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Abstract
Background: On the island of Bioko (Equatorial Guinea), insecticide-treated nets (ITNs) have been the main
tool used to control malaria over the last 13 years. In 2004, started an indoor residual spraying (IRS) campaign to
control malaria. The purpose of this study is to asses the impact of the two control strategies on the island of
Bioko (Equatorial Guinea), with regards to Plasmodium infection and anaemia in the children under five years of
age.

Methods: Two transversal studies, the first one prior to the start of the IRS campaign and the second one year
later. Sampling was carried out by stratified clusters. Malaria infection was measured by means of thick and thin
film, and the packed cell volume (PCV) percentage. Data related to ITN use and information regarding IRS were
collected. The Pearson's chi-square and logistic regression statistical tests were used to calculate odds ratios (OR)

Results: In the first survey, 168 children were sampled and 433 children in the second one. The prevalence of
infection was 40% in 2004, and significantly lower at 21.7% in 2005. PCV was 41% and 39%, respectively. 58% of
the children surveyed in 2004 and 44.3% in 2005 had slept under an ITN. 78% of the dwellings studied in 2005
had been sprayed. In the 2005 survey, sleeping without a mosquito net meant a risk of infection 3 times greater
than sleeping protected with a net hanged correctly and with no holes (p < 0.05).

Conclusion: IRS and ITNs have proven to be effective control strategies on the island of Bioko. The choice of
one or other strategy is, above all, a question of operational feasibility and availability of local resources.

Background
The fight against malaria in Sub-Saharan Africa has to be
transectoral and tackled from the clinical, social and vec-
torial points of view, involving the local health structure
(primary health care systems, national anti-malaria and

vector control programmes) and international support
programmes [1-3].

The vector control campaigns are based on environmental
sanitation and suitable environmental management, the
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Map of the island of Bioko and distribution of conglomerates (districts and villages) in 2004 and 2005Figure 1
Map of the island of Bioko and distribution of conglomerates (districts and villages) in 2004 and 2005.
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implementation of educational programmes and the use
of insecticides, either to impregnate fabrics (mosquito
nets, curtains....) or to spray (indoors and outdoors). The
majority of these directives are currently the basic pillars
of the fight against vectors, except for the use of pesticides,
which has to be highly regulated and their handling sub-
ject to strict control, according to the recommendations of
the WHO [4].

Despite the good results from controlling the transmis-
sion during the 50 s and 60 s with widespread spraying
activities with insecticides from the organochlorine family
(such as DDT) in various regions of the world [5], this
strategy has not proven to be as effective in highly
endemic African countries and has led to the emergence of
factors that limit the success of the vector control cam-
paigns: (i) appearance of vector populations that are phys-
iologically resistant to organochlorine insecticides, and,
in certain countries, resistance to pyrethroid and car-
bamate insecticides [1,6,7], (ii) social rejection of fumiga-
tion campaigns, mainly inside the home, and to toxic side
effects from their use [8], (iii) changes in the feeding and
resting behaviour of the vector populations exposed to
surfaces treated by excito-repellent insecticides (DDT,
pyrethroids) [8,9] and (iv) damage to species that act as
natural predators of the vectors [10].

Insecticide-treated nets (ITNs) appeared to be an alterna-
tive to indoor residual spraying (IRS) and proved to be a
good tool to reduce the morbidity-mortality among the
most vulnerable groups (children and pregnant women)
[11-15]. The first trials resulted in widespread control
campaigns based on the use of ITNs [16-18]. In general,
these campaigns led to the conclusion that ITNs are the
ideal tool to control malaria transmission, in particular in

countries with a high endemicity, provided that they are
used correctly and that a high population coverage is
reached [19].

Despite what has already been stated, control campaigns
based on IRS are being implemented in many countries of
Sub-Saharan Africa. These are obtaining excellent results,
in particular in those countries where the transmission of
malaria is not constant or seasonal [20,21].

