showing the sentinel sites under 2014 IRS campaigns. This map

was obtained by manual digitizing via public domain of the Geographic information system (http://www.

simplemappr.net/).

https://doi.org/10.1371/journal.pone.0176982.g001
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The IRS operation was performed by volunteers selected from the local communities who

were trained by RTI international staff whereas the IRS coordination was done by District

Health Management Team through a dedicated team of District IRS Technical Team (DITT).

Structure coverage with IRS was scored at> 80% in all sprayed districts.

Mosquito collection, processing and identification

In each district, twenty four houses with different building materials were selectedper sentinel

village for longitudinal entomological monitoring. Mosquito collection was carried out by

trained community mosquito collectors (CMCs) under the supervision of trained District

Vector Control Officers(DVCOs). Monthly mosquito collections were carried out from

6.00pm to 6.00am using standard Centre for Diseases Control (CDC) light traps (CDC,

Atlanta, GA, USA) and clay pot method for indoor host seeking and outdoors resting mosqui-

toes, respectively. Collected mosquitoes were identified by CMCs based on morphological

characteristics. Likewise all collected mosquitoes were sorted by sex using the keys described

by Gillies and Coetzee[37]. Mosquitoes from the sentinel villages were stored in vials with silica

gel and transported once every month to the NIMR Mwanza central laboratory for molecular

analysis.

CDC Light trap method

In each selected sentinel village, twenty four houses were conveniently selected for mosquito

collection using CDC light traps. Two CDC light traps (one CDC light trap per house) were

set in two houses per night. Mosquitoes were collected for28 consecutive days in a moon in

rotation. Briefly, in the selected houses the CDC light trap was installed at about 1.5m above

the floor next to the head of the sleeping person(s). The person(s) was requested to sleep under

an untreated mosquito net(s) overnight. CDC light traps were set to operate from 6.00pm to

6.00am of the next morning to trap mosquitoes seeking for hosts. Captured mosquitoes were

transferred separately into labeled paper cups covered with a piece of netting material.

Clay pot method

The clay pot method was used to collect outdoor resting mosquitoes. The pots were molded by

local potters using clay soil available from the sentinel village. The clay pots were made of size

0.5m diameter with an opening of 20cm width. Each clay pot had a 2cm hole made at the bot-

tom of the pot rendering them useless for storage of water as they allowed water to freely drain

out. In each selected sentinel village, twenty four houses were selected for clay pots traps. Two

houses per night were used to set up four clay pots traps (i.e. 2 clay pots per house) outdoors

overnight, near selected houses with different construction materials. The pots were set up

from 6.00pm to 6.00am of the next morning. Clay pots were set for 28 consecutive days in rota-

tion. The pots were positioned at an inclined angle to let mosquitoes enter and rest inside the

Table 1. Spraying schedule in districts and timing of first monitoring visit post IRS.

S/N District Village Date of spray Insecticide sprayed Weeks post-IRS

1 Ukerewe Bukindo 15/03/2014 P-methyl 300 CS 2

2 Sengerema Katunguru 15/03/2014 P-methyl 300 CS 3

3 Rorya Ochuna 25/03/2014 P-methyl 300 CS 1

4 Serengeti Natta-Mbiso 20/03/2014 P-methyl 300 CS 1

https://doi.org/10.1371/journal.pone.0176982.t001
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dark inner wall surface of the pot. In the morning at 06.00am, the CMCs covered the opening

using a piece of netting fabric with a small entry hole for inserting an aspirator to suck out

mosquitoes and transfer them into a labeled paper cup.

Rearing of susceptible mosquito colony

Susceptible colony of Anopheles gambiae s.s (Kisumu strain) was reared at NIMR Mwanza

insectary. Mosquitoes were maintained under a controlled condition in the insectary as

described by WHO[38]. The reared mosquitoes were used for cone wall bioassay tests to evalu-

ate the efficacyof p-methyl 300 CS on different sprayed wall surfaces.

