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Abstract

Background & objectives: Phlebotomine sandflies are vectors of leishmaniases and other diseases.
Long-lasting insecticidal nets (LLINs) as possible tools for control have not been widely tested
against them. The objective of this study was to determine the efficacy of Olyset® Net and PermaNet®

LLINs alongside a local brand, K-O Tab® treated net (Supanet) against Phlebotomus duboscqi
female sandflies.

Methods: Four replicates of unwashed and 20x washed Olyset Nets  and PermaNets, K-O Tab-
treated and untreated Supanet and ‘no net’ treatments were evaluated against sandflies within the
laboratory by tunnel tests and in semi-field conditions in the greenhouse model for their efficacy.

Results: All bednets allowed entry of P. duboscqi sandflies and subsequent blood-feeding. Olyset
net’s blood feeding inhibition was significantly higher than that of Supanet in the laboratory but
not in semi-field condition. Of the LLINs, only Olyset net had sandflies that could not feed
significantly more than those of Supanet. Additionally, no significant efficacy difference was
observed between LLINs washed 20x and unwashed ones. The only significant difference noted in
number of sandflies that were found dead or paralyzed within bednets in the semi-field condition
was between Olyset and K-O Tab treated Supanet. In the laboratory, unwashed Olyset had a
significantly higher number of sandflies killed than all other bednet treatments.

Conclusion: Olyset net use in areas where sandflies are nuisance biters and/or disease vectors
could be more beneficial in preventing sandfly bites than other tested bednets. It is recommended
that mesh sizes of LLINs should be smaller for control of sandflies than those used for control of
mosquitoes.
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Introduction

In Kenya, phlebotomine sandflies transmit visceral
and cutaneous leishmaniases. Visceral leishmaniasis
(VL), caused by Leishmania donovani is transmit-
ted by Phlebotomus martini (Diptera: Psychodidae)1.
Phlebotomus duboscqi sandflies transmit L. major,
one of the causative agents of cutaneous leishmania-

sis (CL)2. Many cases of leishmaniases still go unre-
ported or undiagnosed, hence, the official statistics
are currently not available for determining the actual
number of cases3.

The use of insecticide-treated nets (ITNs) may rep-
resent the most sustainable method of reducing
intradomiciliary transmission of Leishmania in com-
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munities surrounded by forests, where diurnal rest-
ing sites of vectors are unknown or inaccessible4.
Insecticide-treated nets act as ‘baited traps’ in which
sandflies are attracted to exhaled carbon dioxide and
host odour, and die after alighting on treated sur-
faces. They have been evaluated against phlebotomine
sandflies in several countries including Italy5, Burkina
Faso6, Sudan7, Syria8 and Kenya9. Insecticide-treated
nets were shown to reduce cutaneous leishmaniasis
transmitted by P. sergenti in Syria, Afghanistan and
Turkey10–12. Moreover, VL cases in eastern Sudan
reduced by ~27% after mass distribution programme
of polyester ITNs of mesh size 25 holes/sq cm13.
ITNs are occasionally provided by health ministries
to protect populations at risk of CL in some Latin
American localities where transmission occur in do-
mestic environment, though the effectiveness of such
strategies has rarely been evaluated14.

Despite the fact that long-lasting insecticidal nets have
been developed with treatments as well as insecti-
cidal effects more evenly distributed than ITNs, they
have not been widely tested against sandflies. How-
ever, they were found successful against malaria
transmitting mosquitoes15–19. Though the degree of
contact that sandflies may make with a treated sur-
face is greater than that of mosquitoes4, hence, in-
creasing their susceptibility to contact insecticides,
there is limited information on the efficacy of long-
lasting nets in sandfly control4,20.

In this study, the efficacy of two brands of LLINs vs
K-O Tab® treated and untreated bednets was tested
against 2–3 day old female P. duboscqi, the vector
for L. major in Kenya both in the laboratory and semi-
field conditions. Differences in feeding success and
survival of laboratory-reared sandflies that contacted
treated bednets were determined.

Material & Methods

Laboratory studies: Experiments were conducted at
the Centre for Biotechnology Research and Devel-
opment (CBRD) laboratory of Kenya Medical Re-
search Institute (KEMRI) from April to August 2007.

