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The use of pyrethroids to impregnate mosquito nets has had a good impact on the incidence of morbid-
ity and mortality from malaria. These nets are therefore likely to be used on a large scale as an impor-
tant strategy of malaria control in the future. Published information on the cost and effectiveness of
mosquito nets is presented and analysed. In two examples, from Malawi and Cameroon, the per house-
hold expenditure to purchase and use impregnated mosquito nets compares favourably with the costs
of malaria. Thus, we expect that the economic losses from malaria would be reduced by 37.3% over a
3-year period in Malawi. Even if the impact of malaria on productivity is not taken into account, the
introduction of nets will result in gains, as shown in Cameroon; savings of 9.3% and 11.2% in two
places resulted as a consequence of a diminished need for case treatment. The role of government
programmes in the promotion of bednets is indirect and concerned mainly with facilitation and the dis-
semination of information. Much depends on the capability of the private sector and the willingness of
the target population to buy the nets for a programme to be effective. Specific studies by health econo-
mists on this subject are lacking.

Introduction
The global resurgence of malaria requires renewed
and concentrated efforts to gain control (1). Strat-
egies like the spraying of residual insecticides and
chemotherapy, however, cannot be applied as easily
as in the past because of insecticide resistance in
almost all malarious areas of the world. Also, the
rapid spread of parasite resistance to chloroquine and
other antimalarials has made case treatment and
chemoprophylaxis more difficult and less successful.

Since the time when mosquitos were implicated
in the transmission of malaria parasites, mechanical
barriers like bednets have been used to protect
humans. However, their effectiveness in preventing
infection and disease was in doubt and could not be
demonstrated in controlled trials (2). In the begin-
ning of the 1980s a hitherto little used insecticide,
permethrin, was used to impregnate bednets. This
greatly improved the protection of persons under the
net because a large proportion of mosquitos was
killed when they contacted the net and those that did
not touch the net were repelled. Pyrethroid-impreg-
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nated nets have been shown to be not only an effec-
tive means of malaria control (3-7), but also selec-
tive and sustainable, thereby fulfilling the criteria for
inclusion in the global malaria control strategy as
defined at the Ministerial Conference in Amsterdam
in 1992.a Since impregnated mosquito nets will be
used in national malaria control efforts in the future,
the economic aspects of their implementation and
use have to be reviewed.

Health policies are chosen on the basis of effec-
tiveness, need, and economic reasoning. The use of
any measure can only be justified as long as the ben-
efits derived from it outweigh the costs incurred. In
a recent review of the economics of malaria control,
Hammer (8) developed a conceptual framework for
the settings of priorities in health, based on economic
considerations; examination of the link between epi-
demiology and economics will show the relation
between disease risk and the outcome effects of poli-
cies. Application of these ideas to the implementa-
tion and use of impregnated nets for malaria control
at the national and household levels calls for investi-
gation of the marginal benefits and costs as well as
the marginal effects. Although the costs of bednets
and their impregnation are given in a number of
papers and the benefits (in terms of morbidity and
mortality reduction) have been investigated, the ben-
efits and costs have not been related. Health planners

a Carnevale P, Najera J. Insecticide-impregnated mosquito
nets-why and how to promote them. Unpublished WHO docu-
ment, PC2.DOC/2.6, 28 April 1993.
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are at a loss to assess the economic implications of
impregnated nets as an element in an integrated
approach to malaria control. This article therefore
presents and analyses the data found in a number of
publications from different malarious areas.