On the island of Bioko (Equatorial Guinea), ITNs have
been the main tool used to control malaria over the last 13
years (1991–2004). At the start of 2004, a private initia-
tive, funded by oil companies, was set up under the aegis
of Equatorial Guinea's Ministry of Health, to implement a
huge campaign to control malaria on the island. The cam-
paign was based on IRS with pyrethroids.

The aim of this study was to assess the impact of the two
control strategies currently used on the island of Bioko
with regards to Plasmodium infection and anaemia in
children under five years of age.

Methods
Study area
Equatorial Guinea, a Central African country located in
the Golf of Guinea, consists of an island region and a con-
tinental region. Bioko (N 3° 43' and E 8° 43') is the main
island, measuring 2017 km2 and with approximately
60,000 inhabitants. It is 30 km from the coast of Cam-
eroon and its landscape is very mountainous, due to the
volcanic origin of the island, with two main peaks: Mount
Basilé (3012 m) in the north and Mount Biao (2009 m)
in the south (Figure 1). There are two climatic seasons on
the island of Bioko: a dry season, which lasts from Decem-

Table 1: CPR and PCV for 2004 and 2005 in relation to the different study variables

CPR Anaemia (PCV <= 30)

2004 2005 p 2004 2005 p

Global 40% (26–53%) 22% (13–30%) <0.05 41% (34–48%) 39%(23–54%) >0.05

Location Urban 39%(25–54%) 21% (17–24%) <0.05 39%(32–47%) 35%(13–56%) >0.05
Rural 44%(21–66%) 23% (2–44%) 57%(34–79%) 45%(21–68%)

Age < 1 year 21%(2–41%) 8% (2–14%) <0.05 58%(44–71%) 37%(19–54%) >0.05
1 to 3 years 43%(28–57%) 18% (8–28%) 34%(21–47%) 40%(25–54%)
3 to 5 years 55%(34–76%) 36% (17–55%) 32%(15–48%) 39%(14–64%)

Mosquito net YES 34%(16–52%) 11% (3–19%) <0.05 45%(33–57%) 31%(10–51%) >0.05
NO 49%(33–65%) 30% (21–40%) 35%(27–44%) 44%(30–57%)

Spraying YES - 20% (10–29%) - - 36%(20–52%) -
NO - 29% (15–44%) - - 45%(20–71%) -
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ber to May, and a rainy season from June to November.
Bioko's annual rainfall reaches 2,120 mm in 123 days.
The relative humidity ranges between 70% and 100%
throughout the year. The average temperature is 25°C,
with the minimum ranging between 17°C and 21°C and
the maximum between 29°C and 30°C, depending on
the location and the season [22].

Malaria in Equatorial Guinea is hyper to holoendemic,
which is also the case in neighbouring countries such as
Cameroon [23], with 55% of children under five years of
age infected and with a splenic index over 50% in children
between two and nine years of age [24]. On the other
hand, studies recently conducted in Bioko have shown
that the entomological inoculation rate (TIE) for the two
vector species on the island, Anopheles gambiae s.s. and
Anopheles funestus, was between 242.7 and 281 infective
bites per year in the case of the first species, and between
317 and 787.6 for the second [25].

Sampling method
Two transversal studies were conducted: the first one prior
to the start of the IRS (February 2004) and the second, one
year later (February 2005). Sampling was carried out by
stratified cluster survey: multi-stage in 2004 and two-stage
in 2005. During the first survey, one child per household
was chosen at random (non self-weighted sample), while

all the children from the selected households in the sec-
ond survey were sampled (self-weighted sampling by clus-
ter).