Phlebotomus duboscqi sandflies were obtained from
the sandfly colony maintained at the centre. The ba-
sic design of this experiment was based on that of
World Health Organization Pesticide Evaluation
Scheme with some modifications21. Experiments
were carried out in the laboratory within tunnels con-
structed from glass cages with plaster of paris on
their bases. Two such cages, one measuring 25 cm
(width) x 25 cm (height) x 40 cm (length) and an-
other 25 x 25 x 20 cm, were joined on their open
ends with an adhesive tape to form a tunnel measur-
ing 25 x 25 x 60 cm. Before tapping, a disposable
cardboard frame with a bednet material was fitted in
between the cages. The surface of the netting mate-
rial ‘available’ to the sandflies was 400 cm2.

The test bednet materials used were purchased from
local stores and distributors. They included:
Deltamethrin-treated PermaNet® (Vestergaard
Frandsen, Denmark) of mesh size 25 holes/cm2 and
active ingredient of 55 mg/m2,  Permethrin-treated
Olyset® Nets (Sumitomo Chemical Co. Ltd, Japan)
of mesh size 9 holes/cm2 and 1000 mg/m2 of active
ingredient and Supanet® (Deltamethrin K-O Tab®

treated local bednet brand) of mesh size 25 holes/
cm2 and a target active ingredient concentration of
25 mg/m2. Olyset and PermaNet bednets vigorously
washed by hand 20 times and dried  as recommended
by manufacturers were also included22. Olyset nets
were allowed over 15 days for insecticide regenera-
tion23 before use in the experiments. A non-treated
Supanet® bednet and a ‘no net’ (without net fabric
between the two sections of the tunnel) were used as
controls.

In the shorter section of the tunnel, a restrained ham-
ster acting as bait (host) was placed. Through the
other end of the longer section of the tunnel, a total
of one hundred 2–3 days old sugar and blood-starved
P. duboscqi females were released at 0800 hrs21.
They were free to fly in the tunnel but had to make
contact with the piece of netting and locate the holes
in it before passing through to reach the bait. Fol-
lowing their release in the tunnel, hungry sandfly
probing ability was monitored during the first one
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hour using a video camera. After the second hour,
sandflies were picked and counted separately from
each section of the tunnel and immediate mortality
was scored. Live females were placed in plastic cups
supplied with sugar solution and delayed mortality
was scored after 4, 6 and 24 h. During feeding suc-
cess determination, only flies on the bait side of the
tunnel were considered.

During tests, the cages were maintained at 27°C and
80–95% relative humidity. Blood feeding and inhi-
bition was assessed by comparing the proportion of
blood-fed females (both alive and dead) in treated
and control tunnels. Overall mortality was calculated
by pooling immediate and delayed mortalities of
sandflies from the two sections of the tunnel. Each
type of netting material was replicated four times
using bednet pieces from four different bednets.

Semi-field studies: These studies were conducted in
the greenhouse model Sapphire 960-4.25 m gutter
height (Azrom Greenhouses, Israel) from Novem-
ber 2007 to June 2008. The structure together with
its associated weather parameter measuring equip-
ments have been described previously24. Before com-
mencement of experiments, standard CDC light-traps
(John W. Hock, TX, U.S.A.) were set up inside for
two consecutive nights to ascertain sandfly absence.

Same bednet brands (total of six) that were used in
the laboratory studies were tested in the greenhouse
in this study. Untreated Supanet was used as a con-
trol. Labelled goats of about the same age and weight
were caged inside each of the six bednets as they
were most attractive to P. duboscqi sandflies in an
animal bait comparative study24. Their use was ap-
proved by the Animal Care and Use Committee
(ACUC) of Kenya Medical Research Institute.

In the greenhouse, bednets were suspended from the
inner frame of a portable sun shelter. Top of bednet
was joined with a white cotton sheet forming the roof
of the sun shelter. Caged goats in bednets were placed
on a white sheet of cloth on the floor on top of plas-
tic sheets. The six bednets were placed 3.4 m from

each other in Latin square design and rotated on each
experimental day in clockwise direction to avoid bias
due to position. The goats were rotated in
anticlockwise direction to ensure each goat slept
under all the bednets at the end of the rotation. After
a full rotation of bednets through the six positions in
six days, a different set of same nets was introduced
for another rotation until four sets of each bednet
type had been tested.

