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1. ABSTRACT 

Curtains, bednets and anklets impregnated with permethrin or diethyl toluamide (deet) 
were tested against wild populations of Anopheles gambiae~. and An. funestus. The curtains 
were placed over the only open window of an experimental hut. Daily counts in the hut, 
in an exit trap and in a nearby house showed that permethrin impregnated curtains greatly 
reduced the influx of mosquitos into the hut and caused most of those that did enter to exit 
after feeding. A high dose of deet was also effective in reducing influx into the hut. Bed
nets were tested in a set of verandah trap huts. Permethrin impregnated or unimpregnated 
intact nets were tested together with nets with large holes to simulate old, torn nets. 
Impregnation restored the performance of a net with holes approximately to that of an intact 
net and impregnation caused about 50% mortality among those mosquitos which succeeded in 
feeding. Wearing cotton anklets impregnated with deet reduced biting on sitting subjects by 
about 85%. The results with impregnated bednets are compared with those of other studies 
on such nets and on house spraying and burning of mosquito coils. The possible use of 
impregnated fabrics in locally based programmes for protection against malaria vectors is 
discussed. 

Interest in the use of fabrics impregnated with repellent and/or insecticid'il substances 
has lately been renewed as the need is recognized for improved methods of personal and 
community protection against insect-borne disease which can be organized on a local scale, for 
instance in a primary health care scheme (I, 2). 

Clothing impregnated with diethyl toluamide (deet) or permethrin has been shown to give 
good protection against nuisance mosquitos (3,4,5,6). This paper describes tests in Tanzania 
against vector mosquitos of three different forms of impregnated fabric - in curtains, in 
bednets, and in cotton strips worn round the ankles. 
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II. METHODS 

A. Curtains 

An experimental hut was built in Jitengeni village, Muheza district, Tanzania. It had 
brick walls and a thatch roof with closed eaves. A cloth ceiling was fitted to facilitate 
collection of resting mosquitos. A louvre window of the type described by Smith (7) and 
measuring 150 x 30 cms was fitted to one wall. The louvre panels were painted black and 
slanted in such a way as to block out direct light but to allow mosquitos to enter the hut 
freely. A black cloth was hung on the inside of the frame of the wooden door. The effect 
was that, with the door closed, the only source of direct illumination was the 30 cm square 
window fitted with an exit trap, in the opposite wall to the louvre. One end panel of the 
louvre was blocked off with dark cloth inside and out, leaving an aperture 120 x 30 cm. 
Except in the case of (v) below, this was covered by a 150 x 45 cm curtain held taut by nails 
and string about 2 cm from the louvre. Because of this 2 cm gap, the material did not 
physically prevent mosquito entry and was intended to simulate a normal curtain and not 
anti-mosquito window screening. 

Five types of curtain were used: (i) coarse (1 cm mesh) cotton camouflage net, dyed 
green, weighing about 50 g; (ii) a similar net impregnated with 18.5 or 37 ml of technical 
deet per sq. metre; (iii) fine (6.5 meshes/cm) white nylon sandfly netting; (iv) a similar 
net impregnated with 0.2 or 1.0 g permethrin (formulated as Perigen, i.e. 10% emulsifiable 
concentrate, by Wellcome Research Laboratories) per sq. metre; (v) a piece of cloth stapled 
to the outside of the louvre to make a complete physical barrier to mosquitos. The 
impregnations were carried out by first measuring the amount of water each net would absorb 
without dripping, then soaking the dry net in a similar volume of an aqueous emulsion 
containing the appropriate amount of repellant, and leaving the net to dry in a horizontal 
position. 

One or two young men slept in the hut each night. Collections were made by hand using 
torches and aspirators each Monday to Saturday morning from the window trap and of resting 
mosquitos in the hut. In addition, a collection was made in a bedroom of a nearby house, to 
provide a relative measure of changes in the density of the mosquito population. To keep the 
sampling effort roughly constant, l~ man-hours were spent collecting in the hut, and a similar 
period was spent in the house. 

The curtains were used in rotation. After each day's collection, the curtain which had 
been in place the previous night was taken down, and another fitted in its place. When not 
in use the curtains were kept in labelled plastic bags to avoid confusion and contamination. 

Each day, the number of people sleeping in the hut, the curtain taken down and the curtain',::;' 
put up were recorded. The mosquitos were sorted by species, sex and gonotrophic stage, and 
were counted. In presenting data on gonotrophic stage, freshly fed and semi-gravid mosquitos 
are combined under the heading "fed" as, at the prevailing temperatures, it was considered 
that mosquitos feeding early in the night would have been semi-gravid by the time of the 
collections the following morning. 

