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Abstract  

Background 

Larval control of malaria vectors has been historically successful in reducing malaria 

transmission, but largely fell out of favour with the introduction of synthetic 

insecticides and bed nets. However, an integrated approach to malaria control, 

including larval control methods, continues to be the best chance for success, in view 

of insecticide resistance, the behavioural adaptation of  the vectors to changing

environments and the difficulties of reaching the poorest populations most at risk,. 

Laboratory studies investigating the effects of neem seed (Azadirachta indica) 

extracts on Anopheles larvae have shown high rates of larval mortality and reductions 

in adult longevity, as well as low potential for resistance development. 

Methods 

This paper describes a method whereby seeds of the neem tree can be used to reduce 

adult Anopheles gambiae s.l. abundance in a way that is low cost and can be 

implemented by residents of rural villages in western Niger. The study was conducted 

in Banizoumbou village, western Niger. Neem seeds were collected from around the

village. Dried seeds were ground into a coarse powder, which was then sprinkled onto 

known Anopheles larvae breeding habitats twice weekly during the rainy season 2007. 

Adult mosquitoes were captured on a weekly basis in the village and captures 

compared to those from 2005 and 2006 over the same period. Adult mosquitoes were 

also captured in a nearby village, Zindarou, as a control data set and compared to 

those from Banizoumbou. 



Results 

It was found that twice-weekly applications of the powder to known breeding habitats 

of Anopheles larvae in 2007 resulted in 49% fewer adult female Anopheles gambiae 

s.l. mosquitoes in Banizoumbou, compared with previous captures under similar 

environmental conditions and with similar habitat characteristics in 2005 and 2006. 

The productivity of the system in 2007 was found to be suppressed compared to the 

mean behaviour of 2005 and 2006 in Banizoumbou, whereas no change was found in 

Zindarou. 

Conclusions 

With a high abundance of neem plants in many villages in this area, the results of this

study suggest that larval control using neem seed powder offers a sustainable

additional tool for malaria vector control in the Sahel region of Niger. 



Background  

Malaria continues to place a large social and economic burden on African 

communities. Programs to control malaria transmission typically target the adult 

primary vectors, using techniques such as bed nets and indoor residual spraying that 

have a high impact on vectorial capacity. However, these methods are vulnerable to

development of vector resistance to insecticides [1-4], vector behavioural adaptation, 

such as changing preferences for feeding and resting outdoors [5], and logistics and 

funding problems in reaching the poor, who are most at risk [6]. Historically, 

environmental management methods that targeted the larval stages of malaria vectors 

were effective in substantially reducing malaria transmission [7-9]. These methods 

fell out of favour with the widespread introduction of synthetic insecticides and bed 

nets, which reduce biting rates and are not dependent on such site-specific knowledge 

as is required for larval control methods [10,11]. Integrated vector management 

programmes, employing a variety of tools including larval control, may provide the 

greatest chance for success in reducing malaria transmission rates [12]. Methods that 

target the larval stages of mosquitoes have the potential to be effective, low-cost and 

with low environmental impact [5,13-16]. If modern-day larval control is to be a 

useful addition to the toolbox of malaria abatement methods, it will need to be both 

low-cost and sustainable. 

Neem trees, like that shown in Figure 1, are widespread across the Sahel region of 

West Africa and are very adaptable and hardy plants [17]. The neem seed kernels 

contain insecticidal properties due to a combination of approximately 99 active 

compounds, the most potent of which is azadirachtin, present in the seeds at a 

concentration of about 5 mg/g of kernel [17]. Neem seed extracts provide a potential 



larval control method that could be complementary to other malaria abatement 

methods. 

Extracts from neem seeds have documented effects on a variety of insects, which

include repellence and anti-feeding, deterrence of egg-laying, inhibition of

metamorphosis and disruption of growth and reproduction [17-19]. The extracts are 

also toxic to crustaceans, particularly aquatic crustaceans, some species of fish, such 

as gambusia and tilapia, as well as nematodes and snails [17,19] and for these reasons 

it is generally recommended that neem seed extracts not be used in complex aquatic 

ecosystems [19]. Although birds and bats are often observed eating the neem fruit in 

eastern Africa without ill effects, trials have shown that the seed kernel can be toxic to 

birds if consumed [17]. Neem seed extracts have also shown to be toxic to guinea 

pigs, rabbits and rats [19] and to produce ill effects in dogs, sheep, goats and calves 

[17] and thus domestic animals should be prevented from eating stored seeds. Tests 

have shown that neem seed extracts are non-toxic to beneficial species such as 

spiders, bees, crickets, many bugs and beetles, and are actually beneficial to

earthworms [17]. 

Although there are several commercial neem-based pesticides available, none are 

currently used in mosquito control programmes [20]. In recent years, there have been

a number of studies conducted to investigate the particular effects of neem extracts on 

malaria-transmitting mosquitoes. Exposure of anopheline larvae to undiluted neem oil 

has resulted in 100% mortality within 12 hours [21]. When applied to artificial water 

bodies every two weeks over a period of three months, emulsified neem oil has been 

shown to have the same effect on larval mortality and adult density as commonly used

synthetic insecticides [22]. A study using a neem oil formulation on third and fourth 



stage Anopheles gambiae s.s. larvae showed 50% inhibition of adult emergence at a 

concentration of 6 ppm [20]. A study using emulsified neem oil showed that within a 

three months period (five generations), anopheline larvae failed to develop resistance 

or change their susceptibility to the oil [22]. Research is ongoing into the potential for 

neem extracts to provide antimalarial treatments as well as prevention [23-26]. 

