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General consideration

Approxi mately 40 per cent of the worl dodés popul
risk of malaria. In the tropical and subtropical regions of the world malaria causes somi&oB0&cuie

illnesses and about 1 million deaths every year. Ninety per cent of these deaths occur mostly in young
children in suksaharan Africaln some parts of tropicahfrica 10% of all deaths in children

under the age of $ears arelue to malaria.tlis especiallyserious:

A n thildren 68 12 months old becausémmunity obtained from the mother through the
placenta has faded and the child's own immunity is nadexetloped,;

A uiing pregnancy 8 mother's immunity is reduced and skerone todevelopanemia.
The placenta is ofteinfected and placentalfunction is compromised, causing pdetal
growth. Clinical malariain the motherand neonate and alsman precipitatepre-term
delivery.



Estimatie of world malaria burden

Increasing burden of malaria ¢ a”é
| i

The parasite that causes malaria shares its life cycleebetliumans as well as other
mammals and the agent that transmits it viz. the mosquito. Inside both the human host and the
mosquito the parasite multiplies as it goes through different stages of its life cycle, and the
process of transmission gets perpetdat
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Life Cycle Of The Malaria Parasite

Key elements in the process of transmission are:
1 The malaria parasite
1 The transmitting agent i.e. the mosquito (or vector as it is called).
1 The reservoir of the disease i.e. the total number of the people iar¢la carrying
malaria parasites in their blood and from whom the mosquito vector obtains the
infection.

It follows that:

1. The more the mosquito population in an area the greater is the probability of
transmission. Reducing the mosquito population inasea by removing potential
breeding sites can be an important part of the strategy of transmission.

2. Since the mosquito must feed once on an infected host to acquire the malaria parasite
and once on an uninfected person to transmit it, reducingvlo&ir contact can be
another effective way of reducing transmission.

Targeting mosquito breeding sites and applying methods of reduuasguito bites is a
useful strategy for the control of malaria which families and communities living in malarious
areas canmply. How effective the strategy is will depend upon how assiduously the two
arms of the strateggreapplied.

Source reduction involves eliminating the habitat or modifying the aquatic habitat to prevent
mosquitoes from breeding. This measure includestaamn measures where artificial
containers, including discarded automobile tires, which can become mosquito habitats, are
collected and properly disposed. Habitat modification may also involve management of
impounded water or open marshes to reduce ymtamh and survival of the flood water
mosquitoes.

Efficacy of the use of insecticide impregnated bednets.

Definition of insecticide treated bednets:
A bednet that has been treated with insecticide to protect agaossjuitoesand malaria.

"Provisionof insecticidetreated bednets (ITNs) is universally accepted as an efficacious and
essential public health service in most parts ofSabaran Africa endemic for malaria." (H
Guyatt and S Ochola,dncet 2003;362:1549)

Insecticidetreated nets (ITNs) va been found to bihe most powerful malaria control tool

to be developed since the advent of indoor residual spraying (IRS) and chloroquine in the
1940s, and as such they have been an important component of global and national malaria
control policies sice the miell990sThis intervention is particularly important in sub

Saharan Africa where the predominant malagatorsbite indoorsat night during sleeping



hours However adecade after its introduction, coverage was still found to be unacceptably
low according to asurvey only 3% of African children were sleeping under an ITN, and
only about 20% were sleeping under any kind of nethényear2000, treated nets were just
being introduced to the public, but four to six years later a survey inaAfevealed that the
awareness of ITNs was nearly universal in all countries but Nigeria, where awareness
increased from 7% to 60%. By any measure, there were large increases in ownership of nets,
especially treated nets, in all countries. All countrigs Migeria made commensurate gains

in the proportion of undeiives sleeping under a net/ITN, and in all countries the proportion

of pregnant women sleeping under a net/ITN increased greatly.

A surveycarried out bythe National malaria control programnre Nigeria during 2005
revealed that utilization of ITN by children undere was only 1.7%There is now global
consensus around a strategic framework for scaling up ITN usage in Africa, which recognizes
a role for both the public sector (targeting \argble groups to promote equity) and the
private sector (sustainable supply). So, while progress withasicig coverage was found to

be slow, there igncreasingglobal support for the rapid scal® of ITNs among vulnerable
groups by integrating ITN dekry with maternal and child health programmes (and
immunization in particular), at the same time working with the private sector in a
complementary and supportive manner to ensure that coverage can be maintained for future
generations ofAfrican children Below is a picture of one of the available types insecticide

treated nets already set up.