On every experimental day, 500 starved insectary-
bred female P. duboscqi sandflies raised in a nearby
insectary were released at the centre of the design
3.2 m from each bednet at 1800 hrs. To differentiate
sandflies used on various days, they were dusted with
fluorescent dyes (Day-glo colour Corp. Cleveland,
Ohio, U.S.A.) of different colours. At 0600 hrs the
following day, sandflies captured within and without
the bednets were scored as follows; dead outside the
bednet, alive outside the bednet, dead inside the bed-
net and alive inside the bednet. Only sandflies marked
with dye colour used the previous day were scored.

To determine whether the sandflies were dead or not,
they were observed for any movements under a dis-
section microscope. They were visually distinguished
as to whether they had blood-fed or not. Blood feed-
ing rate was used to determine the feeding success.
All sandflies collected alive inside the bednets were
supplied with sugar solution soaked in cotton in a
moist environment. These were initially monitored
for 1 h then over another period of 11 h for determi-
nation of mortality rates.

Experiments were conducted under the following
environmental conditions: temperature and relative
humidity conditions inside and outside the greenhouse
during the experimental nights were as follows: tem-
perature outside—range 18.71–32.34°C, mean
24.01°C; temperature inside—range 15.62– 31.52°C,
mean 21.97°C; relative humidity outside—range
20.5–90%, mean 61.41%, relative humidity inside—
range 20.9–98%, mean 70.84%.

Data management: Data were entered in MS Excel
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and thereafter imported into STATA 9.2,
(STATACORP, TX, U.S.A.) for analysis. Results
of feeding success through the various bednets were
compared using Kruskal-Wallis to assess the sandfly
exclusion efficacy/blood feeding inhibition of a given
type of bednet. Numbers of P. duboscqi sandflies
that fed through pairs of individual bednets were com-
pared by Wilcoxon rank-sum test.

Results

Laboratory studies

Blood-feeding rate of P. duboscqi sandflies in dif-
ferent bednets: Only sandflies found on the host side
of the tunnel were considered. The numbers that fed
under bednet brands differed significantly (2 =
18.732, p <0.05). The ‘no net’ tunnels had the high-
est number of sandflies that were blood-fed and this
was significant when compared with each of the rest
of the treatments (p <0.05) (Fig. 1). The number of
sandflies that were blood-fed in PermaNet and Olyset
net types did not differ significantly (z = –0.155,
p >0.05) and 20x washed LLINs did not lead to sig-
nificant increase in blood feeding by sandflies
(PermaNet: z = –1.191, p >0.05; Olyset net: z =
–0.588, p >0.05). The Olyset net allowed significantly

lower rate of blood feeding than  conventionally
K-O Tab-treated Supanet, (z = 2.071, p <0.05) but
not PermaNet (z = 1.183; p >0.05). The difference
between treated and untreated Supanet was
satistically significant (z = –2.021, p <0.05).

The numbers of unfed sandflies were significantly
different in all bednet treatments (2 = 20.252,
p <0.05) (Fig. 1). The number of unfed sandflies was
significantly higher in Olyset nets than that of all oth-
ers (p <0.05) except washed Olyset net. There were
no differences between the rest of the other bednet
combinations. PermaNet had the lowest number of
unfed sandflies.

Survival analysis, mortality rates and paralysis: A
log rank test of homogeneity by bednet type revealed
significant differences in survival rates of all sandflies
(those that crossed the net barrier plus those that did
not) over 24 h in tested bednets (p <0.05). When
only Olyset and PermaNet bednets were compared,
the difference in the rates was still significant
(p <0.001). The lowest proportion of sandflies sur-
vived was in Olyset net (Fig. 2). The same case was
observed when only flies that crossed the net barrier
were compared except the differences between un-
washed and washed PermaNet which were insignifi-
cant p >0.05).

Fig. 1: The number (mean ± SE) of fed and unfed sandflies
found within the bednets and ‘no net’ control in the
laboratory

Fig. 2: Survival curves of total number of sandflies found
inside and outside bednets in laboratory experiments
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Table 1 shows mortality rates and number of dead
and paralyzed sandflies found outside and inside the
different bednets after 24 h in the laboratory. The
lowest rates were observed in untreated Supanet
whereas the highest were in Olyset nets. Numbers of
dead and paralyzed sandflies were significantly higher
in unwashed Olyset net than in unwashed PermaNet
(p <0.05). Similarly these number of sandflies in
washed Olyset net was significantly higher than in
unwashed PermaNet (z = –2.366, p <0.05) and
treated Supanet (z = –2.366, p <0.05). There was no
difference in number of dead and paralyzed sandflies
between the washed and unwashed LLINs
(PermaNet: p >0.05; Olyset net: p >0.05). The same
result was observed between treated and untreated
Supanet (p >0.05).

