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1.  INTRODUCTION 
  
The 19th meeting of the WHOPES Working Group, an advisory group 
to the World Health Organization Pesticide Evaluation Scheme 
(WHOPES), was held at WHO headquarters in Geneva, Switzerland 
from 8 to 11 February 2016.  
  
The Working Group reviewed one long-lasting insecticidal net 
product1 for the prevention and control of malaria: Veeralin LN (alpha-
cypermethrin and piperonyl butoxide incorporated into filaments) of 
Vector Control Innovations Pvt Ltd, India; and two mosquito larvicides: 
VectoMax GR (a combined formulation of Bacillus thuringiensis 
israelensis and Bacillus sphaericus) of Valent BioSciences Corp., 
USA; and Bactivec SC (Bacillus thuringiensis israelensis) of Labiofam, 
Cuba. The Working Group made recommendations on the use of 
each of these products. 
 
The meeting was opened by Dr Dirk Engels, Director, WHO 
Department of Control of Neglected Tropical Diseases. He welcomed 
participants and noted that vector control is critical to achieving the 
targets for control and elimination of neglected tropical diseases 
(NTDs) and malaria.  New vector control tools are needed to control 
the spread of vector-borne diseases now and in the future, especially 
of rapidly expanding arboviral diseases including dengue, 
chikungunya and now Zika virus.  WHO is working to improve 
evaluation of innovative tools and develop strong normative guidance 
to support disease control. The planned WHOPES reforms will 
streamline product evaluation and recommendation systems across 
WHO including development of a network of institutions for product 
evaluation accredited for good laboratory practice (GLP). WHO senior 
management supports these changes, and considers that the 
resulting system will ensure effective, safe, high-quality and 
innovative vector control tools. Finally, Dr Engels recognized the 
importance of the work of the WHOPES Working Group in evaluating 
products for control of malaria, vector-borne NTDs and pests of public 
health importance. 
 
Dr Raman Velayudhan, Coordinator, Vector Ecology and 
Management, briefed the Working Group on the objectives of the 
meeting.  
 

                                                           
1 Refers to long-lasting insecticidal nets (LNs) as a pesticide formulation.  
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Dr Rajpal Yadav, Scientist in charge of WHOPES, summarized the 
interests declared by the invited experts and explained the 
procedures of the meeting.  
 
Dr Nicole Achee, University of Notre Dame, USA was appointed as 
Chairperson and Dr John Gimnig, Centers for Disease Control and 
Prevention, USA as Rapporteur.  
 
Nine invited experts and five staff representing the WHO Secretariat 
attended the meeting (see Annex 1. List of participants). The Working 
Group met in both plenary and break-out sessions, in which the 
reports of the WHOPES-supervised trials and the background reports 
submitted by the manufacturers including the relevant published 
literature and unpublished reports were reviewed and discussed (see 
Annex 2. References). The meeting also reviewed a list of the 
standard operating procedures for efficacy testing of long-lasting 
insecticidal nets, insecticides for indoor residual spraying and space 
spraying, and mosquito larvicides. 
 
 
Declarations of interest 
 
All the invited experts completed a Declaration of interests for WHO 
experts before the meeting for assessment by the WHO Secretariat.  
The following interests were declared: 
 
Dr Nicole Achee’s university has received mosquito repellent 
products free of charge from SC Johnson & Son, USA for use in a 
large-scale intervention trial funded by the Bill & Melinda Gates 
Foundation, USA. 
 
Dr Rajendra Bhatt’s institute has received prescribed fees from BASF 
India Ltd., India; Bayer CropScience, India; and Vestergaard 
Frandsen, India to meet the costs of product evaluation. 
 
Dr Fabrice Chandre’s institute has received prescribed standard fees 
from Sumitomo Chemical, Japan; and Bayer CropScience, Germany 
to meet the costs of product evaluation.  
 
Professor Dr Marc Coosemans’ institute has received grants from the 
Bill & Melinda Gates Foundation for evaluating the impact of 
repellents on malaria in Cambodia.  The institute has also received 
repellents free of charge from SC Johnson & Son, USA for use in the 
study.   
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Dr Vincent Corbel’s university has received prescribed standard fees 
from Bayer CropScience, Germany; and Sumitomo Chemical, Japan 
to meet the costs of evaluating their respective pesticide products. 
 
Dr John Gimnig’s center has received non-monetary support from 
Sumitomo Chemical, Japan in the form of 6000 long-lasting 
insecticidal nets for field evaluation in Malawi. 
 
Dr Sarah Moore’s research unit has received research funding from 
the Research Council of Norway for evaluating various long-lasting 
insecticidal nets. The unit has also received prescribed standard fees 
from Vestergaard Frandsen, Switzerland and Bayer CropScience, 
Germany for evaluating their pesticide products. 
 
Professor Dr Mark Rowland’s unit has received funding from the 
Innovative Vector Control Consortium, United Kingdom for the testing 
and evaluation of various pesticide products. The unit has also 
received prescribed standard fees from Sumitomo Chemical, Japan; 
BASF, Germany; Vestergaard Frandsen, Switzerland; and Bayer 
CropScience, Germany to meet the costs of evaluating their 
respective pesticide products.  
 
Dr Olivier Pigeon’s research centre has received prescribed standard 
fees from Vector Control Innovations, India and Sumitomo, France to 
meet the costs of physico-chemical or residues studies of their 
respective pesticide products. 
 
The WHO Secretariat assessed the interests declared by the experts 
that were not found to be directly related to the topics under 
discussion at the meeting.  It was therefore decided that although all 
of the above-mentioned experts could participate in the meeting, 
subject to the public disclosure of their interests, four experts who had 
served as investigators for the evaluation of Veeralin LN (Dr Fabrice 
Chandre; Dr Vincent Corbel, Dr Sarah Moore and Professor Dr Mark 
Rowland) were excluded from the drafting group that assessed 
results of the laboratory and field studies for this product. They were 
also asked to abstain from discussions when the meeting finalized its 
recommendations on the use of Veeralin LN.  
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2. REVIEW OF VEERALIN LN 
 
Veeralin LN is an alpha-cypermethrin and piperonyl butoxide (PBO) 
long-lasting incorporated into polyethylene insecticidal net 
manufactured by Vector Control Innovations Pvt Ltd, India. Alpha-
cypermethrin is incorporated into 130 denier monofilament 
polyethylene fibres with the target dose of 6.0 g AI/kg corresponding 
to 216 mg AI/m2 of alpha-cypermethrin, and 2.2 g/kg PBO 
corresponding to 79.2 mg/m2 of PBO. 
 
Alpha-cypermethrin has previously been recommended1 by WHO as 
an insecticide product for conventional treatment of mosquito nets for 
malaria vector control, at the target dose of 20–40 mg AI/m². WHO 
specifications are already published for PBO technical material and 
PBO in LNs.2 
 
 
2.1 Safety assessment  
 
The assessment of risk to humans of washing and sleeping under the 
Veeralin LN was performed based on the data provided by the 
manufacturer (Aitio2016a). The revised WHO Generic risk 
assessment model for insecticide-treated nets3 was used as a guiding 
document.  
 
The following assumptions were used by the evaluator in drafting the 
risk assessment: 

 Veeralin LN and its active ingredient, alpha-cypermethrin, as 
well as PBO comply with the WHO specifications; 
 

 the wash resistance index reflects the proportion of the active 
ingredients available for dermal and oral absorption, and that 
released during the washing of the net; 
 

                                                           
1 Insecticides for treatment of mosquito nets (http://who.int/whopes/en/, 
accessed March 2016). 
2 WHO specifications for pesticides used in public health 
(http://who.int/whopes/quality/newspecif/en/, accessed March 2016).  
3 WHO (2012). A generic risk assessment model for insecticide-treated nets 
– revised edition. Geneva: World Health Organization 
(http://whqlibdoc.who.int/publications/2012/9789241503419_eng.pdf, 
accessed March 2016). 

http://who.int/whopes/quality/newspecif/en/
http://whqlibdoc.who.int/publications/2012/9789241503419_eng.pdf


 

5 
 

 the dermal absorption of alpha-cypermethrin is 1%, and the 
oral absorption is 60% as estimated by the Joint FAO/WHO 
Meeting on Pesticide Residues (JMPR); 
 

 the dermal absorption for PBO  is 10% and the oral absorption 
is 100%, the default values for the Generic Risk Assessment 
Model; 
 

 the translodgeable part for both alpha-cypermethrin and PBO 
from the net onto the skin is 6% of the available surface 
concentration defined from the washing resistance index, in 
line with the estimate of the United States Environmental 
Protection Agency for soft surfaces; and 
 

 the representative biological half-time (in mother’s milk) of 
alpha-cypermethrin is 25 days and for PBO one day as 
estimated by the JMPR. 
  

Based on the risk assessment, it was concluded that when used as 
instructed, sleeping under and/or washing Veeralin LN does not pose 
undue hazards to people.         
 
2.2 Efficacy – background and supporting documents 
 
An experimental hut study was conducted in M’be, Côte d’Ivoire to 
assess the efficacy of the Veeralin LN washed up to 20 times 
(N’Guessan et al., 2015).  M’be is located in a large rice-irrigated 
valley that produces Anopheles gambiae (primarily An. coluzzii) year 
round.  An. coluzzii in this area is resistant to pyrethroids and 
characterization of resistance mechanisms has demonstrated 
elevated activities of esterases and oxidases relative to a susceptible 
laboratory colony.  The earlier reported frequency of the L1014F kdr 
allele was 33%,1 which was later reported to have risen to as high as 
94% (N’Guessan et al., 2016).  Other mosquito species at the site 
include Mansonia, Culex and Aedes species. 
 