There is an increayg trend to use insecticide impregnated bedast&eyinterventions in
malariaprograms today. The World Health Organization, recognizing impregnated bednets to
be the first newtool against malaria for many years, has conducted large scale trials in
sewral African countries t@valuate if insecticide treated bednets have an impact on child
mortality under varying climatic and sociological conditions. Subsequently, it was shown that
the use of insecticide treated bednets could save the lives of as ;:1&0p,800 African
children between the ages of zero and five each year. The results of their studies showed a
reduction in child mortality (4 years) of 1733% with a mean of 25% reduction. Economic
advantages have also been attributed to treating bedimétee Gambia for example, where
treating bednets with low doses of a pyrethr@irivative of pyrethrum, a powerful
insecticide)were considerably less expensive than spraying the houses with DDT
Otherworks performed in &th Americahave shown sinr results. A case control study
carried out in290 cases enrolled via the health dapant services inthe Colombian
Amazon Basn have shown a significant benefit of the use of impregnated nets compared
with no net use : adjusted oddatio (OR) for mild malaria 0.44,95% confidence
interval(ClI): 0.260.98. Non impregnated nets had a benefit that was only slightly smaller but
not statistically significant (OR for mild malari@:54, 95% confidence interval.p5-1.18)
(Alexander et al2005)

Another stdy to determine the effectiveness in reducing malaria of combining an insect
repellent with insecticide treated bed nets compared with the nets aloreamias out in

rural villages and peturban districts in the Bolivian Amazom areas where vector
mosquitoes feed in the early evening double blind, placebo controlled clustandomized

clinical study in which 4008 individualsrom 860 householdshad been enrolledvas
performed All individuals slept under treated nets; one group also used ahalaatl insect
repellent each evening, a second group used placebo. 15,174 person months at risk were



analyzed and a highly significant 80% reduction in episod@s wdf/axin the group that used
treated nets and repellent (incidence rate ratio 0.20, @&%edenceinterval 0.11 to 0.38,
P<0.001)was found Numbers ofP. falciparumcases during the study were small and, after
adjustment for age, an 82% protective effect was observed, although this was not significant
(0.18, 0.02 to 1.40, P=0.10). Reporggaisodes of fever with any cause were reduced by 58%

in the group that used repellent (0.4231 to 0.56, P<0.001). Thévee in areas where
vectors feed in the early evening, effectiveness of treated nets can be significantly increased
by using repellenbetween dusk and bedtime. This has important implications in malaria
vector control programmes outside Africa and shows that the combined use of treated nets
and insect repellents, as advocated for most tourists travelling to high risk areas, is fully
justified. (Hill et al, 2007)

In Venezuela a communiyndomized controlled trial in an area of moderate malaria
transmission in the Amazon region at the soaththe country;home of the Yanomami
indigenous ethnic grouipas been carried out byobtara. Magda Magris research group from
Centro Amazonico de Investigacion y Control de Enfermedades Tropicales "Simon Bolivar"
of Puerto Ayacuchdgstado Amazonadhe aim was to compare the malaria incidence rate in
villages with lambdacyhalothritreated hammocknets (ITHN) or with placebtreated
hammock nets (PTHN). In both arms of the study, intensive surveillance for early case
detection was maintained and prompt malaria treatment was administered. Baseline data were
collected before the intervention and gplation of around 924 Yanomami was followed for

2 years. Despite the recent introduction of nets in the Yanomami villages and the adverse
natural conditions in the area, the nets were accepted enthusiastically by the study population,
used conscientiouslgnd looked after carefully. The malaria incidence rate per thousand
personyears at risk was 114.6 in the IHTN group and 186.8 in the PTHN group. The
adjusted rate ratios indicated that ITHN prevent 56% [IRR: 0.44, 95% confidence interval
(CI): 52-59%] of new malaria cases. ITHN reduced the prevalenceaddsitemiaby 83%
[relative risks (RR): 0.17, 95% CI: 4100%], according to a crosectional survey carried

out during the high transmission season. The prevalence of splenomegahearidvas too

low to detect any possible reduction as a result of ITHN. mhe conclusion of the study
wasthat ITHN can reduce malaria incidence in the area and it is the most feasible method for
malaria control in a forested area where indigenous villages are scatiegeda large
territory. This is the first communitevel epidemiological trial to show that ITHN are highly
effective against malaria transmitted Agopheles darlingi