Costs and benefits

The cost of impregnated mosquito nets

Mosquito nets are made out of a wide meshed cloth
that allows air, but not mosquitos, to pass through.
The cloth can be woven from many different ma-
terials including synthetic fibres. As specialized
mechanical looms are required for their production,
they are expensive and require an industrial setting.
Only few malarious countries possess the infrastruc-
ture to produce the cloth for mosquito nets. Provided
the cloth is available, the nets can be sewn locally,
even at the village and household level. Local pro-
duction may be geared to specific demand, but mass-
produced nets tend to be cheaper. The market price
of nets depends on the price of the cloth, labour
costs, the demand and the capacity of the market to
react to demand and to sell the product. The special
cloth used to make bednets is produced cheaply in
countries like Thailand and China, but import duties
and other taxes may increase the cost substantially in
other countries. Unfortunately, mosquito nets are still
considered a luxury item by many officials in devel-
oping countries. The potential buyers of nets will
weigh their cost against that of other household
needs. A Gambian study (9) found that 98% of users
used locally made nets. The purchase of nets ranked
as the second priority overall after clothes and adorn-
ments; it was only in fifth place among males. In a
study of the economic impact of malaria on Mala-
wian households (M. Ettling & D. McFarland, 1993,
unpublished), only 4% of the households used nets.
Not more than 1.4% of the disposable annual income
was spent, on average, on methods to prevent mal-
aria. The purchase of a single net in the same area
would have required the investment of almost half
the total disposable annual cash income of a house-
hold. Prevention did not appear to be seen as a useful
means to deal with malaria. It accounted for only
6.7% of the total household expenditure on malaria,
treatment consuming 93.3% of the total amount that
represented 21.2% of the total available cash income.

Impregnation requires a special insecticide
(pyrethroids), which has to be imported from the
industrialized countries. Before impregnation, the
insecticide has to be dissolved to a correct concentra-
tion. Certain skills as well as measuring devices are
needed. The soaking and drying of the nets have to

be done differently from ordinary washing of
clothes, and the process has to be repeated at inter-
vals of about six months. Although ordinary washing
will not necessarily render the impregnation ineffec-
tive, it shortens the time before re-impregnation.
Until now all trials of bednets have used trained per-
sonnel to distribute the insecticide, prepare the solu-
tion, and supervise the soaking and drying of nets.
The cost of impregnation includes the cost of labour,
insecticides, and transport. An impregnation centre
in Douala (Cameroon) reported, after one year of
operations, that a sufficient number of bednet sales
and impregnations had resulted in net profits that
allowed operations to continue without any outside
assistance.b, C

Table 1 summarizes the information on the price
of bednets, their average durability, the cost of
impregnation and its frequency from a number of
countries. Variation is large, e.g., the price of bed-
nets ranging from US$ 1.35 to $72.00 and impregna-
tion of one net costing from $0.25 to $2.00. While
Gambian users (9) reported that nets could last six
years, in a rural Tanzanian setting about 32% of nets
had to be replaced after one year of use (10).

In the Florida group of the Solomon Islands both
residual insecticide spraying and impregnated mos-
quito nets have been used as means to control malar-
ia. The operational cost of the programme per person
per year, for the 7712 inhabitants during the three
years of activities was US$ 4.37 for DDT house
spraying and $1.97 for bednet use (15). The purchase
of the nets accounted for 67.8% and impregnation
for 21.1% of the programme expenses. No other
large-scale malaria control programmes employing
impregnated bednets have published details about
their operational costs. Generalizations in this area
are particularly difficult because the structure of pro-
grammes is likely to be very different between coun-
tries and even regions within countries.

Benefits from the use of impregnated nets in
malaria control

The economic impact of malaria is measured in
terms of direct costs, indirect costs and intangible
effects (17). If impregnated mosquito nets are of any
benefit in malaria control, this must be measurable in

b Fondjo E. Centre d'impregnation des moustiquaires: technical
report. Delegation provinciale de la Sante du Littoral, Service
provincial de la Medecine preventive et rurale (unpublished
report No. O1/RA/CIM/92, 1992).
c Fondjo E. Rapport d'activites et situation financiere du Centre
d'impregnation des moustiquaires. Del6gation provinciale de la
Sante du Littoral, Service provincial de la M6decine pr6ventive
et rurale (unpublished report No. 02/RA/CIM/92, 1992).