Bio-efficacy of p-methyl 300 CS on sprayed wall surfaces

The residual decay rate of p-methyl300 CS using a target dosage of1g a.i./m2 on thesprayed

wall surfacewas monitored for a period of 43 weeksusing WHO cone tests[39]. Throughout

the monitoring period, one village from each of the 4 districts was sampled for residual insecti-

cide decay rate bioassay tests, using limited random sampling of villages within a 20km radius

of the district medical office. Bioassays were carried out in the following villages in Mwanza

region: Katunguru in Sengerema district, and Bukindo in Ukerewe district. In Mara region the

following villages were sampled: Ochuna in Rorya district, and Natta-Mbisso in Serengeti dis-

trict (Fig 1). To minimize potential bias that may arise, houses sprayed by different spray oper-

ators, spray teams and with different wall substrates were selected for testing; one house of

each wall surface type commonly found in the area were randomly selected for cone bioassay

in each sentinel site for the monitoring. The most common wall surface finishing found in the

selected sites was mud, cement, wood, whitewash and burnt brick. Furthermore, in each

house, one room (living room) was tested. To monitor the insecticide decay rate on the differ-

ent wall surfaces in each room, 3 walls of the room were tested(i.e. upper, middle and lower

positions), by fixing each of the cones at about 1.0m, 1.5m and 2.0m high on each wall. Three

cone assays were carried out in any one house using 20 unfed susceptible adult female Anophe-
les gambiae(Kisumu strain) mosquitoes per cone. One replicate of cone was used per

unsprayed block surface (control). The bioassays were performed by exposing 2–5 days old

An. gambiae s.s. (kisumu strain) for a period of 30 minutes. The An. gambiae s.s. were exposed

on sprayed wall surfaces and on an unsprayed block surface (control) as described by WHO

[39, 40]. Following exposure, the An. gambiaes.s were placed in 150ml plastic cups (1 replicate

per cup) with sucrose solution provided and maintained in a cool box for 24hours at 27˚C

±2˚C and 80% ±10% RH. Percentage of knockdown (KD) after 60minutesand percentage

mortality after 24hours was scored.

Correction of mortality in bioassays

Test series with control mortality of over 20% were cancelled. Those with control mortality

between 5% and 20% were corrected by Abbott’s formula (1925)[41]as follows:

Abbott’s formula.

Corrected % ¼ 1 �
n in T after treatment
n in Co after treatment

� �

� 100

Where n = number of mosquitoes died after 24 hours, T = treated wall bioassay, Co = control

bioassay
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Laboratory processing

(i) Circumsporozoite Enzyme-linked Immunosorbent Assay (ELISA) for detection of

malaria sporozoite. The head and thorax of individual female anophelinemosquitoes were

homogenized in 250uL of grinding buffer(PBS, pH 7.4 containing 0.4% 0.1N NaOH and 0.5%

casein)using a plastic pestle. CS protein micro-plate ELISA using 50uL/well of the homogenate

was done in 96-well microtitre plates coated with anti-P. falciparum and anti-P.vivax monoclo-

nal antibodies at 22–25˚C for 30min[42]. Captured CS antigen was revealed by monoclonal

antibody (MoAb) horseradish peroxidase conjugate incubated for 1hr. Addition of ABTS

[2,2’-azino-di-(3-ethylbenzthiazoline-6-sulphonate)] substrate gave a blue-greenish colour

reaction for positive results which were read by visual assessment of the colour reactions, and

OD measured within 30min using spectrophotometer (MRX Dynex Technologies, Virginia,

Chantilly, USA) at 450nm. Sample positivity was determined by calculating a cut-off value

from the negative control OD value i.e any value above the twice average value of seven nega-

tive controls was positive.

(ii) Polymerase Chain Reaction (PCR) for mosquito species identifications. PCR was

carried out using a modified method of Scott et al protocol as described elsewhere[43]. Briefly,

1μL of DNA extracted from a mosquito, 5μL of 5x Go Taq PCR reaction buffer with MgCl2,

2.5μL of 2.5mM of each dNTP, 1μL of 25mM MgCl2, 0.15uL of 5 units/μL of Taq DNA poly-

merase, 1μL of each 25pmol/μL of primers UN, AR, GA and ME, 2μL of each 25pmol/μL of

primers QD and QDA, and sufficient sterile water to give a total volume of 25μL. The PCR was

carried out with an initial denaturation at 95˚C for 5min followed with a program of 30 cycles

of denaturation at 95˚C for 30sec, annealing at 50˚C for 30sec, and extension at 72˚C for

30sec, and final extension of 72˚C for 5min. After the PCR was completed, the 8μL reaction

volume was mixed with a standard 2μL agarose gel loading buffer containing a small amount

of bromophenol blue, and electrophoresed through a 2% agarose-Tris-borate-EDTA gel con-

taining Red Safe DNA Stain (Promega, Madison, USA). The amplified fragments were visual-

ized by illumination with short wave ultraviolet light.

