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1. INTRODUCTION

An Informal Coasultation on the Use of Impregnated Bednets and Other
Materials for Vector-Borme Disease Control was held in Geneva from 14 to 18
February 1989. The meeting was opened by Dr T. Bektimirov, Assistant
Director-Geheral. He pointed out the doubts which are now frequently felt
about the success and sustainability of vertically organized programmes of
malaria vector control based on residual house spraying. He therefore
emphasized the desirability of methods of vector control, such as the use of
bednets, which can be integrated within the primary health care system with
active community participation. He enjoined the meeting to examine existing
data on the impregnated bednet method and to prepare guidelines for further
action in this field. These are contained in this report.

Bednets (mosquito nets) and window screening have long been considered to
be a useful protection against nuisance mosquitos and disease vectors (see -
historical review by Lindsay and Gibson, 1988). However, nets and screens are
often not well-fitted and are easily torn and mosquitos can feed tarough a net
if part of the body touches it during the night. Hungry mosquitos take any
opportunity to obtain a bloodmeal and it is well known to medical
entomologists wishing to collect blood-fed mosquitos that a good place to look
is inside bednets in the morning. The problem of ill-used nets and screens
provides one of the motives for impregnating them with a fast—acting
insecticide which will repel or even kill mosquitos before they have time to
find a hole to enter or to feed. A bednet is a rational place to apply
insecticide, although its area is relatively small, the probability of
mosquito contact is high. Similarly treated curtains hung over eaves, windows
and doors are likely to intercept mosquitos as they enter houses in search of
blood or resting places. The widespread use of impregnated nets or curtains
by a community may kill many vector and pest insects and may under certain
conditions reduce the overall survival rate of the vector population to such
an extent that few live long enough for parasites to mature to the stage at
which they can be transmitted. Thus, in such a community, people without nets
or treated curtains, or temporarily outside them, may be expected to be at
least partly protected from infectiomn.

Most good ideas are "re—invented” several times, the earlier occasions
usually being forgotten because, at that time, materials did not exist to make
the concept work fully satisfactorily. This certainly applies to impregnated
nets. In the fifth century B.C., Herodotus (see e.g. translation by Godley,
1981) described the behaviour of fisherman living in marshy areas of Egypt:

- "Every man of them has a net, with which he catches fish by day, then
creeps under it and so sleeps. If he sleeps wrapped in a garment or
cloth, the gnats bite through it; but through the net they do not
even try to- bite.”

Perhaps fish oil or some other substance on the nets repelled the "gnats”
(i.e. mosquitos) from trying to bite through the fabric.

The deliberate treatment of netting with insecticidal or repellent
compounds seems to have been invented independently in the USSR in the 1930's,
using lysol and a plant product (Pavlovsky, 1941; Blagoveschensky et al.,
1945), and in the American-(Harper et al., 1947) and German (Nauck et al.,
1948) armies during the Second World War, using DDT.

Rev.1
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Clothing impregnated with volatile repellents, such as N, N,
diethyl-3-methyl-benzamide (deet) has been tested on many occasions (e.g.
Grothaus et al., 1976).  Brun and Sales (1976) reported a study in
~experimental huts against malaria mosquitos of nets impregnated with
‘organophosphate insecticides.

Photostable pyrethroids developed as molecular analogues of natural
‘pyrethrum (Elliot et al., 1973) were highly successful, not only against
agricultural pests, but also on clothing against mosquitos and ticks (Schreck.
et al., 1978; 1982), in laboratory tests of impregnation of. bed netting (Hervy
and Sales, 1980) and in early field trials of impregnated nets (e.g. Chao
Xuzhong, 1984; Ranque et al., 1984).