Resistance to neem-based compounds is more likely to develop using a refined 

larvicide based on a single active ingredient, such as azadirachtin, than if the whole 

seed is used with its multitude of compounds [20,27]. Because the efficacy of neem is 

targeted towards the larval stages, it does not have a “knock-down” effect on adult 

mosquitoes. It is,  therefore, thought to be most effective if used to prevent adult 

mosquito populations from reaching large numbers and will not be as effective in 

reducing numbers of adult mosquitoes once populations are allowed to establish [19].  

The most effective way to use neem is to apply seed extract to breeding sites when 

population numbers are low, during the dry season, in order to eradicate as many 

immature mosquitoes as possible and reduce the population available for breeding 

when conditions become more favourable. Once the rainy season commences, regular 

applications of seed extract should continue to prevent immature mosquitoes from 

emerging as adults. The efficacy of neem seed extracts has been shown to degrade 

under exposure to sunlight within seven days [18,28] and thus the toxicity is non-

persistent in the environment. This provides environmental benefits but also means 

that regular applications of neem seed extracts would be required to maintain efficacy. 

Neem trees are abundant in Banizoumbou village, the site of this study in western 

Niger. The fruits that fall from the trees are left to decompose on the ground where 



they fall or are dispersed by wind or animals. Hence, the use of neem seeds as an

insecticide in this village does not represent the introduction of a new compound to 

this area. The difference is the location where azadirachtin will be concentrated, from 

bare ground beneath trees to the pools that provide mosquito habitat, and thus the shift 

in risk from exposure to neem in this new location. However, these breeding habitats 

are ephemeral, being temporarily formed during the rainy season in topographic low 

points, and do not represent complex aquatic ecosystems. The main risk would appear 

to be to the cattle in the village, if they were to drink from a pool where neem seeds 

were applied. To avoid this risk, neem seed powder was not applied to the one 

permanent pool in the village, which is used for cattle watering.  

In a short field trial conducted in Mali, neem seed powder was applied on known An. 

gambiae breeding sites on a single occasion at the end of the dry season, prior to the 

commencement of rains [29]. This was reported to lead to an 86% reduction in adult 

female mosquitoes in the trial village obtained during one subsequent indoor spray 

catch, while the control village saw sustained numbers of adult mosquitoes [29]. 

While this trial sounds promising, it was too limited to draw conclusions from and the 

detailed methodology and results remain unpublished. This study presents the first 

field trial of neem seed extracts produced locally and applied at the village scale over 

the length of a malaria transmission season. 

Methods 

This study was undertaken in Banizoumbou village, located in western Niger, 

approximately 60 km northeast of Niamey (Figure 2) and home to approximately 

1,000 people. The area around Banizoumbou has a typical Sahelian semi-arid 

landscape, gently sloping topography and savannah vegetation. Neem trees are 



abundant in the village, with approximately 85 trees within a 500 m radius, but the 

fruits are not utilised by the residents. This density of neem trees within the village 

was observed to be typical of villages in the area. The fruiting season is roughly June 

to August annually. During a rainy season that extends from May to early October 

and peaks in August, many ephemeral pools form within and around the village in 

topographic low points, which is a typical feature of the hydrology in this region [30].

These pools do not form complex aquatic ecosystems and were not observed to be 

utilized by the residents. However, they do provide an ideal breeding habitat for An.s 

gambiae s.l. mosquitoes, the major local malaria vector. These pools were the targeted 

areas for neem seed powder applications. There is only one permanent pool of surface 

water in the village; it is used primarily for cattle watering and is not used by the 

people.  

Environmental variables, including precipitation, temperature, relative humidity and 

wind speed and direction, and mosquito abundance have been measured in 

Banizoumbou since June 2005. Two years’ monitoring of environmental conditions 

and vector dynamics, during 2005 and 2006, enabled a targeted strategy to be 

developed for the neem seed powder trial in the third year of observations in 2007. 

The ephemeral pools that form within and adjacent to Banizoumbou were monitored 

during 2005 and 2006 to determine which pools became habitat for anopheline larvae 

and it was these pools that were targeted in 2007 for the neem seed powder 

applications. 

Neem seed powder was prepared and applied following suggestions by Schmutterer 

[17] and a published laboratory trial [31]. Residents of Banizoumbou were asked to 

collect neem seeds on five occasions throughout the rainy season, beginning in early 



July when the first ephemeral pools began to appear. The residents were familiar with 

the seeds and where to find them and were able to easily and quickly collect an 

adequate supply. Due to the abundance of neem trees within the village, seeds could 

be gathered mostly from fallen fruit and trees did not have to be stripped of unripe 

fruit. The fleshy pulp was removed from the outside of the seed casing and seeds were

stored either as the bare seed kernel or with the white protective casing around the 

kernel left intact. Seeds were spread out on grass mats inside a mud brick house to dry 

for approximately 5-7 days before use.  

On the morning of an application day, seeds were crushed into a coarse powder using 

a mortar and pestle. The mortar and pestle was identical to those used by women in 

the village for grinding millet and was purchased from a local market in Niamey, to 

avoid appropriating a mortar and pestle currently used for food preparation. The 

grinding was carried out by a female resident of the village, using the same technique 

as is employed for grinding millet. This methodology required only minimal tools – a

grass mat for drying seeds, a mortar and pestle for grinding the dried seeds and a 

bucket for carrying around the powder – that can typically be found within the village. 

The methodology was designed to be implementable by the village residents and to be 

low cost. 