Prevention of the flies entering through the net was
estimated by the mortality and paralysis in the cham-
ber outside the net. Both numbers of dead and sum
of dead and paralyzed sandflies differed significantly
among the bednets (Dead: 2 = 2.205, p <0.05, Sum:
2 = 18.510, p <0.05). Unwashed Olyset and un-
washed PermaNet equally prevented sandflies from
entering the bednets (z = 0.866, p >0.05). Unwashed
PermaNet significantly prevented entry of sandflies
more than the washed one (z = 2.021, p <0.05). This
was not the case when the unwashed and washed

Olyset nets were compared (z = 1.888, p >0.05). Both
unwashed LLINs significantly prevented more
sandfly entry into bednets than the treated Supanet
(PermaNet: z = 2.309, p <0.05, Olyset: z = 2.309,
p <0.05). Treated Supanet prevented entry of more
sandflies than untreated one (z = 2.309, p <0.05).

Effect of bednet treatments on sandfly probing: Prob-
ing activity captured by a video camera showed that
the number of times sandflies probed before feeding
was 4–9 under Olyset net and if feeding ensued
sandflies only fed partially without full engorgement.
One to two probing attempts preceded feeding to
engorgement in ‘no net’, treated and untreated
Supanets. The number of probing patterns before
feeding in PermaNet was haphazard ranging from 1
to 11. Most sandflies after passing through the Olyset
net were unable to recognize the host (hamster).

Semi-field studies

Blood-feeding rate of P. duboscqi sandflies in dif-
ferent bednets: The number of sandflies that fed did
not differ significantly among the bednets (2 = 1.652,
p >0.05). However, unwashed Olyset nets had the
lowest number of sandflies that were blood-fed
whereas untreated Supanet had the highest numbers
(Fig. 3).

Table 1. Mortality rates, mean ± SE of dead and paralyzed  sandflies found inside and outside of
different bednets after 24 h in the laboratory

Type of bednet Mortality rate (%)* No. of sandflies within No. of sandflies without

Sandflies Sandflies Dead Paralyzed Total Dead Paralyzed Total
within  within +

Sandflies
without

Olyset net 53.4 47.75 11.7± 2.9 13.25 ±5.2 25± 6.4 36±10.8 33±10.6 69±10.1
Washed Olyset net 17.52 18.25 4.25±3.1 15.5±3.4 19.7±5.4 14±4.8 32.25±5.5 46.25±2.3
PermaNet 6.25 32.25 0.25±0.2 0 0.25±0.2 32±9.2 22.25±2.9 54.25±11.3
Washed PermaNet 7.69 14.5 0.25±0.2 0 0.25±0.2 14.5±6.2 6±4.7 20.5±10.3
Treated Supanet 7.69 9.75 0.5±0.5 0 0.5±0.5 9.25±3.6 4±2.1 13.25±3.7
Untreated Supanet 6.66 2.25 0.5±0.5 0 0.5±0.5 1.75±0.8 0 1.75±0.8

*Mortality rates for sandflies within and without bednets were not calculated for ‘no net’ owing to lack of net barrier to
distinguish the two sides.
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On the other hand, the number sandflies that did not
feed differed significantly (2 = 23.580, p <0.05).
Olyset nets had the highest number of unfed sandflies
followed by PermaNets. There were no differences
among other bednets except between unwashed
Olyset and treated Supanet (z = –2.231, p <0.05).

Sandfly mortality and paralysis: There were signifi-
cant differences among bednets with regard to the
number of dead sandflies found within the bednet

(2 = 31.247, p <0.0001). Table 2 shows mortality
rates and numbers of sandflies found inside and out-
side of different bednets after 24 h under semi-field
conditions. Olyset nets had the highest number of
dead sandflies within followed by washed PermaNet.
The only significant difference among the bednets
was in the numbers of dead sandflies in treated
Supanet and unwashed Olyset (z = –2.274, p <0.05).
The outcome was the same when the numbers of the
sum of dead and paralyzed sandflies were compared.