The huts used were of the traditional West African style, constructed 
of concrete bricks with roofs of corrugated iron.  The ceilings were 
                                                           
1 Koffi AA et al.  (2013). Insecticide resistance status of Anopheles gambiae 
s.s. population from M’Bé: a WHOPES-labelled experimental hut station, 10 
years after the political crisis in Côte d’Ivoire. Malar J;12:151. 
doi:10.1186/1475-2875-12-151. 
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lined with plastic sheets and the walls were plastered with cement.  
Each hut was constructed on a concrete base with a water-filled moat 
to exclude ants and other crawling scavenging insects.  Mosquitoes 
were able to enter huts through four window slits of 1 cm wide fitted 
on three sides of the huts.  Mosquitoes were able to exit into a 
veranda trap on the fourth side. 
 
A total of six huts were used for the experiment and six different 
treatment arms were included: 

1. Veeralin LN unwashed 
2. Veeralin LN washed 5 times 
3. Veeralin LN washed 10 times 
4. Veeralin LN washed 15 times 
5. Veeralin LN washed 20 times 
6. Untreated polyester net 

 
The nets were washed according to WHO Phase II procedure.1  They 
were washed for a total of 10 min in 10 L of well water containing 2 
g/L of soap (Savon de Marseille) and manually agitated for 6 min.  
The nets were rinsed twice in clean water using the same method.  
The time interval between subsequent washing was 5 days. 
 
The WHO cone bioassays were done using a pyrethroid susceptible 
strain of An. gambiae (Kisumu strain) as well as a laboratory colony 
of the local field strain (M’be strain).  Ten replicates of five females 
were exposed to each net in standard 3-min bioassays. After 
exposure, mosquitoes were provided sugar solution and held for 24 h 
post-exposure.  Knockdown was measured at 60 min and mortality at 
24 h.  The bioassays were repeated so that a total of 100–400 
females were exposed to each net.  Bioassays were done before 
washing, after washing and after testing nets in experimental huts. 
 
Three nets were used in each treatment arm and each net was tested 
on two consecutive nights.  Sleepers rotated through the huts nightly 
while the treatments were rotated weekly. The trial was run for 6 wk 
to allow for one full Latin square rotation.  Each morning, the 
mosquitoes were collected from inside the nets, inside the huts and 
inside the veranda exit trap.  Mosquitoes were recorded according to 
their location of collection, whether they were blood-fed or unfed and 
whether they were dead or alive. Live mosquitoes were held with 

                                                           
1 WHO (2013). Guidelines for laboratory and field testing of long-lasting 
insecticidal nets. Geneva: World Health Organization 
(http://who.int/whopes/guidelines/en/, accessed March 2016). 
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access to sugar solution for 24 h to assess delayed mortality.  
Standard outcomes included: 
 

 deterrence (number of mosquitoes in each arm collected 
relative to the untreated control net); 

 induced exophily (proportion of mosquitoes that exited early); 
 blood-feeding inhibition (proportion of blood-fed mosquitoes in 

each arm relative to the untreated control net); and 
 immediate and delayed mortality (proportion of mosquitoes 

found killed in the early morning and after 24 h, respectively). 
 
In cone bioassays before washing, both knockdown and mortality of 
the Kisumu strain were 100%, while knockdown was 61.1% and 
mortality was 65.8% for the M’be strain when exposed to the Veeralin 
LN.  After washing, knockdown and mortality were again 100% for the 
Kisumu strain exposed to the Veeralin LN, regardless of the number 
of washes.  For the M’be strain, knockdown ranged between 83.7% 
and 89.1% while mortality ranged between 4.3% and 17.1%; both the 
parameters declined with increasing number of washes.  After the hut 
trial, knockdown was ≥ 99% and mortality was 100% for all treatment 
arms with the An. gambiae Kisumu strain. For the M’be strain, 
knockdown ranged from 80.8% to 91.4% with no clear trend based 
upon the number of washes.  Mortality ranged between 19.2% and 
50.6% and was highest on the unwashed Veeralin LN but no clear 
trends related to washing were observed. 
 
In the experimental hut study, an average of 46 mosquitoes were  
collected from huts with untreated nets each night.  Deterrence of An. 
coluzzii was > 49% for all treatment arms.  Exophily was 32.8% in the 
huts with untreated nets but was > 55% for all other treatment arms.  
The differences in exophily between the untreated control arm and all 
other treatment arms were statistically significant for all comparisons.  
The blood-feeding inhibition ranged from 40.0% for the Veeralin LN 
washed 20 times to 64.0% for the unwashed Veeralin LN (Table 2.1).  
The differences in the proportion of blood-fed mosquitoes between 
the untreated control hut and all other treatment arms were 
statistically significant for all comparisons.  Lastly, mortality of An. 
coluzzii was 2.1% in the untreated control huts but ranged between 
34.5% and 53.7% for all treatment arms.  Differences between the 
untreated control net and all other treatment arms were statistically 
significant for all comparisons.  Among the Veeralin LN washed 
between 5 and 20 times, there was little evidence for a trend in 
decreasing either blood-feeding inhibition or mortality. 
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For other Culicidae (primarily Mansonia spp.), an average of only 2.2 
mosquitoes was collected each night from the control huts.  There 
were significantly fewer mosquitoes collected from huts with 
unwashed Veeralin LN or from huts with Veeralin LN washed 5 times 
but no other differences were observed.  Exophily was significantly 
lower in all treatment arms compared with the untreated control huts.  
However, blood-feeding inhibition was > 75% (76–100%) for all 
treatment arms (Table 2.1).  Mortality was 3.8% in the control huts but 
was > 80% for all other treatment arms. 
 
The authors concluded that the Veeralin LN provided good personal 
and community protection against the resistant M’be population of An. 
coluzzii with mortality of 54% in huts with unwashed Veeralin LN that 
dropped to 34.5% after 20 washes.  Blood-feeding inhibition declined 
slightly after 5 washes but further washing did not affect the 
performance of the Veeralin LN. 
 
 
2.3  Efficacy – WHOPES-supervised trials 
 
2.3.1  Laboratory study 
 
A WHOPES Phase I laboratory study was conducted to estimate the 
regeneration time and wash resistance of the Veeralin LN (Rossignol 
et al. 2014).  Four Veeralin LN were sent to the WHO Collaborating 
Centre, IRD-LIN, Montpellier, France along with two Veeralin without 
PBO (i.e. nets incorporated with alpha-cypermethrin alone).  Fourteen 
pieces (25 x 25 cm) were cut from each net.  Two pieces from each 
net were used for the regeneration time study while seven were used 
for the wash resistance evaluation.  The remaining pieces of netting 
were held at 4 oC until they were sent to the WHO Collaborating 
Centre CRA-W, Gembloux, Belgium for chemical analysis.   
 
Alpha-cypermethrin content was determined in netting samples using 
the Collaborative International Pesticides Analytical Council (CIPAC) 
method 454/LN/M/3.2. This method involves extraction of alpha-
cypermethrin by refluxing for 30 min in xylene in the presence of 
dioctyl phthalate as an internal standard and citric acid, and 
determination by gas chromatography with flame ionization detection. 
 
PBO content was determined in all samples using the CIPAC method 
33/LN/(M)/3.  This method involves extraction of PBO by refluxing for 
30 min in xylene in the presence of octadecane as an internal 
standard, and determination by GC-FID (Mabon et al., 2014a). 
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For the regeneration time study, net samples were washed 3 times 
consecutively on the same day and then held at 30 oC.  Washing was 
done by placing net pieces into 1 L beakers containing 0.5 L of 
deionized water with 2 g/L of soap (Savon de Marseille, pH = 10–11).  
The beakers were placed in a water bath at 30 oC and shaken for 10 
min.  The net pieces were then rinsed twice in 0.5 L of deionized 
water under the same conditions. 
 
Bioassays with An. gambiae Kisumu susceptible strain were 
conducted at 0, 1, 2, 3, 5, 7 and 9 days after washing.  WHO cone 
tests were used to estimate knockdown and mortality of mosquitoes 
exposed to the nets.  Four cones were affixed to each piece of netting 
and five, non-blood fed, 2–5 day old An. gambiae mosquitoes were 
exposed to the netting for 3 min.  After exposure, mosquitoes were 
held with access to sugar solution for 24 h.  Knockdown was 
measured at 60 min and mortality was measured at 24 h. 
 
Knockdown on the Veeralin LN was 100% at day zero and remained 
at 100% through 9 days post-washing.  Mortality was 100% on day 
zero but declined to 93% on day 3 before rising to 100% on day 5.  
Based on the mortality efficacy, the regeneration time was considered 
to be 5 days. 
 
For the wash resistance study, nets were washed 25 times with an 
interval of five days between successive washes. Knockdown of 
susceptible An. gambiae Kisumu strain was 100% through 25 washes. 
Mortality declined slowly to 87% after 15 washes, rose again to 98% 
after 20 washes and then declined to 55% after 25 washes.  For the 
Veeralin net without PBO, knockdown was 100% except after 5 
washes when it was 97% and after 25 washes when it was 95%.  
Mortality for the Veeralin net without PBO steadily declined from 100% 
after 1 wash to 32% after 15 washes.  Mortality rose to 81% after 20 
washes before dropping to 49% after 25 washes. 
 
Bioassays were also conducted with the An. gambiae kdr-kis strain, 
which is homozygous for the kdr mutation and is resistant to 
pyrethroid insecticides.  Knockdown of this strain exposed to the 
Veeralin LN was ≥ 95% through 20 washes but fell to 71% after 25 
washes.  In comparison, the knockdown of the Veeralin LN without 
PBO fluctuated between 71% and 100%.  Knockdown was 76% after 
25 washes.  Mortality of the pyrethroid-resistant strain declined 
rapidly for both nets.  For the Veeralin LN, mortality was 91% at 
baseline and steadily declined to 11% after 15 washes before rising 
to 36% at 20 washes.  Mortality was 12% after 25 washes.  For the 
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Veeralin net without PBO, mortality was 79% at baseline and declined 
rapidly to 15% after 3 washes.  Mortality rose to 32% after 5 washes 
before falling again to < 10% for all subsequent washes except 20 
washes where mortality was 12%. 
 