B. Bednets 

This work was carried out at Magugu, Arusha Region, Tanzania, using the verandah-trap 
huts of the Tropical Pesticides Research Institute out-station. The construction of these 
huts is described by Smith (8). 

Four bednets were prepared from nylon netting with dimensions 2 m long, 1 m wide, 
1.5 m high. Two of these were impregnated with 0.2 g permethrin/m2 . Eight holes were cut in 
one each of the treated and untreated nets. The holes were horizontal rectangles 20 x 10 cm, 
and arranged three on each side and one on each end. The holes were intended to simulate 
those in torn nets which are often seen in use. 
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Six huts were used, two roofed with corrugated iron, two with thatch, and two with thatch 
lined with mud. Two children slept in each hut for 6 nights a week, the same individuals 
always occupying a given hut. The nets were moved from hut to hut according to schedule, so 
that each was used once a ~eek in each hut, with two "control" nights without any net. The 
nets were put up on Sunday evening, each weekday morning were switched from hut to hut 
according to the schedule, and taken down on Saturday morning. Each weekday morning the 
identity of the net used in a given hut was re-checked. Using torches where necessary, 
collections were then made of resting mosquitos from the trap, hut and bednet. Dead mosquitos 
were collected from the floor of the trap and hut, and from inside the net and on the bed. 
This collecting procedure thus differed from that of previous work with residual sprays in 
these huts, when collections were made only of mosquitos in the verandah-traps and in window
traps, those remaining inside being counted but not disturbed(8).Clearing the huts each day of 
resting females enabled us to change the treatment in each hut daily, and so avoid confounding 
the effects of the treatments with differences in the attractiveness of the huts themselves. 
No attempt was made to test mosquitos which were alive when collected for delayed mortality 
as it was thought that permethrin would kill quickly or not at all. The observations were 
continued for 4 weeks, the verandah traps being fitted to the North and South facing walls in 
the first and third weeks, and to the East and West facing walls in the second and fourth 
weeks. 

To test the efficacy and the evenness of the impregnation, bio-assays were carried out on 
scattered sites over the impregnated nets. Blood-fed females An. gambiae s.l.taken from 
nearby houses were confined under plastic cones on to a vertical patch of net. The time taken 
for all to be knocked down was recorded. 

C. Anklets 

These tests were carried out in Zanzibar and Muheza, Tanga Region, Tanzania. On each 
occasion two teams sat on chairs 5-10 m apart with their feet and legs exposed, and using 
torches and aspirators to catch all mosquitos coming to bite them. One team wore cotton strips 
about 10 cm wide, impregnated with 2 ml deet, around each ankle. The other team was 
unprotected. The teams generally switched places so that each spent an equal time in each 
position. The impregnated anklets were kept in a plastic bag when not in use. 

III. RESULTS 

A. Curtains 

An. funestus and An. gambiae s.l.were the species caught in numbers large enough to allow 
comparison between treatments. In Jitengeni the An. gambiae s.l.population has been shown to 
consist of about 90% An. gambiae s.s. and 10% An. arabiensis (A.E. ~lnzava, personal 
communication). The total numbers of females caught are shown in Table 1. 

Although there was some variation over the duration of the experiment in the number of 
people sleeping in the hut and house, this was spread more or less evenly over the various 
treatments. There were fluctuations during the course of the experiment in the numbers of 
mosquitos coming to bite and the observed daily numbers of fed females in the hut and trap 
were divided by those found on the same day in the nearby house to give a relative measure 
of the attractiveness of the hut. The efficacy of the curtains is then indicated by dividing 
this ratio for each curtain by that for the occasions when no curtain was used. (Table 2). 

The significance of differences between pairs of treatments was tested by ranking all 
the daily attractiveness scores for the two treatments and applying the Mann-Whitney U-test. 
The results are included in Table 2. After the first 8 weeks of the experiment several 
modifications were made to the treatments used and the results before and after these 
modifications are distinguished as series I and II. 
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Iri series I the only clearly significant deviation from the control was using the 0.2 gm 
permethrin/m2 curtain with respect to An. funestus. Inspection of Table 1 shows that, apart 
from reducing the attractiveness of the hut, this dosage of permethrin also caused a large 
proportion of those mosquitos which did pass the treated net to exit into the trap (40% of 
fed and 80-90% of gravid females were found in the trap following use of the permethrin 
curtain, compared with 1% and 10%, respectively, without it). There was no evidence for 
feeding inhibition due to the permethrin (fed:unfed ratio for An. funestus gives 
X2 = 0.62, P = 0.42). On a few occasions dead mosquitos were searched for on the floor. 
None were found, but they may have been taken by scavenging insects which were not excluded 
from the hut used in this experiment, in contrast to the huts used for the bednet experiment. 