652 WHO Bulletin OMS. Vol 73 1995



Economic aspects of using impregnated mosquito nets

Table 1: The cost and durability of mosquito nets and the cost and frequency of their
impregnation in different malarious countries of the world

Country

Burundi

Cameroon (rural)

Cameroon (Douala)

Cost of
Cost of net impregnation

($US) ($US year)

4.50-6.00 0.50

Frequency of Durability
Cost/householda impregnation of nets

(US$/year) (times/year) (years)

72.00 1.44 6.40c

23.10

Cameroun (Douala) 13.20-15.20 2.00

Cameroon (Yaounde) 22.4-23.20

China

Ethiopia

Gambia

Kenya

Malawi

Rwanda

Solomon Islands

Tanzania

Thailand

Uganda

Zaire

3.00 0.10

4.50-6.00 0.60

9.00-10.50 0.30

4.50-6.00 0.30

14.90

4.50-6.00 1.20

1.35-2.71

15.00 0.25-0.40

3.50 0.83

4.50-6.00 1.20

5.00

9.40-13.60c

3.66

2

6.00-10.00

2.98

1.3

9.85

6

Reference

Latigob

(11)

(12)

Fondjod

(13)

3 (6)

Latigob

6 (9)

Latigob

3 (14)

Latigob

5 (15)

(10)

1 1.3 (19)

2

8.10

Latigob

(16)
a Costs averaged over 3 years.
b Latigo AAR. A review of insecticide-impregnated materials for malaria control in Africa: draft report.
Unpublished document, APEMAF/UNICEF ESARO, 1993.
c Without the purchase of a bed net, but including other means of prevention like mosquito coils, insecticide
sprays, etc. All calculations by the authors.
d See footnotes b and c on page 652.

reductions of mortality, morbidity, and disability.
The measurable monetary equivalent of benefits
would be the reduction in spending on treatment of
malaria cases, and a higher income from increased
productivity.

A number of investigators have studied the
reduction in the number of malaria episodes after
impregnated nets had been introduced in commu-
nities. Their findings are summarized in Table 2.
Although the reduction in morbidity ranged from
25% in Cameroon (11) to 97.3% in Kenya (7), eight
out of the nine studies found reductions above 50%.

Comparison of the benefits and costs of
impregnated nets

No studies observing and analysing the benefits and
costs of impregnated mosquito nets have been pub-
lished. However, using the available information on
the economic impact of malaria at the household
level and the data in Tables I and 2 on the cost of
bednets and impregnation as well as the expected
reduction in morbidity, we have estimated the bene-

fits and cost. Suitable data are available from Malawi
(14; Ettling & McFarland, 1993, unpublished) and
Cameroon (11-13).

Benefits and costs of impregnated nets in Malawi.
The data of Chitsulo et al. (14) and Ettling & McFar-
land (1993, unpublished) have been recalculated by
us for the model presented below.

At present (14), Malawian households spend, on
average, $10.03 on measures to prevent malaria,
including bednets. The average household experi-
ences 7.6 child malaria episodes and 3.1 adult epi-
sodes per year. Since there are, on average, 3 adults
and 1.6 children the total number episodes per
household is 21.4. The average expenditure per case
was found to be $0.64 for a child and $0.92 for an
adult. Treatment costs include all forms of treatment
(for example, the consultation of traditional healers
and self-treatment) and expenses for travel. The
total average cost of treatment per household per year
amounted to $16.31.

To care for a child with malaria an average of
1.2 days were lost by an adult who might have done
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Table 2: Percentage reduction in number of malaria episodes as a result of using impreg-
nated mosquito nets in different countries

Reduction in
Country morbidity Remarks References

Burkina Faso 52% Fever episodes with P. falciparum Pazarta
Period of observation, 1 year

Cameroon 25% Prevalence, high parasite density (11)
Comparison of incidence after 1 year
of bednet use with 2 years earlier

China 60.4-92.7% Incidence of malaria (3 years of (18)
observations)

Gambia 54.5% Episodes/child/year, difference (3)
after 1 year of bednet use

Gambia 67.6% Fever episodes with P; falciparum (4)
Period of observation, 5 months

Gambia 58.8% Fever with >5000 P. falciparum (4)
parasites/pl

Period of observation, 5 months
Kenya 97.3% Attack rate/year; 85 days of follow-up (7)
Madagascar 60% Morbidity, no information on Latigob

observation time
Thailand 58.9% Attacks/1000/week (35 weeks of (19)

observation)
a Pazart L.-H. Suivi longitudinal paludologique de 100 enfants en zone rizicole durant un an. Doctoral
thesis, Universite Pierre et Marie Curie (Paris VI), Institut Sant6 et Developpement, Paris, 1988.
b Latigo AAR. A review of insecticide-impregnated materials for malaria control in Africa; draft report.
Unpublished document, APEMAF/UNICEF ESARO, 1993.