Effectiveness of insecticides and types of nets

There is evidence th&teltamethnn (chemical derivative of pyrethrunmas proved to be one

of the most effective insecticides, especially under varying climatic conditions, and is already
the most widely used insecticide for impregnating bednets for effective long term control of
malaria. Further advantages are the efficacy against other types of mosquitoes including
Culex species efficacy against other nuisance inseasy(bedbugs, lice and ticks); and
durability on bednets (up to twelve months or three washes). Until recently, quig li
insecticide formulations were available to treat bednets. The logistics of using liquids to treat



bednets have some disadvantages. The development of a tablet formulation containing 25%

deltamethrin has all the advantages of a suspension conce®@tdofmulation with the

additional advantages of a simple presentation which has real benefits in terms of ease of use,
packaging, transport to the consumer, and minimal storage requirements. The tablet provides

a simpleto-use product which is a unit dmand therefore assists people in villages

Mosquito nets may be treated in the field by dipping in a dilutioms¥cticide formulation
in water. To ensure correct dosing when netstraa@ed individually, the volume of diluted
insecticide prepared shld matchthe water uptake of the fheespecially if an insecticide
treatmentkitisibundl edo with the net. I f water
will not be properly treated, whereas if uptake is unexpectedly low, theratesmay bedo
low and, as such the excess liquid must be disposed of sWekgr uptake of a net is
influenced by the type ofarn used and its pretreatmantthe factory (e.g. addition of oils or
other finishing products) arghould be stated on the label andiaagng of the net.

At present, only polyester netting made from fibres with a filament afuattove 30 is
known to provide the appropriate characteristics for insectickdément at field level, and
thus can be recommended for this purpdeeordingto WHO, 0.5 litre of insecticide

upt a

formulation diluted in water shoulak used to treat a polyester net and 2 litres should be used

for a cotton netWhere nets are to be treated in the field, the netting material must provide
adequate retention and bioawdility of the insecticide. Producers wisecticide treatment
kits and sachets are already required, by WHOPESpé¢aify the types of fabric/net for

which the insecticide dose is intended, vasll as the expected wash resistance of the
treatment and itduration Consensus was reached that, for protection against mosquito entry,
the size of holes is more important than the number of holes per unit surface area. However,
given the wide range of hole shapes in various fabrics and the absence of a stedhdardi
method for measuring the dimensions of holes of irregular shape, the 156 mesh count remains

the quality specification for mosquito control for untreated or fisdted netting on
condition that the netting has holes of reasonably homogenous size.

Current WHO recommendations are that figkehted netshould be retreatedafter three
washes or at least once per year. Bioavailability and wash resisfahesinsecticide on the
net are key characteristics of the qualitynsfecticide treatment ofets in the field. The

meeting noted that bioavailabilitgs measured by bioassay, is difficult to relate to analytical

measurements.

Guidelines on the Use of Insecticidéreated Mosquito Nets for the Prevention and
Control of Malaria

Nets to be tread are those already owned/used traditionally by communities, or introduced
as a public health intervention. In the former instance, the nets could be of different sizes,
shapes, and fabric. An assessment of these can help to prepare the dipping mteres m



accurately so that the insecticide treatments achieve targeted dosages. Where nets are
introduced, the specified standards and quality requirements can be met more easily with
appropriate planning.

To correctly treat a net with an insecticide, a net given size/surface area is treated with an
appropriate insecticide mixture (which has been prepared by mixing a specified amount of
insecticide formulation, with a specified quantity of water) in order to obtain the target
dosage of the insecticideThese specifications are important because inadequate
impregnation of bed nets can eventually lead to resistance developing in the mosquito
population.

The supply/material requirements for insecticide treatment of nets are:

water,

insecticide formulation,

measuring devices for water and insecticide,

container to dip the net(s), and to collect insecticide drips after dipping,

rubber gloves and protective clothing including a facask especially when many
nets are treated, when treatments are done daifproprolonged periods, and

T spray equipment when nets are sprayed.
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Preparation of the insecticide mixture
The preparation of an insecticide mixe for net treatment requires information on:
T the number of nets to be treated, and their sizes or thesanfea involved,;
1 the amount of water to prepare the mixture (depending on how much water they
absorb; and
1 amount of insecticide to treat the nets.

Calculating surface area of net to be treated

The surface area is usually presented in square met8rsExamples of calculating this for
the more commonly used rectangular, and conical designs are as follows:

Rectangular net

Hang the net up, measure the width, length, and height (in metres), and

a. Calculate the area of the top: i.e. width x length

b. Calculat the area of the sides, and ends. hegghtx total distance around base of

the net;

¢) Add a) and b) calculations to get the total area of the net.

