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Durability of protective fabrics against dengue vector Aedes albopictus in
northeastern India

Sir,

The environmental conditions in the northeastern
region of India are highly favourable for mosquito
proliferation and survival. The vectors of malaria,
Japanese encephalitis and dengue are widely prevalent
in the region and there is perennial and uninterrupted
transmission of mosquito borne diseases such as
malaria'. The reduction of man mosquito contact by
adopting personal protection measures is recommended
as an effective strategy for the management of vector
borne diseases. These include the use of topical
insect repellents, bed nets and protective clothings
impregnated with mosquito repellents. The use of
clothings impregnated with permethrin is an effective
method of protection against both nocturnal and diurnal
insects as the use of bed nets is not always possible?.
The application of repellents onto clothings reduces the
likelihood of allergic reactions and hence is preferable
to skin application®. Protective clothings treated with
permethrin at the rate of 1.25 g/m? are recommended
for protection from mosquitoes and other arthropods*.
Permethrin treated clothings have been found to be
safe at the suggested exposure levels’.

Permethrin impregnated military fabrics have
provided 57 and 87 per cent protection against mosquito
bites during field trials conducted in Pakistan and
Iran, respectively*®. The clothings impregnated with
permethrin were found to be helpful in reducing tick
bites by 93 per cent in field trials in North Carolina,
USA’. In India, laboratory and field studies have
shown the efficacy of N, N-diethylphenylacetamide
(DEPA) impregnated fabrics against mosquitoes®.
Synthetic pyrethroid (deltamethrin and cyfluthrin)
impregnated clothes worn over fabrics were found to
provide protection from mosquito bites when evaluated
in a military station in Tezpur, northeastern India’. A
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study on the persistence of permethrin in impregnated
military uniforms after repeated washings indicated that
more than 50 per cent of the initial permethrin content
was lost after five washings'’. Apart from washings,
the durability of protective fabrics is also influenced
by the environmental conditions prevailing in a region.
The information on the reduction of bioefficacy due to
weathering is important for assessing the durability of
protective clothings under field conditions. Hence, the
present study on the durability of the insect protective
fabrics was carried out by subjecting the treated fabrics
to the hot and humid environment of northeastern
India.

This study was conducted in the Defence Research
Laboratory (Defence Research & Development
Organization), Tezpur, Assam India. Army uniform
fabrics (50% cotton and 50% polyester) obtained
from a military station in northeastern India were
treated at the rates of 0.5, 0.75, 1, 1.25 and 1.5 g/m?
by soaking in aqueous emulsions of permethrin 25
per cent emulsifiable concentrate (EC) (Scientific
Fertilisers Co. Ltd., Coimbatore, India). 60 x 60 cm
pieces of the treated fabrics were pinned to a wooden
board and exposed over a period of two years (June
2010 - May 2012) to the ambient weather conditions
of Tezpur, northeastern India. The ranges of mean
temperature and relative humidity during the study
period were 17.6-30.3°C and 67.1-82.5 per cent
respectively. The non-weathered fabric was sealed in
a polyethylene bag after permethrin treatment and kept
in a dark cabinet for two years. Permethrin residues
were eluted using acetonitrile from 2 cm? pieces of the
treated fabrics initially and after 1, 6 months, 1 and 2
years of weathering. The residues were detected using
HPLC system (Waters Corporation, Milford, USA)
with acetonitrile-water (80:20) as the mobile phase.
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World Health Organization bioassay tubes and cones
were used as per the guidelines''> to determine the
residual efficacy of the impregnated fabrics against
dengue vector Aedes albopictus. Probit analysis was
carried out using IBM SPSS Statistics 19 (IBM, USA)
for estimating the median knockdown time (KTj).
The fabrics providing >95 per cent knockdown at
1 h post-exposure or >80 per cent mortality at 24 h
post-exposure were considered to be effective against
mosquitoes''.

The initial permethrin content detected in the fabrics
treated with permethrin emulsions at the rates of 0.5
to 1.5 g/m? were 0.48, 0.74, 1.05, 1.27 and 1.47 g/m?,
respectively. The mean per cent losses of permethrin due
to 1 and 6 months and 1 year of weathering were 3.91 +
0.57,12.1£0.74 and 29.2 £ 1.99, respectively. The per
cent loss of permethrin from the fabric subjected to two
years of weathering was 41 + 1.71, whereas only 8.22 +
0.82 per cent of permethrin was lost after two years of
storage. The fabric with 1.27 g/m?permethrin initially
was used for the bioassays, which had 1.24, 1.12, 0.91
and 0.8 g/m?permethrin residues after 1 and 6 months,
1 and 2 years after weathering. The tested fabric
had 1.16 g/m? permethrin after two years of storage
(Table I).

