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Operational use of neem oil as an
alternative anopheline larvicide. Part
laboratory and field efficacy
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ABSTRACT We conducted a study to determine the laboratory and field efficacy of neem oil towards
anopheline larvae. No difference in LC,  was observed between laboratory and field strains for temephos,
chlorpyriphos-methyl/fenitrothion and neem oil. No difference in susceptibility was found after 3 months of
application every 2 weeks. Water treated with a single application of traditional larvicides was free of larvae
after 4 weeks; neem oil-treated water, however, was free after 2 weeks but not at 4 weeks. Application of
chlorpyriphos-methyl/fenitrothion and neem oil every 2 weeks for 7 rounds resulted in dramatic reduction in
larval density with no statistically significant differences. An adult survey after larviciding also showed no
significant difference. The efficacy of crude neem oil appears to be below that of conventional larvicides.

Utilisation opérationnelle d’huile de margousier comme autre larvicide d’anophéle. Partie A :
efficacité en laboratoire et sur le terrain

RESUME Nous avons réalisé une étude pour déterminer I'efficacité en laboratoire et sur le terrain de I'huile
de margousier contre les larves d’anophéles. Aucune différence dans la CL50 n’a été observée entre les
souches de laboratoire et de terrain pour le ttéméphos, le chlorpyrifos-méthyl/fénitrothion et I'huile de mar-
gousier. Aucune différence de sensibilité n'a été observée aprés 3 mois d’application toutes les 2 semaines.
L'eau traitée avec une seule application de larvicides traditionnels ne contenait aucune larve au bout de 4
semaines ; par contre, I'eau traitée a I'huile de margousier était exempte de larves au bout de 2 semaines
mais pas apres 4 semaines. Lapplication de chlorpyrifos-méthyl/fénitrothion ou d’huile de margousier toutes
les 2 semaines & 7 reprises a permis une réduction spectaculaire de la densité larvaire sans différence
statistiquement significative. Une étude sur les adultes aprés utilisation de larvicides n’a pas non plus révélé
de différence significative. Lefficacité de I'huile de margousier brute semble étre inférieure a celle des
larvicides classiques.

Tropical Health Department, High Institute of Public Health, University of Alexandria, Alexandria, Egypt.
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Introduction

Malaria is one of the major public health
challenges eroding development in the
poorest countries in the world. The disease
exerts its heaviest toll in Africa. Around
90% of the deaths from malaria worldwide
(over 1 million each year) occur in sub-
Saharan Africa [1]. Malaria has been recog-
nized in Egypt since ancient times [2]. At
present, Fayoum governorate is the only
focus of malaria in the country [3]. In Sin-
nuris district of Fayoum governorate, 3
anopheline species are encountered,
Anopheles sergenti, An. multicolor and An.
pharoensis, the first being the most abun-
dant [4,5].

The UN General Assembly has desig-
nated 2001-2010 the decade to Roll Back
Malaria in developing countries, particular-
ly Africa. The Roll Back Malaria pro-
gramme is a global partnership founded in
1998 by the World Health Organization
(WHO), the United Nations Development
Programme, the United Nations Children’s
Fund and the World Bank with the goal of
halving the world’s malaria burden by 2010
[1]. Vector control is still one of the WHO
approaches for Roll Back Malaria technical
strategies [1].

The principal objective of vector con-
trol is the reduction in morbidity and mor-
tality due to malaria by reducing the level of
transmission. When all possible elimination
of water has been accomplished, larvae can
then be controlled by the use of chemicals.
The simplest chemicals for larviciding are
fuel oil and/or kerosene. Various insecticide
formulations can be used repeatedly as lar-
vicides [6]. Taking environmental and eco-
nomic concerns into consideration,
botanical larvicides should be examined.

The neem tree (Azadirachta indica) is a
tropical evergreen related to mahogany and
has shown promising results as a pesticide

in many areas. This species may be the
forerunner of a new generation of “soft”
pesticides that could be used in benign
ways. Azadirachtin, one of the active prin-
cipals of neem, has proven to be the tree’s
main agent for attacking insects. It appears
to be responsible for about 90% of the ef-
fect on most pests [7]. It does not Kill in-
sects immediately, instead it repels them
and disrupts their growth and reproduc-
tion. Neem products exhibit various modes
of action against insects such as antifeed-
ancy, growth regulation, suppression of fe-
cundity, sterilization, oviposition repellency
or attractancy, changes in biological fitness
and blocking of the development of vec-
tor-borne pathogens. Although bioactive
compounds are found throughout the tree,
those in the seed kernels are the most con-
centrated and accessible (2-4 mg/g ker-
nels) [8,9].