A summary of the analysis of chemical content is given in Table 2.2 
and Table 2.3.  Chemical content was determined on five different 
pieces from each of 4 Veeralin LN nets.  Chemical analysis of nets 
before washing indicated that the alpha-cypermethrin content was 
high (7.38 g AI/kg) but within specifications of 6.0 g AI/kg ± 25%.  All 
nets had acceptable within-net homogeneity for alpha-cypermethrin 
[within-net relative standard deviation (% RSD) < 20%].  The PBO 
content in 4 Veeralin LN nets at baseline was also high (2.6 g/kg) but 
within specifications of 2.2 g/kg ± 25%, and within-net homogeneity 
was acceptable (% RSD < 20%) (Table 2.2). 
 
Alpha-cypermethrin content declined from 7.38 g AI/kg to 6.85 g AI/kg 
after 25 washes.  The overall wash retention was 92.8% through 25 
washes corresponding to a wash resistance index of 99.8%.  For 
PBO, the content was 2.60 g/kg at baseline and fell to 1.98 g/kg after 
25 washes.  The overall retention of PBO was 76.1% after 25 washes 
corresponding to a wash resistance index of 98.9% (Figure 2.1).  
 
At baseline, the positive control LN without PBO (MAGNet LN) was 
within specifications for alpha-cypermethrin content and had 
acceptable within-net homogeneity.  The wash resistance index for 
alpha-cypermethrin for this net was the same as that of the Veeralin 
LN (99.8%). 
 
The investigators concluded that the Veeralin LN demonstrated good 
efficacy against a susceptible An. gambiae strain but there was 
limited added benefit of the PBO against a resistant strain.  However, 
they did note that a greater improvement might have been observed if 
a strain with metabolic resistance was used in bioassays.  Based 
upon the knockdown and mortality against a susceptible strain, the 
Veeralin LN met the WHO criteria for Phase I testing. 
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2.3.2 Experimental hut studies 
 
M’be, Côte d’Ivoire 
A WHOPES supervised experimental hut study was conducted in 
M’be in central Côte d’Ivoire (N’Guessan et al., 2016).  The 
characteristics of the study site and the design of the huts are 
described in section 2.2.  The six treatment arms included in this 
study were: 

1. Veeralin LN unwashed 
2. Veeralin LN washed 20 times 
3. MAGNet LN unwashed 
4. MAGNet LN washed 20 times 
5. Polyester net treated with alpha-cypermethrin at  
   25 mg/m2 and washed until just before exhaustion 
6. Untreated polyester net 

 
Nets were washed in aluminium bowls according to WHOPES 
recommended protocol.  The nets were washed in 10 L of well water 
containing 2 g/L of soap (Savon de Marseille).  The nets were 
agitated for 3 min in the soap solution by stirring with a pole at 20 
rotations per min.  The nets were then allowed to soak for 4 min 
before agitating for 3 additional min.  The nets were rinsed twice in 
well water using the same method.  The nets were then dried 
horizontally in the shade and stored at ambient temperature between 
washes. The regeneration time was set at 5 days as determined by 
the phase I study.  The regeneration time for the positive control, 
MAGNet LN, was set at 1 day. 
 
The treatment arms were randomly allocated to the six experimental 
huts and rotated weekly.  Three nets were used for each treatment 
arm and these were tested on two consecutive nights during each 
rotation.  Sleepers were rotated through the huts each night.  The trial 
was run for 6 wk or a single complete Latin square rotation.  Prior to 
the study, 6 holes (4 cm x 4 cm) were cut in each net to simulate the 
conditions of torn nets in the field. 
 
Bioassays were conducted on all nets before washing, after washing 
and after the end of the hut trial.  Bioassays were conducted by 
placing 5 cones on the different net panels and introducing 5 female 
An. gambiae Kisumu strain into each cone.  The mosquitoes were 
exposed for 3 min before being transferred to a holding cage and 
observed for knockdown at 60 min post-exposure and for mortality at 
24 h post-exposure.  The bioassays were repeated at least four times 
on the same locations so that at least 100 mosquitoes were exposed 
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per net.  Supplementary bioassays were also run with a wild An. 
gambiae strain from the M’be field site.  For the conventionally treated 
nets, the exhaustion point was determined by treating two nets and 
performing bioassays with the An. gambiae Kisumu strain after each 
wash.   
 
A fourth net for each treatment arm was not tested in the huts but 
used for chemical analysis.  Five pieces of netting (30 cm x 30 cm), 
one from each of the side panels and one from the top, were cut from 
each net.  After 20 washes, five more pieces of netting were cut from 
each net from adjacent locations.  After the trial, five pieces were 
taken from each of the six nets for chemical analysis.  Content of 
alpha-cypermethrin and PBO was analysed as described for the 
phase I laboratory study (Pigeon, 2016a). 
 
For the hut trial, volunteers entered the huts at 18:00 and remained 
there until 06:00.  In the morning, mosquitoes were collected from 
inside the nets, from inside the huts and from the veranda traps.  
Mosquitoes were recorded according to the location where they were 
collected, whether they were blood-fed or unfed, and dead or alive.   
 
The outcomes measured in the experimental huts were: 

 deterrence (reduction in hut entry relative to the control huts); 
 induced exophily (the proportion of mosquitoes that were found 

in the exit traps); 
 blood-feeding inhibition (reduction in blood-feeding of 

mosquitoes relative to feeding in the control huts); and 
 immediate and delayed mortality (proportion of mosquitoes that 

were found dead in the morning and that died within 24 h of 
collection, respectively). 

 
In cone bioassays with the conventionally treated net, mortality fell 
below 80% after the second wash.  Therefore, the number of washes 
until just before exhaustion was considered to be one wash.  In cone 
bioassays before washing, knockdown was 100% on all treatment 
arms while mortality was 100% for the Veeralin LN and the MAGNet 
LN and was 99.6% for the conventionally treated net.  In bioassays 
with the resistant M’be strain, knockdown was 4.7% on the 
conventionally treated net, 40.5% on the MAGNet LN and 77.1% for 
the Veeralin LN.  Mortality was 3.7% for the conventionally treated net, 
43.9% for the MAGNet LN and 62.8% for the Veeralin LN.   
 
After washing, knockdown with the susceptible Kisumu strain was 
85.3% for the conventionally treated net washed to just before 
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exhaustion but was 100% for the MAGNet LN and the Veeralin LN 
which had been washed 20 times.  Mortality for these same nets was 
77.5% for the conventionally treated net and 100% for both the 
MAGNet LN and the Veeralin LN after 20 washes.  For the resistant 
M’be strain, knockdown was 0.6% for the conventionally treated net, 
4.5% for the MAGNet LN and 56.5% for the Veeralin LN, while 
mortality was 0% for the conventionally treated net, 0.6% for the 
MAGNet LN and 17.4% for the Veeralin LN. 
 
After the hut trial, knockdown and mortality were 100% after exposure 
to An. gambiae Kisumu strain for all treatment arms except for the 
conventionally treated net washed to just before exhaustion where 
knockdown was 99.5% and mortality was 95.4%.  After exposure to 
the resistant M’be strain, knockdown was 4.1% on the conventionally 
treated net, 20.7% on the unwashed MAGNet LN, 57.3% on the 
MAGNet LN washed 20 times, 87.2% on the unwashed Veeralin LN 
and 96.7% on the Veeralin LN washed 20 times.  Mortality of M’be 
strain mosquitoes was 1.5% after exposure to the conventionally 
treated net washed to just before exhaustion, 13.7% on the 
unwashed MAGNet LN, 2.4% on the MAGNet LN washed 20 times, 
61.6% on the unwashed Veeralin LN and 27.0% on the Veeralin LN 
washed 20 times. 
 
In the hut trial, 1054 An. gambiae were collected in the control huts 
(29.2 per night).  There were significantly fewer mosquitoes collected 
in huts with treated nets than in the untreated nets.  There were 
significantly fewer mosquitoes collected from the huts with the 
washed and unwashed Veeralin LNs compared to all other treatment 
arms.  Mosquito exit rates ranged between 23.5% and 64.7%.  Exit 
rates were significantly higher in all treatment arms compared to the 
untreated control huts.  Exit rates were highest in the huts with the 
Veeralin LN washed 20 times (64.7%) which was significantly higher 
compared to all other treatments.   
 
Rate of blood-feeding was highest in the untreated control nets 
(63.1%), which was significantly higher compared to all other 
treatment arms.  Blood-feeding rates were 23.5% in huts with the 
unwashed Veeralin LN and 23.6% in huts with the Veeralin LN 
washed 20 times.  These figures were significantly lower compared to 
all other treatment arms (Table 2.4).  Mortality was 2.2% in the control 
huts and was significantly higher in all treatment arms.  Mortality was 
highest for the unwashed Veeralin LN (50.8%) and Veeralin LN 
washed 20 times (38.2%).  Mortality in these two arms was 
significantly higher compared to all other treatment arms (Table 2.5).  
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The number of other Culicidae collected was much lower with only 
139 mosquitoes collected from the control huts (Table 2.4).  The 
mean number of mosquitoes collected per night was significantly 
lower in all treatment arms compared to the untreated control hut.  
There were no other differences among the treatment arms.  Similarly, 
blood-feeding of Culicidae was significantly higher and mortality was 
significantly lower in the untreated control huts compared to all other 
treatment arms (Table 2.4; Table 2.5). There were no other 
differences in blood-feeding or mortality rates among the treatment 
arms. 
 