The first application of neem seed powder occurred on 9th July 2007. At that time, 

only one ephemeral pool was present in the village. After this initial application, the 

pool dried out and there was no rain for several days. The next application occurred 

on 20th July 2007, after rain had created some pools in the village, and thereafter 

applications continued twice weekly until early October 2007, when all pools dried 

out completely following cessation of rains. This application frequency was chosen to



ensure continued efficacy of the powder, due to the short active lifetime of 

azadirachtin [18,28].  

On each application day, powder was applied to all ephemeral pools in and 

immediately surrounding the village that were known to be breeding sites for 

An.gambiae s.l. (Figure 2). These ephemeral pools were not observed to establish 

complex aquatic systems and are not used by the village residents. The powder was

carried around in a bucket and liberally sprinkled over the surface of a known 

breeding pool. The average rate of powder application was approximately 10 g/m2 of 

pool surface area, with particular attention paid to pool edges where larvae were 

observed to congregate. No powder was applied to the one permanent pond in the 

village because of its use by cattle for drinking water, to avoid any toxicity risk. 

Applications of the neem seed powder in this study were carried out by the authors to 

ensure consistency of application rates and locations. 

Mature neem trees are reported to produce approximately 20 kg of fruit per year, of 

which the seed kernel accounts for 10% of the weight [31]. Therefore, the 85 neem 

trees in Banizoumbou are estimated to produce a total of approximately 170 kg of 

seed kernel per year, during a fruiting season that coincides with the rainy season and 

thus presence of ephemeral breeding habitats. At an application rate of 10 g/m2 of 

pool surface area, with twice weekly applications for about 12 weeks, the trees in 

Banizoumbou could cover a total surface area of about 700 m2 per application. The 

ephemeral breeding pools in Banizoumbou ranged in size from about 4 m2 to about 

200 m2 and the quantity of seeds available was sufficient to adequately cover these

pools. 



The targeted pools were monitored twice weekly in 2007. Observations were made of 

pool presence, as an indicator of habitat availability. Adult mosquito populations were 

monitored using CDC miniature light traps deployed at six locations within the village 

(Figure 2) in 2005, 2006 and the intervention year 2007. Light traps were deployed 

weekly from June to November and monthly during the dry season of December to 

May, commencing in late June 2005 and continuing until November 2007. Captured 

mosquitoes were identified at a laboratory of Centre de Recherche Médicale et 

Sanitaire in Niamey, Niger. Records of Aedes aegypti and Culex sp. mosquito 

captures were kept along with An. gambiae s.l. for comparison. Rainfall was 

measured at hourly intervals from May 2005 with a tipping bucket rain gauge. 

Temperature and relative humidity were recorded at 15-minute intervals from August 

2005 with a Campbell Scientific CR10 datalogger fitted with a temperature and 

relative humidity probe. 

Data on adult mosquito populations were also collected in the village Zindarou, 

located approximately 25 km east-southeast from Banizoumbou, to provide a control 

for the observed behaviour of the adult Anopheles gambiae s.l. populations. Zindarou 

is home to approximately 500 residents and experiences a similar climate to 

Banizoumbou. CDC miniature light traps were deployed at six locations within 

Zindarou in 2005, 2006 and 2007 to monitor adult mosquito populations. Deployment 

was weekly from June to November of each year and monthly during the dry season 

of December to May, with the last captures being in November 2007. Captured 

mosquitoes were identified to species at a laboratory of Centre de Recherche

Médicale et Sanitaire in Niamey, Niger. 



Statistical testing was performed to determine if the relationship between rainfall and 

anopheline mosquito captures was significantly different in the intervention and non-

intervention years. The analysis was performed for both Banizoumbou and Zindarou. 

It was considered that cumulative rainfall over each season was more appropriate for 

comparison than hourly or weekly rainfall, because of the non-linear way that 

breeding pool formation and persistence depends on the rainfall history. At the time of

each mosquito capture event (CDC miniature light trap deployment), taken to be 

midday on the day that the deployed traps were collected, the cumulative rainfall in 

each year up to that time was calculated. This cumulative rainfall (given in mm) 

represents the integral of the hourly rainfall from June of each year until the mosquito 

capture event. Cumulative anopheline mosquito captures were calculated in the same

way for each year and in each village. 

The paired data points of cumulative mosquito captures and cumulative rainfall were 

ranked in order of increasing cumulative rainfall for each of years 2005, 2006 and 

2007 for each village. For each year, the data points were divided into four bins of 

equal sample size. In both villages, 12 data points were in each bin for the non-

intervention years of 2005 and 2006, and six points were in each bin for the 

intervention year of 2007. The binned data were combined for 2005 and 2006, to 

allow comparison of non-intervention years with the intervention year of 2007 alone. 

The mean and standard deviation of both the cumulative rainfall and cumulative 

mosquito captures were calculated within each bin for each year. The data points were 

binned to allow calculation of confidence intervals for these means. 95% confidence 

limits were calculated for both cumulative rainfall and cumulative mosquito captures 

with a t-distribution to test the difference of sample means of unknown variance.  



Prior to undertaking the field study, preliminary laboratory testing was performed on 

An. gambiae s.l. larvae obtained from a pool in Niamey. This testing confirmed the 

efficacy of local neem seeds against anopheline larvae. 

