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ABSTRACT
The efficacies of permethrin-impregnated cotton, nylon and polyethylene fabrics were
assessed against Culex pipiens quinquefasciatus Say in the laboratory in Jos, Plateau
State, Nigeria. Adult females were exposed to treated surfaces of these common bed-net
fabrics in standard exposure tubes of the World Health Organization (WHO).
Knockdown (KD) and mortalities of the mosquitoes, recorded at 5 minutes intervals over
a total exposure period of 60 minutes, commenced rapidly within the first 5 minutes of
exposure. The overall responses are represented by the following regression equations: a)
cotton, y= 5.81x -2.03; b) nylon, y= 5.97x - 2.17 and c) polyethylene, y= 6.l1x - 2,5l.
From these equations, the time taken to knock down 50% of the mosquitoes (i.e. KDTso)
are estimated to be 16 minutes 12 seconds for cotton; 15 minutes 53 seconds for nylon
and 17 minutes for polyethylene. However, there were no significant differences (X2 =
0.040, df= 2, p> 0.05) between the KDTso values obtained with the different netting
fabrics. These results suggest that the different fabrics are essentially similar in efficacy
and could be used interchangeably in the impregnated bed-nets intervention programme,
at least against Cx. quinquefasciatus.

INTRODUCTION
Various social, economic and entomological problems confronting conventional

insecticidal spraying against mosquito vectors of human diseases, particularly malaria
have necessitated the development of alternative strategies for the control of these vectors
(Curtis, 1994). Prominent among these alternative technologies is the use of pyrethroid-
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impregnated bed-nets. Success stories on the use of this strategy have been reported from
The Gambia (Aikins et al., 1993; Alonso et al., 1993a, 1993b; Greenwood and Pickering
1993). Western Kenya (Beach et al., 1993; Githeko et al., 1996; Neville et aI., 1996),
Tanzania (Njau et al., 1993; Stich et al., 1994; Curtis et al., 1996), Guinea Bissau
(Jaenson et al., 1994), Cameroon (Moyou-Sorno et al., 1995), Maputo in Mozambique
(Crook and Baptista, 1995), Benin (Akogbeto and Nahum, 1996), Ghana (Binka et aI.,
1996; Gyapong et al., 1996) and Burkina Faso (Githeko et al., 1996) on the African
continent. Some of these encouraging reports led Brinkmann and Brinkmann (1995) to
conclude that large-scale use of pyrethroid-irnpregnated bednets offers an important
strategy for future control of malaria vectors and other such obnoxious insects.

Insecticide-impregnated bed-nets are cheap. socially acceptable and effective
when used on a wide scale (Curtis, 1994). They have been shown to reduce the incidence
of Plasmodium infection, clinical attacks of malaria. levels of parasitaemia, severe or life-
threatening malaria, malaria-related mortality as well as all-cause mortality, mosquito
sporozoites rates and entomological inoculation rates. Other gains include improvement
of haemoglobin (Hb) and packed cell volume (PCV) levels. These benefits translate into
reduction of economic losses and increased financial savings (Brinkmann and
Brinkmann, 1995) beside increased productivity. Choi et al (1995) found from
retrospective data from The Gambia, Kenya, Tanzania, Zaire, Papua New Guinea,
Malaysia and Thailand that, even without insecticidal treatment. mosquito nets reduce
malaria incidence rates by an average of 24% (about 50% in field trials). Currently, data
on this intervention strategy for control of vectors of filariasis is extremely scanty.

Earlier studies by Elissa and Curtis (1995) and Curtis et al (1996) demonstrated
the significance of the nature of netting fabric as a factor determining the efficacy of
impregnated bed-nets against vectors. Using varying concentrations of insecticides
(bendiocarb, 400 mg/rrr"; cyfluthrin, 30 - 50 mg/m; deltamethrin, 15 - 25 mg/m";
etofenprox, 200 rng/m"; lambda-cyhalothrin, 5 - 25 mg/rrr' and perrnethrin, 200 - 500
mg/rrr') they showed that cotton, polyester (terylene), polyethylene and polypropylene
materials vary in the effectiveness of insecticides applied on them against Anopheles and
Culex mosquitoes.

In Nigeria, where the Roll-Back-Malaria (RBM) initiative of the World Health
Organization (WHO) is assisting the national Ministry of Health (MOH) towards malaria
control, the use of insecticide-treated bed nets is receiving considerable publicity and
advocacy. Permethrin is one of the pyrethroids of choice and nylon netting is strongly
recommended for the programme. However, both the chemical and netting material are
yet to be widely tested against local species/strains of mosquitoes in this country.
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This paper reports the first part of a study conducted to determine the influence of netting
material on efficacy of permethrin against Culex pipiens quinquefasciatus Say, one of the
predominant species of mosquitoes (Anyanwu and Iwuala, 1995) on the cool north
central plateau. Rather than work with a fixed exposure time as was done by earlier
studies, the study focuses on time-related knockdown/mortality of the mosquitoes
exposed to permethrin on different netting fabrics.