something else during that time. To care for an adult
resulted, on average, in a loss of 2.2 days. An aver-
age of 34.9 days of work were thus lost per house-
hold per year due to malaria. The value of a day's
work by an adult in low-income populations was cal-
culated as $0.61. The total economic loss per house-
hold per year from malaria was $21.29

It is assumed that 80% of households should be
using impregnated mosquito nets in order to achieve
a 60% reduction in the number of malaria episodes.
Bednet use has therefore to be increased from the
present 4%, or 76% of all households have to buy
mosquito nets. If other methods of prevention like
mosquito coils and indoor spraying are still main-
tained, the average household expenditure will rise
due to the purchase of nets and their impregnation.
Based on the given prices (14), the average invest-
ment cost per household will be $23.43. If the cost of
nets is averaged over their expected lifespan of three
years, the average yearly cost for prevention will rise
from $10.03 per household to $14.86.

The reduction in malaria cases means that only 3
child cases and 1.2 adult cases will occur per year.
The total number per year and household will be
reduced from 21.4 to 8.6. As a consequence the cost
of treatment will drop to $6.53 and the losses from
days not worked will fall to $8.55. Overall, the eco-
nomic impact of malaria on households in Malawi

will drop from $47.72 to $29.94, which is a 37.3%
reduction (Table 3).

Benefits and costs of impregnated nets in Camer-
oon. The data published by Desfontaine et al. (12,
13) have been recalculated. There is no information
on the economic loss to households as a result of the
days lost from work. The model presented below
only assumes a reduction in spending on malaria
treatment as a benefit from using impregnated bed-
nets. Louis et al. (11) give a figure of 25% for the
reduction of morbidity.

At present, 14.4% of households in Yaounde and
48% in Douala use bednets. The total average spend-

Table 3: Economic impact of malaria on households in
Malawi at present and on the assumption that a 60%
decrease in malaria incidence can be achieved if 80%
of households use impregnated mosquito netsa

Present If 80% use impreg-
situation nated nets
(US$) (US$)

Prevention of malaria 10.03 14.86
Case treatment 16.31 6.53
Economic loss 21.38 8.55

Total 47.72 29.94
a Data from Chitsulo et al. (14).
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ing per household per year on the prevention
of malaria is $124.80 in Yaounde and $163.20 in
Douala; 9.6 episodes of malaria were observed per
household per year in both cities. The treatment for
one episode costs, on average, $29.20 in Yaounde
and $20.00 in Douala. This includes transport, the
services of tradidional healers, etc. On average,
households spend $280.32 in Yaounde and $192.00
in Douala on the treatment of cases.

If an 80% usage of bednets is to be achieved,
65.5% of households in Yaounde and 32% in Douala
would have to purchase them at $23.20 per net.
Including impregnation costs and extending the pur-
chase price of the net over three years, the average
cost of prevention per household per year would rise
to $149.46 in Yaounde and $178.28 in Douala.

As a result of the reduction in malaria cases, the
average treatment cost per household per year would
drop to $210.24 in Yaounde and $144.00 in Douala.
Overall, the introduction of impregnated bednets
would reduce the economic impact of malaria by
11.2% in Yaounde and 9.3% in Douala. Table 4
summarizes the calculations for Cameroon.

Economic aspects of programme
organization
For impregnated mosquito nets to be successful in
the national strategy for malaria control, a substantial
proportion of households would have to use them.
As shown below, even at a low price of $5.00 per net
a national programme would be unable to bear the
total cost of supplying nets and insecticides free of
charge.

According to World Bank statistics (20), in 1990
Malawi had a population of 8.5 million, the GNP per
capita was $200, and total govemment spending
amounted to 29.2% of GNP (7.4% of this on health).