Results  

Anopheline mosquito captures 

Adult female An. gambiae s.l. mosquitoes (Figure 3) in Banizoumbou were first 

captured in 2007 at the end of July, approximately two weeks later than in 2005 and 

2006. In all three years, weekly captures increased during July and August from initial 

weekly captures of single individuals to tens of individuals. Seasonal maximum 

weekly captures were recorded in late August in 2005 (41 individuals) and in 

September in 2006 (146 individuals) and 2007 (45 individuals). Weekly captures 

decreased rapidly to 10 or fewer individuals during late September and early October 

in all three years. Weekly captures of adult female An. gambiae s.l. mosquitoes 

(Figure 3) during July to September 2007 were generally lower than captures during 

that same period in 2006, although captures during October and November were 

comparable in 2006 and 2007. Weekly captures were of similar magnitude throughout 

the season during 2005 and 2007.  

Figure 4 shows the cumulative captures of adult female An. gambiae s.l. mosquitoes 

in each year. Cumulative captures over 2007 (233 individuals) were 49% less than the 

cumulative captures over 2006 (460 individuals) and 20% greater than cumulative 

captures over 2005 (193 individuals). Figure 4 shows that more than half of the total 

cumulative captures in 2006 occurred during September, with weekly captures 

increasing rapidly during this time. However, in 2005 and 2007, weekly captures 



remained consistent throughout the season, such that cumulative captures increased at

a moderate rate and did not accelerate during the later part of the season as was 

observed in 2006. Figure 4 also shows that increases in cumulative captures in 2007 

were delayed relative to 2006 by about 2 weeks, despite the first rains occurring about 

two weeks earlier in 2007 than in 2006.  

Environmental variables 

Environmental variables of rainfall, air temperature and relative humidity were 

recorded during the non-intervention and intervention years to determine if ambient

conditions could have contributed to changes in observed adult mosquito captures.  

Figures 3 and 4 show that rain began in Banizoumbou in early- to mid-May in both 

2005 and 2007. Rainfall in the early part of the season was similar in both 2005 and 

2007. However, there was more rainfall recorded towards the end of the season in 

2007 than in 2005, such that total cumulative rainfall in Banizoumbou was 482 mm in 

2007, approximately 19% greater than the 405.5 mm measured in 2005. 

Figures 3 and 4 show that rain began in Banizoumbou in early June in 2006. 

Cumulative rainfall measured in 2006 was 478.3 mm, comparable to the 482 mm 

measured in 2007. Figures 3 and 4 also show that more rainfall was earlier in the 

season (May to June) in 2007 relative to 2006, whereas 2006 experienced more 

rainfall in the later part of the season (August to September) than 2007.  

Figure 5 shows daily mean air temperatures (top panel) and daily mean relative 

humidity values (bottom panel) in Banizoumbou. The data indicate that ambient air 

temperature and relative humidity observations were similar in 2007 compared with

both 2005 and 2006. The average daily mean air temperatures were 29oC in 2005 



(standard deviation of 2oC), 30oC in 2006 (standard deviation of 3oC) and 30oC in 

2007 (standard deviation of 3oC). Temperatures were higher in the early part of the 

season (32-34oC in May to June) than in the later part of the season (27-29oC in 

August to September), as the onset of regular rain events had a cooling effect. 

The average daily mean relative humidity values were 44% in 2005 (standard 

deviation of 18%), 56% in 2006 (standard deviation of 16%) and 59% in 2007 

(standard deviation of 15%). Relative humidity values were low in the early part of

the season (37-47% in May to June), rose to high levels during the later part of the 

season when rain events were regular (73-76% in late-July to early-September) and 

then decreased again after the cessation of rains in November (24-31%).  

Breeding pool availability 

Observations of pool persistence were recorded for the ephemeral breeding pools 

during the non-intervention and intervention years to determine if changes to breeding 

habitat availability could have contributed to changes in observed adult mosquito 

captures. 

Figure 6 shows the persistence of the central pool (located in the centre of the village 

on Figure 2) during the period June to November in 2005, 2006 and 2007, measured 

as the percentage of monitoring visits in each month during which the pool was 

present. This pool was observed in each year to contain the highest abundance of 

larvae throughout the rainy season and thus its persistence is indicative of the 

availability of breeding habitats throughout the village. Generally, the central pool 

was absent from October to June and was sporadically present from July to September 

each year.  



Figure 6 shows that the pool was present on more occasions during 2006 and 2007 

than in 2005. Averaged over the period July to September, the central pool was 

present on 69% of monitoring visits in 2005, 92% of monitoring visits in 2006 and 

96% of monitoring visits in 2007. The pool was present on more occasions during 

July in 2007 than in 2006, consistent with the higher rainfall received in the early part 

of the season in 2007 compared with 2006. The pool was present on fewer occasions 

during September in 2007 than in 2006, again consistent with the lower rainfall 

received in the later part of the season in 2007 compared with 2006. Other ephemeral 

pools shown in Figure 2 were generally less persistent than the central pool, but the 

relative persistence difference between years was similar to the central pool, with 

greater persistence during 2006 and 2007 than 2005. Thus habitat availability from 

the perspective of pool persistence was considered to be greater in 2006 and 2007 

than 2005. 

Culicine mosquito captures 

Captures of culicine mosquitoes, primarily Culex sp. and Aedes aegypti, were 

recorded during non-intervention and intervention years as an indication of any 

general environmental effects occurring in Banizoumbou that might affect mosquito 

populations, given that culicine and anopheline mosquitoes share the same ambient 

environment (air temperature and humidity, rainfall etc) but not the same breeding

sites in Banizoumbou.  

