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Rwanda has shown the efficacy of universal bednet coverage by being one of the first subSaharan countries to achieve it in late 2010 and see the results with unprecedented reductions in
malaria cases and deaths in 2011. Long lasting insecticide treated bednets (LLINs) have
pyrethroid insecticide integrated within net fibers and every company has its own trademarked
technology to do so. The World Health Organization Pesticide Evaluation Scheme (WHOPES)
tests and approves bednets both with laboratory and field studies. In 2013, WHOPES withdrew
its interim approval for BESTNET which sell NETPROTECT bednets based on field studies
which showed that additional data was needed from NETPROTECTs in the field before WHO
could make a final recommendation.
In 2012, Global Fund and PMI procured NETPROTECT bednets which were distributed in
2013. PMI NETPROTECT bednets were tested for quality assurance/quality control and all lots
achieved target insecticide doses and were deemed compliant. In routine LLINs monitoring and
before receiving the WHOPES decision, the MAL & OPDD collected LLINs samples in varying
times (5 months and 9 months) for testing of LLINs physical deterioration, bioefficacy.
Surprisingly, all bed nets (n=200) tested were substandard to the WHO bio efficacy thresholds of
80% of mortality of exposed mosquitoes. The average mortality of mosquitoes used for 5 months
was 37% and 45% for LLINs used for 9 months. Subsequent to the above results, another
bioefficacy test was conducted to 5 new LLINs as control and the mortality was also substandard
of 56%. The physical deterioration conducted on 160 samples used for 9 months showed that
only 46,9% (n=75) of LLINs were good, 40,6% (n=65) in serviceable condition and 12,5 %
(n=20) needed replacement due to the physical deterioration status.

Another interesting

observation of LLINs collected on field, 21% of LLINs were hosting inside alive insects
(bedbugs, lice and flees). The LLINs hosting other vectors were collected more in Gisagara with
50% (n=20), Rusizi with 35% and Gatsibo 30%.
Following the above field results, MAL & OPDD worked with PMI, GF, and CDC on the way to
confirm the field results and to obtain as much data as possible on NETPROTECT bednets at
varying time points (0, 5, and 9 months).

Then the MAL & OPDD took NETPROTECT bednet samples which were sent to CDC for
analysis of insecticide content by high performance liquid chromatography (HPLC). The target
deltamethrin for NetProtect in good condition is 1,35-2,25 g/kg. Preliminary results of 40
NetProtect samples out of 56 sent to CDC and from HPLC test, are showing that particular
samples of NETPROTECT bednets have sub-standard insecticide levels which confirm the
bioefficacy results from field. This is highlighted by a sample of five NETPROTECTs which
were tested right out of their original bags collected from MPDD warehouse (0 months) and 4
out of 5 (80%) had unacceptable insecticide concentration by HPLC. The average failure to
insecticide content was 47,5%. The failure rate for LLINs used for 5 months was 50% and 40%
of LLINs used for 9 months. Among 40 LLINs tested, 4 were supplied from India and 36 from
China. There are no difference between LLINs shapes (rectangular and conical).
Currently, Net experts are working to obtain data on what is underlying the NETPROTECT
problem but some believe that NETPROTECT bednets are particularly susceptible to insecticide
isomerization where the active form changes to an inactive form. Based on these results, the
MAL & OPDD should start consultation with CDC, WHO and GF for recommendations on a
way forward. Normally, bednets should provide a physical barrier; however, effective
insecticide dose is crucial for the efficacy of the LLIN by killing and repelling the mosquito.
Therefore, the MAL & OPDD found that even at nine month of usage, the trend of physical
deterioration of NetProtect is very alarming. The MAL & OPDD is currently seeking for lot and
batch information for all of the NETPROTECT bednets and these will be analyzed with the field
and CDC results. Hopefully, a particular manufacturer at a specific time will be implicated and
this lot can be removed from the supply chain. If more than one lot and batches from multiple
manufacturers are implicated, the MAL & OPDD will request recommendations from CDC and
WHO on how to mitigate this problem.

