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Introduction 

The use of insecticide treated mosquito nets (ITNs) is an important component in malaria 

control, and many countries have developed strategic plans to upscale ITNs’ use. However, 

one of the operational challenges facing large scale implementation of ITN programme is 

their re-treatment every six to 12 months with insecticides. Preliminary surveys have shown 

that only less than 10% of nets available in Africa and South-east Asia are re-treated. In 

response to the low retreatment rates of the bed nets, long-lasting treated nets (LNs) have 

been developed, which require no further treatment throughout their expected life span of 

about three years or even more, making them more convenient and preferred over the 

conventional ones. In this line, the WHO Pesticide Evaluation Scheme (WHOPES) has already 

granted full/ interim recommendations to some of the LNs and a few more are under initial 

phases of evaluation.  

 

Olyset® Plus is a new generation long-lasting insecticidal net that incorporates two active 

ingredients, the pyrethroid insecticide permethrin and the oxidase synergist piperonyl 

butoxide. Mixture nets such as this may have application against resistant mosquitoes, 
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particularly those whose resistance is based on oxidative metabolism. There may also be 

enhanced activity against susceptible mosquitoes since mixed function oxidases are involved 

in many metabolic activities including activation of many substances to form their bio-active 

compounds, and hence evaluation was done against a conventional permethrin treated ITN 

as well as Olyset Net  LN. Olyset Plus LN was made available by the WHOPES for Phase II 

evaluation. 

 

The efficacy of Olyset Plus LN was evaluated in experimental huts against a wild, free flying 

susceptible population of Anopheles fluviatilis sensu lato in terms of mortality, deterrence, 

blood-feeding inhibition and induced exophily in Odisha state, East-central India following 

the WHO guidelines. 

 

Objectives and expected outcomes 

The overall purpose was to determine the efficacy of Olyset Plus LN washed 20 times 

relative to Olyset® Net washed 20 times and conventional nets (treated with permethrin at 

WHO recommended dosage of 500 mg/m2) washed to just before exhaustion against 

susceptible An. fluviatilis mosquitoes in experimental huts that simulate local domestic 

habitations.  

 

The primary outcomes measured in experimental huts were: the deterrence (reduction in 

hut entry relative to the control huts provided with untreated nets); induced exophily (the 

proportion of mosquitoes that will be found in the veranda); blood feeding inhibition (the 

reduction in blood feeding compared with that in the control huts); and immediate and 

delayed mortality (the proportion of mosquitoes that are found killed of the total numbers 

that entered early morning and after 24 hrs holding alive mosquitoes).  
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Methodology 

Study area 

Kandhaguda village of Malkangiri District in Odisha State (east-central India) was the trial 

site. The village has a hilly and forested terrain with a stream criss-crossing (Altitude: 150 to 

200 m above mean sea level). Climate of the village is characterized by hot summer (March-

June), rainy (July-October) and cold seasons (November-February). The village is endemic for 

Plasmodium falciparum malaria transmitted by Anopheles fluviatilis.  

Preparation of the huts 

The six experimental huts constructed in Kandhaguda village through the local Government 

(district) agency were used for the Phase II evaluation of Olyset Plus LN. The experimental 

hut consists of a single room with four windows; size of each window was 0.45 x 0.45 m, 

grilled with wooden planks fixed horizontally in tilted position one above the other leaving a 

gap of 1 cm between two planks through which mosquitoes could enter into the hut but 

could not exit. There are two windows on the front door side and one on each of the sides 

and a screened (using nylon mesh) verandah at the backside. The dimensions of the huts 

resemble to those of the village huts (Length 3m, width 3 m and height 2.5 m) having brick 

walls with cement plastering and thatched roof, above which there are tin sheeted roofing 

for protecting the thatched roof. There is no space between the thatched ceiling and tin-

roofs. The huts are constructed one foot above the ground level on a platform made up of 

brick and cement. The platform has a water-filled moat (6’ depth x 6’ breadth) all around to 

deter entry of scavenging ants. The moat is made at two feet away from the hut walls, 

except on the back side of the hut where it is at 1.5 ft away from the base of the verandah 

trap. At the centre of the hut, the roof is at a height of 2.5 m and near the wall the height is 