Weekly captures from June to November in 2005, 2006 and 2007 are shown in Figure 

7. The top panel shows captures of Culex sp. and the bottom panel shows captures of 

Ae. aegypti mosquitoes. The figure shows that weekly captures of Culex sp. were 

relatively consistent throughout each season, with little temporal variation and an



average weekly capture of 9 individuals in 2005 (standard deviation of 6), 12 

individuals in 2006 (standard deviation of 10) and 11 individuals in 2007 (standard 

deviation of 6). Weekly captures of Ae. aegypti mosquitoes showed more temporal 

variation, with higher captures recorded during August to October in each season than

at other times. Average weekly captures of Ae. aegypti were 5 individuals in 2005 

(standard deviation of 4), 4 individuals in 2006 (standard deviation of 4) and 11 

individuals in 2007 (standard deviation of 6). More Aedes aegypti mosquitoes were 

captured during September in 2007 than in 2005 and 2006, but at other times during 

each season the captures were comparable between years. 

Relationship between rainfall and anopheline abundance 

Figures 8 and 9 show the relationship between cumulative rainfall and cumulative An. 

gambiae s.l. captures for the intervention and non-intervention years in Banizoumbou 

and Zindarou respectively. The figures depict paired data points of cumulative 

mosquito captures and cumulative rainfall, which have been ranked in order of 

increasing cumulative rainfall for each of years 2005, 2006 and 2007 in each village 

and then divided into four bins of equal sample size. Figures 8 and 9 show the means 

and 95% confidence limits for each bin, with the data points left on the plots. The 

binned data were combined for 2005 and 2006, to allow comparison of non-

intervention years with the intervention year of 2007 alone. The figures are plotted on 

log-linear axes. 

Figure 8 shows that the productivity of the system in 2007 in Banizoumbou was 

significantly below the range of mean behaviour observed in 2005 and 2006. In 

contrast, in Figure 9 the lack of deviation of mosquito captures in 2007 from 2005 and 

2006 shows that in Zindarou the productivity of the system in 2007 was within the 



range of mean behaviour observed in 2005 and 2006. This empirical evidence is 

consistent with the hypothesis that neem had a significant impact at the village scale 

in Banizoumbou. 

Discussion  

The relationship between rainfall and An. gambiae s.l. abundance in Banizoumbou is 

highly non-linear, as shown in Figure 8. The figure is depicted on a log-linear axis, so 

the apparently linear nature of the relationship presented on a logarithmic scale is 

actually very non-linear. As is shown by the deviation of mosquito captures in 2007 

from the mean behaviour observed in 2005 and 2006, there was a change in the 

productivity of the system in Banizoumbou in 2007 that was not observed in the 

control village Zindarou. This indicates that An. gambiae s.l. populations were 

significantly suppressed in Banizoumbou in 2007. 

There are many factors that could potentially influence the populations of An. 

gambiae s.l. mosquitoes in Banizoumbou besides the application of neem seed 

powder to breeding habitats. The collection of data related to ambient environment, 

breeding pool availability and culicine mosquitoes was undertaken to determine if

these other factors could have affected anopheline mosquito abundance.  

The results show that environmental variables of rainfall, temperature and relative 

humidity were comparable between the non-intervention and intervention years. 

Rainfall was greater in 2007 compared with 2005, but similar in 2006 and 2007. 

Given that ambient environmental variables were so similar in 2006 and 2007, it is 



suggested that these factors should not have significantly affected anopheline 

mosquito populations in 2007 relative to 2006.  

Observations of breeding habitat availability, as indicated by the presence of the pool 

shown in Figure 6, indicate that availability was greater in 2006 and 2007 than 2005. 

Habitat availability was comparable in 2006 and 2007 and this should. therefore, not 

be a significant factor affecting Anopheles abundance in 2007 relative to 2006. 

The stability of culicine mosquito populations, during a time when the anopheline 

mosquito populations were significantly altered, indicates that there was an impact on 

the mosquito life cycle that only affected the anopheline species. It was observed in 

each of the study years that, in Banizoumbou, culicine mosquitoes tend to breed in 

different habitat locations than An. gambiae s.l. and would not, therefore. have been 

affected by the neem applications. However, all mosquitoes share the same ambient 

environment, in terms of temperature, humidity, wind speed and prevailing direction, 

and populations of human inhabitants. Although the behaviour and tolerance to 

dryness are different for Ae. aegypti, Culex sp. and An. gambiae s.l., the observed 

population stability of the culicine mosquitoes over the three years shows that there 

was no major climatic effect on mosquito populations in 2007. Thus, the different 

behaviour of An. gambiae s.l. in 2007 can be attributed to the fact that anopheline 

mosquitoes were affected in their breeding habitat. Given that anopheline breeding 

habitat characteristics were similar between 2006 and 2007, it is suggested that the 

observed difference in An. gambiae s.l. abundance in 2007 compared with 2006 is due 

to the addition of neem seed powder applications. 



A comparison of the powder’s efficacy with previous studies is difficult as they have 

been conducted under laboratory or highly controlled field conditions, generally using 

concentrated neem extracts. The method presented here used the entire seed and the

powder was produced using minimal tools. Field effects such as wind dispersal, 

dissolution and mechanical mixing from birds and carts would have reduced the 

impact of the applied powder. It is, therefore, considered that the neem seed powder 

performed favourably under true field conditions in this study. 

A previous laboratory study has recorded approximately 25% reduction in longevity 

in adults that were exposed to a neem oil formulation at a concentration of 4 ppm as 

larvae [20]. This effect is important as a reduction in average adult daily survival rate 

is crucial for lowering a vector’s disease transmission potential. Although adult 

longevity was not measured in this study, it is possible that adult longevity was also 

affected by the applications of neem seed powder and contributed to the observed 

reductions in An. gambiae s.l. abundance in 2007.  