Data analysis

The data were double-entered, verified, validated and checked for consistency using excel.

Then cleaned dataset was transferred into STATA (Version.12, College Station, Texas, USA).

The mosquito data from the houses were summarized per 28 night trap days in a month. The

outcomes of interest were the proportions of each species trapped in a month. Percentage mor-

talities at 24hrs post-exposure were used to assess the efficacy of the p-methyl 300 CS accord-

ing to WHO criteria[44]. Regression curves that show the rate of insecticide decay rate versus

number of weeks post spraying was used for each sprayedwall surface. The criteria of using

regression curves was to keep consistency with other previously published work[45]. Abbot’s

formula[46] was used for control mortality correction between 5%-20%. Furthermore, sporo-

zoite rate and mosquito species were determined as proportional percentage from each senti-

nel village.

Ethical considerations

This study was undertaken as part of the ongoing national malaria programme aimed to con-

trol malaria through IRS around Lake Victoria Victoria basin. The ethical approval for this

study was granted by the Lake Zone Institutional Review Board (LZIRB) of the National Insti-

tute for Medical Research (NIMR), Tanzania. The informed consent was sought verbally from

head of households to use their houses for bioassays and mosquitoes collection. In addition,
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the permission to carry out IRS monitoring was obtained from District Medical Officers

(DMOs) and village leaders.

Results

IRS implementation

The 2014 IRS campaignswere carried out in four districts of Lake Victoria basin of Tanzania

namely Ukerewe, Sengerema, Rorya and Serengeti in March 2014 (Table 1). The timing of the

IRS campaigns was conducted during the beginning of long rainy season in the basin. P-

methyl 300 CS was selected for the 2014 IRS campaigns as an alternative insecticide of rotation

after two years of bendiocarb and deltamethrin spraying in the Lake Victoria basin.

Insecticide residual decay rate

The results of WHO cone wall bioassays for monitoring p-methyl 300 CS residual decay rate

on sprayed wall surfaces of mud, cement, painted and wood are shown in Figs 2–5. An. gam-
biae s.s. Kisumu strain was exposed on the sprayed wall surfaces over a period of 43 weeks

post-IRS monitoring period. The bioassay test was conducted monthly from March to Decem-

ber 2014. Different patterns of p-methyl 300 CS residual efficacy decay rate were observed

among the sprayed wall surfaces in sentinel villages as shown in Figs 2–5. The residual decay

rate of p-methyl 300 CS are demonstrated using regression curves that show the rate of p-

methyl 300 CS decay rate against number of week post-IRS.

In Ukerewe district, wood wall surface retained the WHOPES recommended residual effi-

cacy of� 80% for 32 weeks post-IRS monitoring period. However, cement and painted wall

surfaces retained the recommended residual efficacy for 26 weeks post-IRS, while mud wall

surface retained the recommended residual efficacy of� 80% for 21 weeks post-IRS before

falling below the recommended level (Fig 2).

In Sengerema district; mud, cement and wood wall surfaces retained the WHOPES recom-

mended residual efficacy of� 80% for 43 weeks post IRS. Moreover, painted wall surface

Fig 2. Cone wall bioassay response of susceptible strain An. gambiae s.s to p-methyl 300 CS sprayed

in different wall surfaces in Bukindo village, Ukerewe district. The dashed line represents the WHO

threshold of 80% mortality.

https://doi.org/10.1371/journal.pone.0176982.g002
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retained the recommended residual efficacy of� 80% for 26 weeks post-IRS before falling

below the recommended level (Fig 3).

In Rorya district, cement wall surface retained the WHOPES recommended residual effi-

cacy of� 80% for 37 weeks post-IRS monitoring period, while wood wall surface retained the

recommended residual efficacy for 31 weeks post-IRS. Furthermore, mud and painted wall

surfaces retained the recommended residual efficacy for 29 weeks post-IRS monitoring period

before falling below the recommended level (Fig 4).