These studies indicated that this type of pyrethroid was appropriate for -
impregnation of bednets because they are relatively safe to humans, with rapid
insecticidal effect and low volatility with consequent long persistence on
netting and lack of odour. A meeting of Directors of WHO Collaborating
Centres (1982) recommended field trials of pyrethroid impregnated nets. These
have since been carried out in many countries (see section 2 and reviews by ..
Curtis et al., 1989 and Rozendaal, 1989). Laboratory studies have been
carried out on the interactions of different fibres and different pyrethroids- -
(e.g. Hossain et al., 1989; Lindsay et al., 1989). Studies in experimental
huts suggest several possible effects on mosquitos - deterring them from SR
entering houses, inhibition of feeding and the driving of mosquitos outside
after contact with impregnated netting (excito-repellency), as well as ;
mosquito mortality (e.g. Darriet et al., 1984; Lines et al., 1987; Li Zuzi
et al., 1987; Majori et al., 1987; Rozendaal et al., 1989; and Xu Jinjiang..
et al., 1988)). Village scale studies have included those which have measured
the individual protection against malaria conferred on children when the net i
of a proportion of a village population are impregnated (Snow et al. 1987; Li”
Zuzi, 1988). Several other trials have measured the effects on the vector
population and on malaria incidence of providing whole communities with
treated nets, or treating their existing nets, (e.g. Carnevale et al., 1989;::"
Charlwood and Graves, 1987; Graves et al., 1987; Li Zuzi et al., 1988,

1989; Snow et al., 1988). - v

The use of bednets has already reached an operational scale in Papua New
Guinea, the Solomon Islands and Vietnam, where tens of thousands of people are
using them, but this is far outstripped by the scale of ‘operations in China
where over five million people sleep under impregnated nets.

While the outcome of most of these trials and operations has been
generally promising, there has been a clearly felt need to improve and, as far
as possible, standardize testing methods and procedures in order to allow
cost/effectiveness comparisons between different situations and between net
impregnation and conventional house spraying, and also to define the
pre-requisites for the impregnation method as a tool for individual protection
and/or control of disease transmission in a community. Furthermore, the
acceptability, affordability and management of the method require much further
consideration. :

2. USE OF BEDNETS BY WHO REGION

Bednets and other forms of screening for personal protection are popular
today in many parts of the world, used by various social groups ranging from
traditional communities of Amerindians to tourists on camping safaris in
Africa.
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Apart from the universal problems of nuisance mosquitos, flies and other
pest insects of public health importance, the principal reason for interest in
use of mosquito nets is to protect people against disease vectors.

2.1 African Region

The malaria control strategy adopted for most of the 45 countries in the
Region is. the reduction of mortality and morbidity by the rational use of
drugs. However, this approach is now threatened by the appearance and spread
of chloroquine resistant P. fa1c1parum. There is therefore a need to use
vector control methods such as the use of impregnated bednets and curtains to
overcome this situation.

The main African malaria vectors, Anopheles gambiae s.l.and An. funestus
bite indoors and at night and are therefore particularly vulnerable to the
effects of impregnated bednets. From the following countries there are
reports of trials with impregnated nets or other materials.

Burkina Faso

Village-scale trials with deltamethrin-treated bednets have been conducted
by the ORSTOM team at OCCGE*, Centre Muraz, Bobo Dioulasso, (Carnevale et al.,
(1988). Entomological evaluation showed that there was an appreciable
reduction in man biting densities of An. gambiae after the introduction of the
nets. Mosquito survival and sporozoite rates were reduced (see comment on
malaria in humans, section 5).

Village-scale trials and experimental hut studies with impregnated
curtains and eave strips, were carried out in-Ouagadougou by the Instituto
Superiore di Sanitd, Rome Italy, in collaboration with the Ministry of Health
(Majori et al., 1987, 1989). Major reductions in the numbers of restlng and
biting An. gambiae and sandflles were observed.

Cameroon

Village and urban trials and studies of local attitudes towards bednet
usage are being conducted under the auspices of the OCEAC**, Surveys using
questionnaires were carried out. Ninety five percent of persons questioned
favoured. the use of insecticide 1mpregnated bednets to "kill mosquitos before
they could bite, thus preventing diseases”

- OCCGE = Organisation de Coordination et de Cooperatlon pour la Lutte
contre les Grandes Endemles.

#% OCEAC = Organisation de Coordination contre les Grandes Endémies en
Afrique Centrale. '

1
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Kenya

Village-scale trials were begup by Kenya Medical Research Institute in
collaboration with the Centers for Disease Control (CDC), Atlanta, USA, using
impregnated bednets or eave strips .