Mortality rates of sandflies caught in the bednet af-
ter 24 h were 99% in Olyset nets and 41% in un-
treated Supanet. There were only paralyzed sandflies
inside the washed PermaNet and unwashed Olyset
nets and no live sand flies were observed. With re-
gard to the sandflies found on the white flooring sheet
outside bednets, unwashed Olyset net and treated
Supanet had the highest number of dead sandflies.
Untreated Supanet had the lowest number and this
differed significantly when compared with other
bednet treatments (p < 0.05) except PermaNet (p >
0.05). Similarly, there was no difference among the
dead flies outside other bednets (2 = 2.526,
p >0.05).

Bednet entry rate by sandflies: Number of sandflies
that entered different bednet treatments differed sig-

Fig. 3: Number (mean ± SE) of fed sandflies found within
the bednets in greenhouse

Table 2. Mortality rates and numbers of sandflies found inside and outside of
different bednets after 24 h under semi-field conditions

Type of bednet % Mortality of Mean ± SE of Mean ± SE of
sandflies inside  sandflies inside dead sandflies outsideb

Dead Paralyzed Total

Treated Supanet 93 3.5±1.15 0.16±0.07 3.6±1.2 1.3±0.86

Untreated Supanet 41a 0.58±0.14 0 0.58±0.14 0.3±0.17

Olyset net 99 7.42±1.54 0.20±0.10 7.45±1.58 1.37±0.53

PermaNet 92 3.96±0.88 0.29±0.09 4.25±0.88 0.58±0.18

Washed Olyset net 99 7.42±2.02 0 7.42±2.02 0.92±0.04

Washed PermaNet 93 4.46±0.78 0.33±0.14 4.79±0.87 0.75±0.25

aThe number of sandflies found alive in untreated Supanet bednets was likely to have been higher than what was recorded since
sandflies in these bednets were observed to easily fly out thus pushing up the mortality rate. bOnly dead sandflies are indicated
because there were no paralyzed sandflies.
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nificantly (2 = 20.721, p <0.001). However, with-
out considering the number of sandflies in Supanet
bednets, there were no differences among the remain-
ing bednets (2 = 2.308, p >0.05). Attraction into
the bednets by sandflies (total numbers) by the six
goats used in the experiment was not different (2 =
2.238, p >0.05). Fluorescent dyes used to mark
sandflies had no effect on the total number of flies
that entered the bednets (2 = 0.471, p >0.05).

Discussion

Results from this study showed that both LLINs
tested did not completely inhibit P. duboscqi female
sandflies from taking blood-meals. This could be
because of the mesh sizes which are large enough to
allow sandfly entry and that the presence of the in-
secticide alone might not have been enough to pre-
vent sandfly host-seeking. In the laboratory, Olyset
net proved to be better than PermaNet in preventing
blood feeding. The number of sandflies that blood-
fed under this bednet was significantly less than those
under K-O Tab  treated Supanet. The difference in
these numbers was not significant in PermaNet vs
Supanet comparisons. Some studies involving An.
gambiae mosquitoes showed that nets treated with
deltamethrin were better in preventing bites25.
Though PermaNet and Supanet bednets had varying
deltamethrin concentrations, 55 mg a.i. /m2 and 25
mg a.i. /m2 respectively, no difference was observed
in the number of sandflies that were blood-fed. The
reason for this observation could not be established.
Perhaps, what could have mattered to sandflies was
the mesh size which happened to be the same in both
the bednets and not the insecticide concentration and
distribution.

In the semi-field experiments, the numbers of unfed
sandflies were not different across bednets tested
when Supanet nets were not considered. This was in
contrast with the findings of the laboratory experi-
ments where Olyset nets had significantly higher num-
ber of unfed sandflies when compared with other
bednets. The difference could have been a result of
the distance that the sandflies had to cover to reach

the net surfaces and pass through to the hosts. This
distance was much greater in the green house enclo-
sure than in tunnels used in the laboratory, hence,
fewer sandflies managing to enter bednets. The other
reason for lower number of sandflies captured in the
nets could be due to the introduction of laboratory
bred sandflies into environments they were not ac-
customed to host-seeking. The two reasons plus the
fact that bednets are designed to eliminate host/in-
sect contact, led to low sandfly recovery rate in this
experiment.