2 m; this difference in height is to maintain a slope of the roof. The eave on the backside 

(facing towards east) has a gap of 1-2 cm and through this gap mosquitoes could exit, but 

those mosquitoes will be collected in the verandah trap. There is one wooden door of 0.75m 

x 1.5m facing towards west. 
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Clearance from the VCRC ethical committee was obtained to involve human volunteers in 

the study. For the huts to get acclimatized and to attract mosquitoes, one adult volunteer 

enrolled for each of the six huts slept under an ordinary mosquito net over night inside the 

hut from 11th September to 10th October 2011. After acclimatization, suitability of the huts 

was ascertained from 11th October to 10th November 2011 by comparing the indoor resting 

density of An. fluviatilis in the experiment huts with that in the village huts and by assessing 

recovery and scavenging rates. The resting density of An. fluviatilis in the experimental huts 

was about 2.5 times higher compared to the tribal huts (Figure 1). The recovery rate of An. 

fluviatilis was >80% (84%-91.7%) in all the five occasions tested in all the huts. To know the 

presence of scavengers inside the hut, 10 anopheline dead mosquitoes were placed on the 

floor (in four corners) of the huts in the evening, twice in a week. In the following morning, 

the places were checked for the presence of dead mosquitoes and the available ones were 

picked up and counted. The scavenging rate was almost nil in most of the times tested in the 

experiment huts, except on a few occasions in the beginning, when the scavenging rate was 

around 3%. Although the huts were made ant proof by filling the gutter around the hut with 

water, the house crickets, Gryllodes sigillatus were found scavenging on dead mosquitoes 

and this problem was overcome by cleaning the rooms, verandah and surroundings of the 

huts every day.  

 

Preparation of nets 

Procurement and coding: The Olyset Plus LN, Olyset net and polyester nets were received 

from WHOPES (16 nets from each category) in April 2011. Among the Olyset Plus LN, 8 nets 

were kept unwashed and the remaining 8 were washed 20 times. Similarly, among the 

Olyset net, eight were kept unwashed and the remaining eight were washed 20 times. Out 

of the 16 polyester nets, eight were conventionally treated with Permethrin at 500 mg/m² 

and washed until just before exhaustion and the remaining 8 nets were kept untreated. 

Thus, the trial had six comparison arms as mentioned below: 

 

 Arm 1:  Unwashed Olyset Plus LN 

 Arm 2: Olyset Plus LN washed 20 times 

 Arm 3: Unwashed Olyset Net 
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 Arm 4: Olyset Net washed 20 times 

 Arm 5: Polyester net, conventionally treated with Permethrin at 500 mg/m², washed 

until just before exhaustion 

 Arm 6: Polyester untreated net 

 

The mosquito nets were coded (Code X1 – X6 to indicate the different categories and non-

treatment, and letter code A – F to indicate the replicates of each category of net) by the 

person who did not directly involve in field work and the codes were not communicated to 

the field supervisor and field workers. 

 Six nets were used per each arm and each net was tested one night per week; (Code/ 

category code plus letter code e.g. X1A, X1B, X1C, X1D, X1E, X1F) 

 One additional net in each arm was used for cone bioassays and for chemical analysis 

{(Code/ category code plus letter code e.g. Y (before any wash) and Z (after washing 

cycles) i.e. X1Y, X1Z)} (Table 1). 

 

Washing, cone-bioassays and chemical analysis: Washing of nets of the different arms as 

per the protocol was initiated in June 2011 and completed by 1st week of November 2011. 