In series I the attractiveness of the hut appeared to have been lowered by the use of 
the coarse netting curtain, whether or not it was impregnated with deet, but the deviation 
from control was only significant (and then only barely) in the case of the untreated coarse 
net in relation to An. gambiae. In series II there was no sign of this apparent effect of 
the untreated coarse net. 

The unexpected lack of a significant effect of deet was associated with an unexpectedly 
rapid loss of the odour of the chemical after only two or three overnight exposures of the 
curtain. This is a much more rapid rate of loss than occurs in the still air of a laboratory. 
Re-impregnation was carried out after the third and fifth exposure in the series of seven, 
but without. $ignificant effect on the catches of mosquitos, in the hut and trap or in the 
proportion found to have fed. 

For series II the dosage of deet was increased twofold and that of permethrin fivefold. 
These higher dosages caused the attractiveness of the hut to be significantly reduced below 
the control. the estimate of relative attractiveness being as low as 14-16% of that of control 
in the case of the permethrin treated curtain (Table 2). The results for the deet and 
permethrin curtains did not differ significantly from each other. Once again the permethrin 
caused many of those mosquitos which fed to exit into the trap immediately afterwards 
(Table 1). 

It was surpr~s~ng that the estimate of relative attractiveness of the hut when 
seal was in place was actually higher (though not significantly so) than when the 1 g 
permethrin/m2 curtain was in place (Table 2). Presumably the freshly fed mosquitos in the 
hut following use of the cloth seal arose from the men occupying the hut leaving the door 
open during the night. contrary to instructions. If such experimental errors could occur. it 
might be questioned whether any mosquitos entered via the window when it was covered with the 
permethrin curtain. However. we believe that some did so because, as already mentioned, the 
behaviour of most of the mosquitos was altered by the permethrin to make them exophilic and i 
does not seem likely that many mosquitos entering via the door would have picked up a dose of 
permethrin by touching the curtain. 

B. Bednets 

More than 90% of the mosquitos collected in this experiment were An. gambiae s.l., which 
has been shown at the experimental site at Magugu to be mainly An. arabiensis (F. Mosha and 
I. Amri, personal communication). Those collected dead and alive. in the verandah trap. hut 
and bednet for each treatment are shown in Table 3. 

Since the verandah traps covered half the available routes of exit for mosquitos leaving 
the hut. the total numbers entering maybe estimated by doubling the numbers caught in the 
trap and adding those e:aught inside. By this means the effect of the nets on the number-and 
the behaviour of mosquitos entering to feed may be measured. Shown in Table 4 are indices of 
numbers of mosquitos entering the huts to feed. the number feeding and their survival. which 
are similar to measures used to assess the effect of pyrethrum mosquito coils by Hudson and. 
Esozed (9). However, since we attempted to clear the huts of mosquitos every day we omitted 
gravid females from Table 4 as we assume that they entered already gravid after feeding 
elsewhere . 

. , 
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From Table 4 col. A it appears that three of the nets may have reduced the numbers of 
mosquitos entering the huts to feed, but, applying a non-parametric multiple comparison (10) 
to the daily counts, the effect was found only to be statistically significant in the case 
of the untreated intact ,net. Perhaps this effect was due to the tendency of nets to impede 
the diffusion of attractive odours from the hosts. 

The nets reduced the proportion feeding among those which entered the huts. The two 
intact nets allowed only about 27% of those entering to go on and feed, a reduction of almost 
70% compared to the control (col. B, Table 4). It is perhaps surprising that the impregnated 
net did not prevent feeding to a greater extent than the untreated net, since the permethrin 
deposit was seen in the bio-assay tests to cause noticeable irritation after only one or two 
minutes. This suggests that some of those which fed in the huts with intact nets did so 
outside the nets, while the sleepers were preparing to sleep or getting up. On the other 
hand, about half did contact the net at some stage, because with the treated intact net about 
50% of the females which fed did not survive, whereas mortality of fed females was very low 
in the absence of a treated net (col. D in Table 4). The finding of eight dead mosquitos 
among the bedclothes or on the sleeping mat following use of the treated intact net, and of 
a similar number of live fed females in the untreated intact net, suggests that the nets were 
sometimes not tucked in properly. 

The contrast between the two nets with holes appeared much greater: the untreated net 
reduced feeding by only about 8% compared with the controls, but the treated one caused a 
reduction of about 54% in the feeding of mosquitos which entered the hut (col. B in Table 4). 

The estimated number of fed mosquitos when the nets were used may be taken as a measure 
of protection of the individual sleeper using a net, compared with the controls (col. C in 
Table 4). 

Both intact nets reduced the number of bites SUffered by the sleepers by about 80%. 
The untreated net with holes gave an estimated 63% protection - apparently almost as much as 
the intact nets. 

The non-parametric significance tests (Table 4) showed that the numbers of mosquitos 
biting were highly significantly less than the unprotected control with the two intact nets 
and the treated net with holes, and the results with these three nets did not differ 
significantly. The untreated net with holes gave results not significantly different from 
the untreated control. There was a considerable difference in the numbers of bites with the 
treated and untreated net with holes, but this just below the level of statistical significance 
in the mUltiple comparison rank test. In view of the importance of the question of whether 
permethrin improves the individual protection provided by a damaged net, we considered it 
justifiable to apply a further test of significance: of the 24 test occasions, the estimated 
number of bites with the untreated net exceeded that with the treated net on 18 occasions, 
and was exceeded by it on 6 occasions. This ratio, 18:6, is significantly different 
(X = 6.0) from the 1:1 expected if permethrin treatment has no effect. 

Both impregnated nets caused about 50% mortality among females which fed (col. D, Table 4). 
These may have been underestimates of the total mortality as the collected mosquitos were not 
held to test for any delayed mortality. Killing of mosquitos after feeding would reduce the 
chances of onward transmission of malaria from a person using an impregnated net. Column E 
in Table 4 shows an estimate of the relative numbers which fed and survived, which is the 
complement of the "feeder-survivor index" which was used by Hudson and Esozed (9) who 
attributed the idea to Garrett-Jones. The untreated intact net and the two treated nets 
showed statistically highly significant reductions in the number of feeder-survivors by 
80-90% but the untreated net with holes had no appreciable effect. 

Column F of Table 4 shows that the survival of unfed females was reduced with all nets 
compared with the control. However, many of these deaths occurred in the verandah traps and 
may be an artefact of the verandah trap system because, without it, females which failed to 
find a feed in a house and exited, would very likely have found a meal elsewhere. However, 
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when prevented by the verandah trap from searching elsewhere, many unfed females probably 
starved to death. Bio-as says showed that the mortality was not due to toxic contamination 
of the verandah trap screens. 

As a test of whether permethrin impregnation caused exophily of the mosquitos, the 
percentage of the fed females which subsequently exited was estimated. For no net, the 
untreated intact net and the impregnated intact net, these percentages were 33%, 56% and 49% 
respectively. In the case of the impregnated net, most of those found in the hut or the net 
were dead. What is more difficult to explain is the surprisingly great exophily in the 
presence of the unimpregnated intact net, compared with the control. 

Bio-assays were carried out with 6-20 blood fed An. gambiae s.l. exposed to different 
parts of the nets. Six replicates before the hut experiment and three afterwards gave times 
for 100% knockdown of between 9 and 13 minutes on the intact net. On the net with holes two 
replicates before the hut experiment and three afterwards took between 12 and 16 minutes 
before all the mosquitos were knocked down. Seventy-three of the knocked-down mosquitos were 
held overnight: only 2 recovered and these remained weak and agitated. 

The observation of dead lice and bed bugs under the impregnated nets revealed an 
unexpected additional benefit of permethrin impregnation. 

C. Anklets 

The three sites in which the deet-impregnated ankle cloths were tested provided a range 
of mosquito species. The numbers caught and the protection afforded are shown in Table 5. 
An exceptionally large number of An. gambiae s.l. were caught by the unprotected team in a 
single night in Mwera, Zanzibar. Of these, 24 were kindly identified by A. Mnzava as 
An. gambiae s.s., and 51 as either An. arabiensis or An. quadriannulatus. 

Table 5 shows that the degree of protection provided was remarkably consistent between 
species. The anklets provided 83-94% protection against the important vector species 
An. gambiae ~., An. funestus and Cx. quinquefasciatus in spite of variations in site and 
the personnel in the catching teams. In the case of series (c) extending over 6 nights, 
impregnation with deet was only carried out once at the beginning of the series and no 
decline 1n its effect was noticed on successive nights. 

It is well known that when sitting on a chair most mosquito biting is on the ankles and · 
feet. It was noteworthy that the use of impregnated anklets did not cause the mosquitos to 
bite higher up the body but drove most mosquitos away altogether. 

IV. DISCUSSION 

Comparison of the results for permethrin impregnation of curtains (Table 2) and the 
impregnation of bednets (Table 4) showed that the former greatly reduced the numbers of 
mosquitos which entered the hut and s timulated many to leave after feeding, whereas the latter 
had no greater effects of these kinds than did the unimpregnated nets. On the other hand, t h 
impregnation of bednets inhibited feeding and caused considerable mortality (Table 4) which . 
was not seen with the impregnated curtains (Table 1). 

