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ABSTRACT. 

Problems affecting conventionally treated bed nets include low rates of re-treatment of the 

nets. Introduction of long lasting insecticide nets like Olyset nets are expected to reduce 

difficulties encountered with conventionally treated nets when people have to go to buy 

insecticide. Claims have recently been made based on bioassays with 3 minutes exposure in 

a WHO cone, that Olyset nets lose their insecticidal power after a few washes. The present 

study evaluated the ability of Olyset nets to retain their insecticidal power after several 

washes, the effects of vigorous washing and if heating is required to regenerate the 

insecticidal power lost after several washes. A series of bioassays with laboratory reared 

Anopheles stephensi Beech strain were performed. Knockdown after 60 minutes and 

mortality after 24 hours following 3 minutes exposure and median time for knockdown with 

continuous exposure were evaluated. For the bioassays the Olyset netting was either 

attached to a WHO cone backed by a piece of cardboard or the netting was wrapped twice 

around a wire frame. The netting was either un-washed, washed five times with a laboratory 

shaker or vigorously hand washed; in one series the nets were heated. Very high and 

consistent knockdown and mortality in all replicates was found. However a very small 

number of mosquitoes recovered after knock down at 60. Recorded knockdown and 

mortality was higher with the frame than the cone assays. There was no significant effect of 

five washes with the shaker. Indications of loss of insecticidal power due to five vigorous 

hand washes were observed. There was no statistically significant evidence to support the 

1 idea of heating to restore insecticidal power lost after several hand washes. The data suggest 
1 

1 that unsatisfactory performance of Olyset nets in the above mentioned study was probably 
I 

1 due to using the cone method of testing. This study indicates that Olyset nets retain their 
4 

insecticidal power after several washes and thus are a suitable and cost effective option to 

control malaria in endemic areas in rural Afiica. 

vii 



CHAPTER ONE. 

1.0 INTRODUCTION. 

Background. 

Malaria is a major public health problem in terms of morbidity and mortality, especially in 

Sub-Saharan Ahcan countries. In this region it is estimated that about 5% of children die 

before the age of five years of malaria related illness each year. The entire population of Sub 

Saharan Afirca, which is estimated to be about 400 million people, are at risk of malaria 

apart from those in cities and highland areas over 2000m above sea level. A total of 400 

million clinical cases of malaria, about 80% of the World's total, are recorded each year in 

Afiica (Snow et al, 2005). Some of these cases are severe forms of malaria from which 20% 

of the sufferers die due to improper management. In malaria endemic countries in Africa 20- 

40% of all out patient visits and 20-50% of hospital admissions are due to malaria (WHO and 

UNICEF, 2003). Malaria affects the economy of countries, societies and households 

considerably. Moreover it is estimated that more than 20% of disposable income of 

households in malaria endemic areas is spent on ineffective methods for malaria treatment 

and prevention every year. (WHO, 2000; African Health Monitor, 2001; Malaria 

Consortium, 2000). 

Despite much effort in Africa to contain the problem of malaria the results have not been 

encouraging, and the burden of malaria in Sub Saharan A h c a  countries remains intolerable. 

Currently chemoprophylaxis and chemotherapeutic drug administration play are major role in 

malaria prevention and control. However, whilst 70-80% of malaria cases are managed at 

household level many households are ignorant of proper case management of malaria (WHO, 

2003). Treatment of malaria cases alone without vector control will not control the incidence 



of new infections, even in the short term (Gilles, 2002). Th~s  should be a challenge for vector 

biologists and other research scientists to work resolutely together to find solutions to the 

problem. 

In 1992, the World Health Organization (WHO) convened a ministerial conference held in 

Amsterdam in The Netherlands to give new impetus to control activities of malaria. Despite 

the consensus of that meeting that access to prompt diagnosis and proper treatment should 

remain the mainstay of malaria control, there was also advocacy for preventive measures at 

both the community and individual level (Lengeler, 2004; WHO, 1993). The most promising, 

simple and cost effective anti-malaria measures mentioned were use of insecticide treated 

bed nets or curtains, known collectively as Insecticide Treated Nets (ITNs) (Lengeler,2004). 

This chapter discusses the roles of ITNs in the control of malaria, problems encountered with 

ITNs and apparent advantages of using long lasting insecticidal nets over conventionally 

treated nets. 

1.2. Roles of ITNs to Control malaria. 

The use of ITNs treated with synthetic pyrethroids such as deltamethrin, permethrin 

alphacypermethrin or lambda-cyhalothrin is increasing fast in many malarial parts of the 

world including, sub-Saharan African countries. The efficacy of ITNs in reducing morbidity 

and mortality due to malaria has been well documented in many publications (Lengeler, 

2004). ITN's act in several ways. Firstly, intact nets provide a physical barrier, so reducing 

man-mosquito contact. Secondly the insecticide impregnated in the net knocks down and 

often kills mosquitoes that contact the net. The dosage required for knockdown is well below 



the threshold level of mammalian toxicity. This extra barrier makes insecticide-treated nets 

advantageous over untreated nets, such that a treated net can prevent biting even if it is torn. 

If the ITNs are used by a whole community the insecticidal effect results in reduced 

longevity of female Anopheles mosquitoes so that few survive for the time required for 

development of the malaria parasite to the sporozoite stage in the mosquito. This reduces 

malaria transmission (Curtis et al, 1998, 2003). Thirdly, the pyrethroid insecticides, which 

are currently the only ones recommended to be used for impregnation of bed nets, have 

deterrent and repellent properties so may prevent entry of mosquitoes into the room and thus 

offering another possible mechanism by which ITNs can partially protect sleepers against 

mosquitoes and malaria infection. 

The Roll Back Malaria (RBM) partners mutually agreed to set a goal to halve morbidity and 

mortality due to malaria by 2010 (WHO 2000). For this, they advocated implementation of 

four key strategies, of which one was the use of ITNs. WHO recommend ITNs as the key 

strategy for malaria control in the most vulnerable groups, i.e. children and pregnant women 

especially primigravidae. Other strategies included proper management of malaria cases, 

intermittent preventive treatment (IPT) of malaria in pregnancy and early warning and 

containment of malaria epidemics (WHO, 2003). 

It is estimated that with a high coverage of ITNs in malaria endemic settings between 6 and 

35 lives could be saved each year per 1000 children under five years who are provided for 

(Alaii et al, 2003; Schellenberg et a1 2001). ITlUs also reduce incidence of malaria episodes 

by about 48% and reduce incidence of severe malaria by up to 45% (WHO, 2003). 

Furthermore use of ITNs reduces the risk of maternal anaemia and incidence of malaria 

illness by 45% among women in their first pregnancies and by 63% among those who have 



been pregnant more than once (Garner and Gulmezoglu 2000; D'Alessandro et a1 1995; 

Ekwaru et al, 2004; Abdullah et al, 2002). It was also shown by Curtis et a1 (1998) that 

anaemia associated with malaria in children of all ages was reduced. There was no evidence 

among these studies or trials that ITNs caused adverse effects in pregnant women or 

development of their infants. 

Several studies of communities supplied with ITNs show reduction in number of infective 

bites per year or Entomological Inoculation Rate (EIR), e.g. Magesa et a1 (1991); 

Maxwell.et al, (1999) and D'Alessandro et a1 (2001), This is attributed to the reduction of 

Anopheles population density and sporozoite rates in mosquitoes due to the killing effect of 

the insecticide. Untreated bed nets alone do not provide much protection against malaria once 

they become tom (Mwangi et a1 (2003). Untreated nets could even be harmful to those not 

under a net due to diversion of mosquitoes fi-om the net to unprotected individuals within the 

same room (Lines et al, 1987). However there is evidence fi-om studies conducted in 

Tanzania, Ghana and Kenya that people without nets that sleep near to people with 

insecticide treated nets are partially protected against mosquito biting and/or malaria (Lines 

et al, 1987, Binka et a1 1998 and Howard et al, 2000). But in a study by Rowland et a1 

(1996) no such effect was found. 

1.3. Problems encountered with ITNs. 

Despite all arguments in favour of ITNs there are a number of difficulties facing the large 

scale use of ITNs as a cost effective malaria control tool. 



1.3 1.Scaling up of ITNs. 

In many malaria endemic areas of A h c a  increasing coverage of ITNs appears to be a major 

problem. For ITNs, like Indoor Residual Spraying (IRS) to be efficient uptake and re- 

treatment rates need to be very high for the measures to be fully effective.(WH0,2003). In 

many Ahcan settings ITNs were first introduced in the 1980's, but in most countries 

coverage with ITNs is still very low. 

According to a survey conducted by Demographic and Health Surveys (DHS) in 28 Ahcan 

countries between 1997-2001, the proportion of under fives who slept under ITlVs was less 

than 2%., except in the Gambia, Sao Tome and Principe where reported ITNs use ranges 

between 10% to 15% (Kikumbhi, 2005; WHO, 2003 2) and in the malarious parts of Eritrea 

where an average of two ITNs per house are reported. Barriers to increasing the supply and 

distribution of nets and insecticides include high taxes and tariffs, regulatory issues, 

inadequate distribution systems, poverty leading to inability of households to purchase ITNs 

and insufficient promotion and marketing of ITNs. 

Many approaches have been utilized to raise ITN coverage, such as free provision of ITNs 

or of re treatment for nets as in Eritrea and Vietnam, social marketing, subsidized prices and 

discount voucher systems to pregnant women attending antenatal clinics and hospitals. 

However, in Tanzania a social marketing program relying on insecticide kits for re-treatment 

of nets sold in commercial shops experienced a problem of low rates of nets re-treatment 

(Abdullah et a1 2005; Kolaczinski et a1 2004; Chauasse et a1 1999; Mubyazi et a1 2002). In 

contrast to these findings, other studies conducted in various places in A h c a  including 

Tanzania pointed out the success of social marketing with subsidies (Lengeler et al, 2004; 

Kikumbhi, 2002; Schellenberg et a1 2001 ; Schellenberg et a1 1999). An in depth assessment 



of a voucher system in southern Tanzania revealed high misuse of vouchers (up to 49%) in 

mother and child health (MCH) clinics although when studied at the level of the target 

population this misuse was negligible (1 %) (Schellenberg, 2003). Clearly further increase in 

use of ITNs is needed especially to the most vulnerable groups in malaria endemic areas. 