Bioassays using WHO prescribed cones were performed on the nets with blood-fed An. 

stephensi before any wash and after 20 washes or washes until just before exhaustion.  

 

Prior to and after washing, five pieces of 30 X 30 cm nettings were taken from nets of each 

of the six arms. The samples were labeled and packed in aluminum foil and sent to WHO 

Collaborating Centre, Gembloux for chemical analysis. 

 

Experimental hut evaluation 

The nets after washings and bioassays at the VCRC head quarter laboratory, Puducherry, 

were shifted on 10-11-2011 to the field site (Kandhaguda village) at Malkangiri district 

(Odisha state) for evaluation in experimental huts. 

 

Preparation of nets 
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Prior to distribution of the nets to the volunteers who were enrolled for sleeping inside the 

huts, cone-bioassays were conducted using wild caught blood-fed An. fluviatilis.  

 

Six holes, two each in long sides and one each in front and hind ends were made (size of 

each hole was 4 cm x 4 cm) in all treated and untreated nets that would be used in the 

experimental huts (6 per arm) to simulate the conditions of a torn net and to put emphasis 

on testing whether the insecticide treatment, rather than the net, effectively prevents 

mosquito biting of sleepers.  

 

Selection of volunteers 

To sleep in the experimental huts, 12 volunteers, two (mostly husband and wife) per hut, 

were selected through a meeting held in the village. In the beginning, the design of the 

study and its methodology were explained to the villagers including the volunteers. The 

peripheral blood smears of the volunteers were collected and checked for the presence of 

malaria parasites and ensured that all of them were free of the parasites. They were asked 

to sleep under the mosquito net that was provided to them (two volunteers under one net) 

from dusk to dawn with a small break for dinner. Each one was remunerated with Rs. 500.00 

per month. The volunteers (sleepers) were informed that they should be available for the 

entire trial and should maintain the same behavioral patterns throughout, as these could 

constitute an important source of variation that must be controlled for. 

 

Hut evaluation was started in the 3rd week of November 2011 (14-11-2011 to 04-02-2012). 

Tests were done in six huts; in each hut one net was used. Six nets were used per arm and 

each net was tested one night per week. Sleepers were organized in six teams (A, B, C, D, E 

and F), each with two persons. The teams formed in the beginning were not changed. The 

volunteers were informed neither to make fire nor to smoke inside the hut. 

 

Rotation of treatment and volunteers 

Bed nets and sleepers were rotated between the huts following the Latin Square Rotation 

scheme. In practice, sleepers were rotated daily whereas treatments weekly. Six nets 

(replicates) were used per treatment arm and each net was tested one night during the 
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week. In the morning the nets were removed and stored in their corresponding labeled 

bags. At the end of each week, mosquito nets together with bed materials and the white 

cloth spread on the floor of the room and verandah were removed from the huts. The huts 

were then cleaned and ventilated to remove any contamination from the previous 

treatment. The mat and the beds (labeled according to treatment) were rotated with the 

treatments since they came in close contact with the treated net. 

 

Mosquito collection 

The volunteers entered the experimental huts at 19.00 hours in the evening and remained 

inside until 05.30 hours in the morning. They slept under the bed net during that period. In 

the morning, mosquito collections were made separately under bed net, followed by from 

veranda and room. Resting and dead mosquitoes were collected separately from veranda, 

room (walls, roof, floor), and inside bed net using an aspirator. Mosquitoes were stored 

separately by hut and by collection place (veranda trap, room, inside bed net) for further 

processing. The collected mosquitoes were scored as dead or alive, identified 

morphologically and graded according to their physiological status (blood fed/unfed/semi-

gravid + gravid). Results were entered on a daily record sheet. One record sheet was 

completed per hut (per treatment), per species and per week (one sheet each for An. 

fluviatilis, An. culicifacies, other anophelines and culicines). Live mosquitoes were placed in 

wax coated paper cups (each 250 ml capacity) with access to sugar solution for 24 hours. 