Thus total surface area (S) =sum of the surfaces of the two sides, the two ends and the
areaofthedp=2x (L xH)+2(W xH)+1x (L xW).

e. Where L = length; W = width; H = height

OR perimeter x height + area of top.

o o

.

For example assume, length=1.8 m; width=1;3mght=1.5 m. Then the,



a. Areaofthetop=1.3x1.8=23sgm
b. Areaofsidesandends=15x2(1.3+1.8)5x6.2=9.2sgm
c. Totalareaofnet=23+9.2=11.5sqm

Conical net
Total surface area (S) = circumference x distance up the slope x 0.5
Calculating the amount of water to prepare the mixture

This is the same as the amount of water to satthiateet, i.e. the water retention capacity of
the wet fabric. This depends on the type of fabric. To determine this:

1 Select about 3 nets of each type (i.e. with same material, size);

1 Dip each net thoroughly for few minutes in a known quantity of wat@rirf a bucket
or basin;

1 Remove the net from the container, wring and hold f80%econds over the bucket
or basin to catch any drips;

1 Repeat with each net;

T Measure the remaining water in dipping bucket (Vr);

1 Average amount of water absorbed by a(N@) = Vi-vr

The amount of water needed for each type of net can be determined by checking a sample,
and calculating for the total number of nets to be treated.

Calculating amountof insecticide to treat nets
The amount of insecticide to treat a nepelads on the total surface area of the net, the type
of fibre, and the insecticide, i.e. the type, strength, formulation, and the target dosage (TD)

presented in mg or gfm

In calculating the insecticide requirements, the active ingredient (a.i), arcbrfmercial
formulation (c.p.) are taken into account.

(&8 Amount of active ingredient (a.i):

The active ingredient (a.i) in mg or g (or ml for the WP formulations) = surface area of net (
m?) x target doseirf mg or ga.i/n?). For example,

Insecticide Target dosage Net surface Active Active
(Mg a.i-m?) (m?) ingredient  for |ingredient for
one net (in mg) | 100 nets in mc
(9)
Permethrin 200 12 2400 240 000 (240)
500 12 600 600 000 (600)

Deltamethrin 15 12 180 18 000 (18)



Lambdacyhalothrir 25 12 300 30 000 (30)

(b)  Amount of commercial product (c.p.):
Commercial formulations are generally presented as:

a. percentage (%),
b. gllitre for the liquids, and
c. g/kg for powders.

The labels must be read carefully for the concentration, a) keeping in thmhdsome
manufacturers label their products in % i.e. g/100 ml, and some in g/litre, and b) that fifty per
cent (50%) is the same as 500 g/litre. Thus care is needed in relating the active ingredient
(a.i) to the commercial product. For example, Permtetlexpressed as EC 50 (50%) contains

500 g a.i/litre; Deltamethrin, SC 2.5 expressed as 2.5%, contains 25 g/litre.

The amount of insecticide formulation required can be calculated as shown in the following
examples:

Example 1.

Assume water retention (alvbent) capacity of net is 500 ml;

Assume size of net is 10°m

Insecticide to be used is Premethrin EC 50, which contains 500 g in 1 litre or 500 mg in 1 ml;
Target dose is 500 mgfm

1 net requires 500 mg act.ingred®Anl0 (area of net) = 5000 mg;

Amourt of EC 50 formulation needed = 5000/500 = 10 ml.

Thus a 500 ml dipping mixture that would be needed for one net (based on water retention
capacity) will comprise of 10 ml of insecticide formulation, and 490 ml of water.

Example 2.
Assume water retentigi@bsorbent) capacity of net is 500 ml,
Assume size of net to be 1;m

Insecticide to be used is Deltamethrin SC 2.5 (2.5%) which contains 2.5 g in 100 ml or 25 g
in 1 litre or 25 mgin 1 ml.

Target dose = 25 mg act.ingredim

One net requires 25 mg angred./ni x 10 (i.e. area of net) = 250 mg;

Amount of EC 25 formulation needed = 250/25 = 10ml.

Thus a 500 ml dipping mixture that is needed for one net will comprise of 10 ml of
insecticide formulation and 490 ml of water.

Example 3

The following formué can also be used to calculate the amount of insecticide required:



Recommended dosage (mg)m area (size) of net + concentration of insecticide (%) x 10

For example, the amount Bérmethrin 50% needed to give a recommended dosage of 500
mg/n?t, on anet measuring fas:

500 (target dose) x 10 (size of net) + 50(% concentration of insecticide) x 10 = 10 ml of insecticide

Multiply this amount by the number of nets to be dipped.