Data collection and laboratory analysis
A blood sample was taken from the selected children to
determine the malaria infection by means of the micro-
scopical examination of a stained thick and thin film.
Each sample was studied by two qualified laboratory tech-
nicians and a third technician was called in when there
was a discrepancy in the result. Temperature and packed
cell volume (PCV) percentage were also measured, with
anaemia defined as a PCV percentage below 30% [26]. A
curative dose of sulphadoxine-pyrimethamine was given
to all the children taking part in the study. On the other
hand, a short questionnaire was used to gather data relat-
ing to the use of ITNs and the characteristics of the dwell-
ings. The second survey also collected information
regarding the IRS

Statistical analysis
A database was created in Access 2000 to computerize the
data collected on the form. STATA 8.2 statistical software
was used to analyse the data. The non self-weighted
design of the sample was taken into account and the data
was weighted in accordance with the selection probabili-
ties. The cluster design effect was also taken into account

Table 3: CPR according to use of mosquito net and spraying (2005)

Percentage L. I. (IC 95%) L. S. (IC 95%)

Mosquito net* Well hung and without 
holes

11% 3% 20%

Do not use net 30% 21% 40%
Badly hung and with 

holes
12% 0% 24%

Spraying Dwelling sprayed 20% 10% 29%
Dwelling not sprayed 29% 15% 44%

*p < 0.05

Table 2: Mosquito net users by age group and location

2004 2005

Frequency Percentage Frequency Percentage

Age* Under 1 year 33 82%(67–98%) 44 49% (35–62%)
1 to 3 years 23 47%(30–63%) 72 49% (33–65%)
3 to 5 years 24 55%(37–73%) 48 35% (19–51%)

Location urban 78 60%(49–71%) 109 48% (33–62%)
rural 9 41%(24–59%) 55 40% (13–67%)

*p < 0.05
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when calculating the 95%confidence intervals. The com-
parisons between groups were carried out using the Pear-
son's chi-square test. Logistic regression analysis was used
to calculate the Odds Ratios (OR) of the infection's poten-
tial predictors and to compare the results between the two
surveys. A p-value <0.05 was considered to be statistically
significant.

Results
During the study conducted in February 2004, the
number of selected households was 168: 143 in the urban
area and 25 in the rural area, and 168 children under 5
were surveyed. In February 2005, the number of house-
holds selected for the study came to 279: 150 in the urban
area and 129 in the rural area, and 433 children were sur-
veyed.

Out of the 162 blood samples taken in 2004 (six refused
to have their blood taken), 66 were positive for malaria,
meaning a prevalence of 40% [95% IC: 26–53%]. In
2005, the prevalence was significantly lower at 21.7%
[95% IC: 13.1–30.3%], based on the 432 samples col-
lected (114 positive). When the crude parasite rate (CPR)

for the two years is compared, there are significant differ-
ences depending on location, age and use of nets. How-
ever, there were no significant differences in the
percentage of children with anaemia (Table 1). The major-
ity of infections was monospecific for Plasmodium falci-
parum, 95% in the first study and 86% in the second.

The adults and legal guardians were asked about the use
of mosquito bed nets by the children in question. 58%
(95% IC: 48–68%) of the children surveyed in 2004 and
44.3% (95% IC: 31–57.7%) of those surveyed in 2005,
had slept under a mosquito bed net the previous night.
There were significant differences in the use of the mos-
quito net between the older and younger children, but no
differences were found according to location in either of
the two surveys (Table 2).

In contrast to to the first survey, a team member checked
the quality of the usage of mosquito nets during the 2005
survey: whether the nets were correctly hung or not, if
them were in the correct position and whether or not they
had any holes. Only 4% (12) of the mosquito nets were
not hung. With respect to hanging, 13 were incorrectly

Table 4: Potential factors for suffering from malaria

2004 2005

Predictors n OR 95% IC n OR 95% IC

Place of residence urban 138 1 - 232 1 -
rural 24 1.2 0.2–7.3 200 1.3 0.5–3.2

Sex man 82 1 - 225 1 -
woman 80 0.9 0.3–2.1 207 0.6 0.3–1.2

Age Under 1 year 41 1 - 95 1 -
1 to 3 years 60 2.6 1–6.7 178 3.0 0.8–12.0
3 to 5 years* 47 4.9 1.2–19.7 159 8.7 3.7–20.8

Sleeps under net (2004) Yes 83 1 - - - -
No 76 1.2 0.5–3.2 - - -

Sleeps under net (2005) Hung correctly without holes - - - 107 1 -
No* - - - 267 3.3 1.6–6.6