Very encouraging results with permethrin impregnated bednets in verandah trap huts have 
recently been reported from Burkina Faso by Darrie t et al (11), but detailed comparison of 
their results with ours indicates that their bednets a c ted more like our curtains, in that 
they deterred mosquitos from entering the huts and caused exophily after feeding, but not 
much feeding inhibition or mortality. In Burkina Faso cotton nets were used, whereas we 
used nyl on and it seems possible that on co tton permethrin has more of a vapour effect, thuS 
tending to deter mo squitos from entering the hut, but if they briefly contact impregnated 
cotton it may not have such marked l e thal and feeding inhibition effects. 

"? 

1: 

b 
HI 
1, 
h( 

ir 
sc 

us 
da 
(c 
Ho 
re 
of 
ot 
th 
tr 
mo 

en( 
(ii 
(ii 
Spl 
teG 
C11 

The 
wou 
hig 
a s 
see-

end, 
eff, 
lim: 
aga: 
unol 

nee< 
the 
ava : 

t o ( 

Thi~ 

extE 
The 
that 
the i 
kno" 



WHO/VBC/85.920 
page 7 

Hervy and Sales (12) found no marked difference between cotton and synthetic fibre 
impregnated with permethrin, based on one hour's bio-assays with Aedes aegypti. Our own 
bio-assays on the nets showed complete kill after 16 minutes exposure of An.gambiae s.l. 
However, most of this time is required not for uptake of the chemical but for it to have its 
lethal effect: only 15-30 seconds exposure to permethrin impregnated netting followed by a 
holding period 1S sufficient to give 100% mortality (Hossain and Curtis, unpublished data). 

The verandah trap huts at Magugu, Tanzania, have been the site for many evaluations of 
insecticides with repellent feeding inhibition properties. Table 6 shows a tabulation of 
some of these results. Exact comparability is not possible because the earlier experiments 
used the method of "resting counts" (8) rather than collection of all resting mosquitos each 
day. Also the earlier workers did not encounter the high mortality among unfed mosquitos 
(col. F in Table 4) which we believe to be partly an artefact of the verandah trap system. 
However, a rough comparison shows that our permethrin net with holes compared well with DDT 
residual spraying and with the burning of pyrethrum coils. However, the lesser known methods 
of tetramethrin residual spraying and the burning of DDT coils were markedly better than the 
other three methods by the criteria shown in the Table. However, as discussed further below, 
these criteria probably do not provide a complete picture of the community-wide effect of the 
treatments for which killing of mosquitos is more beneficial than diversion of hungry 
mosquitos from treated to untreated houses. 

Malaria vector control by conventional house spraying with residual insecticides has 
encountered difficulties due to (i) resistance of the mosquitos to the insecticides: 
(ii) exophilic behaviour of some vector species of varieties within species; 
(iii) difficulties with administration and cost of transport required for centrally organized 
spray teams to reach all rural areas; (iv) refusal by householders to the entry of spray 
teams. We suggest that the use of impregnated fabrics as described in this paper may 
circumvent these problems. 

Resistance to permethrin has been produced in An. gambiae by laboratory selection (16). 
The kdr form of DDT resistance may give some cross resistance to permethrin, but whether this 
would be enough to give effective protection against contact with fabrics impregnated with 
high dosages is questionable. Widespread use of permethrin impregnated fabrics would create 
a selection pressure for resistance and this problem may need attention in the future. It 
seems unlikely that resistance would evolve to a repellent such as deet which does not kill. 

The use of impregnated curtains or bednets would be expected to be effective against 
endophagic but exophilic mosquitos because deet acts as a repellent vapour and permethrin is 
effective after a very brief contact. If one could greatly reduce indoor biting, the more 
limited number of anopheline bites inflicted before people go to bed become important and, 
against these, we suggest that the use of impregnated anklets may be an effective, cheap and 
unobtrusive form of protection. 

Impregnation of fabrics by the methods described does not require spraying machinery, 
needs only the minimum of training and is safe. Re-impregnation could be carried out within 
the household or within the village community subject only to a supply of the chemical being 
available. 

