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Abstract. Use of mosquito coils for personal protection against malaria and mosquito nuisance
is advocated under mosquito and malaria control programmes. We performed field studies of
mosquito coils containing either metofluthrin or esbiothrin in experimental huts situated in
Kamhororo village, Gokwe district, Zimbabwe. All tests were performed on 3-5 day old reared
female Anopheles gambiae sensu lato mosquitoes. The burning times were 9hr 20min for mosquito
coils containing metofluthrin and 8 hr for those containing esbiothrin and the results were
significantly different (p = <0.001). The mean knock down rate for mosquito coils containing
metofluthrin was 90% and that for esbiothrin was 73.3% and the results were significantly different
(p = 0.00).  Mosquito coils containing metofluthrin had a mean repellence of 92.7% as compared
to 85.4% for esbiothrin and the results were not significantly different (p=0.27). The protection
time as required by EPA (1999) was 6hr for mosquito coils containing metofluthrin and 5 hr for
those containing esbiothrin. The mean insecticidal effect of mosquito coils containing metofluthrin
was 84% as compared to 83% for those containing esbiothrin and the results were not significantly
different (p = 0.56). Both mosquito formulations could not be classified as having insecticidal
effect since none of them met the 95% mortality rate criteria.

INTRODUCTION

Malaria, a mosquito-borne disease, is a
serious health problem in Zimbabwe where
more than 6 million people are at risk (Taylor
& Mutambu, 1986). The National Malaria
Control Programme co-ordinates all malaria
control activities including indoor residual
house spraying, mosquito larviciding and use
of insecticide treated mosquito nets. The use
of personal protection methods involving
aerosols, mosquito repellents and coils is
advocated for at national level (Murahwa et

al., 1994; Lukwa et al., 1999). In Tanzania and
Zaire, coils are attractive alternatives to
insecticide house spraying because of their
low cost (Coene et al., 1989; Hudson &
Esozed, 1971).

The use of mosquito coils is widespread
as evidenced by studies conducted in Mali

(Rhee et al., 2005), Burkina Faso (Samuelsen
et al., 2004) and Tanzania (Edson &
Kayombo, 2007). Mosquito coils are
prescribed for travellers as a means of
preventing mosquito nuisance (Lawrance &
Croft 2004). Vijay- Kumar & Ramaiah, (2008)
documented that the use of personal
protection measures against mosquitoes
(including mosquito coils) lowered the
prevalence of Wuchereria bancrofti

microfilaraemia in India. Mosquito coils
containing pyrethrins provided protection
against mosquitoes in laboratory
experiments (Birley et al., 1987; Curtis, 1992).
In Zaire, mosquito coils containing DDT
reduced mosquito biting by 30% (Coene et

al., 1989). Several authors have evaluated
mosquito coils and protection times of less
than 8 hr were reported (Curtis, 1992;
Hudson & Esozed 1971). Mosquito coils
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containing pyrethrins had a KT90 (time taken
to knock down 90% of the mosquitoes) of
60min in Tanzania (Hudson & Esozed 1971).
Ramesh & Vijayalakshmi (2001) studied the
distribution of smoke of mosquito coils
containing allethrin and found out that the
insecticide residues could only be detected
up to 6hr. In Zimbabwe, Murahwa et al.

(1994) showed that coils caused a 100%
mortality rate in Anopheles gambiae sensu

lato mosquitoes after 1 hour exposure. The
KT50 for mosquito coils containing pyrethrins
was between 15 to 20min and the KT90 was
between 40 and 50min (Liu et al., 1987;
Murahwa et al., 1994). Liu et al. (1987)
observed that mosquito coils containing
pyrethrins have a very low chronic toxicity
for mammals, thus making them safe for use
in homes.

We evaluated the efficacy of mosquito
coils containing either metofluthrin or
esbiothrin as active ingredients.

MATERIALS AND METHODS

Study area

The studies were conducted in round
experimental huts constructed in Kamhororo
village, Gokwe. The huts were built with
bricks and cement, all inside walls were
plastered with mud (for the purposes of easy
re-plastering whenever new tests are
conducted) and the roofs were grass
thatched (for easy removal when new tests
are to be conducted). Each hut has 2
triangular window ‘openings’ (for placing
window traps). All huts were surrounded by
a ‘collar’ (containing water in order to
prevent ants from entering). Mosquito coils
containing either metofluthrin or esbiothrin
were evaluated.

Mosquito collection

Third instar larvae of An. gambiae s.l.
mosquitoes were collected from Kamhororo
River and reared to adult stage in the field
insectary. Only 3-5 day old female
mosquitoes were used after being starved for
4hr.

Burning time

All mosquito coils were lit at 7am and the
time taken for them to finish smouldering
was recorded. Observations were made
every 10 min. Five replicates for each coil
were conducted.

Knock down rates

Knock down rate was measured by placing
20 female An. gambiae s.l mosquitoes in
each paper cup. Five replicates were done
for each mosquito coil. The number of
mosquitoes knocked down was recorded
every 10min for 2hr. The EPA (1999)
(Environmental Protection Agency) criteria
for a minimum of 95% knock down was used.

Repellence time

Six volunteers under prophylaxis sat in 3
different experimental huts. Esbiothrin
containing mosquito coils were smouldered
in one hut, metofluthrin containing mosquito
coils were used in another hut and the last
hut was used as a control. The mosquito coils
were lit and the subjects caught mosquitoes
as they came to bite them during the night
(from 6 pm to 5 am). Each volunteer was in
the experimental hut for 6hrs before another
one took over. The volunteers rotated every
3rd day (one smoke free day was left in
between experiments). A total of 500 female
An. gambiae s.l. mosquitoes were released
per day per replicate for each of the
treatments. Mosquitoes were sorted out as
the number of catches per hour. The EPA
(1999) criteria was used (95% mosquito
repellence is required). Percent repellence
was calculated according to Mehr et al.

(1985) as follows:

Mc-Mt*100
Mc

Where Mc is number of mosquitoes caught
on the control volunteers, Mt number of
mosquitoes on the treated volunteers.

Protection time

The experiments were carried as in the
determination of repellence time, but time
for first mosquito bite was noted as outlined
by EPA (1999).
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Insecticidal effect

The mosquitoes used for the knock down
experiment were kept for 24hr and the
mortality rate was scored. The criteria of
EPA (1999) for 95% mortality as a minimum
was used.

Data analysis

Data was analysed using Student’s
independent T test.

RESULTS

Burning time

The complete burning time for mosquito
coils containing metofluthrin was 9hr 20min
and that of mosquito coils containing
esbiothrin was 8hr. Mosquito coils containing
metofluthrin had a longer burning time than
those containing esbiothrin and the results
were significantly different at 95%
confidence limit (p<= 0.00).

Knock down rates

The knock down rate for metofluthrin was
between 70-100% and that for esbiothrin was
50-100% (Table 1). The mean knock down
rate was 90% for metofluthrin and 73.3% for
esbiothrin and the results were significantly
different (p=0.00). The knock down time that
met the EPA (1999) requirement was 40min
for metofluthrin and 60min for esbiothrin.

Repellence time

Percent repellence by mosquito coils
containing metofluthrin ranged from 50-
100%, with 5hr meeting the EPA (1999)
criteria (Table 2). On the other hand,
repellence by mosquito coils containing
esbiothrin ranged from 14.8-100%, with 4 hr
meeting the EPA (1999) criteria.  Mean
repellence by mosquito coils containing
metofluthrin (92.7%) was higher than that of
esbiothrin (85.4%) although the results were
not significantly different (p=0.27).

Protection time

The protection time as required by EPA
(1999) was 6hr for metofluthrin and 5hr for
esbiothrin.

Table 1: Knock down rates of An. gambiae s.l.

mosquitoes after exposure to mosquito coils

Minutes post Metofluthrin Esbiothrin
burning (n=100) (n=100) (n=100)

             10 070.0% 050.0%

             20 080.0% 060.0%

             30 090.0% 080.0%

             40 100.0% 070.0%

             50 100.0% 080.0%

             60 100.0% 100.0%

Mean 090.0% 073.3%

Table 2: Mosquito repellence of mosquito coils (absolute numbers of mosquito landings; percent
repellence in brackets)

Hours post treatment Metofluthrin (n=1500) Esbiothrin (n=1500) Control (n=1500)

0 0 (100%) 0 (100%) 110 (0%)