Alpha-cypermethrin content before washing was 6.91 g AI/kg for the 
Veeralin LN that was to remain unwashed, 6.75 g AI/kg for the 
Veeralin LN to be washed 20 times, 6.39 g AI/kg for the MAGNet LN 
to remain unwashed and 5.95 g AI/kg for the MAGNet LN to be 
washed 20 times.  All nets complied with the target dose of 6.0 g 
AI/kg (± 25%) for the Veeralin LN and 5.8 g AI/kg (± 25%) for the 
MAGNet LN; all nets had acceptable within-net homogeneity (Table 
2.2).  The alpha-cypermethrin content of the conventionally treated 
net was 0.5 g AI/kg (19.7 mg AI/m2).  After washing, the alpha-
cypermethrin content was 6.03 g AI/kg for the Veeralin LN and 5.65 g 
AI/kg for the MAGNet LN corresponding to an overall wash retention 
of 89% for Veeralin LN and 95% for MAGNet LN.  After washing, the 
alpha-cypermethrin content was 0.06 g AI/kg (2.5 mg AI/m2) for the 
conventionally treated net. 
 
After the hut trial, the alpha-cypermethrin content was 7.40 g AI/kg for 
the unwashed Veeralin LN, 5.78 g AI/kg for the Veeralin LN washed 
20 times, 6.47 g AI/kg for the unwashed MAGNet LN and 5.84 g AI/kg 
for the MAGNet LN washed 20 times. The alpha-cypermethrin 
content of the conventionally treated net was 0.11 g AI/kg (4.3 mg 
AI/m2) (Table 6a).   
 
The PBO content before washing was 2.63 g/kg for the unwashed 
Veeralin LN and 2.95 g/kg for the Veeralin LN to be washed 20 times.  
One net complied with the target dose of 2.2 g/kg ± 25% while one 
net was slightly overdosed. 1  Both nets had acceptable within-net 
homogeneity. After washing, the PBO content was 2.64 g/kg, 
corresponding to an overall wash retention of 89%.  After the hut trial, 
the PBO content was 3.90 g/kg for the unwashed Veeralin LN and 

                                                           
1 The manufacturer provided two additional test reports on two different 
batches of the Veeralin LN to demonstrate that they can comply with the 
specifications for PBO (Pigeon et al., 2014b; Sriram, 2015). 
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2.40 g/kg for the Veeralin LN washed 20 times (Table 6b) (Pigeon, 
2016a).   
 
Mae Sot, Thailand 
 
An experimental hut study was conducted in Mae Sot district in 
western Thailand to evaluate the Veeralin LN in comparison to the 
MAGNet LN (Duchon S et al., 2016).  The primary malaria vectors 
collected in the study area between 2008 and 2010 were An. minimus 
(71% of mosquitoes collected), An. dirus (28%) and An. maculatus 
group (1%).   
 
Five experimental huts were constructed based upon the West 
African style huts using local materials.   The walls were covered with 
cement plaster while the floors were covered with white plastic sheets.  
Mosquito entry was through 8 window slits (2 on each side) of 1 cm 
wide.  The slits were constructed from pieces of wood that were fixed 
at an angle to prevent mosquitoes from escaping from the huts.  The 
backside of the hut had a fully screened veranda (2 m long by 1.5 m 
wide x 1.5 m high) covered with polyethylene sheeting and screening 
mesh.  Each hut was surrounded by a water-filled moat to prevent the 
entry of scavengers such as ants. 
 
The five treatment arms included in the study were: 

1. An untreated polyethylene net 
2. Unwashed Veeralin LN 
3. Veeralin LN washed 20 times 
4. Unwashed MAGNet LN 
5. MAGNet LN washed 20 times 

 
The nets were washed in aluminium bowls containing 10 L of well 
water and 2 g/L of soap (“Savon de Marseille” like).  The nets were 
agitated for 3 min by stirring with a pole at 20 rotations per minute.  
The nets were allowed to soak for 4 min and then agitated for 3 min. 
The nets were rinsed twice in well water using the same method and 
then dried horizontally in the shade.   
 
Five nets from each arm were tested in the huts. One net per 
comparison arm was bioassayed before washing, after washing and 
after the trial in huts.  Bioassays were done by placing 5 WHO cones 
on each side of the net plus the roof panel.  Five An. minimus 
mosquitoes from a susceptible colony were introduced into each cone 
and exposed for 3 min.  This was repeated so that a total of 50 
mosquitoes were tested on each net.  All mosquitoes were assessed 
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for knockdown at 60 min post-exposure and for mortality at 24 h post-
exposure. 

 
An additional net from each of the treatment arms was used for 
chemical analysis.  One piece of netting (30 cm x 30 cm) was taken 
from each of the five positions of the net before washing and after 
washing.  After the trial, one net from each treatment arm that had 
been tested in the huts was sampled for chemical analysis by taking 
pieces of netting from the five positions of the net.  All samples were 
wrapped in aluminium foil, put in plastic bags and stored at 4 oC until 
they were sent to the WHO Collaborating Centre in Gembloux, 
Belgium for chemical analysis.  Chemical content of alpha-
cypermethrin and PBO was analysed as reported above for the phase 
I laboratory study. 
 
Adult volunteers slept in each hut beginning at 18:00 and mosquitoes 
were collected in the morning at 06:00.  Mosquitoes were collected 
from inside the nets, from the walls and floors of the hut and from the 
veranda trap.  Mosquitoes were scored by location, as dead or alive 
and as blood-fed or unfed.  The test nets had 6 holes (4 cm x 4 cm) 
cut into each net, two on each of the long sides and one on each of 
the short sides.  Five nets were used for each arm and the nets were 
rotated each night for 5 consecutive nights. Volunteers rotated 
through huts each night while the treatment arms were rotated 
between the huts each week.  The trial lasted for 25 wk to complete 
five full Latin square rotations.   
 
The outcomes measured in the experimental huts were: 

 deterrence (reduction in hut entry relative to the control huts); 
 induced exophily (proportion of mosquitoes that were found in 

the exit traps); 
 blood-feeding inhibition (reduction in blood-feeding of 

mosquitoes relative to feeding in the control huts); and 
 immediate and delayed mortality (proportion of mosquitoes that 

were found dead in the morning and that died within 24 h of 
collection, respectively). 

 
In bioassays before washing, knockdown and mortality were ≥ 96% 
on all treatment arms.  After washing, knockdown and mortality were 
100% for all treatment arms except the Veeralin LN where mortality 
was 82%.  After the hut trial, knockdown and mortality were 100% for 
all treatment arms. 
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A total of 39 Anopheles spp. mosquitoes were collected in the control 
huts. The anophelines collected included the An. hycanus group 
(40%), the An. minimus group (25%) and the An. maculatus group 
(21%) while other anophelines accounted for 14% of the total 
collected. WHO susceptibility tests on An. minimus and An. 
maculatus group mosquitoes indicated full susceptibility to 
deltamethrin. An. minimus was fully susceptible to alpha-cypermethrin 
while resistance was suspected in An. maculatus group mosquitoes 
(mortality = 95%). 
 
There were no differences in hut entry among the different treatment 
arms.  Furthermore, there was no difference in exit rates among the 
different treatment arms. Blood-feeding inhibition could not be 
assessed as blood-feeding rates were 0% for all treatment arms.  
However, mortality was significantly higher in all of the treatment 
arms compared with the untreated control huts.  Mortality in the huts 
with untreated nets was 13% while mortality ranged between 84% 
and 97% in the huts with washed and washed Veeralin LN and 
MAGNet LN respectively (Table 2.5). 
 
For other Culicidae, a total of 99 mosquitoes were collected from the 
control huts.  There were no significant differences in hut entry among 
the different treatment arms and there were no differences in the exit 
rate among the different treatment arms.  The impact of the different 
nets on blood-feeding inhibition could not be determined as blood-
feeding rates were 0% for all treatment arms, including the untreated 
control nets (Table 2.4).  However, mortality ranged between 83% 
and 93% among the different treated nets and was significantly higher 
compared with the untreated control nets where mortality was 10% 
(Table 2.5). 
 
Before washing, alpha-cypermethrin content on the Veeralin LN was 
6.53 g AI/kg for one net and 6.15 g AI/kg for the other net (Table 
2.6a).  After washings were completed, the alpha-cypermethrin 
content on the Veeralin LN fell to 5.35 g AI/kg, corresponding to an 
overall wash retention of 87%.  The unwashed net was also tested 
again and the alpha-cypermethrin content was 6.47 g AI/kg.  After the 
field trial, the alpha-cypermethrin content was 6.63 g AI/kg on the 
unwashed Veeralin LN and 5.19 g AI/kg on the Veeralin LN washed 
20 times.  For the MAGNet LN, the alpha-cypermethrin content was 
5.83 g AI/kg and 5.99 g AI/kg before washing.  After washings, the 
alpha-cypermethrin content was 5.77 g AI/kg on the MAGNet LN 
washed 20 times, corresponding to an overall wash retention of 96%, 
and 5.98 g AI/kg on the unwashed MAGNet LN.  After the field trial, 
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the alpha-cypermethrin content was 5.90 g AI/kg for the unwashed 
MAGNet LN and 5.37 g AI/kg for the MAGNet LN washed 20 times 
(Table 6a).  All unwashed/unused nets complied with the target dose 
of 6.0 g AI/kg (± 25%) for the Veeralin LN and 5.8 g AI/kg (± 25%) for 
the MAGNet LN; all nets had acceptable within-net homogeneity 
(Table 2.2).   
 
The piperonyl butoxide content was 2.17 g/kg and 1.96 g/kg for two 
Veeralin LNs that were analysed before washing (Table 2.2).  The 
PBO content complied with the target dose of 2.2 g/kg (± 25%) and 
had acceptable within-net homogeneity for all unwashed nets that 
were tested.  After washing, the PBO content fell to 1.29 g/kg on the 
Veeralin LN washed 20 times, corresponding to an overall wash 
retention of 66%, and was 2.05 g/kg on the unwashed Veeralin LN 
(Table 2.6b).  After the hut trial, the PBO content was 2.27 g/kg on 
the unwashed Veeralin LN and 1.12 g/kg on the Veeralin LN washed 
20 times (Pigeon, 2016b). 
 