Mali

Village-scale trials have been completed (Ranque et al., 1984 and see
comment in section 5). Experimental hut studies with impregnated mosquito
nets and impregnated curtains are in progress by the Ecole de Médecine et de
Pharmacie, Bamako.

Congo

Village-scale trials of 1mpregnated bednets are belng conducted by the
ORSTOM/Government team.

Comoro Islands

Use of impregnated bednets and curtains is planned as an integrated
control component of the national malaria control programme.

The Gambia

Village-scale trials with impregnated bednets have been completed and
significant reductions in febrile episodes with parasitaemia in children have
been reported (Smow et al., 1987, 1988) (comments in sectiom 5). Large scalé_%
trials with integrated control of malaria, including impregnated mosquito nets
and targeted chemoprophylaxis are planned by the Medical Research Council
Laboratories, Banjul.

United Republic of Tanzania

Village-scale trials with impregnated bednets are being carried out by the
Amani Medical Research Centre with WHO/TDR support and in collaboration with
staff of the London School of Hygiene and Tropical Medicine, UK. There is
evidence for reductions of mosquito survival and sporozoite infection rates

and of prevalence of high levels of parasitaemia in children (Curtis et al.,
1989).

A village-scale trial with permethrin impregnated bednets is being carried
out by the Zanzibar Malaria Control Programme with "Save the Children Fund"
support. Village—-scale trials with treated bednets are planned by the
Tropical Pesticides Research Institute, Arusha in collaboration with the
Division of VBC, WHO.

2.2 American Region

In many of the 34 countries of AMRO i.e. Central and South America, the
use of bednets and hammock nets is traditiomally popular. In many places, the
most important malaria vector, An. darlingi, bites late at night but often
occurs at low densities which do not cause a perceptable nuisance. Another
important vector, An. albimanus, often bites out of doors soon after dusk and
usually avoids impregnated nets. However, in Haiti, the.infective fraction of
the population is known to bite late at night.
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United States of America

Studies of wash-and-wear of impregnated fabrics, spray-on treatments and

efficacy against a variety of pests and medically important species are being
carried out in the USDA laboratory, Galnsev1lle, Florlda (e.g. Schreck et al.,
1987).

Belize

Use of 1mpregnated nets against sandfly vectors of leishmaniasis has been
developed by British mllltary personnel. :

Brazil

Trials with deltamethrin-impregnated jute curtains hung around temporary
dwellings are being carried out by SUCAM. The new insecticide
lambdacyhalothrin is now in experimental use for treatment of bednets,
curtains and polypropylene sheets around temporary dwellings.
Guyana

Plans exist for a trial of treated bednets against An. darlingi.

Mexico

The Malaria Research Centre at Tapachula is undertaking v1lla0e—scale
trials of 1mpregnated bednets against An. albimanus.

Suriname

Experimental hut studies and laboratory studies have been completed with
impregnated nets (Rozendaal et al., 1989). Due to the weekly washing of the
nets by the local population, insecticide treatment of bednets appeared to be
inappropriate. Trials with impregnated strips in the eave openings are being
carried out by the Medical Mission and Bureau of Public Health, Paramaribo.

Venezuela

Trials with impregnated mosquito nets and curtains are in progress by the
Ministry of Health :

2.3 Eastern Mediterranean Region

The Eastern Mediterranean Region comsists of fifteen malarious countries,
with an additional eight countries considered as malaria free. But some of
the latter suffer from other vector-borne diseases such as Leishmaniasis
transmitted by the phlebotomine'sandlfies. Two species Phlelebotomus papatasi
and Ph. sergenti stand out to be the most significant ones for the Region. No
country of the Region is free from either insects of biting nuisance or that
of public health significance. ’

- Due to increasing insecticide resistance in the target insects, high costs
of newer insecticides and environmental pollution, efforts are being made to
identify alternative control methods. The use of impregnated materials for
reducing vector-man contact and thereby reduce disease incidence and
prevalence is being explored in several countries of the Region.
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Egypt

Vlllaoe scale trials of impregnated bednets for the control of Culex and
Anopheles mosquitos are being planned in villages near Cairo, where Culex
pipiens (which bites at any time from dusk to dawn) is respons1ble for the
transm1351on of filariasis.