1 0 (100%) 0 (100%) 155 (0%)

2 0 (100%) 0 (100%) 135 (0%)

3 0 (100%) 0 (100%) 170 (0%)

4 0 (100%) 0 (100%) 110 (0%)

5 0 (100%) 5 (94.4%) 90 (0%)

6 5 (93.8%) 10 (87.5%) 80 (0%)

7 25 (87.5%) 40 (33.3%) 60 (0%)

8 15 (66.7%) 35 (22.2%) 45 (0%)

9 35 (50%).0 60 (14.3%) 70 (0%)

Mean inhibition 7.5 (92.7%) 15 (85.4%) 102.5 (0%)
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Insecticidal effect

The mortality rates due to metofluthrin
ranged from 80-90% (mean 84%) and those
due to esbiothrin ranged from 60-90% (mean
83%). The mean mortality rate of An.

gambiae s.l mosquitoes due to metofluthrin
was higher than that of esbiothrin although
the results were not significantly different
(95% confidence limit, p=0.57). There were
no mortalities in the control. Both
formulations could not be classified as
having insecticidal effect since none of them
met the 95% mortality rate criteria (EPA,
1999).

DISCUSSION

The use of mosquito coils has become
important in most malaria control
programmes because this method is cheap
and affordable as compared to other anti-
mosquito measures (Hudson & Esozed, 1971;
Coene et al., 1989; Murahwa et al., 1994;
Lukwa et al., 1999).  The rate at which
mosquitoes are knocked down is very
important in mosquito and malaria control
programmes because this aspect renders
them helpless until they are picked up by
predators. The knock down rate of 95%
required by EPA (1999) appears to be very
high although it ensures that most
mosquitoes are prevented from landing on a
human host as long as this is fast enough
before mosquitoes alight on a human being.

Our results show that mosquito coils
containing metofluthrin had a fast
knockdown rate than those containing
esbiothrin although this rate is not fast
enough to prevent disease transmission
despite the fact that coils are advocated for
travellers as a means for preventing malaria
transmission (Lawrance & Croft, 2004).
Vijay- Kumar & Ramaiah (2008) mentioned
that mosquito coils lowered the prevalence
of W. bancrofti in India but their results fail
to demonstrate the direct effect of coils on
disease reduction.

Our results on mosquito coils containing
metofluthrin appear to be better than
observations of Murahwa et al. (1994)
although the efficacy of mosquito coils

containing esbiothrin agrees with
observations of the above authors. The slow
knock down aspect appears to be beneficial
in preventing mosquito nuisance.
Observations of Hudson & Esozed (1971) on
the knock down rate of mosquito coils after
60min fell well below the required standard
set by EPA (1999) and our results appear to
be better than theirs.

Most malaria control programmes
require that mosquito coils should have a
burning time of 8hr and our observations
show that both mosquito coils have burning
times of at least 8hr. The results appear to
be better than those documented by Curtis
(1992), Murahwa et al. (1994) and Lawrance
& Croft (2004).

Inhibition of biting through mosquito
repellence is another measure that is
important in prevention of disease
transmission. Our results suggest that both
mosquito coils cannot offer full repellence
of 95% for up to 8hr. However, the observed
low repellence period is better than
observations of Liu et al. (1987); Birley et al.

(1987) and Rhee et al. (2005). These results
suggest that mosquito coils should be used
to supplement other mosquito control
measures but cannot be used on their own
as a sole method. Protection times until the
first mosquito bite are about 6hr, suggesting
that people using mosquito coils are assured
of this protection. Our results agree with
observations of Ramesh & Vijayalakshmi
(2001) who documented that allethrin
residues could only be detected up to 6hr in
a room where mosquito coils were used. On
the other hand, the insecticidal effect
appears not to be very pronounced for both
mosquito coils and falls short of the EPA
(1999) requirement.

Acknowledgements. We would like to
acknowledge the technical support provided
by Mr Muchenje, Mr Tinarwo, Mr Mpisaunga,
Mr Mufundisi and Mr Bvute during the study.
We deeply appreciate the District Medical
Officer for Health for Gokwe district for
accommodating us in the district for the
entire trial period. It is also important to
mention support received from the Acting
Director for the National Institute for Health

191 - 195   Nzira Lukwa.pmd 11/17/2008, 10:20 AM194



195

Research in making this study a reality. We
would like to acknowledge the support
provided by ReckittBenckiser Zimbabwe.