The larvae of a number of mosquito
species (including Aedes and Anopheles
spp.) are sensitive to neem. The use of sim-
ple and cheap neem products seems prom-
ising for treating pools and ponds in the
towns and villages of developing countries
[10]. Various concentrations of neem oil
(1%-4%) in coconut oil or mustard oil
when applied to exposed parts of the hu-
man body have been shown to provide pro-
tection from mosquito bites over a period
of 12 hours [11]. Neem oil mixtures burned
in a kerosene lamp in living rooms reduced
biting of human volunteers and catches of
Anopheles spp. [12]. Balls of wood scrap-
ings soaked in 5%, 10% and 20% neem oil
diluted in acetone controlled An. stephensi
and Ae. aegypti breeding in overhead stor-
age tanks for 45 days [13]. Application of
5% neem oil-water emulsion at 50 mL/m?
in pools and at 100 mL/m? in tanks resulted
in 100% reduction of third and fourth instar
larvae [14]. Complete inhibition of oviposi-
tion has been observed by exposure of
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mosquitoes to neem oil and a fraction con-
taining volatile components [15].

The objectives of our study were to de-
termine the susceptibility of anopheline lar-
vae towards neem oil in the laboratory and
to evaluate its efficacy in the field com-
pared with traditional compounds.

Methods

Two villages, El Henawy and Abheit El
Hagar in Sinnuris district, Fayoum gover-
norate, were selected for implementation of
this study. They are 12 km and 7 km re-
spectively away from Sinnuris town.

We tested neem oil and 2 other larvi-
cides, temephos and chlorpyriphos-methyl/
fenitrothion. Neem oil was purchased com-
mercially from Plasma Power Private Lim-
ited, Chennai, India. According to the
provider, the azadirachtin content of the oil
is 1570 ppm. Temephos, as Bordin EC for
public health purposes (temephos 50%,
berol 11%, emulsifiers and white kerosene
39%, Reg. No. 647/2000), was purchased
from the market. It is produced by Al Helb
for Pesticides and Chemicals, New Domi-
at, Egypt. The chlorpyriphos-methyl/
fenitrothion was purchased as Chlorosol
EC (chlorpyriphos-methyl 20%, fenitro-
thion 20%, emulsifiers and solvents 60%).
This is produced by Kafr EI Zayat Compa-
ny for Pesticides and Chemicals, Kafr El
Zayat, Egypt.

After many trials, FEBA (dish washing
material, produced by Alexandria Company
for Chemicals and Detergents, Alexandria,
Egypt) at a concentration of 1:5 (detergent:
neem oil) was the most suitable detergent
with respect to efficiency, reproducibility
of results, toxicity to the environment and
cost.

Susceptibility was established to emul-
sified neem oil and also to the emulsifying

agent and a vegetable oil for comparison.
Stock solutions of temephos and chlorpy-
riphos-methyl/fenitrothion were also pre-
pared.

Laboratory bioassay

Anopheline larvae collected from the field
were reared in the laboratory [16]. After 50
generations, this strain was considered a
laboratory strain and the susceptibility tests
to neem oil, temephos and Chlorosol were
carried out in the laboratory for both labo-
ratory and field strains [17]. We evaluated
the susceptibility of field strains of
anopheline larvae collected from El
Henawy village to neem oil and anopheline
larvae collected from Abheit EI Hagar vil-
lage to chlorpyriphos-methyl/fenitrothion
after 3 months of application every 2
weeks [17].

Laboratory strains of anopheline larvae
were selectively pressured against neem oil
for 5 generations and susceptibility to neem
oil was recorded [16].

Field study
To evaluate the efficacy of neem oil,
temephos and chlorpyriphos-methyl/feni-
trothion with regard to anopheline larvae in
different water bodies, according to the
preliminary survey, ElI Henawy village was
divided into 4 similar sectors, each with 5
different water bodies, after exclusion of
those water bodies which were highly pol-
luted with household washing detergent.
Larval density was determined pre-
treatment and 1, 2, 3, 7, 14 and 28 days
post-treatment [17]. Three sectors were
treated with 1 larvicide each at the follow-
ing concentrations:
* Neem oil 2.5% plus 0.5% detergent
(250 mL neem oil plus 50 mL detergent
for a 10 L back sprayer per 100 m?).
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* Temephos at 35 mL for a 10 L back
sprayer per 100 m?, as recommended
by the Ministry of Health and Popula-
tion.

* Chlorpyriphos-methyl/fenitrothion at
10 mL for a 10 L back sprayer per
100 m?, as recommended by the Minis-
try of Health and Population.

* The fourth sector was left untreated for
the control study.