The commercial product and the water (measured previously) muskee thoroughly and
carefully in wide, shallow containers (buckets or basins), the latter to limit side effects from
insecticide inhalation on the workers. The insecticide container must be rinsed well with the
water to be used for the solution to preweaste.

To simplify the calculations in preparing dipping mixtures for collective dipping, it may be
necessary to treat together:

a) nets/sets of nets belonging to a family assuming these to be of comparable/similar
material; and

b) nets made of more dess the same fabrics and bearing in mind that cotton absorbs more
(about twice) liquid than the synthetics, and that the efficacy of insecticides varies with the
materials.

Charts and tables may be prepared (and made readily available) indicating ritigequat
mixtures to be prepared with each insecticide according to the target dosages and water
retention capacities, and on the amounts of insecticides (commercial products) for nets of
different sizes.

Insecticide treatment methods

Nets can be insecidetreated by dipping, or spraying with standard hand compression
sprayers. Irrespective of method, all nets must be washed properly before being treated.

Dipping

Nets can be dipped individually or collectively in batches of ideally similar types ir$ &frm
materials. Each net is unfolded, fully submerged in the insecticide solution, and kneaded
(fig. 6) until saturated with liquid. Dipped nets are wrung above the dipping container to
collect the drips (fig7).

Fig. 6 Dipping/kneading Fig. 7 Dipped netvrung




(&) Individual treatment (dipping) of nets:

Dipping nets one by one may lead to non uniform impregnation, unless care is taken to knead
the net until it is evenly wetted. This is time consuming and less practical when large
numbers of natare to be treated in a short time.

Individual dipping is possible in plastic bags. The net is placed first in the bag, the exact
amount of mixture needed to saturate the fabric is poured, and kneaded thoroughly. The net is
removed and dried; wringing ot necessary.

(b) Collective dipping:

Here several nets, e.g. batches of five or tens are dipped together. In planning, an estimate
must be madef the numbers of nets of each type (fabric/material, size, and shape). This
helps more accurate calcutatiof the water and insecticide requirements, and the preparation

of dipping solutions to meet the target dosages. If such an assessment is not possible a
compromise may be a dilution of one litre of insecticide e.g. deltamethri@5S0Gr
lambdacyhalothri CS25 or 1llitre of permethrin EC50, with 49litres of water. Nets of
different fabrics must be sorted out and dipped accordingly. This may necessitate dipping
together the nets of individual families assuming these to be of comparable material. Dipped
nets removed one by one after a few minutes are wrung thoroughly above the dipping
container, and placed in an open plastic basket for some time over the decantation part to
allow draining. Some families may not wish their nets to be mixed and immerdezisame

dipping bath with those of others. Nets of each family may be kept separately to avoid
accidental interchange.

As pointed out earlier, more absorbent material such as cotton absorbs more insecticide per
square metre than with synthetic nets. Hosvefor the same insecticide effect of e.g.
permethrin or lambdacyhathrin , a higher dose per square metre is required on cotton than
on synthetic material. These differences on cotton and synthetic tends to balance out and
where a mixture of light cottoand synthetics nets have to be dipped, a single mixture could

be used.

A team of 23 trained persons assisted by a few local people can dip at leastG0day.



Tréating bed nets singly Community activity

Spraying of nets

Spraying allows codictive treatment of a large number of nets in a short time. This is quick
and a net could be treated in a few seconds, often less than half a minute. Spraying nets is to
some extent comparable to spraying of walls where an insecticide solution is spnaiped a

at a target dosage on the net surface. Spraying nets requires more expertise and may be
undertaken by those experienced in the use of spray machines and in spraying operations
such as those undertaken in malaria control programmes and in agriculture.

Nets must be cleaned and ready for spraying, hargitu over the bed (in Sichuan, China

more than one million nets are sprayed annuallgitu, without taking them outside)., or
outdoors, away from windy places, children, food and water bodies sudkess and
streams. Sprayed nets must be kept outdoors to dry and must not be used before they are
completely dry.

Achievement of good quality spraying requires, properly functioning spray machines with
correct nozzles, etc. to deliver proper swath widihgd flow rates, and correct spray
procedures /techniques that ensure the required pressure, the distance/angle between nozzle
and the surfaces sprayed, and the speed. The equipment must be checked regularly.
Procurement of the same type of equipment/sparts facilitates replacement, maintenance

of equipment, and training compared to the use of different types of machines. Spray
personnel must be appropriately trained including refresher training, and supervised to ensure
guality of equipment and performee. Spraying nets may be relevant and/or can be easier in:



