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Impregnated bednets 
Geoffrey A. T. Targett & Brian M. Greenwood 

Insecticide-impregnated nets 
have been proved by a range 
of trials in different countries 
to off er one of the best 
malaria control measures 
available, provided they are 
used in the most appropriate 
way. 

The past ten years have seen 
major changes that will affect 
our attempts to control malaria. 

Some of them are beneficial but 
others make it more difficult to 
implement the control measures that 
we have. On the debit side, parasite 
resistance to the few drugs available 
for the prevention or treatment of 
malaria has increased, in some cases 
quite alarmingly. Environmental 
changes and population movements 
have also caused the malaria situa
tion to deteriorate. The regions of 
the world where there is the highest 
risk of malaria remain precisely 
those where the resources needed for 
control programmes are scarce or 
just not available. 

On the positive side, some 
malaria control programmes are now 
better organized, partly as a result of 
the global control strategy agreed at 
the Ministerial Conference on 
Malaria held in Amsterdam in 1992. 
New drugs are being introduced, and 
clinical trials of a number of differ
ent vaccines are planned for the 
corning years. However, it is the 
beneficial effect of using insecticide
treated bednets and other materials, 
such as curtains to screen doors, 
windows and the eaves of houses, 
that has attracted the greatest inter
est. Here at last, it seems, is a 
method of preventing malaria that is 
simple, safe to use, and technically 

In a Chinese village, householders dip their nets in the insecticide deltomethrin to protect 
themselves from the bites of molorio-corrying mosquitos. Photo WHO/TDR/Y. Zhao 

sustainable by local communities 
without the need for continuous 
expert supervision. 

Encouraging results 

The largest trials of treated bednets 
undertaken so far have been in 
China, and have contributed to a 
substantial reduction in malaria in 
some parts of that country. It is, 
however, in Africa - where more 
than 85% of the world 's malaria 
cases and malaria-related deaths 
occur- that the results have been 
particularly encouraging. In a series 
of trials carried out in areas with 
different levels of endemicity, the 
number of clinical attacks of malaria 
in children protected by treated 
bednets was reduced by 30-60%. 
Even more dramatically, in one of 
the first trials (in the Gambia) over
all child mortality was reduced by 
more than 60%. In subsequent trials 
elsewhere in Africa, the effects on 
mortality were not quite so dramatic, 
but there were still reductions of 
between 15% and 33%. All these 
studies were carried out in areas of 

stable malaria where control is the 
most difficult. 

These are good resu lts and it is 
tempting to believe that a large-scale 
expansion of insecticide-treated nets 
is achievable without too much 
difficulty. Health ministries in coun
tries where malaria is endemic are 
now rightly planning to promote this 
strategy as part of their national 
malaria control programmes, and 
donor agencies are also in favour of 
it. However, the results that have 
been obtained so far come from 
carefully planned, highly organized, 
fully funded trials. Transferring 
these successes to operational pro
grammes cou ld prove more difficult. 

Unresolved issues 

Many important practical research 
issues still remain to be tackled in 
relation to the use of treated bednets. 
How best can nets and insecticide be 
made available to those who need 
them most? Can they be afforded by 
the populations of poor African 
countries? Should the nets and the 
insecticide be subsidized? Projects 
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aimed at answering these vital ques
tions are in progress at many sites. 
There is also still a need to establish 
what quantity and strength of insecti
cide is best for a particular type of 
netting or a particular environment, 
and which pyrethroids are best; some 
are cheaper than others but are they 
as effective or as non-toxic for hu
mans? Better tests are needed for 
routine measurement of the amount 
of insecticide on netting, and these 
will also determine how frequently 
re-treatment is needed. Different 
methods of packaging the insecticide 
need to be tried - for example, in 
single packs that can be used on 
individual nets after they have been 
washed. A matter for concern is the 
development in malaria vector mos
quitos of resistance to the pyrethroid 
insecticides used for impregnation; 
this has already been detected in 
focal areas of Africa. How quickly 
will it spread? Improved methods 
for testing resistance are urgently 
needed. 

Some experts argue that the trials 
show only short-term benefits and 
that clinical attacks and deaths are 
simply being postponed. It is gener
ally assumed that the risk of severe 
malaria and death increases with the 
intensity of transmission by mosqui
tos, and the findings of some studies 
support this view. Others, however, 

have shown that the incidence of 
malaria increased with the intensity 
of transmission but only up to a 
point. Beyond that point there were 
no further increases in deaths or 
cases of severe disease, and perhaps 
even a decrease. If this turned out to 
be true for most situations, reducing 
transmission in regions where it was 
only moderate or low would be 
beneficial, but in areas of very high 
transmission this would not reduce 
the risk of disease and might even 
increase it. 

Support for this view comes from 
two recent studies. An investigation 
of hospital admissions with severe 
malaria in five communities with 
different levels of transmission 
showed that the risks of severe 
disease in children were lowest in 
the populations with the highest 
intensity of transmission. Also, a 
major study on the use of treated 
bednets in Burkina Faso showed 
there was a significant drop in mor
tality in the first year after the inter
vention, but this was not apparently 
sustained into the second year. 
These observations call into question 
the long-term value of reducing the 
amount of biting by mosquitos by 
using treated nets or other means 
where biting is most intense. The 
questions should not be ignored, but 
it is difficult to count the bites by 

Testing the bednet's efficacy in the Gambia . Mosquitos are blown against the net and collected 
24 hours later to check if all have died. Photo WHO/TDR/S Lindsay 
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infected mosquitos in a given popu
lation and to estimate the death rate 
from the infection, since many 
deaths from malaria occur at home. 

A closely related concern is that 
preventing bites from infected mos
quitos by the use of nets may impair 
the development of immunity. This 
might be the case if treated nets 
prevented all infections but they do 
not, so in highly endemic areas 
people who use them are frequently 
found to have parasites in their 
blood. Recent observations suggest 
that, once established, immunity 
persists for longer than was once 
thought, and that adults acquire 
immunity more rapidly than chil
dren, so that delaying infection until 
later in life could help in the devel
opment of immunity. 

The benefit of using insecticide
treated nets and curtains still clearly 
outweighs the risk, and they should 
continue to be a vital part of malaria 
control programmes. However -
and it is an important qualification -
we must recognize that what has 
been achieved so far only demon
strates the short-term benefit, and 
experience with use of treated bed
nets in Africa on a large scale is 
limited. In the planning of new and 
expanded programmes we must 
include measurement of long-term 
effects of the use of nets, such as 
changes in the patterns of severe 
disease and immunity, and whether 
mosquitos change their biting habits 
as a result of the use of nets, or 
become resistant to the insecticides 
being used. 

Insecticide-impregnated nets 
provide one of the best malaria 
control measures we have. It is 
important to get the maximum 
benefit from their use for as long as 
possible by using them in the most 
appropriate way. • 
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