Accurate, quantitative data on An. gambiae s.l. larval presence in the breeding pools 

were not collected with sufficient sampling density in space and time to provide 

quantitative measures of larval abundance. However, it is known that neem seed 

extracts affect mosquito larvae primarily by inhibiting metamorphosis and 

suppressing adult emergence [17]. It is conceivable that a breeding habitat where 

neem has been applied could exhibit a comparable larval abundance to an unaffected 

breeding habitat. However, the neem-affected habitat would not be expected to 

produce as many adult mosquitoes as the unaffected habitat. Hence monitoring of 

larval abundance may not capture the impact of neem seed powder on mosquito 

populations. For these reasons, it is suggested that monitoring of adult populations is 



more appropriate in this study for assessing the effectiveness of neem in a field setting 

than larval abundance.  

The techniques used in this study for seed preparation and application could easily be 

taught to residents and carried out in other villages. The main obstacle to this 

technique being implemented by residents in other locations is the ability to identify 

Anopheles breeding habitats and thus to appropriately target the applications. This 

would be particularly important if many pools were present in a village and neem 

seeds were not sufficient to cover every surface water body. In those cases especially, 

targeting of powder only to pools that were known to be breeding habitats would be 

important for efficient use of time and resources. As part of this study, residents of 

Banizoumbou were educated about the mosquito life cycle, the connection between 

malaria illness and the ephemeral breeding pools, and the reasons for applying 

powder to these pools. This kind of education, as well as some training in habitat 

identification, would be necessary to implement this technique in other locations. 

The most significant cost of this method is the labour and time required for collection

of seeds, preparation of the powder and application to pools. It is estimated that in 

Banizoumbou, these tasks would require three days per week of labour for one person 

throughout the transmission season, which lasts about 16 weeks in this region. Using 

estimates of local daily labour wages, it is anticipated that this intervention would cost 

about US$200 per year, or roughly US$0.20 per person per year for each 

Banizoumbou resident.  

Conclusions  



Given the comparability between 2006 and 2007 of all the datasets described above, a 

similar An. gambiae s.l. abundance could have been expected in 2007 as in 2006. 

Similarly, the observed differences between 2005 and 2006 would have been expected 

to repeat in 2007. However, the data shows that in Banizoumbou 2007 did not behave 

as expected and An. gambiae s.l. populations were suppressed relative to expectations. 

The only significant change made in 2007 was the application of neem seed powder to 

An. gambiae s.l. habitats and, therefore, it is suggested that the observed difference in 

An. gambiae s.l. abundance in 2007 can be attributed to the neem seed powder.  

The results of this study suggest that neem seeds could provide an appropriate, 

sustainable larvicide for the malaria vector An. gambiae s.l. in the Sahel region of 

Niger and adjacent areas having similar environmental characteristics and vector 

dynamics. A larger-scale study is recommended to test the efficacy of this method in 

other, similar villages in the region. A multi-year trial is also recommended to test for 

any long-term residual effects of using the powder. Although this method will not

replace other forms of malaria abatement in Africa, it is suggested that neem seed 

powder could be a useful additional tool in the fight against this infection. 



Authors' contributions 

RG participated in the field trial and drafted the manuscript. AB led the field trial, 

conducted the statistical analysis and participated in writing the final version of the 

manuscript. MD participated in the field trial and conducted the laboratory test. IIA 

participated in the field trial. JBD provided in-field supervision, advice for study

design and coordination and participated in writing the final version of the 

manuscript. EABE provided advice for study design, remote supervision and 

participated in writing the final version of the manuscript. All authors read and 

approved the final manuscript. 

Acknowledgements  

The trial was conducted with support from the Centre de Recherche Médicale et

Sanitaire and Institut de Recherche pour le Développement (IRD) in Niamey, Niger. 

Rainfall data for Banizoumbou village was provided by IRD through the African 

Monsoon Multidisciplinary Analyses program. The authors are grateful to Dr Luc 

Descroix of IRD for his generous assistance. Funding was provided by the US

National Oceanic and Atmospheric Administration’s Oceans and Human Health 

Programme, MIT-France Programme and the MIT IDEAS competition. 



References 

1. Hargreaves K, Hunt RH, Brooke BD, Mthembu J, Weeto MM, Awolola TS, 

Coetzee M: Anopheles arabiensis and An. quadriannulatus resistance to 

DDT in South Africa. Med Vet Entomol 2003, 17:417-422.  

2. Casimiro S, Coleman M, Hemingway J, Sharp B: Insecticide resistance in 

Anopheles arabiensis and Anopheles gambiae from Mozambique. J Med 

Entomol 2006, 43:276-282.  

3. Reimer LJ, Tripet F, Slotman M, Spielman A, Fonjo E, Lanzaro GC: An 

unusual distribution of the kdr gene among populations of Anopheles 

gambiae on the island of Bioko, Equatorial Guinea. Insect Mol Biol 2005, 

14:683-688.  

4. Stump AD, Atieli FK, Vulule JM, Besansky NJ: Dynamics of the pyrethroid 

knockdown resistance allele in western Kenyan populations of Anopheles 

gambiae in response to insecticide-treated bed net trials. Am J Trop Med 

Hyg 2004, 70:591-596.  

5. Killeen GF, Fillinger U, Knols BGJ: Advantages of larval control for African 

malaria vectors: Low mobility and behavioural responsiveness of 

immature mosquito stages allow high effective coverage. Malar J 2002, 

1:8.

6. Barat LM, Palmer N, Basu S, Worrall E, Hanson K, Mills A: Do malaria 

control interventions reach the poor? A view through the equity lens. Am 

J Trop Med Hyg 2004, 71:174-178.  



