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ABSTRACT 

Experimental hut studies on the effect of 
permethrin-impregnated mosquito-nets against Anopheles farauti, 
the malaria vector in the Western Pacific countries, were carried 
out in the Solomon Islands in 1985. Results are summarized as 
follows: (l) the average mortality for the total number of 
mos~uitos entering a hut was 88.2% for the ne~ treated at 0.5 
g/m and 84.0% for the net treated at 0.2 g/m ; mortality 
rate was slightly higher when the mosquito-net was hung with a 
gap at the bottom than when completely closed, being 90.2% and 
85.1%, resp~ctlvely; (2) 69.9% of all mosquitos that had entered 
the 0.5 g/m net hut and 71.9% of all those that had entered 
the 0.2 g/m2 net hut were caught in exit-traps, 24-hour 
mortality being 84.1% and 79%, respectively; (3) mortality rates 
for caged A. maculatus due to the vapour effect from 
permethrin-impregnated mosquito-nets were 89.8%, 90.0%, 94.9% and 
100% after 1.5-hour, 3-hour, 6-hour and 12-hour exposure periods, 
respectively. 

INTRODUCTION 

In recent years there has been a disquieting increase in the number of malaria cases 
in many countries, arising from growing resistance to insecticides among the mosquito 
vectors, increasing resistance to drugs among the malaria parasites, and inadequate 
national resources for mounting malaria control programmes with vertical administration 
(Schreck & Self, 1985). In Papua New Guinea, Solomon Islands and Vanuatu where Anopheles 
farauti is the main vector species of both falciparum and vivax malaria, a high malaria 
incidence occurs although long-term indoor residual spraying with DDT has been applied. 
The failure of the DDT spray operation could be due to both vector behaviour (such as 
feeding preferably outdoors and resting outdoors) and human socioeconomic behaviour (such 
as half-open s and chatting outdoors during or after evening meals, 
refusal of spray teams by householders and others). It is therefore apparent that the 
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nature of vector control programmes, especially in certain developing countries with 
conditions as described above, must be changed into simple, cheap and appropriate vector 
control measures and using mosquito-nets is one such measure. A WHO Expert Committee 
(1983) recommended that investigations should be undertaken to see whether bed nets 
impregnated with persistent pyrethroid insecticides may actually reduce the risk of 
disease transmission. Small-scale projects using mosquito-nets impregnated with a 
pyrethroid insecticide have been implemented in China (Zhoa et al., 1984), Papua New 
Guinea (Schreck & Self, 1985), Malaysia (Hii, unpublished report), West Africa (Darriet 
et al., 1984), United Republic of Tanzania (Curtis & Lines, 1985) and elsewhere. Results 
to date indicate that pyrethoid-impregnated mosquito-nets can be a useful approach for 
malaria control in hard-core malarious areas where DDT indoor residual sprays are not 
desired. 

·This trial was done in Guadalcanal, Solomon Islands, during August-September 1985. 
Even though the period was too short to complete the evaluation satisfactorily, the 
results were promising to indicate further studies. 

2. MATERIALS AND METHODS 

The experimental hut used for this study was built at Gilutae village, Guadalcanal, 
Solomon Islands, in 1980. The dimensions of the hut were 3 m in length, 2.5 m in width 
and 2 m in height, and the floor was raised 0.6 m from the ground level. The walls and 
roof were made of thatch (woven palm leaves) and the floor of plywood. A door, 1.8 m x 
0.75 m, was fixed to the front. Each wall had an opening (0.5 m x 0.5 m) to fix a window 
exit-trap and two entry louvres (0.8 m x 0.5 m each) on both sides of the opening, with 
20-cm wide slit openings between plywood panels fixed 3.5 em apart and 30° vertically. 
The bases of the upright panels were smeared with grease to prevent ants from entering. 
Three large-size nylon mosquito-nets (195 em long x 180 em wide x 165 em high), made in 
Malaysia, were used. Three days before starting the trial, each of the two nets was 
impregnated with permethrin in a separate plastic bag and dried by being turned 
upside-down several times on the plastic sheet spread on the ground. Since the total 
surface area of the net was 16m2 , 40 ml and 16 ml of 20% permethrin EC were diluted 
with ~60 ml of wat~r (the amount being just enough to soak the net completely) to give 
0.5/m and 0.2 g/m , respectively. A third net was not treated and served as 
control. 

A white sheet was spread on the floor of the hut to collect dead mosquitos. The net 
was hung in the middle of the hut and three persons slept under it from 6.00 p.m. to 
6.00 a.m. At 6.00 a.m. the mosquito-net was removed, the dead mosquitos on the sheet 
were picked up, and the inside walls of the hut were carefully searched for resting 
mosquitos which were also collected. "Entrance" cones (exit-traps) were fixed facing the 
inside of the hut to two windows so that mosquitos which had entered through the entry 
louvres would be trapped when they tried to escape. Those trapped were then aspirated 
into paper cups at 2-hour intervals, each collection being kept in a separate cup for 
24-hour mortality counts The collections included both live and knocked-down mosquitos 

In order to evaluate the ~ffect of the permethrin-treated mosquito-net when 
inadequately used, the 0 5 g/m net was hung with a gap of 10 em - 15 em from the floor 
so that mosquitos could enter to feed on the person sleeping inside the net. In this 
case, the abdominal condition of all mosquitos was recorded. Although additional 
mosquito-nets were not available, damaged nets with holes were not tested 

Because the trial was carried out in only one hut, comparative observ~tions were 
done alternatively, i.e., the 0.5 gjm2 net on the first night, the 0.2 g/m net on 
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the second night, the control net on the third night, the 0.5 g/m2 net with a gap on 
the fourth night and so on. During the daytime the treated net was taken away and the 
hut was kept open for ventilation. 

Observations on the vapour effec t of permethrin-impregnated mosquito-nets were done 
in two places . The first observation was carried out in an experimental hut in 
Guadalcanal, Solomon Islands, in September 1985, where A. farauti females were obtained 
from human bait collections. The second observation was carried out in a room (3m x 4 m 
x 2 .5 m) of the Institute for Medical Research, Kuala Lumpur, Malaysia, in January 1986, 
where the IMR strain of A. rnaculatus colonized in the insectary was tested. Sugar-fed 
femal es were put in groups of 25-30 per cage (15 em x 15 em x 15 em). Two to t hree cages 
were hung in the hut/room, one 30 em above the net and one or two cages at corner(s) of 
the hut/room at a distance of 40 em from the net . One cage was kept in the next room as 
control. In order to compare the per cent mor tality obtained at different exposure 
periods, the caged mosquitos were removed from t he hut/room after 1.5-, 3-, 6- and 
12-hour exposure periods, respectively , and kept in the lahoratory for 24-hour mortal ity 
counts. The exposure period was included in· the 24-hour holding period. 

3. RESULTS 

The results of the effect of permethrin-impregnated mosquito-nets against A. farauti 
in the experimental hut are given in Table 1. Since the control mortality was 5.7X, the 
per cent mortalities were corrected by Abbott's formula. The mortality was 88.2X for the 
0.5 gjm2 net and 84.0% for the 0.2 g/m2 net, the difference not being statistically 
significant (p >0.05). 

The per cent mortalities obtained from the net which was inadequately hung with a 
gap of 10 em - 15 em from the floor and from the completely closed net were 90.2X and 
85.1X, respectively, a not significant difference (p >0.05), though a slightly higher 
mortality rate was obtained with the "open" net. 