The dengue vector, Ae. albopictus is a widely
prevalent day biting mosquito in northeastern India.
The studies using an accelerated weathering instrument
have shown that the permethrin-impregnated fabrics
provided good protection from the dengue vector Ae.
aegypti and the malaria vector Anopheles stephensiup to
6 weeks'®. It has also been indicated that the knockdown

effect of the impregnated fabrics against de. aegypti
diminished rapidly as compared to the repellent effect
and that An. stephensi was more susceptible than Ae.
aegypti®®. In the present study, the per cent mosquito
knockdown 15 min after exposure (KD,s) was 100 at
the beginning but was reduced to 79.4 + 3.6, 32.3 £
2.9,29.8 £3 and 26 + 2.9 after 1 and 6 months, 1 and
2 years of weathering, respectively. There was 100 per
cent mortality of mosquitoes on exposure to the fabric
weathered for a year and 97.8 = 1.3 per cent after 2
years. The treated fabric in storage provided 73 + 2.5
knockdown and 100 per cent mortality after two years.
The median knockdown time is useful for measuring
the bioavailability of an insecticide on treated surface
and regeneration time and hence a suitable method
for the evaluation of insecticide- treated textiles'.
The median knockdown time (KTs, with 95% CI) on
exposure to the treated fabric was 4.22 (3.24-5.13)
minutes at the beginning. The KTs, were 5.43 (3.18-
6.94), 19.3 (17.6-21.3), 24.8 (21.9-28.1) and 28.5 (23-
33) minutes, respectively after 1 and, 6 months, 1 and 2
years of weathering. However, exposure of mosquitoes
to the fabric under storage resulted in KTy, of 6.47
(4.15-8.14) minutes (Table I).

Contact exposure for brief periods of time more
closely approximates the actual contact while the
mosquitoes attempt to feed on human blood". Hence,
the mosquito mortality on short-term exposure to
the treated fabrics would be useful for assessing the
efficacy of the impregnated fabrics. The KD s, KDy,
(per cent knockdown 1 h post-exposure) and per cent
mortality 24 h post-exposure in cone bioassays with

Table I. Mosquito knockdown and mortality on 10 min exposure to protective fabrics subjected to weathering in northeastern India
Weathering period Per cent loss of Permethrin residue Mosquito Mosquito mortality ~Median knockdown
permethrin in the tested cloth knockdown (%)* (%) time (min)
(g/m?) (95% CI)
0 month 0 1.27 100 100 422 (3.24-5.13)
1 month 3.91+0.57 1.24 79.4+3.6 100 5.43 (3.18-6.94)
6 months 12.1£0.74 1.12 323+29 100 19.3 (17.6-21.3)
1 year 29.2+1.99 0.91 29.8+3 100 24.8 (21.9-28.1)
2 years 41+1.71 0.80 26+2.9 97.8+1.3 28.5(23-33)
2 years storage 8.22+0.82 1.16 73+£25 100 6.47 (4.15-8.14)
15 min after exposure to treated clothes
Values are mean + SEM
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Table I1. Mosquito knockdown and mortality on three minutes exposure to protective fabrics subjected to weathering in northeastern

Duration of weathering

Mosquito knockdown (%)

Mosquito mortality (%)

15 min post-exposure

1 h post-exposure

0 month 494+£29
1 month 268 £2.1
6 months 153+2.6
1 year 2+1.2
2 years 0

2 years storage 334+27

Values are mean + SEM

100 100
94.6 £2 100
80.6+4.2 945+33
43+23 79.2+2.8
37.3+£2.7 67.6 2.9

100 100

three minutes exposure were 49.4 + 2.9, 100 and 100
at the beginning. The KD, after 1 month, 6 months,
1 year and 2 years of weathering were 26.8 + 2.1,
153 £ 2.6, 2 £ 1.2 and 0, respectively, whereas the
corresponding KD¢, were 94.6 =2, 80.6 +4.2,43 £2.3
and 37.3 £+ 2.7. The per cent mortality, which was 100
after 1 month of weathering, was reduced to 94.5 £ 3.3,
79.2 £2.8 and 67.6 £ 2.9 after 6 months, 1 and 2 years
of weathering. The non-weathered fabric after 2 years
of storage provided KD 5 0f 33.4 = 2.7, while KD, and
per cent mortality were 100 each (Table II).

The tested fabric weathered for a year retained
only 0.91g/m? of permethrin, which was 27.2% below
the recommended dose of 1.25g/m?Three minutes
exposure to this fabric resulted in <95 per cent mosquito
knockdown at 1 h and <80 per cent mortality at 24 h
post-exposure, which did not meet the WHO criteria
for efficacy''. Hence, the fabrics may be retreated
with permethrin a year after the first treatment at the
recommended rate of 1.25 g/m?. However, it should be
noted that washings may further reduce the durability
of the impregnated fabrics. Earlier studies have shown
that permethrin-impregnated fabrics need to be treated
again after 5 washings to retain their bioefficacy against
mosquitoes'®. Hence, re-impregnation of fabrics with
permethrin is necessary after one year or five washings
whichever is earlier. The permethrin treatment may be
done during February-March well before the build-
up of the vector population so as to ensure adequate
protection from dengue and other disease vectors.
The non-weathered fabric retained its efficacy after 2
years with complete knockdown 1 hour and complete
mortality 24 h post-exposure. This indicated that the
efficacy of the insect protective clothings could last
beyond two years if stored properly.

The durability of permethrin impregnated clothes
on exposure to weather and in storage as shown in the
present study would be useful for devising a clothing
impregnation schedule for disease endemic areas of
northeastern India. However, there is a need to develop
safer and more effective formulations for long lasting
impregnation of clothings for use in areas with high
density of disease vectors.
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