Incorrectly hung or with holes - - - 57 1.5 0.6–4.2

Indoor fumigations no - - - 100 1 -
yes - - - 325 0.7 0.3–1.8

Number of fumigations 1 - - - 343 1 -
More than 1 - - - 88 0.4 0.1–2.4

Type of building Blocks or bricks 78 1 - 233 1 -
wood 75 1.5 0.5–3.9 170 1.8 0.9–3.4
others 9 4.1 0.5–34 29 0.7 0.2–2.4

*p < 0.05
Page 5 of 8
(page number not for citation purposes)



Malaria Journal 2006, 5:10 http://www.malariajournal.com/content/5/1/10
hung or were too small compared to the size of the bed
(5%). 25% of the mosquito nets checked had holes.

On the other hand, 78% of the dwellings studied in 2005
had been fumigated with insecticide the previous year and
31% (52) of those had been fumigated more than once.
In order to determine the impact of using mosquito nets
on the CPR among the children surveyed in 2005, three
groups were established: children not protected by a mos-
quito net (268), children protected by a net without holes
and correctly hung (107) and children protected by nets
that were not hung correctly and/or had holes (57). There
was significant difference of the CPR of these three groups.
When the CPR of the surveyed children was compared to
the IRS, it was noted that there were no significant differ-
ences in the CPR of the children from fumigated homes
with respect to the CPR of the children from non-fumi-
gated homes, 20% and 29%, respectively (Table 3). Nei-
ther were there are significant differences between the
dwellings that had been sprayed various times (13%),
with those that had only been fumigated once (24%).

The multivariant OR were calculated for the predictor fac-
tors of the infection by Plasmodium (Table 4). Children
between three and five years of age showed 5 (2004) and
8.7 (2005) times more risk of being infected than those
under one year of age (p < 0.05). The risk for children
between one and three was 2.6 (2004) and 3 (2005) times
greater (not significant). On the other hand, in the 2005
survey, sleeping without a mosquito net meant a risk of
infection three times greater than sleeping protected with
a net that was hung correctly and with no holes (p < 0.05).
Sleeping under a badly hung or broken net also meant a
higher risk, although this was not significant.

Discussion
The transmission of malaria in Equatorial Guinea is sta-
ble. There may be some seasonal variations in the trans-
mission model, but there were no significant variations
from one year to another [24]. Therefore, the fact that
there was significant difference in the infection prevalence
from one year to the next may be attributed to the intro-
duction of a new variable that had a direct impact on the
transmission. When the percentage of ITNs users among
children was analysed, there was no significant difference
between 2004 and 2005, although the percentage of users
was slightly higher in 2004. This data should be inter-
preted with caution, as there was no control during the
first survey, to check whether or not a child was really pro-
tected by a mosquito net while he slept or to establish the
condition of the net. During the second survey, it was
noted that a small percentage of the ITNs were not hang-
ing at all or were not hung correctly, which suggests that
the percentage of children protected by a mosquito net in
the 2004 survey was overestimated. It is logical to believe

that the dramatic reduction noted in the CPR over these
two years is due to the implementation of the widespread
indoor spraying campaign that took place during 2004,
subsequent to the first survey. During a historical review
of the malaria control activities based on IRS in countries
in southern Africa [20], a dramatic reduction was noted in
the case incidence, in particular shortly afterwards these
campaigns had been implemented. In all the cases, even
in unstable and low endemic malaria conditions, the
transmission was never completely eradicated [27,28].
Similar results were noted in pilot projects started
between 1950 and 1960 in tropical countries, such as
Cameroon, Rwanda, Burundi, Tanzania, Kenya and
Uganda [29,30]. Apart from the malaria indexes being
reduced, there was always a dramatic reduction in the vec-
tor populations.