Bagamoyo and Ifakara, United Republic of Tanzania 
 
Field and semi-field studies were conducted in two sites in the United 
Republic of Tanzania (Moore et al., 2016).  An experimental hut study 
was conducted in Lupira village near Ifakara town.  The study site lies 
within the Kilombero river valley and is bordered by many small, 
contiguous and perennial swampy rice fields on the northern and 
eastern sides.  The primary malaria vectors are An. arabiensis which 
accounts for > 95% of the An. gambiae complex and An. funestus.  
Anopheles arabiensis was demonstrated to be resistant to lambda-
cyhalothrin (22% mortality), permethrin (38% mortality) and 
deltamethrin (90% mortality) but susceptible to DDT, dieldrin, 
bendiocarb, pirimiphos-methyl, fenitrothion and malathion. 
 
The study used the standard design of the Ifakara experimental huts.1  
The huts were 6.5 m long and 3.5 m wide and constructed with a 
galvanized metal frame and an iron sheet roof covered with thatch to 
reduce indoor temperature. The ceilings were lined with woven grass 
mats.  The walls were constructed of mud.  There were 4 windows, 
which were fitted with exit traps.  Mosquitoes could enter through the 

                                                           
1 Okumu FO et al. (2012).  A modified experimental hut design for studying 
responses of disease-transmitting mosquitoes to indoor interventions: the 
Ifakara experimental huts.  PLoS One;7(2):e30967. 
doi:10.1371/journal.pone.0030967. 
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eaves, which were fitted with baffles and partially fitted with eave exit 
traps. Ants and other scavengers were excluded by suspending the 
huts on pedestals that stood in bowls filled with water. 
 
Five different nets were tested within the experimental huts: 

1. An untreated polyethylene net 
2. Unwashed Veeralin LN 
3. Veeralin LN washed 20 times 
4. Unwashed MAGNet LN 
5. MAGNet LN washed 20 times 

 
Nets were washed according to recommended WHOPES guidelines  
in plastic bowls with 10 L of water and 2 g/L of soap (Jamaa palm oil 
soap).  Each net was agitated for 3 min by manual stirring at 20 
rotations per min, allowed to soak for 4 min and then agitated for 3 
min. They were then rinsed twice in clean water using the same 
procedures and then dried vertically in the shade. 
 
Three Veeralin LNs and three MAGNet LNs were taken for baseline 
bioassays and chemical analysis.  Two pieces (25 cm x 25 cm) were 
cut from each position on the net according to WHOPES guidelines.  
One piece from each position was retained for bioassays and one for 
chemical assays.  The same nets were then washed and samples 
were again taken from each site on each net for bioassays and 
chemical analysis.  Net samples were tested for chemical content as 
described above for the phase I laboratory study (Pigeon, 2016c). 
 
Bioassays were conducted on positions 2 to 5 according to standard 
WHO procedures.  Four WHO cones were affixed to each piece of 
netting and 5 non-blood fed, 2–5 day old An. gambiae (Ifakara strain) 
females were introduced into each cone for 3 min.  After exposure, 
mosquitoes were held for 24 h. Knockdown was measured at 60 min 
and mortality at 24 h.  Negative controls were run for each net with 
data discarded if control mortality was > 10%. 
 
For the hut study, five nets were used for each treatment arm with 
each net used for one night during each rotation.  Before the start of 
the study, six holes were cut into each net (two on each of the long 
side panels and one on each of the short side panels).  Volunteers 
rotated through the huts nightly while the treatment arms were rotated 
weekly.  The study was conducted over 25 nights allowing for one full 
Latin square rotation.   
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The sleepers entered each hut at 19:00 and remained inside until 
06:00 the following morning.  Mosquitoes were then collected from 
inside the nets, the floor and walls of the hut as well as the window 
traps and exit traps.   
 
The outcomes measured in the experimental huts were: 

 deterrence (reduction in hut entry relative to the control huts); 
 Induced exophily (proportion of mosquitoes that were found in 

the exit traps); 
 blood-feeding inhibition (reduction in blood-feeding of 

mosquitoes relative to feeding in the control huts); and 
 immediate and delayed mortality (proportion of mosquitoes that 

were found dead in the morning and that died within 24 h of 
collection, respectively). 

 
The bioassays indicated > 98% knockdown and mortality for both the 
Veeralin LN and the MAGNet LN before washing.  After washing, 
knockdown and mortality were 100% for the Veeralin LN while for the 
MAGNet LN, knockdown was 83.3% and mortality was 80.6%.  After 
the field trial, knockdown and mortality were > 99% for all treatment 
arms except the MAGNet LN washed 20 times where knockdown was 
80%.  Knockdown and mortality on the untreated control net were 
< 5%. 
 
For An. arabiensis, a total of 810 mosquitoes were collected over 25 
nights from the control huts.  The number of mosquitoes entering the 
huts was significantly lower for all treatment arms except the MAGNet 
LN where a total of 1070 mosquitoes were collected.  For the control 
huts, 71.7% of mosquitoes exited the huts.  Significantly higher exit 
rates were observed for all other treatment arms except the MAGNet 
LN where 75.4% of mosquitoes had exited.   
 
The blood-feeding rate was 13.8% for the control hut and was 
significantly lower for all other treatment arms (Table 2.4).  Blood-
feeding inhibition ranged from 49% for the Veeralin LN washed 20 
times to 77% for the unwashed Veeralin LN. Mortality of An. 
arabiensis was 5.9% in the control huts and was significantly higher 
for all other treatment arms although mortality was < 16% for all 
treatment arms (Table 2.5). 
 
For An. funestus, the total number collected from the control huts was 
170, which was significantly higher than the number collected from all 
other treatment arms.  The exit rate from the control huts was 45.6%, 
which was significantly lower compared with all other treatment arms.  
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For the control huts, 37.9% of An. funestus had successfully blood-
fed while < 8% had fed in any of the other treatment arms (Table 2.4).  
Mortality was < 10% in all treatment arms and only the unwashed 
MAGNet LN caused significantly higher mortality than the control 
(Table 2.5). 
 
A total of 505 Cx. quinquefasciatus mosquitoes were collected in the 
control hut, and their number was significantly higher than those 
collected in huts with the unwashed Veeralin LN.  No other 
differences were observed in the hut entry rate. The mosquito exit 
rate from the control huts was 56.7%, which was significantly lower 
compared to all other treatment arms. The blood-feeding rate in the 
control huts was 37.1%, which was significantly higher than in all 
other treatment arms where blood-feeding was < 5%.  Mortality was 
2.0% in the control hut, and ranged from 4.9% in the huts with the 
Veeralin LN washed 20 times to 6.6% in the huts with the unwashed 
Veeralin LN.  Mortality for all treatment huts was significantly higher 
than the control except for the MAGNet LN for which it was 6.0%. 
 
Chemical analysis at baseline indicated that both the Veeralin LN and 
the MAGNet LN were within specifications for alpha-cypermethrin 
content (6.0 g AI/kg ± 25% for Veeralin LN and 5.8 g AI/kg ± 25% for 
MAGNet LN) and had acceptable within-net homogeneity (Table 2.2).  
The alpha-cypermethrin content of three nets tested for quality control 
ranged between 6.64 g AI/kg and 6.74 g AI/kg for the Veeralin LN and 
between 5.97 g AI/kg and 6.07 g AI/kg for the MAGNet LN.  For the 
Veeralin LN, the PBO content ranged from 2.41 g/kg to 2.45 g/kg.  All 
nets complied with the target dose of 2.2 g AI/kg ± 25% for PBO and 
had acceptable within-net homogeneity except for one net where the % 
relative standard deviation (RSD) was 36.7% (Table 2.2). 
 
Before washing for the field study, the alpha-cypermethrin content 
was 6.41 g AI/kg for the Veeralin LN and 5.98 g AI/kg for the MAGNet 
LN.  After washing, the alpha-cypermethrin content was 5.99 g AI/kg 
for the Veeralin LN, corresponding to an overall wash retention of 
93%, and 5.39 g AI/kg for the MAGNet LN, corresponding to an 
overall wash retention of 90%.  After the hut trial, the alpha-
cypermethrin content was 6.65 g AI/kg for the unwashed Veeralin LN, 
5.86 g AI/kg for the Veeralin LN washed 20 times, 5.79 g AI/kg for the 
unwashed MAGNet LN and 5.39 g AI/kg for the MAGNet LN washed 
20 times (Table 6a).  The PBO content on the Veeralin LN was 2.05 
g/kg before washing and 1.65 g/kg after washing, corresponding to an 
overall wash retention of 81%.  After the hut trial, the PBO content 
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was 2.36 g/kg for the unwashed Veeralin LN and 1.60 g/kg for the 
Veeralin LN washed 20 times (Table 6b) (Pigeon, 2016c). 
 
For the semi-field study, four experimental huts were constructed in 
two experimental compartments. The nets tested included an 
unwashed Veeralin LN, an unwashed MAGNet LN and an untreated 
polyethylene net.  Each night, there were two huts that served as 
controls: one for each experimental chamber.  Six holes (4 cm x 4 cm) 
were cut into each net.  The volunteers rotated through the huts each 
night while the treatment arms were rotated after every 4 nights.  The 
study was performed for four rounds over 4 wk. 
 
Each night, 100 nulliparous, female An. arabiensis (Ifakara strain) 
were released into the experimental chambers.  The mosquitoes were 
3–8 days old, had never taken a blood meal and were sugar starved 
for 6 h before release in the experimental chambers.  All other 
procedures were similar to that of the experimental hut study 
described previously. 
 
A total of 1039 mosquitoes were collected in the control huts over 32 
nights.  Over 16 nights, 730 mosquitoes were collected from huts with 
the Veeralin LN and 967 were collected from the huts with the 
MAGNet LN.  The exit rate was 50.0% for the control huts, 46.0% for 
the huts with the Veeralin LN and 59.9% for the huts with the 
MAGNet LN.   
 