Humidity and temperature were recorded during this period. After 24 hours mortality was 

recorded. Mosquito collections were continued up to 12 weeks post distribution of nets. 

 

Chemical analysis 

At the end of the hut evaluation, 5 pieces of 30 X 30 cm nettings were taken from one net of 

each of the six arms, which were used by the volunteers for sleeping in the huts. The 

samples were packed using aluminum foil and labeled, and sent to the WHO Collaborating 

Centre, Gembloux for chemical analysis. 

 

Cone-bioassays 
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Similarly, after completion of the hut trial, cone-bioassays were performed on one randomly 

selected net of each treatment arm used in the huts using field collected blood-fed An. 

fluviatilis. 

 

Statistical analysis 

The number of female mosquitoes of An. fluviatilis entered each hut was tabulated by day 

and checked for variance and mean. Since, variance was greater than mean, statistical 

analysis of numbers entered (entry) was done using negative binomial regression. The exit, 

blood feeding and mortality rates were compared between the control arm (untreated 

polyester net) and intervention arms using logistic regression analysis (Stata 9). 

 

Results 

Net types (after decoding) 

The nets were decoded after completion of the hut trial. The codes X1, X2, X3, X4, X5 and X6 

refer to Untreated net (made of the polyester), Olyset unwashed net, Polyester net 

conventionally treated with Permethrin at 500 mg/m², washed until just before exhaustion, 

Olyset Net washed 20 times, Olyset Plus LN washed 20 times, Unwashed Olyset Plus LN, 

respectively. 

  

Species composition 

A total of 72 collections were carried out in each of the six experimental huts. Out of the 

total mosquitoes collected (965); An. fluviatilis was the predominant species constituting 

53.4%. An. culicifacies, the secondary vector of malaria formed only 1.9% of the collections; 

14.9% was the other anophelines and 29.8% was culicines. Since, An. culicifacies was 

collected in very low numbers; further analysis was restricted only to An. fluviatilis. 

 

Entry 

The entry of An. fluviatilis in to the experimental huts with untreated polyester net, Olyset 

unwashed net, Polyester net conventionally treated with Permethrin at 500 mg/m² & 

washed until just before exhaustion, Olyset net washed 20 times, Olyset Plus LN washed 20 
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times, unwashed Olyset Plus LN ranged from 0-21, 0-7, 0-4, 0-8, 0-7, and 0-6, respectively 

over 72 collections conducted during the 12 weeks period, and the mean density + SE was 

4.21 + 0.5, 0.68 + 0.2, 0.57 + 0.1, 0.75 + 0.2, 0.5 + 0.1 and 0.44 + 0.1, respectively in these 

arms (Table 2). Zero density of An. fluviatilis was found in the untreated net arm on 10 

occasions (out of 72 collections), whereas in the treated arms, Olyset unwashed net, 

conventionally treated polyester net washed until just before exhaustion, Olyset Net 

washed 20 times, Olyset Plus LN washed 20 times and unwashed Olyset Plus LN, the density 

was zero on 47, 44, 46, 51 and 54 occasions, respectively indicating a marked deterrent 

effect of the insecticide (permethrin). While, a total of 303 An. fluviatilis was collected in the 

untreated net arm alone, the total number collected from the five treated net arms were 

only 212, ranged from 32 to 54 in individual arm, during the 72 collections. The deterrent 

effect of the insecticide was further evidenced from the collection of 57 An. fluviatilis under 

untreated net, compared to the collection of only a very few (1, 0, 0, 2 and 1, respectively) 

under treated nets in spite of six holes made in all the treated and untreated nets to 

simulate the conditions of a torn net. 