MATERIALS AND METHODS
a) The Study Area

The study was conducted in Jos, on the cool north central plateau of Nigeria.
Located at an altitude of about 1250 m above sea level and a height of about 600 m above
the general surrounding, on approximately Lat. 9°55'N and Long. g051'E, Jos city has a
population of 624,720; 329,038 males and 295,682 females (projected from NPC, 1991).
The climate is of the cool temperate type in the middle of a tropical setting, classified as
"tropical rainy climate" (Koppen, 1923). Temperatures vary from as low as 8°C during
the cold harmattan season (NovemberlDecember - February/March) to 30°C during the
warmer dry months of March/April. The mean annual temperature is about 22°C.
Rainfall, associated with southwesterly winds of April/May to September/October,
ranges between 1.050 mm to 1,403 mm, with a mean of 1.260 mm per annum. The
relatively heax ~ r.unfull. coupled with the abundance of abandoned mining pits creates
suitable breeding Sll~S for mosquitoes of diverse species.

The natural vegetation of the plateau has suffered considerable alteration due to
human activities such as mining, agriculture and construction work. Essentially. the
vegetation is the northern guinea savannah type. with open woodland and tall grasses
(Keay, 1953). This plays a role in mosquito breeding and in the provision of favourable
resting sites.
b) Mosquito Cultures

Cx. quinquefasciatus. the most common species on the plateau was used in this
study. The starting population was collected from the University of 10s students' hostels
and poultry houses in the north of the city. Samples were brought to the Applied
Entomology and Parasitology Laboratory, where blood-fed and gravid females were kept
in a 20 cm x 20 cm x 20 em cage, where they were fed with 5% sucrose solution. Guinea
;:'lg was used as a source of blood meal to facilitate egg laying.

The mosquitoes were provided with moist Whatman No.1 filter paper projecting
~·-.)m6 em deep Petri dishes containing tap water for oviposition. Lggs harvested on the
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paper were kept in sandwich boxes in a refrigerator maintained at 1Ooe.These eggs were
subsequently hatched in dechlorinated tap water and the larvae were fed on yeast and
bread crumbs. Adult females obtained from them; usually after 7 - 15 days, were blood-
fed and used for the toxicity tests.

c) Preparation of Mosquito Netting Fabrics
Three commonly occurring mosquito-netting fabrics (nylon, polyethylene and

cotton) were used in this study. Each type of fabriC'was cut into pieces of 148' nun x 116
mm. Three pieces of each type were weighed separately and the average weight of each
piece determined. Prior to each test, the pieces of fabrics of different types were soaked
in 0.25% permethrin solution diluted in water. Then, they were placed on flatbench and
allowed to dry under shade, away from direct sunlight.

d) Efficacy Testing of Permethrin on Different Netting Fabrics
Adult female Cx. quinquefasciatus were tested on permethrin-impregnated nylon,

polyethylene and cotton fabrics in standard exposure tubes (WHO, 1975},Blood~fed
mosquitoes were transferred from the rearing cage into holding tubes using an aspirator.
They were randomly placed in batches of 25 females each and observed for 30.minutes
for possible adverse handling effects. Those that appeared severely affected were
removed and replaced with fresh ones from the rearing cage. These mosquitoes were
subsequently transferred into the exposure tubes lined with permethrin-treated nylon,
polyethylene or cotton fabrics. They were exposed for 60 minutes under room conditions.
To ensure maximum contact between mosquitoes and permethrin-treated surfaces; the
tubes were placed sideways (horizontally) on the laboratory bench. For each fabric type,
a control was maintained without insecticide. Knockdown/mortality counts were made at
5 minutes intervals during the exposure period.

After the exposure period, the mosquitoes were returned to the holding tubes for a
post-exposure period of 24 hours during which time they were provided with 5% sucrose
solution soaked onto absorbent cotton wool, and placed on top of each .tube. Final
assessment of the activity of permethrin on different netting fabrics was then made at this
point. This experiment was repeated 4 times. Then, the data werepooled according to
type of fabric and exposure time. These data were subjected to probitand regression
analyses using SPSS software. .

RESULTS
The netting fubrics had mean (±SD) weights as follows: cotton, 0.946 (O.041j;

nylon. 0.210 (0.004) and polyethylene,0.649 (0.032) grams. Table 1 summarizes the
responses of Cx. quinquefasciatus to pennethrin applied on these fabricsvAll the three
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types of permethrin-treated fabrics caused noticeable excitation of the mosquitoes from
commencement of the exposure. A small proportion of these mosquitoes (l.6% on cotton
fabric, 1.6% on nylon, and 0.8% on polyethylene) were knocked down within the first 5
rnin of exposure. All mosquitoes were knocked down and, in many cases dead, by the
35t

,h minute in exposure tubes with permethrin-impregnated nylon and cotton. It took an
additional 5 min to achieve total knockdown of all mosquitoes on polyethylene. Control
mortalities were extremely rare and never exceeded 3.2%. Thus, there was no need to
apply the Abbot's correction formula on the data .