A factor to be taken into account with respect to the suc-
cess of the control campaigns based on IRS would be the
resting habit of the vector species [1,31]. On the island of
Bioko, An. gambiae s.l. and An. funestus are the species
responsible for the transmission. During a longitudinal
study conducted on the island between 1998 and 1999, it
was noted that both species showed markedly endophilic
behaviour (resting indoors) during the dry season and
exophilic behaviour (resting outdoors) during the rainy
season [25]. As the dwellings were sprayed for the first
time at the end of the dry and the start of the rainy season,
it was guaranteed that the vector populations would be in
contact with the recently treated surfaces.

On the other hand, a clear association between sleeping or
not under a mosquito bed net and Plasmodium infection
was noted in both surveys. This data coincides with the
results obtained in all the experimental studies conducted
with ITNs [11,12,14,15,18]. The fact that no major differ-
ences were found in the CPR between those children who
slept under a mosquito net without holes and hung cor-
rectly and those that slept under a mosquito net with
holes and/or badly hung, could be due to their being
treated with insecticide. The majority of the tests con-
ducted with mosquito bed nets have shown that the
degree of protection of the treated mosquito nets is greater
than that of the non-treated, even when they have holes
[32]. In the present study, data relating to the re-impreg-
nation or purchase date of the mosquito net was not gath-
ered, which would have been information that could have
corroborated the above hypothesis.

The difference found in the risk of infection between the
different age groups could be associated to differences in
the immunological status and the use of ITNs. It is known
that, during the first months of life, the risk of infection is
lower because there is still a degree of immunity from the
mother. The risk of infection first increases with age and
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then decreases when the individual himself reaches a
degree of immunity due to the numerous contacts with
the parasite [33]. With respect to the use of mosquito nets,
it was noted in the two surveys that the proportion of
mosquito net users among children under one year of age
is higher than the proportion of users in the group
between three to years of age, which could also explain the
difference in the CPR between those two age groups.

With respect to the prevalence of anaemia, a significant
reduction was not noted as the result of using ITNs or IRS,
contrary to what was seen in other studies [14,15]. The
type of study carried out was probably not suitable to
determine the impact of these two strategies on the blood
haemoglobin levels. In areas of intense transmission, the
majority of the cases of severe anaemia due to malaria
would be associated with episodes of malaria, due to re-
infections or to a poor reaction to the treatment [34,36].
Therefore, a longitudinal study would be more appropri-
ate to evaluate the impact of these two strategies with
respect to haemoglobin levels [15,35,36].

Conclusion
IRS and ITNs on the island of Bioko have proven to be
effective control strategies. In some trials carried out with
ITNs, where high population coverage was reached, a sim-
ilar community protection effect was noted to that
obtained using IRS [14,15,37]. The health impact of the
two strategies is fully proven. The choice of one or other
strategy is, above all, a question of operational feasibility
and availability of local resources [5]. A further two fun-
damental aspects when selecting one or the other would
be: the degree of social acceptance or "prestige" of both
strategies, and the cost effectiveness and sustainability in
the medium- to long-term [5]. With respect to cost-effec-
tiveness, there are various comparative studies that favour
one or the other strategy [38-42]. Spraying, with one or
two fumigation cycles, has been shown to be cheaper in
the majority of the trials, when compared with the distri-
bution of mosquito nets [39,41]. As the number of fumi-
gation cycles increases (one or two per annum, depending
on the endemicity), the cost of the strategy increases in
comparison to re-treating mosquito nets [42].

The sustainability of any control strategy is conditioned
by the availability of skilled national human resources
and by the degree of economic investment, whether from
private or state resources. The presence of economic inter-
ests in an area of high endemicity (e.g. the oil industry on
the island of Bioko) fosters the implementation of control
programmes with a high investment level, mainly with
private resources [38]. The disappearance of those eco-
nomic interests or the occurrence of a variety of internal
phenomena (war, changes in government, etc...) may
result in the control activities being interrupted. In the

case of IRS, it has been noted that an interruption of activ-
ity may lead to the appearance of serious epidemic out-
breaks, as was the case of South Africa in 1996 [43].