The fact that these approaches to control may be initiated and organized locally may help 
to createa demand for the materials and chemicals and lead to lines of supply by local shops. 
This sort of demand for chloroquine has already led in many places to distribution which 
extends far beyond that of which state of municipal organizations are currently capable (17). 
The effectiveness of these methodii against nuisance mosquitos may have more public appeal 
than their effect on vector-borne disease. Curtains, bednets and anklets will differ in 
their acceptability in different places; the advantages of different methods could be made 
known hy community health workers. 
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In places such as The Gambia where nets are already in common use, they are often not 
fully effective because they become torn (18) or are not properly tucked in. Our experiment 
showed that in these circumstances permethrin impregnation restores the effectiveness of the 
net to that of an intact unimpregnated net (Tables 3 and 4). In places where nets are 
expensive and not widely used, such as Tanzania, the cost of the permethrin required to 
impregnate a net repeatedly would be far less than the cost of the net itself. By extending 
the effective life of even a torn net, we suggest that permethrin impregnation may make the 
investment in a net more worthwhile. 

It appears that, in terms of individual protection, the effectiveness of a curtain 
impregnated with a dose of 1 g permethrin/m2 was comparable to that of a net (compare Tables 2 
and 4). However, the circumstances in the net and curtain experiments were different. The 
hut used for the curtain experiment was deliberately designed to have only one window as an 
entry route for mosquitos. Typical tropical houses with open eaves would require quite large 
areas of impregnated netting to make it probable that any entering mosquito would contact the 
netting. The cost in some cases might exceed that of bednets and become prohibitive. 

Detailed costing of the methods is not possible at the moment as the durability of the 
chemicals remains to be accurately determined. However, permethrin impregnation is known to 
be effective for a matter of months and deet only for a matter of days or at best a few weeks. 
The vapour effect of deet has the advantage that use of a limited amount of impregnated 
fabric has a protective effect over a larger area of skin. On the other hand, permethrin is 
preferable where mosquito contact with the fabric is likely before biting as in the case of 
bednets. 

A further possible advantage of permethrin is that the killing of mosquitos attracted to 
protected people will so reduce the population of potential vectors as to benefit people who 
are not directly protected by a bednet or curtain. Since it may well be the more vulnerable 
members of the community who remain unprotected, and to whom hungry females may be diverted, 
this killing effect is important if these methods are not to risk being counter-productive. 
A female mosquito would risk exposure to an insecticidal deposit in each gonotrophic cycle 
and so the mortality would, as with house-spraying, disproportionately reduce the older, 
potentially infective fraction of the population. The reduction of the local population of 
hungry nuisance mosquitos has been detected with permethrin impregnated jackets (4). 

In areas of holoendemicity for malaria there is no simple relationship between the 
reduction in mosquito biting and reduction of malaria incidence. Ranque et al (1984) reported 
a comparison in Mali of individuals protected by deltamethrin impregnated nets in one part of 
a village with unprotected individuals in other parts of the same village. A significantly 
reduced rate of enlarged spleen was found in the former group but other malariological 
indices showed no significant differences. More extensive trials of this kind are now 
envisaged in several countries, involving both entomological and malariological evaluation of 
the community-wide use of nets. 
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Following the good results with clothing impregnated with permethrin or diethyl 
toluamide (deet) against nuisance mosquitos, a series of trials have been carried out in 
Tanzania against vector mosquitos using these two chemicals impregnated into curtains, bednets 
and strips of cotton worn round the ankles. 

The tests of curtains were carried out in an experimental hut with a single open louvre
window across which the various types of curtain were tied. Men slept in the hut and daily 
counts were made of the numbers of An.gambiae ~. and An.funestus which had entered the hut 
and fed, the numbers which had exited into a window trap and the numbers in a nearby house 
(as a measure of day to day fluctuations in the hungry mosquito population). A permethrin 
impregnated curtain greatly reduced the number of mosquitos entering the hut and caused many 
of those which did enter to exit into the trap immediately after feeding. A high dose of 
deet impregnated into a curtain significantly reduced the number of mosquitos entering the 
hut. It was unexpectedly found that, even when a cloth seal had been placed over the louvre 
window, some freshly fed mosquitos were found in the hut. Therefore, the extent of the 
reduction due to the impregnated curtains cannot be stated with certainty. 

The experiments with bednets were carried out in a set of verandah trap huts which had 
been built for trials of insecticides and whose design allows assessment not only of lethality 
but also of the tendency of a treatment to repel mosquitos from a hut or to inhibit feeding. 
Tests were carried out with permethrin impregnated or unimpregnated nets which were intact 
or which had large holes cut in them to simulate old, torn nets. The intact nets 
unexpectedly reduced the number of An.gambiae ~. entering the huts. The intact 
unimpregnated and both impregnated nets reduced the proportion feeding and both impregnated 
nets caused about 50% mortality after feeding, but did not much increase the proportion 
exiting after feeding. These results contrast in several respects with those recently 
reported from Burkina Faso. Overall, our results indicated that impregnation restored the 
effectiveness of a net with holes to that of an intact net. Comparison with results of other 
workers using the same set of verandah trap huts shows that an impregnated net with holes 
gives better individual protection than a DDT residual spray or burning pyrethrum coils, but 
is inferior to a tetramethrin residual spray or burning DDT coils. It is pointed out that 
the mosquito mortality caused by impregnated nets may have important benefits to a whole 
community when such nets are widely used. Tests in individual experimental huts do not allow 
this effect to be fully assessed and community wide trials are required. 