Table 4: Estimated present cost of malaria prevention
and treatment and that after the introduction of impreg-
nated mosquito nets at the level of households in
Yaound6 and Douala (Cameroon), assuming 80% cover-
age and 25% reduction in morbidity, as found by Louis
et al. (11)a

If 80% are equipped
Present situation with impregnated nets

Yaounde Douala Yaound6 Douala
Item (US$) (US$) (US$) (US$)
Prevention of malaria 124.80 163.20 149.46 178.28
Case treatment 280.32 192.00 210.24 144.00

Total 405.12 355.20 359.70 322.28

a Data from Desfontaine et al. (12, 13). Costs are averaged
over a period of three years. Bednets are assumed to last for
three years.

This means that $44 million were available to gov-
ernment health services. Assuming that 1.5 persons
share a bednet, that 80% of the population was to use
impregnated mosquito nets, and that 4% of the popu-
lation were already equipped (14), then 4.35 million
nets would be needed at a cost of $21.8 million. This
sum represents 49.4% of the total available national
annual health budget. Unless bednets are purchased
by households using their own funds, impregnated
mosquito nets are therefore not a viable strategy for
malaria control except in very limited pilot trials.

It has been shown above that investing in mos-
quito nets will substantially reduce the economic
impact of malaria on households in Malawi. It will
help to save cash even if the indirect effects of
malaria on household production are discounted, as
shown by the Cameroon example. However, these
benefits can only be obtained over a period of not
less than three years. It also demands a relatively
large investment by households at the beginning,
and a shift in the allocation of their resources from
case treatment to prevention. Psychologically this is
a very difficult step to take. The population has to be
fully convinced that impregnated mosquito nets are
effective and necessary, and should give them a
higher priority above most other goods.

According to Hammer (8), a World Bank econo-
mist, public funds should be used for malaria control
only if this is likely to increase the marginal benefits
in terms of lives saved and morbidity prevented,
compared with what a private market would achieve
without govemment help. In the case of impregnated
mosquito nets, a programme should be considered
only if an analysis of the private and other non-
governmental sectors attests to their capability. As
described by Brinkmann,d the private and other sec-
tors may be directely and indirectly involved in such
a programme.

The important promotional role of government
services is indirect and has several directions. The
population at risk of malaria will first have to be
convinced in order to invest in bednets and have
them impregnated and then to use them. The elimi-
nation of import duties on the cloth and insecticides
and the lowering of taxes and other regulatory meas-
ures could encourage manufacturers and traders to
market bednets through local businesses. The main
role of the government services will be to monitor,
evaluate and ensure quality control of the pro-
gramme.

d Brinkmann UK. The role of the private sector and other sec-
tors in financing and provision of malaria controL Unpublished
WHO document, CTD/MAUSGGS/WP/93.14, 1993.
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Table 5 summarizes the respective roles of the
government, private and community sectors in a
national programme to promote the use of impreg-
nated mosquito nets.

Discussion
The economics of using impregnated mosquito nets
has been mentioned in a number of articles but only
in an unsystematic and incomplete fashion. Specific-
ally designed studies are therefore required in coun-
tries where the large-scale use of bednets as a strat-
egy for malaria control is being considered. As this
article shows, information has to be extrapolated
from other countries, and questionable assumptions
have to be made to enable an assessment of the eco-
nomic consequences of introducing bednets. Re-
viewing the subjects has demonstrated that unless
impregnated nets are perceived to be a beneficial
investment by the targeted households, no program-
me could ever succeed. There is ample evidence that
impregnated nets kill and repel mosquitos, but it is
their effect on morbidity, disability and mortality in
the human population that is crucial from the view-
point of public health and economics. The inputs of
government health services to a bednet programme
are marginal. Specific studies are needed to investi-
gate whether policy variables like taxes, subsidies,
campaigns to inform the target population, etc. have
any effect on the promotion of impregnated nets and
whether this leads to reduction of malaria mortality
and morbidity.