Ordinary hand washing 20 times at home using a lo-
cal bar soap of the two LLINs (washing was used
also to simulate the bednet lifespan23) did not sig-
nificantly reduce blood-feeding inhibition effect. This
is in agreement with the manufacturer’s claim that
the efficacy of these nets lasts for up to 20 washes.
These findings also agree in part with those of labo-
ratory washing which reduced the efficacy of K-O
Tab® conventionally treated nets but had least effect
on the PermaNet 1.0 which retained significant bio-
logical activity after 20 washes23. A Tanzanian study
involving mosquitoes showed that PermaNet 2.0 re-
tained wash resistance19. Though Olyset could not
significantly lose their biological activity in the cur-
rent semi-field study, a field study in Western Kenya
showed that Olyset nets lost their biological activity
rapidly15. In the current study, however, bednets were
used for a short time period.

Since deaths due to contact with Olyset net were
higher than in other net treatments, the bednets were
considered better products for controlling sandflies.
This conclusion is also based on WHO laboratory
bioassays which proposed insect death due to con-
tact with insecticide as the criterion of choice for
acceptability of efficacy26. The big mesh size may
therefore not be a ground for down grading Olyset
nets as shown by this study. An unexpected observa-
tion about PermaNet in the semi-field environment
was that it was neither better than hand treated
Supanet nor the untreated Supanet in terms of num-
bers of killed plus paralyzed sandflies. This is con-
trary to that of mosquitoes whose control (measured
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as mortality or knockdown) appears to decline from
good to poor within very narrow ranges of surface
concentration, with critical ranges for change evi-
dently differing between and within  products27.

During an evaluation of Olyset nets in Tanzania
against mosquitoes people were concerned about the
big mesh size that “could allow entry of mosqui-
toes”27. Only results from laboratory bednet tests in
the current study confirmed this concern in sandflies
because Olyset nets permitted entry of the highest
number of sandflies when compared with other treat-
ments. However, this net also had the highest num-
ber of sandflies that had sluggish movement (either
partial or complete), difficulty in probing and could
not feed.  Lack of probing attempts due to failure to
recognize the host is an important quality of the
bednet given that feeding attempts alone can lead to
Leishmania transmission28.

Other unequivocal differences between Olyset net and
PermaNet bednets were observed in survival rates
of sandflies that contacted the net barrier in the labo-
ratory. In either case, the lowest proportion of all
sandflies (sum of sandflies that entered the bednet
and those did not) surviving was observed in Olyset
net. Again, this implies that though Olyset nets al-
lowed entry of many sandflies in comparison with
other bednets in the study, few had survived, thus,
further reducing biting chances. In the laboratory,
highest sandfly mortality rates were observed in
Olyset nets (53.4% within the bednet and 47.7% of
both sandflies found inside and outside bednets). On
the other hand mortality rates for sandflies that passed
through PermaNet were quite low (6.2%) when com-
pared with rate of flies that crossed the net barrier
plus those did not (32.2%). This observation indi-
cates that many sandflies in PermaNet  were seem-
ingly killed before they managed to enter the bednet
and because of their smaller mesh size which increases
contact with the insecticide.

Repellent effect known in permethrin-treated nets
against mosquitoes15 was not obvious in permethrin-
treated Olyset nets in this study involving sandflies

in the laboratory. Excito repellency is caused by
permethrin’s hypersensitivity to stimuli from sense
organs through blockage of sodium ions movement
from outside to the inside of the nerve cells29 and
probably this effect is much reduced in sandflies.

The findings of bednet efficacy tests in the green-
house (semi-field environment) where some factors
influencing sandfly ecology and behaviour in the field
were controlled, revealed a good scenario for com-
parison with experiments under laboratory environ-
ments and also an indication of what the case would
be under uncontrolled field environment. The sce-
nario in the greenhouse also reflects a more practical
case where sandflies in the field have to enter bednets
during their host seeking exercise to take blood-
meals.

In conclusion, all bednets tested allowed entry and
subsequent blood-feeding by P. duboscqi sandflies.
Based on its associated high mortality rates, the use
of Olyset nets in areas where sandflies are nuisance
biters and/or disease vectors was recommended.
However, authors recommend that mesh size of
Olyset net be reduced to comfortable size especially
for sandfly infested areas. Further investigations into
appropriate mesh sizes, insecticide doses especially
in the case of PermaNets30 and field studies with
LLINs are required to ensure better products for
sandfly control.