If good protection is provided against mosquito biting after people go to bed, biting 
before they go to bed would become an important source of the remaining malaria transmission. 
Trials with subjects in the sitting position wearing anklets impregnated with dcet showed 
that these reduced biting by several species of mosquito to the extent of about 85%. 

The applicability of the methods tested is discussed. It is suggested that their use 
could be organized locally and that it could avoid several of the problems encountered with 
centrally organized programmes of house spraying. 
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Table 1 

Total numbers of unfed (UF), fed (F) and gravid (G) female anophelines caught in the experimental hut, 
in the window trap on this hut and in the nearby house, following presence 

of various window coverings in the experimental hut 

• No. of An.gambiae s.l. caught in: No. of An.funestus caught in: 
Window covering No. of 

occasions Hut Trap House Hut Trap 
UF F G UF F G UF F G UF F G UF F G UF 

SERIES I 

None (control) 11 37 158 20 1** 2** 2** 27 110 9 43 816 131 26** 10** 13** 49 

Coarse netting 
(untreated) 7 8 32 2 1 0 0 9 6"6 1 11 344 29 3 4 0 46 

Fine netting 
(untreated) 9 10 139 7 6 2 4 21 110 6 15 710 65 9 5 24 30 

Coarse netting with 
18.5 ml deet/m2 7 13 86 13 6 0 3 9 155 20 11 421 38 5 1 10 32 

Fine netting with ~ 
0.2 g permethrin/mi 8 2 35 1 7 20 9 17 100 3 4 122 6 9 87 37 50 

SERIES II 

Control (none) 18 49 196 16 24* 6* 0* 45 344 18 79 850 114 31* 10* 6* 111 

Coarse netting 
(untreated) 9 25 103 4 11* 1* 0* 33 151 12 41 391 20 2* 7* 0* 48 

Coarse netting with 
37 ml deet/m2 11 1 13 3 2* 4* 3* 20 206 14 1 232 32 4* 32* 16* 65 

Fine netting with 
1.0 g 
permethrin/m2 9 0 2 1 3* 6* 4* 15 166 5 1 29 3 4* 51* 40* 72 

Cloth seal 8 3 35 5 9* 3* 3* 35 191 14 5 140 24 4* 2* 14* 54 

* Trap contained a lizard and no mosquitos on one occasion. 

** 
Trap contained a lizard and no mosquitos on two occasions. 

House 
F G 

545 66 

430 40 

549 41 

440 75 

495 54 

1 411 176 

628 54 

894 106 

837 58 

575 56 ~ ~ 
()Q 0 
~--< 
..... l:1l:I ..... n -CD 

\.11 

\0 
N 
o 

"til 
~1 
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Table 2 

Relative attractiveness of the hut with different window coverings calculated 
as the ratio of the total number of fed females in the hut plus 

the exit trap compared with the number in the nearby house 
(Data in Table 1) 

Relative attractiveness (% of control) 

Window covering Series I Series II 

An.gambiae An.funestus An.gambiae An.funestus 

None (control) 1.45(100%)a 1. 52 (100%) c 0.59 (100%) e 0.6l(100%)g 

Coarse netting 
(untreated) 0.48(33%)b 0.8l(53%)c 0.69(1l7%)e 0.63(104%)gi 

Fine netting 
(untreated) 1.28(88%)a 1.30(84%)cd - -

Coarse netting 
with deet: 

2 0.55(38%)ab 0.96(63%)cd 18.5 mUm - -
37ml/m2 - - 0.08(14%)£ 0.30(48%)hi 

Fine netting 
with permethrin 

0.2 :j:~ 0.55 (38%) ab 0.42(28%)d - -
1.0 - - 0.08(14%)f 0.10(16%)h 

Cloth seal - - 0.20(34%)£ 0.25(40%)hi 

NOTE: The daily collections on which the above data are based have been 
submitted to paired Mann Whitney U tests within each column and 
entries not followed by the same letter differ at the 5% level 
of significance: tests between columns are not justifiable. 
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Table 3 

An.gambiae s.l. females recovered from verandah-trap huts with various types of bednet 