7. Soper FL, Wilson DB: Anopheles gambie in Brazil. New York, Rockefeller 

Foundation; 1943. 

8. Shousha AT: Species-eradication: the eradication of Anopheles gambiae

from Upper Egypt 1942-1945. Bull World Health Organ 1948, 1:309-353. 

9. Keiser J, Singer BH, Utzinger J: Reducing the burden of malaria in different 

eco-epidemiological settings with environmental management: a 

systematic review. Lancet Infect Dis 2005, 5:695-708.  

10. Carter R, Mendis KN, Roberts D: Spatial targeting of interventions against 

malaria. Bull World Health Organ 2000, 78:1401-1411.  

11. World Health Organization: Malaria Vector Control and Personal Protection: 

report of a WHO study group. WHO Technical Report Series No. 936, 

Geneva; 2006. 

12. Walker K, Lynch M: Contributions of Anopheles larval control to malaria 

suppression in tropical Africa: review of achievements and potential. Med 

Vet Entomol 2007, 21:2-21.  

13. Gu W, Novak RJ: Habitat-based modelling of impacts of mosquito larval 

interventions on entomological inoculation rates, incidence and 

prevalence of malaria. Am J Trop Med Hyg 2005, 73:546-552.  

14. Konradsen F, van der Hoek W, Amerasinghe FP, Mutero C, Boelee E: 

Engineering and malaria control: learning from the past 100 years. Acta 

Trop 2004, 89:99-108. 

15. Utzinger J, Tozan Y, Singer BH: Efficacy and cost-effectiveness of 

environmental management for malaria control. Trop Med Int Health

2001, 6:677-687. 



16. World Health Organization: Vector Control for Malaria and Other Mosquito-

Borne Diseases: report of a WHO study group. WHO Technical Report Series 

No. 857, Geneva; 1995. 

17. Schmutterer H (Ed): The neem tree: Azadirachta indica A. Juss. and other 

meliaceous plants: sources of unique natural products for integrated pest 

management, medicine, industry and other purposes. VCH 

Verlagsgesellschaft, Germany; 1995. 

18. Schmutterer H: Properties and potential of natural pesticides from the 

neem tree, Azadirachta indica. Annu Rev Entomol 1990, 35:271-297.  

19. National Academy of Sciences: Neem: A tree for solving global problems.

Available from: <http://www.nap.edu/openbook/0309046866/html/R7.html>; 

1992.

20. Okumu FO, Knols BGJ, Fillinger U: Larvicidal effects of a neem 

(Azadirachta indica) oil formulation on the malaria vector Anopheles 

gambiae. Malar J 2007, 6: 63.

21. Aliero BL: Larvaecidal effects of aqueous extracts of Azadirachta indica

(neem) on the larvae of Anopheles mosquito. Afr J Biotech 2003, 2:325-327. 

22. Awad OM, Shimaila A: Operational use of neem oil as an alternative 

anopheline larvicide, Part A: laboratory and field efficacy. East Mediterr 

Health J 2003, 9:637-645.  

23. Alshawsh MA, Mothana RA, Al-shamahy HA, Alsllami SF, Lindequist U: 

Assessment of antimalarial activity against Plasmodium falciparum and 

phytochemical screening of some Yemeni medicinal plants. eCAM 2007, 

doi:10.1093/ecam/nem148. 



24. Dhar R, Zhang K, Talwar GP, Garg S, Kumar N: Inhibition of the growth 

and development of asexual and sexual stages of drug-sensitive and 

resistant strains of the human malaria parasite Plasmodium falciparum by 

Neem (Azadirachta indica) fractions. J Ethnopharmacology 1998, 61:31-39. 

25. Soh PN, Benoit-Vical F: Are West African plants a source of future 

antimalarial drugs?. J Ethnopharmacology 2007, 114:130-140. 

26. Udeinya IJ, Mbah AU, Chijioke CP, Shu EN: An antimalarial extract from 

neem leaves is antiretroviral. Trans R Soc Trop Med Hyg 2004, 98:435-437. 

27. Mulla MS, Su T: Activity and biological effects of neem products against 

arthropods of medical and veterinary importance. J Am Mosq Control 

Assoc 1999, 15:133-152.  

28. Vatandoost H, Vaziri VM: Larvicidal activity of a neem tree extract 

(Neemarin) against mosquito larvae in the Islamic Republic of Iran. East 

Mediterr Health J 2004, 10:573-581.  

29. Grunewald J, Vollmer A: Malaria-control with neem products in the Mopti 

region in Mali, West Africa. In Practice Oriented Results on Use and 

Production of Neem – Ingredients and Pheromones, Proceedings of the 9th

Workshop 2000, Hohensolms, Germany 173-174. 

30. Desconnets JC, Taupin JD, Lebel T, Leduc C: Hydrology of the HAPEX-

Sahel Central Super-Site: surface water drainage and aquifer recharge 

through the pool systems. J Hydrol 1997, 188-189:155-178. 

31. Vir S, Jindal SK, Yadav SS: Improvement of neem for seed yield, oil 

content and pesticidal uses. In Proceedings of the 1999 Neem Conference,



Neem Foundation, 

<http://www.neemfoundation.org/research%20papers.htm>; 1999. 



Figure legends 

Figure 1 – Neem tree in Banizoumbou village 

A neem tree in the centre of Banizoumbou, adjacent to the village mosque and a 

shallow groundwater well (the primary drinking water source), provides a convenient 

place for residents to rest in the shade. Approximately 85 neem trees are present in 

and immediately surrounding the village. 

Figure 2 – Locations of Banizoumbou, deployment of light traps and applications

of neem seed powder 

The left-hand side of the figure shows the location of Banizoumbou within western 

Niger, approximately 60 km northeast of Niamey. The right-hand side of the figure 

shows the locations where the CDC miniature light traps were deployed, indicated by 

the orange diamonds, and where neem seed powder was applied to ephemeral pools, 

indicated by the blue circles. The digital photograph is a Quickbird image taken in 

January 2003, during the dry season. The right hand panel includes material © 2003 

DigitalGlobe, Inc. ALL RIGHTS RESERVED. 

Figure 3 – Anopheles gambiae s.l. adult female captures and rainfall for rainy 

seasons 2005, 2006 and 2007 

The figure shows the sum of adult female An. gambiae s.l. captures from all six CDC 

miniature light traps and rainfall observations, for the rainy seasons of 2005 to 2007. 

Rainfall observations commenced in May 2005 and mosquito sampling commenced 

in late June 2005. During the months of June to November, when mosquito 

population abundance increases, sampling was undertaken on a weekly basis. During 

the dry season months of December to May, sampling was conducted monthly. 



Mosquito captures are shown in red and recorded on the left-hand axis, with crosses 

to mark the dates of trap deployments. Hourly rainfall measurements are shown in 

blue and recorded on the right-hand axis. 

Figure 4 – Cumulative Anopheles gambiae s.l. adult female captures and rainfall 

during rainy seasons of 2005, 2006 and 2007 

Cumulative adult female An. gambiae s.l. captures from the sum of all six CDC 

miniature light traps are shown by the solid lines, with crosses to mark the dates of 

each trap deployment, and the numbers captured are recorded along the left-hand axis.

Cumulative rainfall is shown by the dashed lines, updated hourly, and is recorded 

along the right-hand axis. The cumulative data represent the integral over time of the 

data shown in Figure 3. For both data sets, 2005 data is in blue, 2006 data is in red 

and 2007 data is in green. 

Figure 5 – Temperature and relative humidity in Banizoumbou during rainy 

seasons of 2005, 2006 and 2007 

The figure shows temperature (top panel) and relative humidity (bottom panel) 

measurements taken at 15-minute intervals for the rainy seasons of 2005, 2006 and 

2007. Sampling began in August 2005 and was continuous until mid-November 2006, 

when a technical fault led to cessation of data collection for that year. Data was 

received up until mid-September in 2007, after which a technical fault caused 

observations to be recorded only during daylight hours. Hence daily average values 

have not been presented after this time. In both panels, 2005 data is in blue, 2006 data 

is in red and 2007 data is in green.  



Figure 6 – Presence of central pool during rainy seasons 2005-2007 

The figure shows the proportion of monitoring events in each month during the rainy 

seasons of 2005 to 2007 during which the central pool was present as an indication of 

the persistence of this pool throughout each rainy season. 2005 data is shown in blue, 

2006 data is shown in red and 2007 data is shown in green. 

Figure 7 – Captures of Culex sp. and Aedes aegypti mosquitoes during rainy 

seasons 2005, 2006 and 2007 

The figure shows the sum of Culex sp. (top panel) and Aedes aegypti (bottom panel) 

captures from all six CDC miniature light traps, for the rainy seasons 2005 to 2007. 

Sampling commenced June 2005. During the months of June to November, when 

mosquito population abundance increases, sampling was undertaken on a weekly 

basis. During the dry season months of December to May, sampling was conducted 

monthly. Crosses mark the dates of trap deployments. In both panels, 2005 data is 

shown in blue, 2006 data is shown in red and 2007 data is shown in green. 

Figure 8 – Correlation between cumulative Anopheles gambiae s.l. captures and 

cumulative rainfall for 2005, 2006 and 2007 in Banizoumbou 

The figure depicts cumulative mosquito captures in Banizoumbou plotted against 

cumulative rainfall on a log-linear axis. The data points represent the cumulative 

rainfall, calculated from June of a given year until the time of a mosquito sampling

event, and the cumulative anopheline mosquito captures in a given year up to the time 

of that event. For each year, the data points were divided into four bins of equal 

sample size. 12 data points were in each bin for the non-intervention years of 2005 

and 2006 and 6 data points were in each bin for the intervention year of 2007. The 

mean and standard deviation of both the cumulative rainfall and cumulative mosquito 



captures were calculated within each bin for each year. 95% confidence limits were 

calculated with a t-distribution and are shown as the error bars around each data point. 

The combined 2005 and 2006 data is shown in blue and 2007 data is shown in green. 

Figure 9 – Correlation between cumulative Anopheles gambiae s.l. captures and 

cumulative rainfall for 2005, 2006 and 2007 in Zindarou 

The figure depicts cumulative mosquito captures in Zindarou plotted against 

cumulative rainfall on a log-linear axis. The data points represent the cumulative 

rainfall, calculated from June of a given year until the time of a mosquito sampling

event, and the cumulative anopheline mosquito captures in a given year up to the time 

of that event. For each year, the data points were divided into four bins of equal 

sample size. 12 data points were in each bin for the non-intervention years of 2005 

and 2006 and 6 data points were in each bin for the intervention year of 2007. The 

mean and standard deviation of both the cumulative rainfall and cumulative mosquito 

captures were calculated within each bin for each year. 95% confidence limits were 

calculated with a t-distribution and are shown as the error bars around each data point. 

The combined 2005 and 2006 data is shown in blue and 2007 data is shown in green. 
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