In Serengeti district, wood wall surface retained the WHOPES recommended residual effi-

cacy of� 80% for 43 weeks post-IRS monitoring period. Cement wall surface retained the rec-

ommended residual efficacy of� 80% for 38 weeks, while mud and painted wall surfaces

retained the recommended residual efficacy of� 80% for 29 weeks before falling below the

recommended level (Fig 5).

Fig 3. Cone wall bioassay response of susceptible strain An. gambiae s.s to p-methyl 300 CS sprayed

in different wall surfaces in Katunguru village, Sengerema district. The dashed line represents the WHO

threshold of 80% mortality.

https://doi.org/10.1371/journal.pone.0176982.g003

Fig 4. Cone wall bioassay response of susceptible strain An. gambiae s.s to p-methyl 300 CS sprayed

in different wall surfaces in Ochuna village, Rorya district. The dashed line represents the WHO

threshold of 80% mortality.

https://doi.org/10.1371/journal.pone.0176982.g004
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Impact of IRS on mosquito collection in Ukerewe district

Fig 6: Shows mosquito collection in Bukindo sentinel village, Ukerewedistrict. The bars show-

stotal number of female anopheline mosquitoes collected per trap per month with each

Fig 5. Cone wall bioassay response of susceptible strain An. gambiae s.s to p-methyl 300 CS sprayed

in different wall surfaces in Natta-Mbisso village, Serengeti district. The dashed line represents the

WHO threshold of 80% mortality.

https://doi.org/10.1371/journal.pone.0176982.g005

Fig 6. Monthly collection of anopheline mosquitoes in Bukindo village, Ukerewe district monitored

using CDC light traps and clay pot methods. The rainfall data was obtained from climate data library

(http://iridl.ldeo.columbia.edu/maproom/).

https://doi.org/10.1371/journal.pone.0176982.g006
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trapping method while the line graph shows the trend of rainfall in each month over the moni-

toring period. The number of anopheline mosquitoes collected in Figs 6–9 includes both An.

gambiae s.l. complex and An. funestus group.

Overall, low numbers of anopheline mosquitoes were collected during the monitoring

period with the exception of November and December when relatively higher numbers of

anopheline mosquitoes were collected (71 and 157 respectively). No anopheline mosquitoes

were collected in clay pots from April to October. All mosquitoes were collected by CDC light

traps only during the monitoring period with the exception of November and December when

both CDC light traps and clay pot methods collected anopheline mosquitoes in the district

(Fig 6).

Impact of IRS on mosquito collection in Sengerema district

Overall, a high numbers of anopheline mosquitoes were collected in August to December

(except in November) by CDC light traps and clay pots methods in Katunguru sentinel

village in Sengerema district range between 34–114 mosquitoes. There was a gradual increase

of anopheline mosquito collection from August to December. An increase in precipitation

was subsequently noticed during the same months range between (10.57 mm to 63.2 mm)

(Fig 7).

Impact of IRS on mosquito collection in Rorya district

CDC light traps and clay pot methods were used to collect mosqutoes inOchuna sentinel vil-

lage in Rorya district. The CDC light traps collected higher number of mosquitoes compared

to clay pots methods throughout the monitoring period (343 vs 170). Higher numbers ofano-

pheline mosquitoes were collected in May to July (range between 63–100)and November to

Fig 7. Monthly collection of anopheline mosquitoes in Katunguru village, Sengerema district

monitored using CDC light traps and clay pot methods. The rainfall data was obtained from climate data

library (http://iridl.ldeo.columbia.edu/maproom/).

https://doi.org/10.1371/journal.pone.0176982.g007
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December(61 and 108 respectively) in the district. Higher numbers of anophelines mosquitoes

in Rorya district was found to correspond positively with rainy season (Fig 8).

Impact of IRS on mosquito collection in Serengeti district

In Natta-Mbiso sentinel village in Serengeti district, anopheline mosquito collection decreased

gradually from April to June by both collection methods (15 to 5 mosquitoes). There was no

anopheline mosquito collected by any collection methods during the month of July. However,

anopheline mosquito collection started to increase from August and reached highest numbers

in November and December (27 and 24 mosquitoes respectively). Anopheline mosquito abun-

dance was observed to correspond well with the increases in precipitation (Fig 9).