We carried out tests to study the field
efficacy of the implementation of neem oil
as an alternative larvicide in EI Henawy and
Abheit El Hagar. Each village was divided
into 4 sectors; in each sector 6 water bod-
ies were chosen. The water bodies in El
Henawy were treated every 2 weeks with
5% neem oil emulsified with 1% dish
washing detergent (500 mL neem oil plus
100 mL detergent for a 10 L back sprayer
per 100 m?). The water bodies in Abheit El
Hagar were treated every 2 weeks with
chlorpyriphos-methyl/fenitrothion at 10 mL
for a 10 L back sprayer per 100 m? accor-
ding to the schedule of the Ministry of
Health and Population. Larviciding was
done every 2 weeks for 7 rounds (30 June-
21 September). Larval densities were mo-
nitored pre-application and every week
post-application until the end of the sche-
dule and 4 weeks subsequent (30 June-19
October) [16].

Adult mosquito densities were deter-
mined in parallel in order to study the im-
pact of larviciding on adult density. In each
village a group of 10 houses and group of
10 animal sheds were randomly selected.
Mosquitoes were collected by the spray
sheet collection method using 0.1%-0.2%
pyrethroid solution in kerosene [16]. The
collection of adult mosquitoes was carried
out early in the morning between 06.30 and
10.00. The mosquitoes were collected into
small, labelled boxes to be counted and

identified according to the keys given by
Story [18] and Gillies and DeMeillon [19].

Results

Susceptibility of anopheline larvae
towards traditional larvicides and
neem oil in the laboratory

The LC,, of neem oil for the laboratory and
fields strains after 24 and 48 hours was al-
most the same (17.17-20.08 ppm). The
LC,, for the laboratory and fields strains
after 24 hours was 0.58 ppm and 0.61 ppm
for temephos and 0.10 ppb and 0.11 ppb
for chlorpyriphos-methyl/fenitrothion. Se-
lective pressure with neem oil for 5 succes-
sive generations did not produce a
resistant, tolerant strain or even change the
susceptibility of the mosquito larvae to
neem oil. Treatment of water bodies every
2 weeks for 3 months did not change the
response of anopheline larvae towards
such tested substances either.

Field efficacy of traditional
larvicides and neem oil towards
anopheline larvae

The mean anopheline density before treat-
ment was between 347.0 and 112.7 larvae/
100 dips. Four weeks after a single applica-
tion of temephos or chlorpyriphos-methyl/
fenitrothion, treated water bodies were
clear of any anopheline larvae. In contrast,
water bodies treated with neem oil were
clear of anopheline larvae until the second
week after treatment, but presented a high
larval density (647 larvae/100 dips) 4
weeks after treatment compared with the
control water bodies which showed a mean
of between 453 and 1127 larvae/100 dips
throughout the observation period. Analysis
of variance and least significant difference
tests showed the difference between the
control and the treated water bodies to be
statistically significant (P < 0.01) (Table 1).
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Table 1 Efficacy of spraying of temephos (3 mL/10 L per 100 m?), chlorpyriphos-
methyl/fenitrothion (10 mL/10 L per 100 m?) and neem oil (250 mL/10 L per
100 m?) on anopheline larval density on water bodies in El Henawy village

Larvicide No. of anopheline larvae per 100 dips

Pre-

application 1day 2days

Post-application
3days 1week 2weeks 4weeks

Temephos
Mean 1127 o** (0
Range 0-5000

Chlorosol
Mean 347 o o
Range 67-833

Neem oil
Mean 747 o o
Range 533-1533

Control
Mean 693 1127 453

0= o= o= o=
0= o= o= o=

0= o o" 647
529 527 498 1007

Range 0-1633 1004167 0-1200 0-833 0-1133 0-767 600-1333

aNumber of anopheline larvae per 100 dips.

**Significantly different from control (P > 0.01), analysis of variance and least significant

difference tests.

Field efficacy of neem oil as an

alternative anopheline larvicide

For the 7 rounds of larvicide application, no
anopheline larvae were detected 1 week af-
ter each application with either neem oil or
chlorpyriphos-methyl/fenitrothion. How-
ever, throughout the application period, 2
weeks after every application between
8.33% and 66.67% of the water bodies
tested were infested with anopheline larvae
in both villages, with no statistically signif-
icant difference. The baseline mean
anopheline larval density was 604 larvae/
100 dips in El Henawy village (treated with
neem oil) and 982 larvae/100 dips in Abheit
El Hagar village (treated with chlorpyriph-
os-methyl/fenitrothion). After application
of both substances, anopheline larval densi-
ty declined to zero 1 week after each appli-
cation. Two weeks after each application,
mean larval density ranged from 3 to 172
larvae/100 dips. Univariate analysis indicat-

ed that there was no significant difference
between treatment with neem oil and
treatment with chlorpyriphos-methyl/
fenitrothion (F = 0.029), however time/
date of treatment showed significant differ-
ence in larval density (F = 11.13) (Table 2).