 

To see the effect of Olyset Plus LN in preventing entry of An. fluviatilis in to the huts, 

negative binomial regression analysis was carried out with the number entered as the 

dependent variable and the six experiment arms as the independent variable. The outcome 

of the analysis revealed that the entry of the vector species in to the experimental huts was 

found to be over-dispersed (non-random) {alpha that measures over-dispersion=1.21 (95% 

CI=0.87–1.67), χ2 =190.35, df=5, p<0.0001} and justifying the analysis using negative 

binomial regression as well. 

 

Overall, the entry of An. fluviatilis in to the huts with different experiment arms differed 

significantly (χ2 =123.02, df=5, p<0.0005). Compared to the entry of the vector species in to 

the untreated polyester net arm (the reference category), the entry was significantly 

(p<0.05) lower in all the treated arms. From the incidence rate ratio (IRR), it was noted that 

among the treated arms, the entry was the lowest in the unwashed Olyset Plus LN arm 

followed by Olyset Plus LN washed 20 times. However, the 95% CI for the IRR indicated that 

the entry was not significantly different between the five treatment arms (Table 3).  
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Exit rate 

Overall (from the data pooled together for twelve weeks), the exit rate of An. fluviatilis from 

the huts with the treated arms ranged from 56.3% to 82.9%. The huts with untreated nets 

also recorded an exit rate of 44.2% (Table 4).  

 

The number exited on each day of collection in each arm over the experiment period was 

subjected to logistic (binomial) regression analysis by taking exit of mosquitoes as 

dependent variable and the six experiment arms as categorical covariates, keeping the 

control arm (untreated polyester net) as the reference category. The analysis indicated that 

the exit of An. fluviatilis differed significantly between the six experiment arms (Wald 

statistics = 40.790, p=0.000). The exit of the vector species in all the treatment arms was 

significantly higher than that in the control arm (untreated polyester nets) except in the 

unwashed Olyset Plus LN arm. The 95% CI for the odds ratio indicated that there was no 

significant difference in exit of the vector between the five treatment arms (Table 5). 

 

Although, there was exit of the vector species from the hut with untreated net, might be 

due to innate behavioural phenomenon, the significantly higher exit recorded in the treated 

arms could be due to the excito-repellent effect of the insecticide. 

 

Blood feeding rate 

The percentage of blood-fed An. fluviatilis in the huts with Olyset Plus LNs, Olyset nets, 

conventionally treated polyester nets and untreated polyester nets is given in Table 6. All 

the five treated arms did not prevent blood-feeding of this species completely. The feeding 

rate was 26.5%, 7.3%, 29.6%, 30.6%, and 18.8% with unwashed Olyset net, conventionally 

treated Polyester net washed until just before exhaustion, Olyset Net washed 20 times, 

Olyset Plus LN washed 20 times, unwashed Olyset Plus LN, respectively, whereas with the 

untreated net the blood-feeding rate was 77.6%. 

 

Logistic regression analysis indicated that there was a significant difference in blood feeding 

rate of An. fluviatilis between the six experiment arms (Wald statistics= 125.7, p=0.000). 

Compared to the control arm with untreated polyester net, the feeding rate was 
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significantly (p<0.001) lower in all the five treatment arms. Further, among the five treated 

arms, next to the conventionally treated polyester net arm, the blood-feeding rate was the 

lowest with the unwashed Olyset Plus LN arm. However, the 95% CI for the odds ratio 

indicated that there was no significant difference in blood-feeding rate of the malaria vector 

between the five treatment arms (Table 7). The lowest blood-feeding rate observed in the 

case of conventionally treated Polyester net could be due to the highest exit rate observed 

with this arm.  

 

Mortality rate 

The immediate, delayed and total mortality rates of An. fluviatilis in the untreated and the 

treated arms are given in Table 8. The immediate mortality rate with untreated polyester 

net was zero throughout the trial period while it ranged from 14.6% to 40.6% among the 

five treated arms. The total mortality rate was 100.0%, 100.0%, 96.3%, 97.2% and 100.0% 

with unwashed Olyset net, conventionally treated Polyester net washed until just before 

exhaustion, Olyset Net washed 20 times, Olyset Plus LN washed 20 times and unwashed 

Olyset Plus LN, respectively. With the untreated net, the total mortality rate of the vector 

was only 2.0%. 