Anopheline mosquito sporozoite rates

A total of 2,098 of anopheline mosquitoes were tested for the presence of P. falciparum sporo-

zoites using the CSP-ELISA method. The results on the presence of sporozoites suggest an esti-

mated overall sporozoite rate of 0.7% inthe foursprayed districts. Serengeti district had a

relatively higher sporozoite rate estimatedat 1.6%, followed by Ukerewe and Rorya districts

Fig 8. Monthly collection of anopheline mosquitoes in Ochuna village, Rorya district monitored using

CDC light traps and clay pot methods. The rainfall data was obtained from climate data library (http://iridl.

ldeo.columbia.edu/maproom/).

https://doi.org/10.1371/journal.pone.0176982.g008
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with a sporozoite rate estimate of 0.7%, while Sengerema district had a sporozoite rate of 0.6%

(Table 2).

Anopheline mosquitoe species identification

A total of 270 malaria vector mosquitoes were identified by PCR during entomological moni-

toring of IRS in Lake Victoria basin, Tanzania. Of the anophelinemosquitoes tested, 236

(87.4%) were identified as Anopheles gambiae sensu lato complex and 34 (12.6%) were found

to belong to the An. funestus group. Out of the 236 An. gambiae s.l. samples that were identified

by PCR, 74 (31.4%) were identified as An. gambiae s.s. and 162 (68.6%) as An. arabiensis. Of 34

An. funestus group membersidentified further by PCR, 31 (91.2%) were identified as An. par-
ensis and 3 (8.8%) belonged to An. rivulorum. Both An. parensis and An. rivulorum were col-

lected only in Sengerema district. An. parensis were collected by both collection methods

Fig 9. Monthly collection of anopheline mosquitoes in Natta-Mbisso village, Serengeti district

monitored using CDC light traps and clay pot methods. The rainfall data was obtained from climate data

library (http://iridl.ldeo.columbia.edu/maproom/).

https://doi.org/10.1371/journal.pone.0176982.g009

Table 2. Sporozoite rates of anopheline mosquitoes collected from sentinel sites.

Sentinel site No. tested (n) ELISA Pf +ve Sporozoite rate (%)

Sengerema 537 3 0.6

Ukerewe 874 6 0.7

Rorya 560 4 0.7

Serengeti 127 2 1.6

Total 2098 15 0.7

https://doi.org/10.1371/journal.pone.0176982.t002
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whereas An. rivulorum were collected only by clay pot method (Table 3). An. gambiae s.s. and

An. arabiensis were the most main species collected by CDC light traps in Ukerewe, Rorya and

Serengeti districts. Besides, An. parensis were the most principal species collected by clay pot

method in Sengerema district (Table 3).

Discussion

The residual efficacy of p-methyl 300 CS at a dosage rate of 1g a.i./m2 was evaluated to monitor

the p-methyl 300 CS decay rate on sprayed wall surfaces made of mud, cement, painted and

wood for a period of 43 weeks post-IRS in all four districts in the Lake Victoria basin regions

of Mwanza and Mara, Tanzania. In the Tanzania Lake Victoria basin regions of Mwanza and

Mara, mud wall surfaces represent 81%, cement 17% while the other wall surfaces constitutes

only 2% of all sprayed wall surfaces [47]. In light of WHOPES recommendation, ideal insecti-

cides should have a minimum efficacy of� 80% mosquito mortality at 24hours, following a 30

minutes exposure on a sprayed wall surface. The pattern of p-methyl 300 CS decay rate on

mud, cement, painted and wood wall surfaces reported in this study differ from one sentinel

village to another. This survey demonstrates that p-methyl 300 CS residual efficacy on mud

wall surfaces were below the WHOPES recommended threshold of� 80% after 21–29 weeks.

This observation is in concurrence with the study carried out by Chanda et al in Zambia [48].

Cement wall surfaces maintained the residual efficacy of� 80% for a period of 32–43 weeks

post-IRS intervention. Nevertheless, painted wall surfaces maintained the residual efficacy

of� 80% for 26–43 weeks in all sentinel villages before falling below the WHOPES recom-

mended threshold. Similarly, wood surfaces maintained the residual efficacy of� 80% for a

period of 32–43 weeks post-IRS before falling below the recommended threshold. Findings

from past studies demonstrated that p-methyl 300 CS rapidly decays and as a result loses effi-

cacy on permeable wall surfaces such as mud while maintaining persistent residual efficacy on

less permeable wall surfaces. In this study, p-methyl 300 CS showed persistent longer residual

efficacy on cement and wood surfaces in all sentinel villages compared with mud surfaces

against a susceptible Kisumu strain of An. gambiae s.s. This finding is in agreement with results

from the study of Haji et al [49].