The extensive use of bednets in Egypt has a long history. More recently
people in urban areas have lost the habit of using bednets and have relied
more on insecticides, but in rural villages some people have retained the old
type of beds and contlnue to use bednets.

Recently a survey in Hazania village of Kalubia Governorate of the Delta ‘
Region, where filariasis is endemic, found that 10% of people used bednets. A"
comprehensive integrated disease vector control trial is planned at the
village level which w1ll incorporate the use of 1mpregnated bednets made of
nylon fabric.

B

Another field trial is being planned in the Faiyoum Governorate to
evaluate impregnated materials and repellents against An. sergenti which is
responsible for malaria in oases in Egypt.

Afghanistan

The health authorities in Afghanistan are at the moment concentrating on
problems in the Kabul area, where malaria transmission is not a big problem
due to the high altitude, but anthroponotic cutaneous leishmaniasis is a
priority vector-borne disease. The Malaria and Parasitology Institute, Kabul,
is planning to evaluate the effectiveness of insecticide impregnated curtains -
hung in doorways, windows and bedrooms to reduce vector/man contact. The .
vector Ph. sergenti is peridomestic and could be involved in outdoor
transmission during the hot season when most peoplé sleep out of doors.’
Therefore it is also planned to evaluate the effectiveness of 1mpre0nated
bednets set up on frames over beds used outdoors.

Pakistan

Malaria is a very important public health problem in Pakistan and bednets.,”
window and door curtains are used in towns for protection against houseflies
and Culex mosquitos and in peri~urban areas for protection from the malaria
vectors An. culicifacies and An. stephensi. A village scale trial is being"
planned to evaluate what role impregnated bednets could play in reducing the
incidence and prevalence of malaria. Most people in rural areas sleep"
outdoors during the hot and humid months of the year which coincides with the
malaria transmission season.

2.480uth East Asia Region

The main vector-borne diseases in the South East Asia Region (SEARO) are - .
malaria, dengue/dengue haemorrhaglc fever (DHF), Japanese encephalltls (JE),
filariasis and leishmaniasis. -
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. Malaria continues to be of major public health concern in eight out of the
nine malarious countries of the Region. In addition to the problems of vector
resistance and/or refractory behaviour of some of the vectors to the commonly
used insecticides, extensive population movement and unwillingness of the
community to accept residual insecticide spraying have further complicated the
situation.

DHF is endemic in Burma, Indonesia and Thailand. Sporadic cases of dengue
fever with haemorrhagic manifestation have also been reported from India,
Maldives and Sri Lanka. Since the vectors bite in daylight, bednets would be
inapplicable but impregnated curtains might prevent or reduce vector biting
indoors.

Japanese encephalitis is a serious health problem. The disease has been
completely entrenched in Thailand. 1In its further westward spread, permanent
foci seem to have been established in a few regions in India, Nepal and Sri
Lanka. The main vector, C. tritaeniorhynchus bites at night, indoors as well
as outdoors.

Bancroftian filariasis is widely distributed in the region and Brugian
filariasis occurs in India, Indonesia and Thailand. Visceral leishmaniasis or
kala-azar is a problem of public health importance in some parts of India,
Bangladesh and Nepal.

In the region, with the exception of a few pilot projects, little progress
has been achieved towards the implementation of individual protection measures
or in securing community involvement in vector control. The use of )
impregnated nets is one component in integrated vector control which is

encouraged to supplement malaria control.

Field trials of impregnated bednets have been carried out in Bangladesh,
Indonesia and India and the authorities in Burma, Nepal, Sri Lanka and
Thailand have expressed their desire to conduct field trials of impregnated
bednets in the near future. ‘

Bangladesh

In areas where impregnated bednets were used, results of field trials have

shown some reduction in the number of mosquito bites, but not in malaria
prevalence.

It is recognized that malaria is difficult to control in areas where it is
transmitted by the efficient exophilic vector Anm. dirus, although experience
in Hainan Island, China (section 2.5) shows that it can be domne.