  

The total mortality rate differed significantly among the six experiment arms (Wald statistics 

= 102.4, p=0.000) by logistic regression analysis. From 95% CI, it is clear that the total 

mortality rate of An. fluviatilis recorded in the five treated arms was significantly higher 

compared to the control arm with untreated polyester net (Table 9). The five treatment 

arms did not vary significantly in causing mortality indicating their similar killing effect.  

 

Residual action of the insecticide on the nets 

Prior to any wash, all the treated arms caused 100% mortality of An. stephensi while with 

the untreated polyester net the mortality was zero. After 20 washes, the mortality with 

Olyset net and the Olyset Plus LN arm was 62% and 90%, respectively. 

Prior to distribution of the nets to the volunteers, the bioassays conducted with An. 

fluviatilis showed 100% mortality against the four LN arms, i. e. unwashed Olyset net, Olyset 
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Net washed 20 times, Olyset Plus LN washed 20 times, Unwashed Olyset Plus LN and 86.0% 

mortality against the conventionally treated polyester net washed until just before 

exhaustion. The mortality against the untreated net was only 2.0%. After the hut trial, while 

the four LN arms produced 100% mortality of An. fluviatilis, the conventionally treated 

Polyester net washed until just before exhaustion caused 96.0% mortality; the untreated 

net caused a mortality of only 4.0% (Table 10). 

 

Summary and conclusion 

 Unwashed and 20 times washed Olyset and Olyset Plus LNs were tested for their 

effectiveness in terms of mortality, deterrence effect, blood-feeding inhibition and 

induced exophily of the malaria vector, An. fluviatilis in experimental huts. Polyester 

nets conventionally treated with Permethrin at 500 mg/m² and washed until just before 

exhaustion and untreated polyester nets were also tested for comparison. 

 Olyset and Olyset plus LNs caused 100.0% mortality of An. fluviatilis, the major malaria 

vector, when exposed to the nets after 20 accelerated washes and up to a period of 

three months of field use. In the hut evaluation also, the LN arms (both unwashed and 

20 times washed) caused a ‘total mortality’ of >95%. Such effectiveness would therefore 

be adequate to cover the transmission seasons for at least three years in the area as 

people in the villages would not wash 20 times even during three years. 

 The entry of An. fluviatilis in to the huts with the treated arms was significantly lower 

than the entry in to the hut with the untreated net; no significant difference between 

the five treated arms. Also, there was no significant difference in the entry between the 

washed and unwashed LNs indicating retention of sufficient quantity of insecticide even 

after 20 washes to deter mosquitoes to a level equivalent to unwashed LNs. 

 The exit rate of the vector species ranged from 56.3 to 82.9% in the huts with treated 

arms and 44.2% in the huts with untreated net, indicating some degree of excito-

repellent effect of the insecticide treatment.  
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 The blood-feeding rate of An. fluviatilis was significantly lower in all the treated arms 

compared to the untreated, indicating a considerable level of blood-feeding inhibition by 

the insecticide treatment.  

 The total mortality of An. fluviatilis obtained with the five treated arms was significantly 

higher than that with the untreated net. The five treated arms did not differ significantly 

by causing mortality indicating an equivalent killing effect of the arms.  

 The five treated arms, up to a period of 12 weeks of field use, were comparable in their 

efficacy in terms of deterrence effect, blood-feeding inhibition and induced exophily of 

the malaria vector, An. fluviatilis in the experimental huts. 

 To conclude, the phase II evaluation demonstrated that Olyset  Plus LNs, after 20 

standard WHO washes, performed equal to the conventionally treated net washed until 

just before exhaustion in terms of blood-feeding inhibition and mortality in the malaria 

vector species. 