The examples from Malawi and Cameroon sug-
gest that the cost of investing in impregnated bednets
is outweighed by their benefits, such as a substantial
decrease in the number of malaria attacks among the
protected population. Malaria is a diagnosis that is
difficult to define. The observation of symptoms and
the finding of parasites in the blood of the patient are

unfortunately not sufficient evidence that the symp-
toms were caused by the malaria parasites. The defi-
nition of a case of malaria differs enormously
between localities. Available studies show a large
variation and in many cases the data have not been
collected in a comparable way (21). A recent critical
review of field trials of bednets showed that neither
the definitions of clinical attacks nor case detection
were comparable. As a result, differences between
groups with and without nets could partly be
accounted for by the different ways in which the
investigators had looked for cases (22).

Morbidity from malaria probably results when a
person is superinfected with a strain of the parasite,
to which she or he has not acquired immunity in the
past. Lines & Armstrong (23) have argued that, as a
consequence, the reduction of morbidity and mortal-
ity will be greatest in highly immune individuals
immediately after the introduction of vector control
such as impregnated mosquito nets. On a long-term
basis bednets will change a situation of high trans-
mission to that of lower transmission. Then, the dis-
ease tends to be less concentrated in young children
and older children and adults have more frequent and
more severe attacks. On theoretical grounds, it was
suspected that there could be a danger that short-
term evaluation might lead to overoptimistic conclu-
sions (23). The best evidence in this context comes
from China (18) where a significant and dramatic re-
duction in malaria mortality continued over a period
of three years after the introduction of impregnated
mosquito nets. A country considering such a pro-
gramme as a means of malaria control would be wise
to investigate the effect of impregnated mosquito
nets on morbidity in different epidemiological situa-
tions and over a sufficient period of time within its
own boundaries.

Fortunately for the promoters of impregnated
mosquito nets, the population's views often have

Table 5: The roles of the government, private and community sectors in a programme to promote and implement
the use of impregnated mosquito nets

Item Government sector Private sector Community

Special cloth Elimination of import duties, quality control Importation, distribution
Production of Quality control, social and anthropological Production, provision Production in village
mosquito nets market research, training in management of loans to start industries

for private sector businesses
Marketing and Monitoring and evaluation, health education Marketing, distribution Health education,
distribution of nets campaign social marketing

Insecticides Quality control, monitoring of toxic effects, Importation, distribution Distribution
elimination of import duties, monitoring of
resistance

Impregnation Training of technicians, supervision and Impregnation of nets Impregnation of nets,
quality control training of technicians
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little to do with malaria. The effect of treated nets on
head lice and bed bugs is visible, with dead bugs on
and around the bed. In many places nets are seen as
a symbol of prosperity. Psychologically they give the
illusion of being in a cocoon for protection and
privacy.
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Resume/

Aspects economiques de l'utilisation de
moustiquaires impregnees pour la lutte
antipaludique

L'utilisation de pyrethrino7des pour impregner les
moustiquaires a eu un impact favorable sur la
morbidite et la mortalit6 dues au paludisme. On
peut donc s'attendre a ce que ces moustiquaires
soient tres largement utilisees a I'avenir en tant
que strategie importante de lutte antipaludique.
Cet article presente et analyse les donn6es
publi6es sur le coOt et l'efficacite des mousti-
quaires. Dans deux exemples, pris au Malawi et
au Cameroun, le coOt par m6nage de l'achat et
de l'utilisation de moustiquaires impregn6es est
inferieur au coOt du paludisme. Nous estimons
qu'au Malawi, les pertes economiques dues au
paludisme pourraient etre r6duites de 37,3% sur
trois ans. Au Cameroun, meme en ne tenant pas
compte de l'impact du paludisme sur la productivi-
t6, I'adoption des moustiquaires entrainerait un
benefice net: la diminution du nombre de cas trai-
tes permettrait de r6aliser une 6conomie de 9,3%
et 11,2% dans les deux sites etudies. Le r6le des
programmes officiels dans la promotion des mous-
tiquaires de lit est indirect et consiste essentielle-
ment, outre les activites d'information, a faciliter la
commercialisation des moustiquaires. L'efficacit6
des programmes reposera en grande partie sur la
participation du secteur priv6 et sur la cooperation
des populations cibles. Des recherches speci-
fiques en economie de la sant6 devront etre entre-
prises sur ce sujet.
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