69.9% ~nd 71.9% of the total mosquitos that had entered the 0.5 g/m2 net hut and 
the 0.2 g/m net hut respectively, were caught in the exit-traps; their mortality 
rates were 84 . 1% and 79%, respectively, after a 24-hour holding period. Even when the 
net had a gap at the bot tom, only 3.2% (6 mosquitos out of 185) were blood·fed and all of 
these died in the hut (no~ in the exit-traps). The above results indicate that the risk 
of malaria infection and, ; consequently, transmi ssion is very low even when the net is not 
properly used. ' 

As shown in Table 2, the per cent mortality for caged A. farauti females was lOOX 
from the vapour effect of n~ts impregnated with permethrin at 0.5 g/m2 and 93.3% for 
nets impregnated at 0.2 g/m a fte r a 12-hour exposure plus a 12-hour holding period. 
In tests with A. maculatus, the per cent mortality of caged females was 89.8%, 90.0%, 
94.9% and lOOX after 1.5-hour, 3-hour, 6·hour and 12·hour exposure periods, 
respectively . This means tha t the effect of permethrin is fairly fast (89.8% mortality 
after 1.5-hour exposure) , which thereafter increased slowly but continuously for at least 
10 days aft er impregnation . 

4. DISCUSSION 

In West Africa, Darriet et al. (1984) eva~uated the efficacy of . 
permethrin-impregnated mosquito-nets (0.08 g/m ) against A. gambiae and A. funestus in 
an experimental hut fitted with veranda traps. Their results showed overall mortality of 
17 . 8t and 16 .5% for A. gambiae and A, funestus, respec tivel2 . Curtis & Lines (1985) also 
reported that permethrin- impregnated mosquito-nets (0.2 g/m ) gave 43 . 5% mortality 
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for A. arabiensis entering the experimental hut. In contrast with results obtained by 
the above workers, the aethor's res~lts show 88.2% and 84.0% mortality for nets 
impregnated at 0.5 g/m2 and 0.2 g/m , respectively. Their results and the author's 
are not directly comparable because the mosquito species, environmental factors and the 
study metho~ology were not identical. It would be worthwhile to mention that the dosage 
of 0.08 g/m was too low, even though high mortality was obtained for five months after 
1-hour exposure in bioassay tests (Darriet et al., 1984). The author believes that this 
dosage would kill mosquitos after a long contact period or several short contact 
periods. This would account for the long residual effect. It should be also mentioned 
that Darriet et al. (1984) and Curtis & Lines (1985) emphasized a strong repellent effect 
of permethrin as shown by reduction in the entry rate and increase in the exit rate 
into/from the permethrin-net hut, whereas the author's results did not show a significant 
repellent effect. This needs to be confirmed by further studies. 

The principal strategy of using mosquito-nets impregnated with rapidly-acting and 
long-lasting residual pyrethroids is the same as that for indoor residual spraying with 
insecticides such as DDT, which means that the objective of both measures is to control 
vector populations and to shorten the vector's life-span by killing aged female mosquitos 
selectively (i.e., before the infective stage). The use of permethrin-impregnated 
mosquito-nets in the community would be better than DDT residual spraying in terms of 
economical, operational and malaria control factors. Moreover, this method is so simple 
and safe that individuals in the community would be able to participate through the 
primary health care approach. 

A study on the effect of permethrin-treated mosquito-nets was conducted in Gonoa 
village, Papua New Guinea. There was less malaria among children aged 0-4 years in Gonoa 
village than in an untreated village. The nets probably provided more protection to 
young children than adults because children went to bed earlier and were given priority 
to sleep in the net since there were too few nets per family (Schreck & Self, 1985). 
These results support the author's view. Large-scale field trials are required to obtain 
better results with this type of vector control measure. 