Blood-feeding rates were 38.4% for the control huts, 4.3% for the huts 
with the Veeralin LN and 8.3% for the huts with the MAGNet LN 
(Table 2.4).  Blood-feeding rates were significantly higher for the 
control huts compared with  both the Veeralin LN and the MAGNet LN 
while the blood-feeding rate was significantly higher for the MAGNet 
LN compared with the Veeralin LN.  Mortality rates were 18.2% for 
the control hut, 87.1% for the MAGNet LN and 97.4% for the Veeralin 
LN.  Mortality was significantly higher for both the MAGNet LN and 
the Veeralin LN compared with  the control hut while mortality was 
significantly higher for the Veeralin LN compared with  the MAGNet 
LN. 
 
Chemical analysis of Veeralin LN and MAGNet LN tested in semi-field 
studies indicated compliance with the specifications for alpha-
cypermethrin and/or PBO, and acceptable within-net homogeneity  
(Pigeon, 2016c). 
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For the Ifakara tunnel test, five treatment arms were included as 
outlined for the field study above.  The treatment arms were allocated 
to specific compartments within the tunnel and fixed for the duration 
of the experiment.  Sleepers rotated through each compartment each 
night.  Five different nets were used for each treatment arm with a 
different net used in each compartment each night.  Six holes (4 cm x 
4 cm) were cut in each net to simulate a torn net.  Two complete 
rotations were completed over 2 wk. 
 
Each night, volunteers slept under their net from 21:00 to 06:30.  
Thirty unfed An. arabiensis females (Ifakara strain, non-blood fed, 3–
8 days old) were released into each chamber.  In the morning, 
mosquitoes were collected from inside the nets and the experimental 
chambers and scored as fed or unfed and dead or alive.   
 
In the control chambers, 57.2% of mosquitoes had blood-fed while 
< 5% had taken a blood meal in all other treatments.  The differences 
were statistically significant. Mortality of mosquitoes in the control 
chambers was 4.9% while mortality was > 78% for all other 
treatments.  Mortality was highest for the unwashed Veeralin LN 
(99.5%) and the Veeralin LN washed 20 times (95.2%).  Mortality was 
significantly higher for these treatment arms compared with the 
unwashed MAGNet LN (86.3%) and the MAGNet LN washed 20 
times (78.2%). 
 
Comparison of feeding success and mortality between the field 
experimental hut study and the semi-field experimental hut study 
indicated that while differences occurred in absolute blood-feeding 
and mortality, the trends between the different treatments were 
similar.  However, in comparison between the field experimental huts 
and the Ifakara tunnel test, the differences between two measures on 
the same net were not consistent. 
 
2.4 Conclusions and recommendations 
 
Veeralin LN is a long-lasting insecticidal net manufactured by Vector 
Control Innovations Pvt Ltd, India. The net is made of a 130-denier 
mono-filament yarn, containing alpha-cypermethrin and PBO. The 
alpha-cypermethrin is incorporated into the filaments, with the target 
dose of 6.0 g AI/kg corresponding to 216 mg of alpha-cypermethrin 
per square metre of the fabric while the PBO is incorporated at a 
target dose of 2.2 g/kg corresponding to 79.2 mg/m2.  
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WHO’s assessment of the manufacturer’s compliance with the 
assessment of exposure to and risks of washing and sleeping under a 
Veeralin LN was in line with its generic risk assessment model; when 
used as instructed, the net does not pose undue risk to the user. The 
content of alpha-cypermethrin in all unwashed Veeralin LN samples 
tested in Phase I and II studies complied with the target dose of 6.0 
g/kg ± 25% [4.5–7.5 g/kg] and had acceptable between-net and 
within-net homogeneity.  The PBO content of the same nets complied 
with the target dose of 2.2 g/kg ± 25% [1.65–2.75 g/kg] except for one 
Veeralin LN tested in experimental huts in Côte d’Ivoire that was 
slightly overdosed.  The between-net and within-net variation of the 
PBO content was within the limits specified by the WHO 
specifications and guidelines, showing acceptable homogeneity (RSD 
< 20% for within-net variation) except for one net in the United 
Republic of Tanzania where within-net variability was > 20%. 
 
The phase I regeneration time study based on cone bioassays 
showed a regeneration time of 5 days after three consecutive wash–
dry cycles in a single day. The chemical analysis of the Veeralin LN 
washed up to 25 times showed an exponential decay of alpha-
cypermethrin and PBO as a function of the number of washes, with 
an average wash resistance index of 99.8% and 98.9%, respectively.  
After 25 washes the Veeralin LN contained 92.8% of the initial alpha-
cypermethrin content and 76.1% of the initial PBO content.  The 
Veeralin LN met the WHO Phase I bioefficacy criteria based upon 
both knockdown (≥ 95%) and mortality (≥ 80%) after 20 washes.   
 
In a non-WHOPES supervised Phase II experimental hut study in 
Côte d’Ivoire, bioassays of nets before washing, after washing and 
after the hut trial confirmed the efficacy of the Veeralin LN against a 
susceptible strain of An. gambiae s.s.  However, lower knockdown 
and mortality were observed against a local pyrethroid-resistant strain.  
Veeralin LN that had been washed up to 20 times still provided good 
protection relative to an untreated control net although there was 
some evidence of reduced mortality and increased blood-feeding of 
resistant An. coluzzii with increasing numbers of washes. 
 
In three WHOPES Phase II experimental hut studies, the retention of 
alpha-cypermethrin after 20 washes of nets ranged from 87% to 93% 
and the retention of PBO after 20 washes ranged from 66% to 89%. 
At the end of the trials in experimental huts, all tested Veeralin LN 
washed 20 times complied with the WHO criteria for bioefficacy 
(mortality ≥ 80% or knockdown ≥ 95%). 
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The WHOPES Phase II studies performed in Africa were conducted 
in settings with pyrethroid-resistant malaria vectors. In M’Be (Côte 
d’Ivoire), blood-feeding inhibition was nearly twice that of the MAGNet 
LN, regardless of whether the nets were washed or unwashed.  In 
Ifakara (United Republic of Tanzania), blood-feeding inhibition of An. 
arabiensis was similar between the unwashed Veeralin LN and the 
unwashed MAGNet LN.  However, blood-feeding inhibition was lower 
for the Veeralin LN washed 20 times compared with the MAGNet LN 
washed 20 times.  For An. funestus, blood-feeding on the Veeralin LN 
washed 20 times was 100% and was > 80% for the other treated nets. 
 
Mortality of An. coluzzii in experimental huts in M’be (Côte d’Ivoire) 
was higher on the washed and unwashed Veeralin LN compared with 
the washed and unwashed MAGNet LN.  In Ifakara (United Republic 
of Tanzania), mortality was low for both An. arabiensis and An. 
funestus for all treatment arms.   
 
In a WHOPES Phase II experimental hut study in Mae Sot (Thailand) 
where the local vectors are susceptible to pyrethroid insecticides, few 
anopheline mosquitoes were collected and blood-feeding inhibition 
could not be estimated as no mosquitoes were found fed.  Mortality 
was high for all treatment arms and was significantly higher compared 
with the untreated control net.  There were no other significant 
differences in mortality among the treatment arms. 
 
In the three WHOPES-supervised experimental hut trials, the 
performance of the Veeralin LN was equal to or better than that of a 
reference LN (MAGNet LN) or a conventionally treated net washed 
until just before exhaustion. Thus, the Veeralin LN fulfilled the 
requirements of WHOPES Phase I and Phase II studies for long-
lasting insecticidal nets. 
 
Considering the safety, efficacy and resistance to washing of Veeralin 
LN in laboratory studies and small-scale (Phase II) field studies, the 
19th WHOPES Working Group recommended: 
 

 that a time-limited interim recommendation be given for the 
use of Veeralin LN in the prevention and control of malaria; 
and 
 

 that WHOPES should coordinate large-scale (Phase III) field 
studies of Veeralin LN to confirm its long-lasting efficacy and 
assess its attrition, fabric integrity and community acceptability, 
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as a basis for developing full recommendations on the use of 
this product. 

 
The meeting also recommended: 
 

 that the national authorities and procurement agencies must 
ensure that the Veeralin LN complies with WHO specifications 
as recommended by the Organization according to the quality 
control procedures outlined in the Guidelines for procuring 
public health pesticides.1 

 
 
 

 
 
Note: WHO recommendations on the use of pesticides in public 
health are valid ONLY if linked to WHO specifications for their 
quality control. 
  