In this study p-methyl 300 CS have demonstrated a longer residual efficacy of 21–43 weeks

post IRS on mud, cement, painted and wood wall surfaces. This finding is in agreement with

previous studies which shows that p-methyl 300 CS has longer residual efficacy of 20–36 weeks

[28, 34, 50]. This long residual efficacy of p-methyl 300 CS on sprayed wall surfaces is sufficient

to protect communities for one season of malaria transmission in the Lake Victoria basin, Tan-

zania [51, 52]. Providing universal coverage of LLINs to populations at risk of malaria

Table 3. Anopheline mosquito species identification collected by CDC light traps and clay pots method from sentinel sites in Lake Victoria, basin.

District Collection method No. sample (N) An. gambiae

n (%)

An. arabiensis

n (%)

An. funestus

n (%)

An. parensis

n (%)

An. rivulorum

n (%)

Sengerema CDC 21 3(14.3) 4(19) 0(0) 14(66.7) 0

Clay pot 26 3(11.5) 3(11.5) 0(0) 17(65.4) 3(11.5)

Ukerewe CDC 65 36(55.4) 29(44.6) 0(0) 0(0) 0(0)

Clay pot 8 8(100) 0(0) 0(0) 0(0) 0(0)

Rorya CDC 71 6(8.5) 65(91.5) 0(0) 0(0) 0(0)

Clay pot 33 1(3.0) 32(97) 0(0) 0(0) 0(0)

Serengeti CDC 33 13(39.4) 20(60.6) 0(0) 0(0) 0(0)

Clay pot 13 4(30.8) 9(69.2) 0(0) 0(0) 0(0)

TOTAL 270 74(27.4) 162(60) 0(0) 31(11.5) 3(1.1)

https://doi.org/10.1371/journal.pone.0176982.t003
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hasbecome a priority for many SSA National Malaria Control Programmes (NMCP) in recent

years (1). Pyrethroid resistant malaria vectors are now present in SSA, and the frequency

of resistance is increasing due to high selection pressure from high LLINs and IRS coverage

[53–57]. Long-lasting insecticide treated nets can still provide personal protection through the

“mechanical barrier” particularly when the net do not have holes[53]. With the campaigns of

universal coverage of LLINs in many parts of SSA and the scaling-up of IRS using p-methyl

300 CS constitutes a potential tool for insecticide resistance management. Randomized control

trials have shown that a combined intervention of p-methyl 300 CS IRS and pyrethroid LLINs

provides added protection against malaria infection[58]. Recent case control trials of the com-

bination intervention of LLINs and p-methyl 300 CS IRS in experimental huts against pyre-

throid resistant An. gambiae support that hypothesis[21, 59].

The IRS campaigns in Lake Victoria basin was implemented in March 2014 during the

beginning of long rainy season in the basin. As expected mosquito collection in all sentinel vil-

lages decreased significantly immediately post-IRS implementation. In Ukerewe, Sengerema

and Serengeti districts, anopheline mosquito collection decreased gradually from April to

August and collection started to increase steadily from September to December. Generally

higher numbers of mosquitoes were collected during the months of November and December

in all sentinel villages. These months are within the rainy season but also the residual efficacy

of p-methyl 300 CS on mud and painted sprayed wall surfaces had started to fall below the

WHOPES recommended threshold of� 80% mosquito mortality. However, unlike in other

districts, mosquito abundance in Rorya district could not demonstrate marked patterns with

high numbers of mosquitoes being collected throughout the year with both CDC light traps

and clay pot traps even immediately post-IRS implementation.