No information on the vapour effect of permethrin has been so far available, mainly 
because it is known as a nonvolatile, very stable pyrethroid compound. A small-scale 
field trial of permethrin-impregnated mosquito-nets in Papua New Guinea showed that the 
treated nets could effectively control head lice infesting village people (Bruce Millen, 
unpublished report). The author expected permethrin to have a vapour effect to some 
degree and carried out a preliminary study by exposing caged mosquitos to 
permethrin-impregnated mosquito-nets. Results showed that this chemical has a fairly 
fast-acting vapour effect (89.8% mortality after 1.5-hour exposure) at least 10 days 
after treatment. Further studies are required to find out how long the vapour effect 
lasts, to what degree it works in the field, and whether it repels mosquitos. 
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TA!IL! 1. PER Ctn H::IRTALITY OF A. FA!!AUU Ill All EXP!JUHEIITAL HUT -g~ 
0<10 WITt! A PERMETBRilH'REATED I«)SQUITO-RET, GILUTA! , • ~:a 

SOt.at:ll'l ISLARDS, AUGUST-SEPn>!BER 1985 0\1;!:1 
0 

......... 
a> 

0 ,5 , , . 2 
0.2. r./m2 a> 

Doaar,e : Dosasa : Control -c 
0\ ..... 

Time Net clo .. d "•t open~ Total Nat cl oaed (2 ni&ht.a) 
(hn) (2 ni p;hts) (2 nip;hta) (2 ni&hta) 

Total D .. d I Mort- Total Dead 1 Mort - Total Dead 1 Mort- Total Du d 1 Mort- Total Dud 1 Mort-
aUty ality a lity ality o.Hty 

Mosquitos 
in windOOt 
e:tit.-
trap a 

18h00 - 20b00 23 18 78.3 61 57 93.4 84 75 89 . 3 35 2.8 80.0 43 3 7.0 

2.0h00 - 22h00 20 17 85 .0 15 13 86.7 35 30 85.7 4 4 100.0 25 2 8 .0 

22h00 - 24b00 12. e 66.7 3 3 100.0 15 11 73 .3 6 6 100.0 6 0 0 

24b00 - 02b00 17 15 88 . 2 5 5 100.0 22 20 90.9 6 5 83. 3 8 0 0 

02b00 - 04b00 10 II 90 .0 6 4 66 .7 16 13 81.3 7 5 71. 4 111 1 5 .3 

04b00 - 061100 12 10 83. 3 30 21 70 .0 42 31 73.8 42 31 73.6 19 1 5.3 

Total 94 77 81.9 120 103 85.8 214 180 84.1 100 79 79.0 120 7 5 . 8 

No. in hut 
65 (S)~ 65(6)2 a t 06h00 27 27 100.0 100 .0 92 92 100.0 39 39 100.0 2 0 0 

-
Totals 121 104 (85.1) 185 168 (90.2) 306 272 (88.2) 139 118 (84 .0) 122 7 (5. 7) 

• b Mat with a sap of 10 em - 15 em at bottom. 
- Number in parent.haaea indicates blood-fed mosquitos . 
£ Par cant fiJOrtalit1 ~orrac ted by Ahbott ' a formula. 
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Species 

farauti 

maculatus 

T~LE 2. PER CENT MORTALITY OF CAGED A. fARAUTI AND A. .MACUI.ATUS 
DUE TO THE VAPOUR EFFECT OF PERMETHRIN-

IMPREGNATED MOSQUITO-NETS 

Dosage Average Exposure No . of No. of No. of 

(g/m2) 
temp . period cages mosq. mosq. 
( • C) (hrs) tested tested dead 

0.5~ 22.5 ~~ 3 75 75 
Control 1 25 0 

o. 21! 20.5 12 3 165 154 

Control _h 1 55 1 

o.s£ 27.9 1.5 2 59 53 

3 4 100 90 

6 4 99 94 

12 2 40 40 

Control _h 2 50 2 

of 18-m2 nets. i! Tested 4-6 days after impregnation 
Q Control cages were not exposed but were left i n the next room during the 

Mortality 

(l) 

100.0 
0 

93 . 3 

1.8 

89.8 

90.0 

94.9 

100.0 

4.0 

exposure time and then kept together with the ex~osed cages for 
£ Tested 10 days after impregnation of 10-m net. 

the holding period. 
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