                                                           
1 WHO (2012). Guidelines for procuring public health pesticides. Geneva: 
World Health Organization 
(http://whqlibdoc.who.int/publications/2012/9789241503426_eng.pdf, 
accessed March 2016). 

http://whqlibdoc.who.int/publications/2012/9789241503426_eng.pdf?ua=1
http://whqlibdoc.who.int/publications/2012/9789241503426_eng.pdf
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WRI, wash resistance index 
 
Figure 2.1 Alpha-cypermethrin and piperonyl butoxide (PBO) content and 
retention (wash resistance) curves for Veeralin LN (WHOPES Phase I study) 
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Table 2.1 Veeralin LN non-WHOPES supervised experimental hut (Phase II) study in M’be, Côte d’Ivoire1: overview 
of blood-feeding (%) and blood-feeding inhibition (% shown in bold type) and the mortality (%) and corrected 
mortality (% shown in bold type) in wild An. coluzzii mosquitoes and other Culicidae. Values in the same row sharing 
the same superscript letter do not differ significantly (P > 0.05) 
 

Outcome Untreated 
net 

Unwashed 
Veeralin  

LN 

Veeralin LN 
washed  
5 times 

Veeralin LN 
washed  
10 times 

Veeralin LN 
washed  
15 times 

Veeralin LN 
washed  
20 times 

Anopheles coluzzii       
Blood-feeding 
Blood-feeding inhibition 

52.7a 
– 

19.0b 
64.0 

29.5c,d 
44.0 

30.2c,d 
42.6 

25.1c 
52.3 

31.6d 
40.0 

Mortality 
Corrected mortality 

2.1a 
– 

53.7b 
52.7 

40.7c 
39.5 

35.0c 
33.6 

41.2c 
39.9 

34.5c 
33.1 

       
Other Culicidae       
Blood-feeding 
Blood-feeding inhibition 

21.3a 
– 

4.4b 
79.5 

1.7b 
91.9 

4.3b 
79.8 

5.0b 
76.5 

0.0c 
100 

Mortality 
Corrected mortality 

3.8a 
– 

93.5b 
93.3 

87.9b 
87.7 

81.2b 
80.8 

93.8b 
93.6 

95.6b 
95.5 

  

                                                           
1
 N’Guessan et al. (2015). 
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Table 2.2.  WHOPES Phase I and Phase II studies: alpha-cypermethrin and piperonyl butoxide (PBO) average content and 
within-net variation in baseline/unwashed Veeralin LN and MAGNet LN.  The compliance of the mean alpha-cypermethrin or 
PBO content with WHO specification is also presented for each net.  Target dose and tolerance limits for alpha-cypermethrin at 
baseline are 6.0 g AI/kg ± 25% [4.5–7.5 g AI/kg] for Veeralin LN and 5.8 g AI/kg ± 25% [4.35–7.25 g AI/kg] for MAGNet LN.  
Target dose and tolerance limits for PBO in Veeralin LN at baseline are 2.2 g/kg ± 25% [1.65–2.75 g/kg] 
 
   

Phase I 
  Phase II:  

M’be, Côte d’Ivoire 
  Phase II:  

Mae Sot, Thailand 
  Phase II:  

Ifakara, United Republic of 
Tanzania 

 

 AI 
content 
(g/kg) 

Compliance 
with WHO 

specification 

AI 
within-

net 
variation 
(%RSD) 

AI 
content 
(g/kg) 

Compliance 
with WHO 

specification 

AI 
within-

net 
variation 
(%RSD) 

AI 
content 
(g/kg) 

Compliance 
with WHO 

specification 

AI 
within-

net 
variation 
(%RSD) 

AI 
content 
(g/kg) 

Compliance 
with WHO 

specification 

AI 
within-

net 
variation 
(%RSD) 

Alpha-cypermethrin 
Veeralin 1 7.34 Yes 1.3 6.91 Yes 6.5 6.53 Yes 5.8 6.67 Yes 10.0 
Veeralin 2 7.37 Yes 1.9 6.75 Yes 3.8 6.15 Yes 5.3 6.74 Yes 5.4 
Veeralin 3 7.43 Yes 1.4 – – – 6.47 Yes 3.8 6.64 Yes 5.4 
Veeralin 4 7.42 Yes 2.2 – – – – – – 6.41 Yes 5.3 
Veeralin 5 – – – – – – – – – 6.54 Yes 5.6 
MAGNet 1 – – – 6.39 Yes 9.1 5.83 Yes 10.0 5.97 Yes 11.2 
MAGNet 2 – – – 5.95 Yes 2.3 5.99 Yes 10.4 5.98 Yes 12.1 
MAGNet 3 – – – – – – 5.98 Yes 11.4 6.07 Yes 8.4 
MAGNet 4 – – – – – – – – – 5.98 Yes 10.3 
MAGNet 5 – – – – – – – – – 5.60 Yes 5.1 
 
Piperonyl butoxide (PBO) 
Veeralin 1 2.64 Yes 1.8 2.63 Yes 9.8 2.17 Yes 11.3 2.43 Yes 36.7 
Veeralin 2 2.65 Yes 1.2 2.95 No 12.8 1.96 Yes 13.1 2.45 Yes 13.4 
Veeralin 3 2.64 Yes 0.7 – – – 2.05 Yes 15.2 2.41 Yes 12.5 
Veeralin 4 2.59 Yes 1.6 – – – – – – 2.05 Yes 16.1 
Veeralin 5 – – – – – – – – – 2.11 Yes 17.3 
 AI, active ingredient; RSD, relative standard deviation 
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Table 2.3 WHOPES Phase I wash resistance study: alpha-cypermethrin (AI) and piperonyl butoxide (PBO) content and 
retention of Veeralin LN and corresponding knockdown and mortality of An. gambiae (Kisumu strain) in cone bioassays. Target 
dose and tolerance limit for alpha-cypermethrin content in baseline Veeralin LN = 6.0 g/kg ± 25% [4.5–7.5 g/kg]; for PBO = 2.2 
g/kg ± 25% [1.65–2.75 g/kg] 

 
AI, active ingredient; RSD, relative standard deviation; WRI, wash resistance index  
  

Wash AI 
content  
(g/kg) 

Between-
net RSD 

(%) 

AI 
retention  

(% of 
wash 0) 

AI 
WRI 
(% at 
each 
wash) 

PBO 
content 
(g/kg) 

Between-
net RSD 

(%) 

PBO 
retention  

(% of 
wash 0) 

AI 
WRI 
(% at 
each 
wash) 

% 
Knockdown 

% 
Mortality 

0 7.38 0.7 – – 2.60 1.1 – – 100 100 
1 7.29 1.5 98.8 98.8 2.55 2.3 97.9 97.9 100 100 
3 7.19 2.1 97.4 99.1 2.50 1.4 95.9 98.6 100 100 
5 7.27 2.7 98.5 99.7 2.39 1.1 91.8 98.3 100 99 

10 7.26 1.7 98.4 99.8 2.35 3.0 90.4 99.0 100 95 
15 7.09 1.9 96.0 99.7 2.19 2.4 84.0 98.8 100 87 
20 7.03 2.0 95.2 99.8 2.09 3.2 80.4 98.9 100 98 
25 6.85 3.2 92.8 99.7 1.98 4.0 76.1 98.9 100 55 
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Table 2.4 WHOPES Phase II studies of Veeralin LN: overview of blood-feeding (%) and blood-feeding inhibition (% shown in 
bold type) in wild mosquitoes.  Values in the same row sharing the same superscript letter do not differ significantly (P > 0.05)  
 
Study sites (number 
of mosquitoes 
collected) 

Status of pyrethroid 
resistance 

Untreated 
net 

Unwashed 
Veeralin LN 

Veeralin 
LN 

washed 20 
times 

Unwashed 
MAGNet LN 

MAGNet 
LN 

washed 20 
times 

CTN 

Anopheles spp.        
M’be, Côte d’Ivoire 
An. gambiae (1054) 

Alpha-cypermethrin 
resistant/kdr 

63.1a 
 

23.5d 
62.7 

23.6d 
62.6 

40.7c 
35.5 

43.3c 
31.4 

53.1b 
15.8 

Ifakara, Tanzania 
An. arabiensis (810) 

Pyrethroid resistant 13.8a 

 
3.1b 
77 

7.1c 
49 

4.8b 
65 

3.9b 
72 

 

Ifakara, Tanzania 
An. funestus (170) 

 37.9a 
 

5.6b 
85.3 

0c 
100 

2.7b 
92.8 

7.5b 
80.1 

 

        
Other Culicidae        
M’be, Côte d’Ivoire 
Culicidae (including 
other anophelines) 
(139) 

 22.3b 
 

4.2a 
80.0 

5.2a 
77.5 

5.0a 
77.5 

4.4a 
80.3 

4.7a 
78.9 

Ifakara, Tanzania 
Cx. quinquefasciatus 
(505) 

 37.1a 
 

3.4b 
90.9 

1.8b 
95.2 

0.6b 
98.3 

0.9b 
97.7 

 

CTN, conventionally treated net 
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Table 2.5 WHOPES Phase II studies of Veeralin LN: overview of mortality (%) and corrected mortality (% shown in bold type) in 
wild mosquitoes. Values in the same row sharing the same superscript letter do not differ significantly (P > 0.05)  
 
Study sites (number of 
mosquitoes collected) 

Status of pyrethroid 
resistance 

Untreated 
net 

Unwashed 
Veeralin LN 

Veeralin 
LN 

washed 20 
times 

Unwashed 
MAGNet LN 

MAGNet 
LN 

washed 20 
times 

CTN 

Anopheles spp.        
M’be, Côte d’Ivoire 
An. gambiae (1054) 

Alpha-cypermethrin 
resistant/kdr 

2.2a 

 
50.8b 

49.7 
38.2c 

36.8 
29.0d 

27.4 
17.3e 

15.4 
7.8f 

5.7 
Mae Sot, Thailand 
Anopheles spp. (39) 

Alpha-cypermethrin 
susceptible An. 
minimus 

13a 
 

84b 
82 

97b 
96 

93b 
92 

90b 
89 

 

Ifakara, Tanzania 
An. arabiensis (810) Pyrethroid resistant 5.9a 

 
15.9b 
10.6 

11.6b,c 
6.1 

10.1c 
4.5 

13.8b 
8.4 

 

Ifakara, Tanzania 
An. funestus (170) 

 4.4a 

 
5.9a 
1.6 

5.4a 
1.0 

8.7a 
4.5 

7.0a 
2.8 

 

        
Other Culicidae        
M’be, Côte d’Ivoire 
Culicidae spp. (including 
other anophelines) (139) 

 21.6a 

 
91.7b 

89.4 
93.1b 

91.2 
82.8b 

78.1 
93.3b 

91.5 
82.8b 

78.1 

Mae Sot, Thailand 
Culicidae spp. (99) 

 10a 

 
83b 
81 

93b 
92 

91b 
90 

92b 
91 

 

Ifakara, Tanzania 
Cx. quinquefasciatus 
(505) 

 2.0a 
 

6.6b 
4.7 

4.9b 
2.9 

5.8b 
3.9 

6.0a,b 
4.1 

 