Authors' contributions
GP was involved in the design of the second survey, par-
ticipated in the data collection and drafted the manu-
script. MD was involved in the design of the surveys,
performed the statistical analysis and interpretation, and
drafted the manuscript. EC was involved in the design of
the first survey, participated in the data collection and
helped to draft the manuscript. LM was involved in the
design of both surveys, participated in the collection of
the data and helped to draft the manuscript. ML, CM, JO
and AN participated in the collection of the data and car-
ried out the laboratory diagnosis. JR participated in the
design, the interpretation of statistical analysis and
drafted the manuscript. AB participated in the design of
the surveys and has given approval of the version to be
published. JC participated in the design, the interpreta-
tion of statistical analysis, and coordinated the draft of the
manuscript. All authors read and approved the final man-
uscript.

Acknowledgements
We would like to thank the Ministry of Health of the Republic of Equatorial 
Guinea for its technical assistance in carrying out the study. This study has 
been financed by the "Agencia Española de Cooperación Internacional" 
(AECI), "Instituto de Salud Carlos III" within the "Red de Investigación de 
Centros de Enfermedades Tropicales" (RICET) and the "Sociedad Española 
de Medicina Tropical y Salud Internacional" (SEMTSI).

References
1. Curtis C: Control of disease vectors in the community.  In

Wolfe Publishing Ltd London School of Hygiene and Tropical Medicine.
England; 2001. 

2. Carnevale PJ, Najera JA: Insecticide-treated mosquito nets: why
and how to promote them.  Research and Reviews in Parasitology
2005, 55:13-19.

3. Greenwood BM, Pickerin H: A malaria control trial using insec-
ticide-treated bed nets and targeted chemoprophylaxis in a
rural area of The Gambia, West Africa. 1. A review of the
epidemiology and control of malaria in the Gambia, West
Africa.  Trans R Soc Trop Med Hyg 1993, 87(Suppl 2):3-11.

4. WHO: Frequently asked questions on DDT use for disease vector control
EHO/HTM/RBM/2004.54. World Health Organization, Geneva; 2004. 

5. Lengeler C, Sharp B: Indoor Residual Spraying and Insecticide-Treated
Nets: Reducing Malaria's Burden, Evidence of effectiveness for Decision
makers Global Health Council, Washington, DC:17-24. 

6. Curtis CF: Approaches to vector control: new and trusted.
Appropriate technology for vector control: treated bed nets,
polystyrene beads and fly traps.  Trans R Soc Trop Med Hyg 1994,
88:144-146.

7. Prasittisuk C, Curtis C: Further study of DDT resistance in
Anopheles gambiae and a cage test of elimination of resist-
ance from population by male release.  Bull Entomol Res 1982,
72:335-344.

8. Charlwood JD, Alecrim WD, Fe N, Mangabeira J, Martins VJ: A field
trial with lambda-cyhalothrin (ICON) for the intradomicili-
ary control of malaria transmitted by Anopheles darlingi Root
in Rondonia, Brazil.  Acta Trop 1995, 60:3-13.

9. Chareonviriyaphap T, Prabaripai A, Bangs MJ: Exito-repellency of
deltamethrin on the malaria vectors, Anopheles minimus,
Anopheles dirus, Anopheles swadiwongporni and Anopheles
maculatus, in Thailand.  J Am Mosq Control Assoc 2004, 20:45-54.
Page 7 of 8
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8212107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8212107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8212107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8036653
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8036653
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8036653
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8546036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8546036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15088704


Malaria Journal 2006, 5:10 http://www.malariajournal.com/content/5/1/10
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

10. Sharma VP: Community-based malaria control in India.  Parasi-
tol Today 1987, 3:222.

11. Nevill CG, Some ES, Mung'ala VO, Mutemi W, New L, Marsh K,
Lengeler C, Snow RW: Insecticide-treated bednets reduce
mortality and severe morbidity from malaria among chil-
dren on the Kenyan coast.  Trop Med Int Health 1996, 1:139-146.

12. Binka FN, Kubaje A, Adjuik M, Williams LA, Lengeler C, Maude GH,
Armah GE, Kajihara B, Adiamah JH, Smith PG: Impact of permeth-
rin treated bednets on child mortality in Kassena-Nankana
district, Ghana: a randomized controlled trial.  Trop Med Int
Health 1996, 1:147-154.

