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destruction of a small sub-sample of nets that adds com-
plexity to evaluation. Prospective studies of insecticide
effectiveness in a larger sample size of nets are required
to draw strong conclusions.

Malaria vectors in Nepal and the effectiveness of LLINs
A total of 44 species ofAnophelesmosquitoes have been
identified in Nepal based on the morphology; however,
only seven species have been reported as malaria vectors
which include Anopheles minimus, Anopheles fluviatilis,
Anopheles annularis, Anopheles maculatus, Anopheles
dravidicus, Anopheles pseudowillmori, and Anopheles
willmori [35]. Over the last decades, deforestation and
effective malaria control program using DDT eliminated
An. minimus during 1960s [36]. An. fluviatilis is consid-
ered as the main malaria vector in Nepal followed by
An. annularis and An. maculatus complex. Although
LLINs are the essential tools for vector control and thus
for malaria elimination, their effectiveness in South
(East) Asia has been particularly compromised because
of the early evening feeding time and preferentially out-
door biting of the Anophelesspecies [37, 38]. Neverthe-
less, globally, LLINs are recommended as an adjunctive
tool among other approaches for malaria control and
elimination [37, 38]. Modeling studies have suggested
that an estimated 30% reduction in transmission of mal-
aria can be achieved with the wide coverage of LLINs
[39]. Thus, the distribution of LLINs with high coverage
can become a critical adjunctive tool for the malaria
elimination in Nepal.

Implications for malaria control and elimination
National malaria control program in Nepal has a target
to achieve the goal of eliminating malaria by 2025. To
achieve the goal of malaria elimination, Nepal can utilize
three-pillar strategies outlined by global technical strat-
egy of World Health Organization that includes ensuring
universal access to malaria prevention, diagnosis, and
treatment; accelerating efforts towards elimination and
attaining malaria-free status; and transforming malaria
surveillance and response as core interventions [40]. The
currently used tools for malaria elimination in Nepal can
be informed by the effectiveness and durability of LLINs
as evidenced from this study. A high coverage of effect-
ive LLIN may become an important adjunctive tool for
malaria elimination in Nepal.

Strengths and limitation
Since direct inter-LLIN comparison is invalid using a
retrospective methodology, the performance of each
LLIN brand is discussed separately. As Interceptor® has
a relatively long history of distribution compared to the
other two LLIN brands, it was possible to sample more
than 50 nets after 3 years of its use in the community

based on the WHO guidelines. During the first and sec-
ond years post distribution, the sample size was less than
30 and zero, respectively, which limited the analysis of
LLIN effectiveness; this was also seen in Yorkool® (in the
second and third year) and PermaNet® 2.0 (first and
third year). Our observations found that Interceptor®
nets did not meet the WHO bioassay criteria as they
have very low chemical retention (5.82%) and high phys-
ical damage, suggesting that its serviceable life was prob-
ably less than 3 years.

Conclusion
Distribution of LLINs is effective for control of malaria
but serviceable life of LLIN should be considered in
terms of waning residual bio-efficacy that requires re-
placement. Monitoring of net use, fabric integrity, and
loss of insecticidal capacity of various LLIN brands in
routine intervals should be considered for effectiveness
of LLINs for malaria control.
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