Acknowledgement

We wish to thank Mr Nicholas Odemba, Ms Hellen
Koka, Cliff Chepchieng and Mr Francis Ngere of US
Army Medical Research Unit-Kenya for their involve-
ment in rearing the sandflies used in the study. We
are indebted to the staff of Centre for Biotechnology
Research and Development, KEMRI, for their in-
valuable input. The US Army Medical Research Unit-
Kenya kindly allowed use of the greenhouse and
space for establishment of a sandfly insectary in
Marigat, both of which facilities were indispensable
to this study. Kenya Agricultural Research Institute
staff in Perkera station provided logistical support.



 9KASILI  ET AL: SANDFLY CONTROL BY LONG-LASTING NETS

References

1. Heisch RB, Wijers DJ, Minter DM. In pursuit of the vec-
tor of kala-azar in Kenya. BMJ 1962; 5298: 1456–8.

2. Beach R, Kiilu G, Hendricks L, Oster C, Leeuwenburg J.
Leishmania major in Kenya: transmission to human by a
naturally infected Phlebotomus duboscqi sandflies. Trans
R Soc Trop Med Hyg 1984; 78: 747–51.

3. Tonui WK.  Situational analysis of Leishmaniases re-
search in Kenya.  African J  Health Sci 2006; 13: 7–21.

4. Alexander B, Maroli M. Control of phlebotomine
sandflies. Med Vet Entomol 2003; 17: 1–18.

5. Maroli M, Lane RP. The effect of permethrin impregnated
nets on Phlebotomus (Diptera: Psychodidae) in central
Italy. In: Leishmaniasis- the current status and new strat-
egies for control. New York: Platnum Press 1989; p. 217–
23.

6. Majori G, Maroli M, Sabatineli G, Fausto AM. Efficacy
of permethrin-impregnated curtains against endophillic
phlebotomine sandflies in Burkina Faso. Med Vet Entomol
1989; 3: 441–4.

7. Elnaiem DA, Elnahas AM, Aboud MA. Protective effi-
cacy of lambdacyhalothrin-impregnated bednets against
Phlebotomus orientalis, the vector of visceral leishmania-
sis in Sudan. Med Vet Entomol 1999; 13: 310–4.

8. Jalouk L, Al Ahmed M, Grandoni L, Maroli M. Insecti-
cide-treated to prevent anthroponotic cutaneous leishma-
niasis in Aleppo Governorate , Syria: results from two tri-
als. Trans R Soc Trop Med Hyg 2007; 101: 360–4.

9. Basimike M, Mutinga MJ. Effects of permethrin-treated
screens against phlebotomine sandflies, with reference to
Phlebotomus martini (Diptera: Pyschodidae). J Med
Entomol 1995; 32: 428–32.

10. Tayeh A, Jalouk L, Al Khiami AM. A cutaneous leish-
maniasis control trial using pyrethroid-impregnated
bednets in villages near Aleppo, Syria.  Geneva: World
Health Organization 1997(WHO/LEISH/97.41).

11. Reyburn H, Ashford R, Mohsen M, Hewitt S, Rowland M.
A randomized controlled trial of insecticide treated
bednets and chaddars or top sheets, and residual spray-
ing of interior rooms for the prevention of cutaneous
leishmanaisis in Kabul, Afghanistan. Trans R Soc Trop
Med Hyg 2000; 94: 361–6.

12. Alten B, Caglar SS, Kaynas S, Simsek FM. Evaluation
of protective efficacy of  K-O Tab impregnated bednets
for cutaneous leishmaniasis control in South-east
Anatolia, Turkey. J Vector Ecol 2003; 28: 53–64.

13. Ritmeijer K, Davies C, Van Zorge R, Wang S, Schorscher
J, Dongu’du SI, et al. Evaluation of mass distribution

programme for fine-mesh impregnated bednets against
visceral leishmaniasis in eastern Sudan. Trop Med Int
Health 2007; 12: 404–14.

14. Pesticides and their participation for the control of vec-
tors and pests of public health importance. VI edn.
Geneva: World Health Organization. Available from:
http://worldpubliclibrary.org/Members.3/World_Health_
Collection/hq/2006/WHO_CDS_NTD_WHOPES_
GCDPP_2006.1_eng.pdf   [cited 2008 June 12].