Verandah Inside hut Bed and net 

Nature of net Live Dead Live Dead Live Dead 

UF F G UF F G UF F G UF F G UF F G UF 

No net (2 huts) 39 94 14 8 21 1 10 455 24 8 9 0 0 0 0 0 

Intact net (untreated) 25 17 6 50 0 1 2 16 4 5 0 0 4 11 2 0 

Net with holes 
(untreated) 12 32 2 19 4 2 9 82 4 4 4 1 7 165 2 2 

Intact net with 0.2 g 
permethrin/m2 33 14 7 39 4 5 3 7 3 43 26 8 0 0 0 2 

Net with holes and 0.2 g 
permethrin/m2 31 22 16 44 21 6 13 9 3 31 15 2 0 1 1 2 

--

* 

F G 

0 0 

1 0 

1 0 

6 0 

13 0 

-_~ __ ;_~J, 

Estimated* total 
entering each 
hut to feed 

403** 

223 

408 

267 

320 

-g~ 
QQO 
11) ....... 

< 
..... i:I:j 
wn ....... 

00 
\J1 

Estimated total of unfed and fed (not gravid) females assuming verandah traps on two of the four sides of the hut catches half those leaving 

\0 
N o 

the hut. 

** Total for 2 huts divided by 2. 



A. Estimated 
total enter-

Nature of net ing each hut 
to feed 
(% of control) 

None (control) 403 (100%) a 

Intact net 
(untreated) 223 (55%) b 

Net with holes 
(untreated) 408 (101%) a 

Intact net with 
permethrin 267 (66%) a 

Net with holes 
and permethrin 320 (79%) a 

Table 4 

Measures of effectiveness of various types of bednets in verandah trap huts 
calculated from data in Table 3 

B. Proportion c. Estimated D. Proportion E. Estimated 

of A which total bites of those which total which 

fed (% of in each hut fed which fed and 

control) (A x B) as % survived (% of survived 
of control control) (C x D) as % 

of control 

0.86 (100%) 100% c 0.93 (100%) 100% f 

0.27 (31%) 17% d 0.98 (105%) 17% g 

0.79 (92%) 93% ce 0.96 (103%) 97% f 

0.28 (33%) 22% d 0.47 (51%) 11% g 

0.39 (45%) 35% de 0.44 (47%) 16% g 

F. Proportion 
of those unfed 
which survived 
(% of control) 

0.78 (100%) 

0.34 (44%) 

0.47 (60%) 

0.35 (45%) 

0.38 (49%) 

NOTE: The daily collections on which cols. A, C and E were based have been submitted to non-parametric mUltiple comparison 
by STP (10). Within each column, entries followed by the same letter do not differ significantly; those not followed 
by the same letter differ significantly - at the 5% level in the case of col. A and at the 1% level in the case of 
cols. C and E. 
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Table 5 
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Tests at three sites of anklets impregnated with 2 ml deet: number of mosquitos 
caught by teams with and without anklets and number by those 

Species 

(a) Mwera, Zanzibar; 

Anopheles gambiae s.l. 

with anklets as % of that without. 

A. Team with 
anklets 

B. Team without 
anklets 

2 people in each team, catching 18.15 to 

I 329 I 2 003 

I No. per man-hour 
in A as % of B 

06.15 hrs on 1 night. 

f 
16% 

(b) Kilimali, Zanzibar; 4 people in team with anklets, 3 people in team without 
anklets; catching 19.00 to 21.00 hrs on 1 night 

Culex quinquefasciatus 

Anopheles gambiae s.l. 

17 

2 

93 

2 

14% 

(c) Jitengeni, Muheza; on 5 nights there were 2 people in each team, on 1 night 
3 people in each team, catching 19.00 to 22.00 hrs data for all nights combined. 

, 
AnoEheles funestus 

AnoEheles coustani 

Mansonia africanus 

Mansonia uniformis 

7 

7 

6 

16 

107 

40 

113 

39 

7% 

18% 

5% 

34% 



Treatment 

DDT residual 
(1st month) 

Tetramethrin 
residual (1st month) 

Pyrethrum coils 

DDT coils 

Net with holes and 
permethrin 

Table 6 

Comparison of several studies in the verandah trap huts at Magugu, Tanzania 
on the use of residual spraying, burning mosquito coils and a bednet 

Note the collection methods were different in the first four studies 
from the fifth and comparisons are therefore only approximate 

A. Estimated B. Proportion C. Total bites, D. Overall 

total entering of A which fed as % of control survival as 

huts as % of as % of control (A X B) % of 

control 
control 

52% 75% 39% 66% 

45% 15% 7% 48% 

41% 63% 26% c.lOO% 

9% 29% 3% c.lOO% 

79% 45% 35% 47% 

E. Total 
entered fed 
and survived 
as % of 
control 
(C X D) 

26% 

3% 

c.26% 

c. 3% 

16% 
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