REFERENCES

Birley, M.H., Mutero, C.M., Turner, I.F. &
Chadwick, P.R. (1987). The effectiveness
of mosquito coils containing esbiothrin
under laboratory and field conditions.
Annals of Tropical Medicine and

Parasitology 81(20):163 – 171.
Coene, J., Ngimbi, N.P., Mulumbu, M.P. &

Wery, M. (1989). Ineffectiveness of
mosquito coils in Kinshasa, Zaire.
Transactions of the Royal Society of

Tropical Medicine and Hygiene 83: 563-
569.

Curtis, C.F. (1992). Personal protection
methods against vectors of disease.
Review of Medical and Veterinary

Entomology 80(10): 543-553.
Edson, F. & Kayombo, E.J. (2007).

Knowledge on malaria transmission and
its prevention among schoolchildren in
Kyela District, south-western Tanzania.
Tanzania Health Research Bulletin

9(3): 207-210.
EPA, (1999). Product performance testing

guidelines OPPTS 810.3700: Insect
repellents for human skin and outdoor
premises. Environmental Protection

Agency. EPA 712-C-99-369, 13 pages.
Hudson, J.E. & Esozed, S. (1971). The effects

of smoke from mosquito coils on An.

gambiae (Giles) Man. uniformis

(Theo) in veranda trap huts at Magugu,
Tanzania. Bulletin of Entomological

Research 61: 247-265.
Lawrance, C.E. & Croft, A.M. (2004). Do

mosquito coils prevent malaria? A
systematic review of trials. Journal of

Travel Medicine 11(2): 92-96.
Liu, W.K., Wong, M.H. & Mui, Y.L. (1987).

Toxic effects of mosquito coils
(mosquito repellent) smoke on rats. 1–
properties of the mosquito coils and its
smoke. Toxicology Letters 39: 223-230.

Lukwa, N., Masedza, C., Nyazema, N.Z.,
Curtis, C.F., Mwaiko, G.L. & Chandiwana,
S.K. (1999). People’s perceptions about
malaria transmission and control using
mosquito repellent plants in a locality in
Zimbabwe: its relevance to malaria
control. Central African Journal of

Medicine 45(3) 64-68.
Mehr, Z.A., Rutledge, L.C., Morales, E.L.,

Meixsall, V.E. & Korte, D.W. (1985).
Laboratory evaluation of controlled
release insect repellent formulations.
Journal of American Mosquito Control

Association 1: 143-147.
Murahwa, F.C., Lukwa, N., Govere, J.M. &

Masedza, C. (1994). Do mosquito coils
and killer sticks work against An.

gambiae sensu lato mosquitoes in
Zimbabwe? Central African Journal of

Medicine 40(5): 122-126.
Ramesh, A. & Vijayalakshmi, A. (2001).

Monitoring of allethrin, deltamethrin,
esbiothrin, prallethrin and transfluthrin
in air during the use of household
mosquito repellents. Journal of

Environmental Monitoring 3(2): 191-
193.

Rhee, M., Sissoko, M., Perry, S., Dicko, A.,
McFarland, W. & Doumbo, O. (2005).
Malaria prevention practices in Mopti
region, Mali. East African Medical

Journal August 82(8): 393-402.
Samuelsen, H., Toe, L.P., Baldet, T. &

Skovmand, O. (2004) Prevention of
mosquito nuisance among urban
populations in Burkina Faso. Social

Science and Medicine 59(11): 2361-2371.
Taylor, P. & Mutambu, S.L. (1986). A review

of the malaria situation in Zimbabwe
with special reference to the period 1972
- 1981. Transactions of the Royal Society

of Tropical Medicine and Hygiene 80:

12 -19.
Vijay- Kumar, K.N. & Ramaiah, K.D. (2008).

Usage of personal-protection measures
against mosquitoes and the low
prevalence of Wuchereria bancrofti

microfilaraemia in the Indian city of
Chennai. Annals of Tropical Medicine

and Parasitology 102(5): 391-397.

191 - 195   Nzira Lukwa.pmd 11/17/2008, 10:20 AM195