15. Lindblade KA, Dotson E, Hawley WA, Bayor N,
Williamson J, Mount D, et al. Evaluation of long-lasting
insecticidal nets after 2-years of household use. Trop Med
Int Health 2005; 10: 1141–50.

16. Sreehari U, Razdan RK, Mittal PK, Ansari MA, Rizvi
MMA, Dash AP. Impact of Olyset® Nets on malaria trans-
mission in India. J Vector Borne Dis 2007; 44: 137–44.

17. Mahama T, Desiree EJ, Pierre C, Chandre F. Effective-
ness of PermaNet in Cote d’Ivore rural areas and residual
activity on knockdown-resistant strain of Anopheles
gambiae. J Med Entomol 2007; 44: 498–502.

18. Kilian A, Byamukama W, Pigeon O, Atieli F, Duchon S,
Phan C. Long-term field performance of polyester-based
long-lasting insecticidal mosquito net in rural Uganda.
Malar J 2008; 7: 29–60.

19. Msangi S, Lyatuu E, Masenga C, Kihumo E. The effects
of washing and duration of use of long-lasting insecticidal
nets (PermaNets) on insecticidal effectiveness. Acta Trop
2008; 107: 43–7.

20. Service MW. Medical entomology for students. II edn.
Cambridge: Cambridge University Press 2000; p. 98–9.

21. Guidelines for laboratory and field testing of long-last-
ing insecticidal mosquito nets. Geneva: WHO Pesticide
Evaluation Scheme [updated 2005 April 20; cited 2006
April 6]. Available from: http://whqlibdoc.who.int/hq/
2005/WHO_CDS_WHOPES_ GCDPP_2005.11.pdf.

22. Maxwell CA, Mnyamba J, Magoma J, Rwegoshora RT,
Magesa SM, Curtis CF. Tests on Olyset nets by bioassay
and in experimental huts. J Vector Borne Dis 2006; 43:
1–6.

23. Gimnig J, Lindblade KA, Mount DL, Atieli FK, Crawford
S, Wolkon A, et al. Laboratory wash resistance of long-
lasting insecticidal nets. Trop Med Int Health 2005; 10:
1022–9.

24. Kasili S, Helen LK, Mwandawiro C, Philip MN, Anjili
OC. Comparative attractiveness of CO2-baited CDC light-
traps and animal baits to Phlebotomus duboscqi sandflies.
J Vector Borne Dis 2009; 46: 191–6.

25. Elissa N, Curtis CF. Evaluation of different formulations
of deltamethrin in comparison with permethrin for im-



 J  VECTOR  BORNE  DIS  47, MARCH 201010

pregnation of netting. Pestcide Sci 1995; 44: 363–7.

26. Report of the Eleventh WHOPES Working Group Meet-
ing. Geneva: World Health Organization, 10–13 Decem-
ber 2007, [updated Jan; cited 2008 Jan 23]. Available
from: http://www.who.int/whopes/recommendations/wgm/
en/

27. Tami A, Mubyazi G, Talbert A, Mshinda H, Duchon S,
Lengeler C. Evaluation of Olyset® insecticide-treated nets
distributed seven years previously in Tanzania. Malar J
2004; 3: 19.

28. Lawyer PG, Githure JI, Anjili CO, Olobo JO, Koech DK,
Reid GDF. Experimental transmission of Leishmania
major to vervet monkeys (Cercopithacus aethiops) by
bites of Phlebotomus duboscqi (Diptera: Psychodidae).
Trans R Soc Trop Med Hyg 1990; 84: 229–32.

29. Vijverberg HPM, Bercken J. Neurotoxicological effects
and the mode of action of synthetic pyrethroid. Crit Rev
Toxicol 1990; 21: 105–26.

30. Zaim M, Aitio A, Nakashima N. Safety of pyrethroid-
treated mosquito nets. Med Vet Entomol 2000; 14: 1–5.

Corresponding author: Sichangi Kasili, Centre for Biotechnology Research and Development, P.O. Box 54840-00200,
Nairobi, Kenya.
E-mail: skasili@yahoo.co.uk

Received: 28 October 2009 Accepted in revised form: 26 January 2010