 

 

Figure1. Density of An. fluviatilis in experimental and tribal huts 
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Table 1. Additional nets (with code) used for cone bioassay and chemical analysis 

 

Arms Arms’ particulars 

Additional nets (with code) to be 

used for bioassay & chemical 

analysis 

Before 

any 

wash 

Washed until 

just before 

exhaustion 

After 

20 

washes 

Arm 1 Untreated polyester net X6Y X6Z X6Z1 

Arm 2 Unwashed Olyset LN X3Y - X2Z 

Arm 3 

Polyester net, conventionally treated 

with Permethrin at 500 mg/m², washed 

until just before exhaustion 

X5Y X5Z - 

Arm 4 Olyset LN washed 20 times X4Y - X4Z 

Arm 5 Olyset Plus LN washed 20 times X2Y - X2Z 

Arm 6 Unwashed Olyset Plus LN X1Y - X1Z 
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Table 2. Entry rate of An. fluviatilis in treated and untreated arms 

  

Sl. 

No. 
Arms 

Number of 

collections 

Number 

collected 
Range 

Mean 

density 

1 Untreated polyester net 72 303 0 - 21 4.21 

2 Unwashed Olyset net 72 49 0 - 7 0.68 

3 
Polyester net conventionally treated, 

washed until just before exhaustion 
72 41 0 - 4 0.57 

4 Olyset net washed 20 times 72 54 0 - 8 0.75 

5 Olyset plus LN washed 20 times 72 36 0 - 7 0.50 

6 Unwashed Olyset plus LN 72 32 0 - 6 0.44 

 

 

 

 

 

Table 3. Negative binomial regression analysis of entry of An. fluviatilis 

 

Sl. 

No. 
Experiment arms 

Incidence 

rate ratio 

(IRR) 

95% CI P 

1 Untreated polyester net 1.00   

2 Unwashed Olyset net 0.16 0.10-0.26 0.000 

3 
Polyester net conventionally treated, 

washed until just before exhaustion 
0.14 0.08-0.22 0.000 

4 Olyset net washed 20 times 0.18 0.11-0.28 0.000 

5 Olyset plus LN washed 20 times 0.12 0.07-0.19 0.000 

6 Unwashed Olyset plus LN 0.11 0.06-0.18 0.000 
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Table 4. Exit rate of An. fluviatilis in treated and untreated arms 

  

Sl. 

No. 
Arms 

No. of 

collections 

Number 

entered 

Number 

exited 

Exit rate 

(%) 

1 Untreated polyester net 72 303 134 44.2 

2 Unwashed Olyset net 72 49 34 69.4 

3 

Polyester net conventionally 

treated, washed until just before 

exhaustion 

72 41 34 82.9 

4 Olyset net washed 20 times 72 54 38 70.4 

5 Olyset plus LN washed 20 times 72 36 28 77.8 

6 Unwashed Olyset plus LN 72 32 18 56.3 

 

 

 

 

 

Table 5. Logistic regression analysis of exit of An. fluviatilis 

 

Sl. No. Experiment arms Odds Ratio 95% CI P 

1 Untreated polyester net 1.00   

2 Unwashed Olyset net 2.86 1.49-5.47 0.001 

3 
Polyester net conventionally treated, 

washed until just before exhaustion 
6.13 2.63-14.25 0.000 

4 Olyset net washed 20 times 2.99 1.60-5.61 0.001 

5 Olyset plus LN washed 20 times 4.41 1.95-10.0 0.000 

6 Unwashed Olyset plus LN 1.62 0.78-3.38 0.197 
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Table 6. Feeding rate of An. fluviatilis in treated and untreated arms 

 

Sl. 