Indonesia

A village-scale trial of permethrin-impregnated bednets against An.
sundaicus was carried out in Lampung Province, South Sumatra, Indonesia. In
spite of high mortality rates observed in bio-assay tests and extensive use of
bednets, there was no reduction at all in vector densities nor in parous rates.

It was concluded that in places where malaria vectors such as An.
sundaicus exhibit exophagic behaviour, especially early in the evEEEhg when .
the majority of people are still active outdoors, treated nets could only be
expected to contribute to a malaria control programme by helping to reduce
malaria transmission among young children or pregaant women who spend a longer
time sleeping indoors under mosquito nets. ‘
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India
@

Village-scale trials in Assam have been carried out by the Malaria
Research Centre, New Delhi. During 1988, 901 bednets impregnated with
deltamethrin wettable powder were dlstrlbuted in one village and 140 bednets
impregnated with a flowable formulation of deltamethrin were distributed in
another. A population of 1360 living in five villages was provided with
unimpregnated bednets, and another populatlon of 1630 living in three villages
were studied as controls without nets.

In the control area there were 80% and 110% increases respectively in the
slide positivity rate (SPR) and the percentage positive for Plasmodium
falciparum (SFR) whereas in areas with untreated bednets the increases were
637 and 100%. The use of unimpregnated bednets alone was therefore not
effective in reducing transmission. However, in the treated bednet area there
were 26% and 22% reductions in the SPR and SFR respectively, showing the
impact of 'impregnated bednets in reducing transmission.

A further village-scale project with treated bednets against An.
culicifacies is being implemented during 1989.

2.5 Western Pacific Region

The Western Pacific Region of WHO has only 9 malarious countries among
nearly 30 constituent member states. Brugian and/or Bancroftian filariasis is
widespread in the region but leishmaniasis is absent.

The use of impregnated bednets against malaria vectors has become
operational in four countries and programmes are being developed in another ==&
four others (Table 1).

China

Pyrethr01d—1mpregnated nets have been much more extensively field tested
and used in China than anywhere else. Most of this work has been in Sichuan,
Guangdong, Henan and Jiangsu provinces, where An. anthropophagus and
An. sinensis are the main malaria vectors, the latter species being difficult '~
to control because of DDT resistance and outdoor resting habits. In Hainan
province there has also been an important trial against An. dirus which is
difficult to control with house spraying because, although it bites indoors,
it exits immediately afterwards.
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TABLE 1 Approximate numbers of pyrethroid-treated mosquito nets
. used for malaria control in the Western Pacific Region

Country

China
Solomon
Islands

Papua New
Guinea

Viet Nan
Philippines
Malaysia

Laos

Vanuatu

Nets Treated
Protected

as of November 1988

Populatibn

Remarks

Part of operationmal control programme

2 400

20 000

20 000

16 000

500

400

150

60

000

5 460 -000

50 000

50 000

40 000

Expanding Activities Planned

1 500

1 000

300

150

Additional 10 000
nets ordered

Additional 10 000
nets to be ordered soon

Plans to protect
300,000 people

Plan to expand in
southern provinces

Government exploring
cheap, bulk purchase
of nets

Plan to treat
additional 5000 nets

Plan to treat
additional 1000 nets
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(1) Field trials and applications in Guangdong Province

In 1985 and 1986, a field trial was set -up covering a population of about
4 000, about 87% of whom already owned nets. In 1985, these were impregnated
with a wettable powder of deltamethrin at a dosage of 15 mg of active
1ngred1ent/m2 and the treatment is repeated annually. 1In 1986, the
treatment was extended to the whole sub-region where 24 655 nets were
impregnated. After treatment, the numbers of. An. sinensis and An.
anthropophagus caught in outdoor biting catches were notably reduced. The
monthly malaria incidence in both the treated areas has decreased year by year™
(see Li Zuzi, 1989 and comments in sectlon 5).