13. D'Alessandro U, Olaleye B, Langerock P, Bennett S, Cham B, Green-
wood BM: The Gambian National Treated Bed Net Pro-
gramme: evaluation of effectiveness by means of case-
control studies.  Trans R Soc Trop Med Hyg 1997, 91:638-642.

14. Snow RW, Lindsay SW, Hayes RJ, Greenwood B: Permethrin-
treated bed-nets (mosquito nets) prevent malaria in Gambia
children.  Trans R Soc Trop Med Hyg 1988, 82:838-842.

15. Alonso PL, Lindsay SW, Armstrong Schellenberg JR, Gomez P, Hill
AG, David PH, Fegan G, Cham K, Greenwood BM: A malaria con-
trol trial using insecticide-treated bed nets and targeted che-
moprophylaxis in a rural area of The Gambia, West Africa.
2. Mortality and morbidity from malaria in the study area.
Trans R Soc Trop Med Hyg 1993, 87:13-17.

16. D'Alessandro U, Aikins MK, Langerock P, Bennett S, Greenwood BM:
Nationwide survey of bednets use in rural Gambiae.  Bull
World Health Organ 1994, 72:391-394.

17. Maxwell CA, Msuya E, Sudi M, Njunwa KJ, Carneiro IA, Curtis CF:
Effect of community-wide use of insecticide-treated nets for
3–4 years on malaria morbidity in Tanzania.  Trop Med Int
Health 2002, 7:1003-1008.

18. Lengeler C: Insecticide-treated bednets and curtains for preventing malaria
Cochrane Database Systematic Reviews: Oxford, UK; 2004. 

19. RBM: Scaling up insecticide-treated netting programmes in Africa; a strat-
egy framework for coordinated national action Technical Support Net-
work for Insecticide-Treated Materials. Geneva, Switzerland; 2002. 

20. Mabaso MLH, Sharp B, Lengeler C: Historical review of malarial
control in southern African with emphasis on the use of
indoor residual house-spraying.  Trop Med Int Health 2004,
9:846-856.

21. Guyatt HL, Corlett SK, Robinson TP, Ochola SA, Snow RW: Malaria
prevention in highland Kenya: indoor residual house-spray-
ing vs. insecticide-treated bednets.  Trop Med Int Health 2002,
7:298-303.

22. Alvar J, Mas-Coma S, Carrasco M: Modern history and physical
geography of Equatorial Guinea.  Research and Reviews in Parasi-
tology 1996, 56:77-83.

23. Ripert C, Haumont G, Cabannes A, Villard H, Guy M, Tribouley
Duret J, Same-Ekobo A: Enquête paludométrique dans trois vil-
lages de la Vallée de la Kadei, Cameroun.  Bulletin de l'OCEAC
1992, 100:17-20.

24. Roche J, Ayecaba S, Amela C, Alvar J, Benito A: Epidemiological
characteristics of malaria in Equatorial Guinea.  Research and
Reviews in Parasitology 1996, 56:99-104.

25. Cano J, Berzosa PJ, Roche J, Rubio JM, Moyano E, Guerra-Neira A,
Brochero H, Mico M, Edu M, Benito A: Malaria vectors in Bioko
Island (Equatorial Guinea): estimation of vector dynamics
and transmission intensities.  J Med Entomol 2004, 41:158-162.

26. WHO/UNICEF/UNU: Iron Deficiency Anaemia. Assessment prevention
and control WHO/NHD/01.3. World Health Organization, Geneva;
2001. 

27. Sharp BL, le Sueur D: Malaria in South Africa-the past, the
present and selected implications for the future.  South African
Medical Journal 1996, 86:83-89.

28. Teklehaimanot AT, Cano VI, Rietveld AEC: WHO Malaria (CTD/MAL)
Mission to Namibia World Health Organization, Geneva.  24 July 1990.