No. 
Arms 

Number 

collected* 
Number fed % fed 

1 Untreated polyester net 303 235 77.6 

2 Unwashed Olyset net 49 13 26.5 

3 
Polyester net conventionally treated, 

washed until just before exhaustion 
41 3 7.3 

4 Olyset net washed 20 times 54 16 29.6 

5 Olyset plus LN washed 20 times 36 11 30.6 

6 Unwashed Olyset plus LN 32 6 18.8 

 

* Out of the total 72 collections in each arm 

 

 

 

 

 

Table 7. Logistic regression analysis of feeding rate of An. fluviatilis 

 

Sl. No. Experiment arms Odds Ratio 95% CI P 

1 Untreated polyester net 1.00   

2 Unwashed Olyset net 0.10 0.05-0.21 0.000 

3 
Polyester net conventionally treated, 

washed until just before exhaustion 
0.02 0.01-0.08 0.000 

4 Olyset net washed 20 times 0.12 0.06-0.23 0.000 

5 Olyset plus LN washed 20 times 0.13 0.06-0.27 0.000 

6 Unwashed Olyset plus LN 0.07 0.03-0.17 0.000 

  



 

Page | 18  
 

18 Final Report of Phase II Trial of Olyset Plus LN by VCRC 

 

Table 8. Mortality rate of An. fluviatilis in treated and untreated arms 

 

Sl. 

No. 
Arms 

Number 

collected* 

Immediate 

mortality 

(%) 

Delayed 

mortality 

(%) 

Total 

mortality 

(%) 

1 Untreated polyester net 303 0 2.0 2.0 

2 Unwashed Olyset net 49 34.7 65.3 100.0 

3 

Polyester net conventionally 

treated, washed until just 

before exhaustion 

41 14.6 85.4 100.0 

4 Olyset net washed 20 times 54 27.8 68.5 96.3 

5 
Olyset plus LN washed 20 

times 
36 22.2 75.0 97.2 

6 Unwashed Olyset plus LN 32 40.6 59.4 100.0 

 

* Out of the total 72 collections in each arm 

 

 

Table 9. Logistic regression analysis of total mortality of An. fluviatilis 

 

Sl. 

No. 
Experiment arms Odds Ratio 95% CI P 

1 Untreated polyester net 1.00   

2 Unwashed Olyset net 7.997E10 0.000-. 0.997 

3 
Polyester net conventionally treated, 

washed until just before exhaustion 
7.997E10 0.000-. 0.997 

4 Olyset net washed 20 times 1287.000 252.9-6550.3 0.000 

5 Olyset plus LN washed 20 times 1732.500 202.7-14810.7 0.000 

6 Unwashed Olyset plus LN 7.997E10 0.000-. 0.997 

 E10= 1010 
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Table 10. Results of cone-bioassays*  

 

Sl. 

No. 
Arms 

Before any 

wash 

After 20 

washes 

Prior to hut 

evaluation 

After hut 

evaluation 

NE 
CM 

(%) 
NE 

CM 

(%) 
NE 

CM 

(%) 
NE 

CM 

(%) 

1 Untreated polyester net 50 0 50 0 50 2.0 50 4.0 

2 Unwashed Olyset net 50 100 - - 50 100.0 50 100.0 

3 

Polyester net 

conventionally treated, 

washed until just before 

exhaustion 

50 100 50 

82** 

(4 

was-

hes) 

50 86.0 50 96.0 

4 Olyset net washed 20 times 50 100 50 62 50 100.0 50 100.0 

5 
Olyset plus LN washed 20 

times 
50 100 50 90 50 100.0 50 100.0 

6 Unwashed Olyset plus LN 50 100 - - 50 100.0 50 100.0 

 

* An. stephensi was used for cone-bioassays before any wash and after washes, whereas 

prior to hut evaluation and after hut evaluation, An. fluviatilis was used for the cone-

bioassays. 

** Washed until just before exhaustion 

NE- Number of mosquitoes exposed  

CM- Corrected mortality 

 

 

 

 