Despite the Abuja Declaration in the year 2000, in which Heads of States of the Afiican 

countries set a goal to increase ITN coverage and ensure 60% of pregnant women and 

children under five years of age slept under ITNs by the year 2007 (WHO, 2000), until 

recently coverage of ITNs in many malaria endemic areas was still far below 20%. In most 

malaria endemic areas in African countries the public sector has allocated only US $ 4 per 

capita per year for the health services (WHO, 20032). According to Curtis et a1 (2003), 

"organizing free provisions of ITNs, comparable to Indoor Residual Spraying (IRS) 

programs, is likely to be more cost effective than trying to market nets and insecticides to 

very poor people in rural areas with high malaria transmission". These authors calculated 

that about US $ 1 per head per year could provide a new net every fourth year and re- 

treatment of nets every year. 

1.3.2.Behavioural effects. 

Pyrethroids were developed from prolonged efforts to improve biological and chemical 

stability of the natural pyrethrins, which have long been known for their insecticidal effects. 

Due to the instability of pyrethrins, synthetic pyrethroids were developed. As well as causing 

a knockdown effect, insects encountering pyrethroids show restless behaviour and hyper 

excitability caused by involvement of the central nervous system. Pyrethroids may also have 

an anti-feeding effect on Anopheles mosquitoes (Becker et a1 2003). 



A large number of pyrethroid compounds have been synthesized during recent years (Becker 

et a1 2003, Miller 1994). Many synthetic pyrethroids, such as permethnn, are known to have 

an excito-repellent property that affects the behaviour of mosquitoes reducing the rate of 

entry into house and increasing the rate of early exit from houses (Lines et a1 1987; Magesa 

et al, 1991 ; Curtis at el, 1999). These induced behavioural changes may make mosquitoes 

shift from an endophilic and endophagic pattern to exophilic and exophagic behaviour. 

Reduced house entry and/or early exit may help to limit human-vector contact. However, 

mosquitoes may also respond to the use of ITNs in ways that compromise their efficacy, for 

example they may shift their biting times (Chandre et a l  1999; Pates & Curtis 2005,). Such 

changes in mosquito behaviour may result in mosquitoes biting before people retire to bed so 

reducing the efficacy of ITNs. 

1.3.3.Resistance effects of ITNs. 

Insecticide resistance mechanisms should be distinguished from insecticide avoidance 

behaviour discussed above. The two major forms of biochemical resistance are target-site 

resistance, which occurs when the insecticide no longer binds to its target, and detoxification 

enzyme-based resistance, which occurs when enhanced levels or modified activities of 

esterases, oxidases, or glutathone S-transferases (GST) prevent the insecticide from reachng 

its site of action (Brogdon and McAllister, 1998; WHO, 1992). 

The emergence of resistance in most species of Anopheles mosquitoes, including Anopheles 

gambiae s.s and Anopheles funestus, regarded as the most important malaria vectors in Afnca 

(Gilles et al, 2002), is of great concern to malaria control, especially as development of 

resistance to pyrethroids may compromise the effectiveness of insecticide treated nets. There 

is evidence for resistance mechanisms arising from mutation of the sodium channel receptor, 



the so called kdr mutation that has been reported in Anopheles gambiae s.s from West Africa 

I as well as in East Ahca .  (Elissa et a l  , 1993, Mathenge et al2001; Etang et al, Ranson et al, 

I 2000; Chandre et al, 2000; 2004). 

In addition to this target-site resistance, Vulule et a l  (1999) observed increased permethrin 

tolerance (PT) due to elevated levels of oxidases and esterases among Anopheles gambiae 

following the introduction of permethn-impregnated bed nets in some villages near Kisumu 

in western Kenya. These findings might indicate that pyrethroid-treated nets could become 

ineffective. However there is strong evidence that even when the kdr gene occurs at a 

frequency of 80-90%, ITNs still kill mosquitoes in huts and reduces malaria in villages 

(Asidi et a1 2004, Henry et a1 in press). One possible explanation is that while kdr 

mosquitoes need a higher dose to knock them down due to this resistance mechanism, they 

are also less irritated by pyrethroid and therefore tend to rest long enough on the nets to pick 

up a lethal dose of the pyrethroid. 

1.3.4.lmmunity status and rebound of morbidity and mortality. 

In high transmission areas people develop acquired immunity against malaria fiom receiving 

infective bites frequently. It has been suggested ( Snow and Marsh, 1995; Diallo et a l  2004; 

Lengeler, 2004), that after long term reduction in malaria transmission without eradication, 

due to the high coverage of ITNs or other forms of vector control, acquisition of natural 

immunity against malaria may be delayed in children. Without this normal development of 

immunity a shift in the age of acquired immunity and a rebound in morbidity and mortality at 

older ages may result. 



In a study conducted in Kenya in young children by Kariuki et al (2003 b), ITNs were 

associated with a reduction in IgG response to pre-erythrocytic circurnsporozoite surface 

protein (CSP) and liver stage antigen-1 (LSA-l),but not to the blood stage antigen merozoite 

surface protein-1 (MSP-1). Furthermore ITN use was found to be associated with increased 

antibody responses to CSP in pregnancy but no effect on antibody levels to CSP in cord 

blood (Kariuki et al 2003 a). However, the marked improvements in clinical outcome 

observed in mothers and their children does not suggest that the altered levels of antibodies 

caused by ITN use adversely affects the risk of malaria in pregnant women and their 

newborns. 