The baseline data for anopheline adult
infestation in the 2 villages in both dwell-
ings and animal sheds showed that the in-
festation was between 0% and 13.8% of
the observed sites in both villages.
Throughout the larviciding period, the in-
festation rate ranged between 4.4% and
36.0% of dwellings and between 10.0%
and 60.0% of animal sheds with no statisti-
cal difference between the 2 substances
except 2 weeks after the last round of ap-
plication of the larvicide (Z-test) (Table 3).
The highest indoor resting density found
was 2.75 in Abheit EI Hagar. An. sergenti
was the most abundant species then An.
multicolor; An. pharoensis was rare in both
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Table 2 Anopheline larval density in water
bodies after spraying with neem oil every 2
weeks (500 mL/10 L per 100 m?) in El Henawy
village and Chlorosol (10 mLI/10 L per

100 m?) in Abheit El Hagar village

Date of Neem oil Chlorosol
larviciding  No.of larvae/  No. of larvae/
(day/month)  100dips 100dips
Mean Range Mean Range
30/6 604 189-1533 992 428-1317
15/7 69 0-222 56 0-192
28/7 171 56-453 26 0-106
10/8 22 0-45 3 0-11
24/8 137  39-170 78 6-197
7/9 20 0-64 8 0-33
21/9 29 0-56 29 0-83
5/10% 61 11-94 44 3356
19/102 170  72-400 124 0-195

aNo larviciding done. Larviciding was done every 2
weeks from 30 June 2002 until 21 September
2002; larval survey was done just before every
application.

villages. The difference in indoor resting
density for female adult anophelines in the 2
villages was statistically significant in
favour of the efficiency of neem oil larvi-
ciding (Table 3).

Discussion

Susceptibility of anopheline larvae
to temephos, chlorpyriphos-
methyl/fenitrothion or neem oil in
the laboratory

We found that there was no difference in
susceptibility between the laboratory and
field strains of anopheline larvae to all 3
substances. However, the toxicity of the
pure crude neem oil extract towards the 2
strains was lower than that of the other 2
substances. Almost the same level of toxic-

ity has previously been reported for teme-
phos towards An. culicifacies larvae [20]
and for chlorpyriphos and fenitrothion, the
components of Chlorosol, towards some
anopheline species [21].

As anticipated in a study period of only
3 months, the anopheline mosquitoes did
not develop any kind of resistance to these
larvicides. Additionally, the low number of
generations selectively pressured as well as
the complexity of the neem extracts and
their different modes of action must be tak-
en into account. Research has shown that it
seems unlikely that any resistance to mix-
tures of neem products will develop in a
short run. The build-up of resistance is
much more likely with refined neem for-
mulations based on a single active ingredi-
ent such as azadirachtin [10].

Field efficacy of neem oil to
control anopheline larvae in water
bodies compared with traditional
larvicides
The larvicidal efficacy of a single applica-
tion or scheduled multiple applications of
neem oil, temephos and chlorpyriphos-
methyl/fenitrothion on water body surfaces
is reported in this study as anopheline larval
density (Table 2) or adult density (Table 3)
and no statistical differences were found.
Using the neem plant, either crude parts
of the plant, pure oil, solvent extracts or
neem-based industrially formulated insecti-
cides, as an alternative mosquito larvicide
has been shown to be efficient and is rec-
ommended by many studies. For example,
application of 5% neem oil-water emulsion
in mosquito breeding habitats at 50 mL/m?
in pools and at 100 mL/m? in tanks resulted
in 100% reduction numbers of third and
fourth instar larvae of An. stephensi after
24 hours [14]. Similarly, application of
10% emulsion in desert coolers against Ae.
aegypti at 40-80 mL per cooler resulted in
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complete inhibition of pupal production
[14]. Also, pre-soaked wood scraping balls
in 5%, 10% and 20% neem oil diluted in
acetone controlled An. stephensi and Ae.
aegypti breeding in overhead storage tanks
for 45 days [13]. Aqueous extract of de-
oiled neem (50 ppm) showed 100% Culex
quinquefasciatus larval mortality and in-
duced prolongation of larval stages [22].
WHO recommends a dosage of 5.6-11.2
mg/m?2 of temephos, 1.1-1.6 mg/m? of
chlorpyriphos and 22.4-33.6 mg/m? of
fenitrothion as larvicides in mosquito con-

trol programmes compared with 1.9-4.7
mL/m? for larvicidal oil [17]. In our study,
17.5 mg/m? was used for temephos, 4 mg/
m? for chlorpyriphos-methyl/fenitrothion
and 5 mL/m? for neem oil.

We conclude that the efficacy of crude
neem oil as a larvicide is below that of
conventional larvicides. Moreover, the
azadirachtin-specific action was lacking.
Further studies should be done to investi-
gate the development of resistance of mos-
quito larvae towards neem oil.
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