29. Bruce-Chwatt LJ: Lessons learned from applied field research
activities in Africa during the malaria eradication era.  Bull
World Health Organ 1984, 62(Suppl):19-29.

30. Najera JA: Malaria control: achievements, problems and strat-
egies.  Parassitologia 2001, 43:1-89.

31. Pates H, Curtis C: Mosquito behaviour and vector control.
Annu Rev Entomol 2005, 50:53-70.

32. Carnevale P, Bitsindou P, Diomandé L, Robert V: Insecticide
impregnation can restore the efficiency of torn bed nets and

reduce man-vector contact in malaria endemic areas.  Trans
R Soc Trop Med Hyg 1992, 86:362-364.

33. Gilles HM, Warrel DA: Immunology of human malaria.  In Bruce-
Chwatt's Essential Malariology 3rd edition. Edited by: Edward Arnold.
London Boston Melbourne Auckland; 1993:60-64. 

34. WHO: Malaria Control Today. Current WHO recommendations, March
2005 Roll Back Malaria, World Health Organization, Geneva; 2005. 

35. Saute F, Aponte J, Almeda J, Ascaso C, Abellana R, Vaz N, Dgedge M,
Alonso P: Malaria in southern Mozambique: malariometric
indicators and malaria case definition in Manhiça district.
Trans R Soc Trop Med Hyg 2003, 97:661-666.

36. Schellenberg DM, Aponte JJ, Kahigwa EA, Mshinda H, Tanner M,
Menendez C, Alonso PL: The incidence of clinical malaria
detected by active case detection in children in Ifakara,
southern Tanzania.  Trans R Soc Trop Med Hyg 2003, 97:647-654.

37. Binka FN, Indome F, Smith T: Impact of spatial distribution of
permethrin-treated bed nets on child mortality in rural
northern Ghana.  Am J Trop Med Hyg 1998, 59:80-85.

38. Conteh L, Sharp B, Streat E, Barreto A, Konar S: The cost and cost-
effectiveness of malaria vector control by residual insecti-
cide house-spraying in southern Mozambique: a rural and
urban analysis.  Trop Med Int Health 2004, 9:125-132.

39. Guyatt HL, Kinnear J, Burini M, Snow RW: A comparative cost
analysis of insecticide-treated nets and indoor residual spray-
ing in highland Kenya.  Health Policy Plann 2002, 17:144-153.

40. Curtis CF, Maxwell CA, Finch RJ, Njunwa KJ: A comparison of use
of a pyrethroid either for house spraying or for bednet treat-
ment against malaria vectors.  Trop Med Int Health 1998,
3:619-663.

41. Goodman CA, Mnzava AE, Dlamini SS, Sharp BL, Mthembu DJ,
Gumede JK: Comparison of the cost and cost-effectiveness of
insecticide-treated bednets and residual house-spraying in
KwaZulu-Natal, South Africa.  Trop Med Int Health 1998,
6:280-295.

42. Goodman CA, Coleman PG, Mills AJ: Cost-effectiveness of
malaria control in sub-Saharan Africa.  Lancet 1999,
354:378-385.

43. Le Sueur D, Sharp BL, Gouws E, Ngxongo S: Malaria in South
Africa.  South African Medical Journal 1996, 8:936-939.
Page 8 of 8
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15462962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8665377
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8665377
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8665377
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8665378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8665378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8665378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9509168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9509168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9509168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2908286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2908286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2908286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8212104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8212104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8062396
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8062396
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12460390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12460390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12460390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15303988
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15303988
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15303988
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11952944
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11952944
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11952944
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15061273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15061273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15061273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8685790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8685790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6397274
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6397274
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11921521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11921521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15355233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1440802
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1440802
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1440802
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16117958
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16117958
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16117956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16117956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16117956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9684633
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9684633
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9684633
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14728616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14728616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14728616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9735932
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9735932
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9735932
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10437867
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10437867
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study area
	Sampling method
	Data collection and laboratory analysis
	Statistical analysis

	Results
	Discussion
	Conclusion
	Authors' contributions
	Acknowledgements
	References