In Tanzania 4 years' use of ITNs was shown to be associated with reduction in antibodies to 

CSP and variant surface antigen (Metzger et al 1998; Askjaer et al 2001). However, 

Maxwell et al (2002) compared a series of health indices in young and older children in 

villages with and without ITNs. The level of anaemia and malaria fever in young children 

was still reduced after 3-4 years use of ITNs. In older children, though reduction in fever and 

anaemia was not significant, there was no sign of increases in morbidity in this age group as 

would be expected by the rebound hypothesis. 

In a study conducted in Kenya, Lindblade (2004) and Eisele (2005) reported highly 

significant reduction in infant mortality. Follow-up after several years showed continued 

reductions in infant mortality and neither an increase nor decrease in mortality of older 

children. Curtis (in press) pointed out that the benefits to childrens health due to ITNs have 

been considerably greater than those so far observed with anti-malaria vaccines. A useful role 

of vaccines may be to replace any lost immunity due to reduced exposure to malaria which 

may result from long-term use of ITNs. 



1.3.5.Re-treatment. 

As already stated ITN coverage in many malaria endemic areas is still minimal. It is widely 

believed that re-treatment of the ITNs is very hard to implement and has become a major 

issue affecting ITNs programmes in many areas. This is because re-treatment rates are low 

when poor households are expected to buy insecticides themselves. 

Most conventional ITNs show a detectable reduction in insecticidal efficiency after four 

washes or after a year of domestic use. Therefore for ITNs to provide effective and maximum 

protection they should be re-treated at least annually. In poor rural areas the cost and efforts 

involved in going to buy insecticides for such regular re-treatment has unfortunately kept up- 

However re-treatment of nets of whole communities at a time is not difficult to organise and 

rates have been very high in trials and well-organized malaria control programs such as in 

China and Vietnam where re-treatment of ITNs was provided free of charge by the 

government (Curtis et a1 2003; Lengeler, 2003). Malaria control programmes opting to use 

ITNs should consider in advance how to ensure the nets remain insecticidal. 

1.4. Long Lasting Insecticidal Nets (LLINs). 

It should now be possible to avoid the need to retreat nets by the use of long lasting 

insecticidal nets (LLINs). These nets are treated in the factory with insecticide either 

incorporated into, or coated around the fibres, so resisting multiple washes. Application of 

LLINs is currently growing in many malaria endemic areas and these nets are claimed to 

retain their insecticidal properties for their physical life in domestic use despite many washes 

(Njunwa et al, 1996; Tami.et ~1,2004; Lindblade et al, 2003). Physical life has been given as 



3-4 and 4-5 years for polyesters and polyethylene nets respectively (Rollback Malaria and 

WHO (2003). Currently several insecticide and net manufactures are active in developing 

long lasting nets technology. 

Other beneficial effects of using LLINs over conventionally treated bed nets include avoiding 

problems associated with storage and handling of insecticides by non professionals and 

reducing risks of environmental contamination caused by insecticides released into water 

bodies, foods etc (Najera and Zaim 2002). 

One brand of the LLIN now available in the market in some areas and recommended by the 

Pesticides Evaluation Scheme of the World Health Organization(WH0PES) is the Olyset@ 

net. These nets were developed by the Japanese company-Sumitomo chemicals Co., Ltd, 

(http://www.sumitomo-chem.co.ip). 

Currently Olyset nets are locally produced in East Afiica by the A-Z, textile industry in 

Arusha, Tanzania. Olyset nets have permethrin incorporated into the polyethylene material 

during the manufacturing process at a 2% concentrations corresponding to 1000 mgim2. 

Olyset nets are very strong due to their thick fibres of high density polyethylene which gives 

a strength about 180 denier despite the wide mesh of 4rnrn. Their durability and long-lasting 

insecticidal properties may be suitable where regular re-treatment with insecticides has not 

been organised as is the case in most rural settings in malaria endemic areas in Sub-Saharan 

Afhca (Tami et a1 2004, Curtis, Myamba and Maxwell 2001). However the current costs of 

LLINs may still be prohibitive in poor areas. 
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1.5.2.Broad objective. 

The objective of this study was to test methods of evaluating Olyset long lasting insecticide 

nets to retain their insecticidal power against malaria mosquito vectors after several washes. 

1.5.3.Specific objectives. 

To compare the efficiency of two bioassay methods used to test Olyset nets: either 

attaching the net to a WHO plastic cone and backing it with cardboard or wrapping 

the net twice around a wire fiarne and placing the mosquitoes inside. 

To test whether vigorous washing affects the insecticidal efficiency of Olyset nets and 

if heating restores insecticidal power. 



A series of bioassay tests were carried out to evaluate ability of O l w  nets to retain their 
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The pupal bowl was covered with a cone so that gravid female mosquitoes are restricted from 

laying eggs in it and emerging adults are fiee to emerge and fly into the cage. A small bowl 

of water with a piece of sponge soaked in it was placed on top of the cage and clear plastic 

covers were placed over cages to provide relative humidity of 60-70%. Water was topped up 

weekly. 

Adult female mosquitoes were blood-fed twice a week on an artificial membrane system 

using defibrinated horse blood. Feeders were filled with blood and covered with parafilm 

membrane and heated in electrical Hemotek feeders (figure 1 & 2), to make them attractive 

to mosquitoes. Feeders were placed on top of the cages and mosquitoes were encouraged to 

feed by gently breathing on the feeder. 