. Table 1: Knockdown/mortalities of adult Culex pipiens quinquefasciatus Say exposed to
0.25% v/v permethrin impregnated on different netting materials in the laboratory.

Exposure N~lon Knockdown/mortalities of mosguito ex~osed on % Cotton Cumulative %
Time (min) Number' Cumulative % Pol~eth:tlene Number Total

Total Number' Cumulative
. 0·5 2 2 1.6 1 1 0.8 2 2 1.6
6·10 6 8 6A 6 7 5.6 6 8 6A
11:15 10 18 14',4 12 19 15.2 13 . 21 16.8
16~20 '33 51 40.8 19 38 30A 20 41 32.8
21·25 11 62 49.6 19 57 45.6 21 62 49.6
26·30 62 124 99.2 60 117 93.6 61 123 98A
31·35 1 125 100 7 124 99.2 2 125 100
36·40 1 125 100

Footnote: Out of 125 adult female mosquitoes exposed ion batches of 25 mosquitoes per batch

. The approximate durations of exposure required to knockdown 50% of the
mosquitoes (KDTso) estimated from the cumulative knockdown graph (Fig. 1) were as
follows: cotton, 16 minutes 12 seconds; nylon, 15 minutes 53 seconds and polyethylene.
17 minutes. The differences between these values were not statistically significant (X2 =
0.040, df= 2, p>0.05). In essence, nylon fabric was only slightly more efficacious than
cotton and polyethylene, fabrics producing marginally more rapid knockdown of the
mosquitoes.

. DISCUSSION
The general impression is that fabric type is a significant factor determining the

bioavailability and consequently efficacy of insecticides against mosquito vectors of
human diseases. This notion, which has enjoyed undue emphasis, appears not to be so
judged on the basis of data generated during this study; cotton, nylon and polyethylene
performed almost equally well against Cx.quinquefasciatus in the laboratory. On these
fabrics, the KDT50sand ove~all mortalities were not significantly different. This finding
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is useful in view of the increasing emphasis on the use of insecticide-treated nets CITNs)
as a key intervention strategy for the RBM initiative.

The high mortalities recorded in this study confirm earlier observations by Curtis
et al (1996) that pyrethroid-impregnated nets perform well against Culex mosquitoes.
This satisfactory performance translates into reduction of feeding on human hosts
sleeping under impregnated bed-nets. Ultimately, this leads to reduction in transmission
of mosquito-borne diseases, which is a major goal of primary health care programmes.

Our finding that cotton and nylon fabrics performed equally well (KDTsos of
16.20 and 15.89 minutes, respectively) are contrary to the reports of Pleass et al (1993)
that cotton fabrics performed significantly less than nylon. This disparity may be
attributable to differences in mosquito species employed in the two studies, among other
reasons.

Although, the KDTso-value for polyethylene fabric was the longest of the three
materials, it is noteworthy that performance of this fabric was not significantly different
from the others. This provides an acceptable justification for the incorporation of
permethrin in polyethylene fibres as found in certain netting fabrics e.g. "Olyset". The
documented efficacy of this fabric against Cx. quinquefasciatus does not place it at a
significant disadvantage to warrant its disqualification.

The bed nets intervention programme for malaria control in Nigeria currently
requires about 17 million nets; 3-4 million for pregnant women and 12 million for the 24
million children less than 5 years of age (i.e. 2 children per bed net), particularly those
receiving immunization for the 5 major killer diseases (CM. Amajoh, Pers. comm.,
20(3). This demand far outweighs the current domestic production level. While the
programme emphasizes the use of nylon fabrics, the results of this study suggest that
cotton and polyethylene fabrics already in the domestic market could be equally useful.
However. the durability of permethrin on cotton and polyethylene fabrics needs to be
investigated, especially under the local weather conditions. This will determine the period
of re-treatment of the nets with the insecticide for optimum effecti veness.

Alonso et al (l993b) indicated that heavier fabrics absorb more insecticide than
the lighter ones. This observation has consequences for bioavailability of the toxicants for
uptake by the insects to which they are exposed. It subsequently influences the level of
mortality of insects following contact with the treated surfaces. Our findings show that
nylon. the lightest of the three fabric types has the shortest KDTso-value. Cotton fabric,
the heaviest of all three materials. ranked second in KDTso-value. Polyethylene fabric,
with intermediate weight, has the longest KDT50-value. These observations suggest that

J
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the relationship between weight of fabric, absorption of insecticide by the fabric and the
efficacy against mosquitoes should be carefully investigated.
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