In this study, CSP-ELISA was used to detect presence of sporozoites in malaria vectormos-

quitoes [60, 61]. The low sporozoite rates observed in this study demonstrates that malaria

transmission intensity is low and this might have been contributed by the impact of p-methyl

300 CS IRS and other malaria interventions implemented in the sprayed districts. Four malaria

vectors mosquito species were collected and identified in the four districts namely, An. gam-
biae s.s,An. arabiensis, An. parensis and An. rivulorum. This means that communities in the

Lake Victoria basin of Tanzania are exposed to different malaria vectors species. There was sig-

nificant variation in the abundance of malaria vectors by sentinel village, species, and collec-

tion method. Sentinel villages that had relatively higher precipitation such as Bukindo

(Ukerewe district) and Katunguru (Sengerema district) had a significantly higher numbers of

mosquitoes collected, while Natta-Mbiso sentinel village in Serengeti district had relatively low

rainfall and hence fewer mosquitoes collections throughout the monitoring period. This shows

clearly that malaria vectors mosquito abundance is a function of rainfall because rainfall pro-

duces breeding sites [62, 63].

The PCR results show that principal malaria vectors in the basin are An. gambiae s.l. com-

plex and An. funestus group. Traditionally, malaria transmission in much of Tanzania has

been dominated by An. gambiae and An. funestus which primarily feed and rest indoors where

they can be efficiently targeted with insecticides for IRS [64–66]. Pirimiphos methyl 300 CS

provides an ideal insecticide for combined use of different classes of insecticides for IRS and

LLINs. The use of p-methyl 300 CS would sustain malaria control by delaying the emergence

of insecticide resistance especially against organophosphate and pyrethroid insecticides [67].

Pirimiphos-methyl 300 CS is also additionally valuable for controlling pyrethroid-resistant

malaria vectors.

There were several limitations to this study. Firstly, this study lacked a control group to bet-

ter quantify the effect of IRS in comparison with non IRS districts, which prompts us to be cau-

tious about making causal inferences on the estimated effect of the IRS. Secondly, temporal
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changes in vector density could have been influenced by a number of possible confounding

factors which were not controlled for such as environmental factors associated with vector

density and changes in the coverage of other malaria control interventions. For example,

changes in the use of ITNs were not controlled for in this study. Therefore, decreases in mea-

sures of vector density observed in this study could have been partly due to increasing ITNs

coverage and not just a result of IRS. Thirdly, another limitation of this study is the use of the

sporozoite rate as the outcome measure of malaria decline. Furthermore, the study lacks

malaria data to show any impact on malaria incidence and mortality. Fourthly, monthly trends

in malaria vector species composition and temporal distribution showed An. gambiae s.l. to

dominate the vector population throughout the year. Two clear peaks of high vector densities

in the region were observed to correspond with periods of short rains (October-December)

and long rains (March—May). Indoor residual spraying in early March is likely to only be

effective against malaria vectors during one of the two malaria transmission peaks following

the long rains, which also happens to be the major transmission season. However, the inter-

vention appears unlikely to have much impact against the second minor transmission season

that usually follows the short rains in December to February (9–12 months after spraying).

Despite these limitations, the overall decline in Anopheles mosquitoes in the months following

the spraying as well as the subsequent waning of the effect, point to a causal relationship

between both variables, as the study team is not aware of any other simultaneous phenomenon

or intervention that could explain this behaviour. The mass distribution of LLINs which

occurred in 2011 in Tanzania[68] could unlikely explain the findings as similar studies that

conducted separate analyses for IRS and LLINs showed that LLINs were not associated with a

significant reduction in malaria prevalence while IRS provided a significant added benefit in

malaria reduction even in settings were LLINs ownership is high[69]. Despite the study limita-

tions, the results offered draw interest to the effect of IRS on vector density, signifying the

reduction of sporozoite rate and/or even elimination are possible following unrelenting and

well managed IRS programme.

Conclusion

The findings of the current study recommend that in Lake Victoria basin, where malaria trans-

mission cycle is biannual, especially where the transmission cycle starts instantly after rainy

season, IRS with p-methylin February is probable to only be valuable against malaria vectors

during one of the two peak periods following the long rains, which also happens to be the

major transmission season. Nonetheless, the intervention appears not likely to have much

impact against the second minor transmission season that normally follows the short rains

(32–43 weeks post spraying). Furthermore, the finding of this study shows that principal

malaria vectors in the Lake Victoria basin of Tanzania are An. gambiae s.l. complex and An.

funestus group. Both An. gambiae and An. funestus rest on wall surfaces before and after feed-

ing. Pirimiphos-methyl 300 CS for IRS is therefore effective in killing or repelling major

malaria vectors in the study area.
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