An egg bowl lined with filter paper half-filled with tap water was placed in the cages. On the 

third morning after blood feeding, the egg bowl was removed fiom the cage and left for the 

eggs to hatch. 

Once hatched the larvae were transferred into larval bowls with about 2 crn depth of water 

and a small amount of grass and soil. Anopheles larvae feed at the surface and a small 

amount of baby food (dry muesli) was sprinkled on the water surface. The larvae developed 

into pupae in about 7 days and these were transferred into pupa bowls using a pipette or 

strained using a fine mesh sieve. The emerging adults were transferred to the cages using an 

aspirator and allowed to develop for three days before bioassay tests were performed. 



2.4. Olyset nets. 

Olyset long lasting insecticide nets, were kindly provided by John Invest of the Sumitomo 

Company. Nets were cut into 30cm x 40 cm and 15x15 cm pieces for bioassays on wire 

frames and cone bioassays respectively. These pieces were labelled and tested without 

washing, after 5 washes and 5 washes plus heating (figure 3 ,4  & 5). 

2.5 Washing procedures. 

One series of tests involved comparison of unwashed Olyset nets to the nets which had been 

hand washed vigorously for 5 minutes in tap water at ambient temperature with a soap bar 

rubbed twice over the piece of net and then rinsed twice for one minute. As the manufacturer 

of Olyset nets claims that Olyset nets retain their insecticidal efficacy despite several washes, 

a series of tests was performed comparing several washes to an unwashed net. The effect of 

subsequent heating was also tested. This was done by exposing a piece of washed net on a 

sun lit roof for one day in a black plastic bag with a thermometer inside to assess the 

temperature inside the bag. 

Another series of experiments used a laboratory standard net washing method which was 

developed at the WHO reference centre at Montpellier, France, and has been reported by 

Kayedi (2004), to have more impact on the insecticidal power of nets than hand washing. 

Using the Montpellier washing procedure (figure 6), net samples were washed separately for 

10 minutes at 30' C in one litre bottles containing 500 mls soap solution in a water bath on a 

shaker running at 155 cycles per minute. The soap solution consisted of 2g soap flakes per 

litre of deionised water with pH 10-1 1. The samples of net were rinsed twice with clean 
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2.6.2. Median Time for Knock down. 

In addition to the mortality assessment after 3 minutes exposure, the Median Time for Knock 

Down (MTKD) was assessed. This procedure is approved by WHO (1 996) and is considered 

by Maxwell et a1 (1999) to be a more sensitive bioassay than mortality after 3 minute 

exposure, as 3 min bioassays tend to give close to 100% mortality even on repeatedly washed 

netting . Each test used 11 unfed adult female Anopheles stephensi (Beech) mosquitoes. Time 

for knock down for each individual mosquito was recorded and the median time for knock 

down of the 6th, i.e. median, mosquito was determined. After knock down, each mosquito 

was sucked into an aspirator so as to avoid confusion if these mosquitoes recovered and were 

knocked down again. Graham et a1 (2005) reported that the MTKD of all mosquitoes was 

complete within 10-1 5 minutes after exposure to the treated surfaces of ITNs. 

2.7. Data collection, presentation and analysis. 

Numbers died and numbers tested on different nets were compared by chi-squire or Fisher's 

exact test using STATCALC of Epi-info 95% confidence limit were read fiom tables of 

confidence limits for binominal data. Mean median times for knockdown were compared by t 

test based on standard deviation of the replicates 

2.8. Study consideration. 

Permission to conduct this study was readily obtained fiom the London School of Hygiene 

and Tropical Medicine in the United Kingdom. Olyset nets are now a domestic product sold 

and used by the millions and the mosquitoes were uninfected. 



Figure 1 membrane feeder containing defibrinated horse blood in Hemotek feeder. 





Figure 5 Olyset long lasting na ineerte;d into m e  atld clipped onto a piece of cardboard to 
prevent mosquitoes from escaping. 

Figure 6 Pieces of Olyset long lasting nets in lOOOmls bottles with 500 ml of deionised water 
with soap solution being washed on a laboratory shaker. 



CHAPTER THREE. 

3:O. RESULTS. 

Efficiency of Olyset long lasting insecticide nets to retain their insecticidal power against 

Anopheles mosquitoes was evaluated. Results below compared two bioassay methods to test 

nets using WHO cones or wire ball frames. The effects of vigorous washing on the 

insecticidal efficacy of Olyset nets and whether heating restores insecticidal power lost during 

washing of nets were also evaluated. 

3.1. Efficiency of two bioassay methods used to test insecticidal power of Olyset nets. 

Insecticidal efficiency of Olyset nets was tested by using WHO cones and wire ball frames 

on pieces of Olyset net which had not washed or had been washed five times. Assessments for 

KD60, mortality after 24 hours and median time for knocked down (i.e. knockdown of the 6th 

mosquito out of 1 I), were also determined. Results are shown in tables 1 and 2. 



Table 1. Knockdown at 60 minutes and 24h mortality with Anopheles stephensi on 

unwashed net or net washed five times on a shaker. 