In 1986, the same method was adopted in an area with a population of
236 701 in Shenzhen District. The number of mosquito nets impregnated with
deltamethrin was 160 476, covering 91.3% of the total population and a marked
reduction in malaria 1nc1dence was reported. Costings indicate that E
deltamethrin treatment of existing nets is about half the price of DDT
spraying of the same houses, and the former method is far more acceptable to
the inhabitants.

(ii)Jiangsu Province

In one village, 13 725 nets were impregnated with deltamethrin
emulsifiable concentrate (EC) at a dosage of 15 mg a.i./m*. In another
village 13 486 nets were impregnated with permethrin, at a dosage of 200 mg
a.i./m*. The impregnation was carried out by the villagers under the
instruction of technicians and the task was accomplished within 2 days. “At
the same time, indoor residual spraying with DDT was carried out in the
neighbouring six villages.

Malaria incidence in 1986 was reduced by 87% in the deltamethrin—treated
village, 86% in the permethrin-treated village and by 20-92% in the DDT
sprayed villages in comparison with those during the same period of 1985. A
reduction of 40% was also observed in the control village, though this was not
statistically significant (see Lu Baolin, 1988 and comment in section 5). The
area in which deltamethrin impregnated nets were used for malaria control in
Jiangsu Province was doubled in 1987 and will be further expanded in 1988,

(iii)Sichuan Province

After a pilot study in 1985, the study was extended in 1986 to a
population of 30 374. Some 18 837 nets were sprayed with deltamethrin at a
dosage of 9.6 mg/m?.

The outdoor biting rates were reduced by 98% for An. anthropophagus and
91% for An. sinensis and there was a significant lowering of the proportion of
both species which were parous. The malaria incidence in the treated area was
significantly reduced compared with the same area in the previous year and a
control area (see data of Yang Jiuping et al., cited in Curtis et al., 1989):

In 1988, this control measure was extended to 34 counties, with a total
population of over 4 million using sprayers to apply the deltamethrin.

o
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(iv) Hainan Province

In recent years, there has been an increasing problem of drug resistant

P, falciparum in Hainan Island, where the vector is An. dirus. A trial was

'set up among a population of 6 407 (Li Zuzi et al., 1988 and see comment in
section 5). There were 3 .095 nets and 92.9%7 of these were impregnated with

deltamethrin EC at a dosage of 25 mg a.i./m2 in April, 1986 and again in
April 1987. .

After the treatment, the outdoor An. dirus biting rates were greatly
reduced. The monthly malaria incidence, detected by a combination of active
and passive case detection, was markedly reduced in the treatment areas in
1986 and 1987 compared with the corresponding months in 1985, while in the
control area the incidence showed progressive increases in 1986 and 1987
compared with 1985.

The malaria incidence in people protected with deltamethrin treated
mosquito nets was significantly lower than in people in the treatment area
whose nets were untreated or who had no nets. ‘

Kampuchea

Large-scale introduction of impregnated mosquito nets is planned by the
Malaria Centre, Phnom Penh.

Laos

Village-scale trials are in progress by the Institut de Malariologie et de
Maladies Parasitaires, Vientiane.

Malaysia

A trial was carried out in the Kinabatangan district of Sabah State of
Malaysia to determine the effect of permethrin-impregnated mosquito mets on
transmission of malaria by An. balabacensis (Hii et al., 1987). A total of
306 nylon nets were impregnated with the relatively low dosage of 0.062 g/m
and distributed in five villages. At the time of distribution, there was mass
drug administration using Fansidar and primaquine to clear all parasitaemias
due to P. falciparum in the villages with nets and a control village.. The
parasite rate in children 0 to 8 years old recovered more rapidly in the
control village than the villages with nets. The poor result in these
villages was attributed to the low dosage of permethrin applied to the nets
and poor net usage by the inhabitants.

However, in Kelantan, Peninsular Malaysia, there was a progressive
reduction of malaria parasite incidence over a two~year period (July 1986 to
June 1988) in a village which implemented a routine net impregnation :
programmes through a primary health care approach. 1In a control village where
active case detection and a two-round DDT residual spraying programme was
carried out, a corresponding decrease in parasite incidence was not seen.

Significantly more net users were protected than those who were non users or
had no nets.