1 Replicate No I WHO cones. I Wire frames. I 
I 1 NO. / KD60 1 24H 1 No. I KD60 1 24H I 
I I Tested I I mortality I Tested 1 / mortality 1 
Unwashed 

1 

2 

1 5 washed on a shaker. 1 

Total 

20 

20 

Results in table 1 show very high and consistent knockdown and mortality in all replicates, 

100 

Total 

with a very small number of mosquitoes knocked down at 60 minutes recovering later. 

Recorded knockdown and mortality was somewhat higher with the frame method than the 

N 

18 

20 

97 

100 

cone method. There was apparently no difference in insecticidal power as a result of 5 

washes on the shaker. Significance tests are shown below in Table.7. 

N 

20 

20 

(%) 

90 

100 

97 

96 

(%) 

100 

100 

N 

20 

20 

. (%) 

100 

100 

N 

17 

19 

93 

96 195 

(%) 

85 

95 

93 

95 1100 

20 

20 

100 

100 

100 

100 

100 

98 98 

99 99 



Table 2. Median Time for Knock down of Anopheles stephensi on unwashed nets or nets 

washed five times on a shaker. 

Replicate No. 

1 WHO cones 
I 

1 Unwashed 

Wire frames 
I 

MTKD 6th mosquito out of 1 MTKD 6' mosquito out of / 
1 1 1 (in seconds) 1 1 1 (in seconds) 

I I 

Mean 1 451.2 (S.d. 46.2) 1 335.1 (S.d. 22.0) 

I 

Mean 409.12 ( S.d .47.4) 1 358.5 (S.d. 46.0) 

Table 2 shows that the median time for the knockdown was consistently less with the frame 

than the cone method. This strongly suggested that with the cone method mosquitoes avoid 

exposure during part of the observation time. 



3.2. Effects of vigorous hand washes on the insecticidal efficacy of Olyset nets. 

Table 3. KD60 and 24h mortality with Anopheles stephensi on unwashed nets and nets 

vigorously washed five times. 

I I WHO cones. 1 Wire frames. I 

Unwashed 

1 Replicate No. 

1 Tested 1 1 mortality I Tested 1 I mortality 

1 5 vigorous hand washes. 1 

No. 
I 

KD 60 24H 

Table 3 again shows consistency between replicates for the cone and frame tests of hand 

washed nets. There were indications of some recovery between 1 and 24 hours and higher 

mortality with the frame method. Unlike with shaker washlng there were indications of loss of 

insecticidal power due to vigorous hand washing. The decline to only 79% kill with the cone 

method and hand washed nets put the performance of the nets into the category 

"unsatisfactory" as defined by WHO. Significance tests are shown in Table7. 

No. 

4 

5 

Total 

KD60 

2 0 

20 

100 

24H 

14 

17 

84 

70 

8 5 

84 

13 

1 7  

79 

65 

85 

20 

20 

79 j 100 

17 

20 

96 96 92 92 

85 

100 

18 90 

19 



Table 4 Median Time for Knock down with Anopheles stephensi on unwashed net and 

nets vigorously washed five times. 

Replicate No. 

1 Unwashed 

WHO cones I Wire frames 
MTKD 6th mosquito out of 11 

1 (in seconds) 

MTKD of 6th mosquito 

I out of 1 1 (in seconds) 

1 5 vigorous washes. 

Mean 

Table 4 again shows consistently longer time for knockdown with the cone compared to the 

frame method. The mean median time for knockdown appeared to be higher with hand 

washed nets compared to unwashed ones. 

443.8 (S.d. 12.1) 

1 

Mean 

332.1 (S.d.21.5) 

450.6 ( S.d. 41.8) 399.2 ( S.d.33.2) 



3.3. Effects of heating on Olyset net in an attempt to restore insecticidal power lost after 

several hand washes. 

The effect of heat to regenerate insecticidal power of nets by stimulating diffbsion to the 

surface of nets was evaluated. Results of bioassays measuring KD60 and 24h mortality with 

WHO cone and wire frame assays on pieces of net vigorously hand washed five times and 

heated in black bags in sunlight were evaluated. KD 60 and 24h mortality with WHO cones 

were 89 and 85% while wire frame assays gave 97 and 93% for KD60 and mortality after 

24 hours respectively. Results are summarised in table 5 below. 



Table 5.KD60 and 24 hour mortality with Anopheles stephensi on unwashed Olyset net 

and nets with five washes plus heating. 

I I I Wire frames I WHO cones 

1 Tested 1 1 mortality 1 Teste 1 1 mortality 1 
Replicate No. 

1 5 washes plus heating I 

4 

5 

Total 

Table 5 shows that after 5 hand washes plus heating mean knockdown and mortality were not 

as high as with unwashed netting. 

No. No 

20 

20 

100 

KD 60 24H KD60 

17 

18 

96 

24H 

8 5 

90 

96 

18 

20 

93 

90 

100 

93 

20 

20 

100 

20 

20 

100 

100 

100 

100 

20 

20 

100 

100 

100 

100 



Table 6 Median Time for Knock down with Anopheles stephensi on unwashed Olyset net 

and net washed five times and heated. 

Replicate No. 

1 Unwashed. 1 (in seconds) 

WHO cones 

MTKD 61h mosquito out of 11 

1 1 1 (in seconds) 

Wire frames 

MTKD 6th mosquito out of 

1 Mean 1 439.2 ( S.d. 1 1.0) 1 337.2 ( S.d.18.1) I 
I 

Vigorous hand washes plus heating. 

Table 6 shows slightly longer mean median time for knockdown compared with unwashed 

Olyset nets vigorously hand washed and heated. As before wire frame bioassays showed 

shorter median time for knock down (i.e. more insecticidal activity) than cone bioassays. 

Mean 452.2 ( S.d. 1 8.2 ) 397.6 ( S.d. 19.2 ) 



Table 7. Mortalities, 95% Confidence limits and significance testing. 

Parameters WHO cone Wire frame Cone vls Frame 

Unwashed (tablel) 931100 99/100 

Unwashed (table 3) 9211 00 10011 00 

Total 2781300 299/300 X2 =19.94 

I I I 

% mortality 1 92.7% 99.7% 

Washed on shaker (table 1) 95/100 981100 Fisher's exact 

test, p = 0.0445 

I 
Unwashed vls shaker wash X2 = 0.35 Fisher exact test 

p = 0.552 1 P > 0.9 

Hand washed (table 3) 791100 9211 00 I = 6.82 
I 

I I I 

Hand washed vls unwashed I X2 =13.21 

Hand washed & heating (table 5) 

Fisher's exact test, 

95% CL 

Washing &heating vls washing 

Table 7 summarises Mortalities, 95% Confidence limits and significance testing. Data shows 

that there was significant difference in mortality between unwashed and vigorously hand 

washed Olyset nets. 

Washed & heating vls unwashed 

X2 =3.27 

p = 0.071 

85/100 

76.47-91.35 

X2 = 0.88 

p = 0.357 

931100 

86.1 1-97.14 

x 2= 0.07 

p = 0.788 

x 2= 4.38 

p = 0.036 

Fisher's exact test, 

p = 0.00033 



Table 8. Mean median knockdown time: statistical analysis. 

I ( Mean with cone I Mean with frame 1 Cone v/s Frame 

Unwashed (table 2 ) 
Unwashed (table 4 ) 

451.2 (46.2) ) 335.1 (22.0) 
443.8 (12.1) 1 332.1 (21.5) 

Unwashed table 6 
Mean ( 449.7 (26.6) 

Wash on shaker (table2) 

334.8 (19.2) 

409.1 (47.4) 

95% C.L 
Unwashed v/s shaker 

t = 18.9 

Hand washed (table 4) 

I 95% C.L 

1 Hand washing & heating 452.2 ( 18.2 ) 

350.2 - 468.0 
t = 2.13 

Hand washed v/s 
unwashed 

300.6 - 416.4 
t =1.60 

450.6 (41.8) 

398.6 - 502.6 
t = 0.37 
df=18 
p > 0.05 

95% CL 1 
Hand wash& heating v/s 

hand wash 

Table 8. Statistical analysis of mean median knockdown time for Olyset nets either not 

washed, washed in a shaker or vigorously hand washed and vigorously washed plus heating. 

399.2 (33.2) 

358.0 - 440 .3 
t = 5.51 
d f=  18 
p <0.001 

429.6 - 474.7 
t = 0.07 
df=  8 
P > 0.5 

Hand wash & heating v/s 
unwashed 

t =2.15 
df =8 
0.1 > p > 0.05 

t = 0.73 
d f=  18 
p > 0.5 

t = 6.33 
df = 18 
p < 0.001 



CHAPTER FOUR. 

4.0. Discussions and conclusion. 

4 1. DISCUSSION. 

Re-treatment rates of conventionally bed nets in many malarious endemic areas are very low 

when householders are expected to go and buy insecticide. Introduction of LLINs such as 

Olyset nets are expected to minimize the problems of low coverage rate of re-treatment of 

conventionally treated bed nets. The Olyset net was the first brand of LLIN recommended by 

the World Health Organization Pesticides Evaluation Scheme. 

This study evaluates the efficiency of Olyset long lasting insecticide treated nets to retain their 

insecticidal power after several washes. From this study it is encouraging to note that bioassay 

tests with Olyset nets washed five times by the standard washing methods recommended by 

the WHO, as well as vigorously hand washed by traditional procedures shows that Olyset nets 

retain all or most of their insecticidal power after five washes. 

As observed in this study the frame method gives higher mortality and shorter MTKD than 

the cone method, and thus strongly suggested that with the cone method the mosquitoes avoid 

contact with the Olyset fibres for part of the observation time by the tarsae resting on the 

cardboard. Claims have recently been raised in a study by Lindblade et al (in press) that, after 

a few months of household use, Olyset nets are no longer satisfactorily insecticidal. This 

claim arises from bioassay tests using WHO standard cones attached to the net and cardboard 

on the other side. In view of the results of the present project, the poor performance of Olyset 

nets in Lindblade's study was probably due to the bioassay employed, which would allow the 



mosquitoes' tarsae to be placed through the 4 mm holes of Olyset net on to the cardboard and 

not on the netting fibres. 

The tendency for mosquitoes to avoid touching the Olyset fibre might be partially caused by 

imtation to mosquitoes due to permethnn. Curtis et a1 (1999) and Miller (1994) emphasised 

the imtant effects of permethrin to Anopheles mosquitoes that permethnn and it is this 

pyrethroid which is incorporated into Olyset nets during manufacture. Tests in Cote d'Ivoire 

of efficacy of Olyset nets showed deterrence to hut entry by An. gambiae (N'Guessan et a1 

2001). This emphasised the stimulus for mosquitoes to avoid Olyset netting. The problem of 

avoidance of net contact does not apply to ball frame assays as mosquitoes are forced to place 

their tarsae on the double layer of netting of the Olyset net. This presumably is reason for 

better performance of wire frame bioassays as opposed to the unsatisfactory results on Olyset 

nets reported by Lindblade et a1 (in press) which may be considered an artefact of their cone 

method of testing. All other types of LLINs have smaller mesh and mosquitoes could 

probably not put their tarsae through these, so cone assays would probably give better results 

with small mesh nets. 

This study showed that Olyset nets washed five times on a laboratory shaker killed 

mosquitoes as effectively as an unwashed nets. Mosquitoes knocked down after 60 minutes 

(KD60) and mortality after 24 hours with the wire frame bioassays were close to loo%, which 

indicates that five shaker washes had no significant impact by any of the evaluation methods. 

The use of a shaker is not a good method for evaluating wash resistance of nets. Furthermore, 

a laboratory shaker is not readily available in rural tropical areas and therefore it is not 

feasible to use a shaker as a standard method. Hand washing had a significant impact by the 

more sensitive testing method- the frame method, but by the less sensitive cone method the 

MTKD did not change significantly. 



Tami et a1 (2004) evaluated Olyset nets used continuously for seven years in two different 

localities in Tanzania. Cone bioassays showed that mean mortality was 34 to 50%. This 

rather low score may have been partially because of the unsuitability of the cone method for 

bioassays of broad mesh nets. Curtis et a1 (2001) reported to WHOPES on performance of 

Olyset nets in Tanzanian trials in experimental huts. Olyset nets, used for four years 

performed as well as new ones in killing and preventing feeding by free flying wild 

mosquitoes. The results are awaited of a trial in experimental huts of the 7 year used Olyset 

nets which had been bioassayed by Tami et a1 (2004). 

Washing procedures with the nets are extremely variable (Kayedi 2004). Different studies and 

investigators have obtained varying results from the same product. This could be due to lack 

of a standardised method, including chemical, physical and behavioural factors which may 

affect performance (WHO, 2001). Again factors such as detergent used, amount and quality 

of water, washing methods and procedures for drying of nets, i.e. vertical v/s horizontal, sun 

dried or drying in the shade, all could contribute to the performance of tests. There is a need 

for further study to evaluate which standard method and procedure is most reliable for 

washing of Olyset nets. 

The effect of heat to stimulate insecticide to diffuse was not confirmed in any of the bioassays 

on nets vigorously hand washed five times and such washes following by heating. Also a 

~ washed and heated net did not show as much insecticidal power as an unwashed nets. 

Kayedi (2004) reported that diffusion of insecticides from inside the fibre of the net to the 

surface is temperature dependant. The manufactures of Olyset nets stated that the insecticide 

most diffused fiom inside the fibre to the surface. After each wash some of the insecticide is 



thought to be removed from the surface, but active ingredient will diffuse from inside after a 

certain period of time following washing and heating. 

The result observed in the present study might be partly due to the time elapsed between the 

washing and testing which was five days. Heating was in the sun in a black plastic bag at 

27.5" C-29.5' C for one day and this was probably not enough to generate insecticide to 

diffuse. Some studies suggest that because diffusion of insecticides is affected by temperature, 

if time between washing and the bioassays is too short there would not be enough time for 

insecticide to difkse from inside the fibre to the surface. WHO (2001) state that it is 

important to leave enough time between washing and testing. 

Curtis et a1 (2001) reported to the WHOPES on an unwashed Olyset net and Olyset nets 

which had been washed or washed plus heated to 80" C for 30 minutes. They observed that 

nets treated in all three ways were effective in killing and reducing feeding of free flying wild 

Anopheles mosquitoes They reported no evidence that the insecticidal power was reduced by 

five washes of nets in cold soapy water nor that regenerating at 80" C was really required to 

replace insecticide removed during washes. 

We were recently informed by J.Invest (personal communication) of the Sumitomo company 

that the company no longer instructs users to heat nets after washing. 



4.2.CONCLUSION. 

Bioassays of Olyset nets with a WHO cone and cardboard backing indicated lower 

knockdown and kill than with the Olyset net wrapped around a wire fi-ame and the 

mosquitoes placed inside. This was presumably because with the former method, some of 

mosquito tarsae were placed on the cardboard and thus avoided exposure to insecticide. Five 

washes on a shaker caused no significant loss of insecticidal activity, but vigorous hand 

washing did so. After hand washing, bioassays with the conelcardboard methods gave a 

mortality rate just below the WHO limit for satisfactory performance of 80% kill However 

the frame method gave a mortality above 92% after such washing. It seems likely that the 

unsatisfactory bioassay results reported by Lindblade et a1 (in press) with Olyset nets in 

domestic use was because of their choice of the conelcardboard method of bioassay. No 

significant impact of heat in restoring insecticidal power lost after several washes was 

observed. 

An Olyset net has been shown to be as good as new after four years use. If the same is shown 

after seven years it will be possible to conclude that these very strong nets are the more cost 

effective option for the current attempt to provide comprehensive ITN coverage in rural 

Ahca.  