CTN, conventionally treated net 
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Table 2.6a WHOPES Phase II studies: alpha-cypermethrin content and retention in Veeralin LN and MAGNet LN. Target dose 
and tolerance limit for alpha-cypermethrin content in baseline Veeralin LN = 6.0 g/kg ± 25% [4.5–7.5 g/kg]; target dose and 
tolerance limit for alpha-cypermethrin content in baseline MAGNet LN = 5.8 g/kg ± 25% [4.35–7.25 g/kg]  
 

AI, active ingredient; CTN, conventionally treated net 
 

Treatment M’be, Côte d’Ivoire Mae Sot, Thailand Ifakara, United Republic of Tanzania 
 AI 

content 
(g/kg) 
before 

washing 

AI 
content 
(g/kg) 
after 

washing 
but 

before 
trial 

AI 
retention 

after 
washing 

(% of 
wash 0) 

AI 
content 
(g/kg) 
after 
trial 

AI 
content 
(g/kg) 
before 

washing 

AI 
content 
(g/kg) 
after 

washing 
but 

before 
trial 

AI 
retention 

after 
washing 

(% of 
wash 0) 

AI 
content 
(g/kg) 
after 
trial 

AI 
content 
(g/kg) 
before 

washing 

AI 
content 
(g/kg) 
after 

washing 
but 

before 
trial 

AI 
retention 

after 
washing 

(% of 
wash 0) 

AI 
content 
(g/kg) 
after 
trial 

Veeralin, 
0 washes 6.91 – – 7.40 6.53 6.47 – 6.63 6.41 – – 6.65 

Veeralin, 
20 washes 6.75 6.03 89% 5.78 6.15 5.35 87% 5.19 – 5.99 93% 5.86 

MAGNet, 
0 washes 6.39 – – 6.47 5.83 5.98 – 5.90 5.98 – – 5.79 

MAGNet, 
20 washes 5.95 5.65 95% 5.84 5.99 5.77 96% 5.37 – 5.39 90% 5.39 

CTN 
 0.50 0.06 13% 0.11 < 0.05 < 0.05 – < 0.05 – – – – 

Untreated 
net < 0.05 – – < 0.05 – – – – – – – < 0.05 
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Table 2.6b WHOPES Phase II studies: piperonyl butoxide (PBO) content and retention in Veeralin LN. Target dose and 
tolerance limit for PBO content in baseline Veeralin LN = 2.2 g/kg ± 25% [1.65–2.75 g/kg] 
 

 
 
 

Treatment M’be, Côte d’Ivoire Mae Sot, Thailand Ifakara, United Republic of Tanzania 
 PBO 

content 
(g/kg) 
before 

washing 

PBO 
content 
(g/kg) 
after 

washing 
but 

before 
trial 

PBO  
retention 

after 
washing 

(% of 
wash 0) 

PBO  
content 
(g/kg) 
after 
trial 

PBO 
content 
(g/kg) 
before 

washing 

PBO 
content 
(g/kg) 
after 

washing 
but 

before 
trial 

PBO 
retention 

after 
washing 

(% of 
wash  

0) 

PBO 
content 
(g/kg) 
after 
trial 

PBO  
content 
(g/kg) 
before 

washing 

PBO  
content 
(g/kg) 
after 

washing 
but 

before 
trial 

PBO 
retention 

after 
washing 

(% of 
wash 0) 

PBO 
content 
(g/kg) 
after 
trial 

Veeralin, 
0 washes 2.63 – – 3.90 2.17 2.05 – 2.27 2.05 – – 2.36 

Veeralin, 
20 washes 2.95 2.64 89% 2.40 1.96 1.29 66% 1.12 – 1.65 81% 1.60 

Untreated 
net < 0.1 – – < 0.1 < 0.1 < 0.1 – < 0.1 – – – < 0.1 
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3. REVIEW OF VECTOMAX GR 
 
VectoMax GR1 (Valent BioSciences Corporation, USA) is a granule 
formulation containing the active ingredients Bacillus thuringiensis 
israelensis (Bti), strain AM65-52 (45 g/kg) and Bacillus sphaericus 
(Bsph) strain ABTS-1743 (27 g/kg). The manufacturer has declared 
that the formulation has 50 Bsph international toxic units (ITU) per mg 
of the product.2 The product can be applied to mosquito breeding 
sites by hand or granule spreaders in open bodies of water; it is not 
intended for use in treating drinking water reservoirs or containers. 
The product should not be mixed with sand for application.  
 
The current review assesses the initial and residual efficacy of 
VectoMax GR against anopheline, Aedes spp. and culicine 
mosquitoes in different aquatic habitats. The efficacy of this product 
has also been compared with that of VectoBac GR (Bti, strain AM65-
52; 200 ITU/mg) and VectoLex FG (Bsph, strain ABTS-1743; 50 Bsph 
ITU/mg) in small-scale field trials to determine effective field 
application rate ranges in clean and polluted habitats to further bridge 
efficacy data related to these two formulations. 
 
3.1 Safety assessment  
 
The assessment of risk to humans of handling and application of 
VectoMax GR for mosquito larval control and environmental risks was 
performed based on the data provided by the manufacturer (Aitio, 
2016b). The FAO/WHO Joint Meeting on Pesticide Residues (JMPR) 
has not assessed the health risks of Bsph or B. thuringiensis (Bt). 
 
  

                                                           
1 The manufacturer has informed WHO that this formulation is registered in 
certain countries as VectoMax FG. 
2 In this combination product, according to the international regulatory 
practice the manufacturer has presented ITU/mg based only on bioassay 
test of B. sphaericus against Cx. quinquefasciatus. 
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The human and environmental safety of Bti strain AM65-52 for 
mosquito larviciding has previously been assessed and published by 
WHO.1, 2 The WHO International Programme on Chemical Safety has 
concluded that the Bt products are unlikely to pose any hazard to 
humans or other vertebrates or to the great majority of non-target 
invertebrates provided that they are free from non-Bt microorganisms3 
and biologically active products other than the insecticidal crystal 
proteins.  
 
Assessment of health and environmental risks 
 
The WHO generic model for the assessment of the risks for 
insecticides used for larviciding is designed for chemical pesticides 
and cannot be used for microbial pesticides. WHO has not published 
guidelines for the assessment of risks from microbial pesticides. The 
United States Environmental Protection Agency (US EPA), however, 
has published guidelines for the assessment of risks associated with 
the use of microbial pesticide,4 and the European Union recommends 
a closely similar approach.5  
 
The present evaluation follows the US EPA procedure and uses the 
data provided by the manufacturer. No adverse reactions in 
individuals as a result of contact with Bsph during its development, 
manufacture, preparation or field application have been documented 

                                                           
1 WHO (1999). Microbial pest control agent: Bacillus thuringiensis. 
Environmental Health Criteria 217. Geneva: World Health Organization 
(http://www.who.int/ipcs/publications/ehc/en/EHC217.PDF, accessed March 
2016).  
2  WHO (2004). Report of the Fourth WHOPES Working Group Meeting. 
WHO/HQ, Geneva, 2–4 December 2003. Geneva: World Health 
Organization (http://www.who.int/whopes/recommendations/wgm/en/, 
accessed March 2016). 
3 In WHO microbial pesticide specifications, this is interpreted to mean 
absence (by specified sampling and analytical procedures) of human 
pathogens Staphylococcus aureus, Salmonella species Pseudomonas 
aeruginosa, and number of Escherichia coli lower than 100 CFU/g. 
4
 EPA microbial pesticide test  guidelines. OPPTS 885.3000. Background. 

Mammalian toxicity/pathogenicity/infectivity (http://www.epa.gov/test-
guidelines-pesticides-and-toxic-substances/series-885-microbial-pesticide-
test-guidelines, accessed March 2016).  
5
 Commission Directive 2001/36/EC of 16 May 2001 amending Council 

Directive 91/414/EEC concerning the placing of plant protection products on 
the market (http://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=OJ:L:2001:164:TOC, accessed March 2016). 

http://www.who.int/ipcs/publications/ehc/en/EHC217.PDF
http://www.who.int/whopes/recommendations/wgm/en/
http://www.epa.gov/test-guidelines-pesticides-and-toxic-substances/series-885-microbial-pesticide-test-guidelines
http://www.epa.gov/test-guidelines-pesticides-and-toxic-substances/series-885-microbial-pesticide-test-guidelines
http://www.epa.gov/test-guidelines-pesticides-and-toxic-substances/series-885-microbial-pesticide-test-guidelines
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=OJ:L:2001:164:TOC
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=OJ:L:2001:164:TOC
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or reported.  The manufacturer performs regular health monitoring of 
operators at the fermentation plants.  The data provided by the 
Medical Director of Valent BioSciences Corporation responsible for 
the manufacturing plant showed no abnormalities or human health 
related or other adverse reactions to Bsph strain ABTS-1743. 
 
The following summary can be made from the studies performed by 
the manufacturer. 
 

 Administration of 5000 mg/kg of Bsph (study # ABG 6184) to 
rats orally did not lead to multiplication of the organism in any 
organ or in toxicity in rats (proposer study # TRL 024-025).  

 
 Administration of 2000 mg/kg of Bsph (ABG 6184) dermally 

did not cause toxicity in rabbits. Low incidences of colony 
forming units (CFU) were observed in the blood, liver and 
spleen of the treated animals (study # TRL 024-026). 
 

 In an eye irritation study (study # 024-024), Bsph (ABG 6184) 
caused mild reversible conjunctival redness in four out of nine 
tested rabbits; according to the Globally harmonized system of 
classification and labelling of chemicals, this would not lead to 
classification as an eye irritant (or mild eye irritant).1  

 
 There were no signs of toxicity, infectivity or pathogenicity in 

rats administered intravenously with Bsph technical powder 
(studies # MBA G-7161.224 and MBA G-7161.222). 
 

 The 48-h no effect level for a fresh-water crustacean of Bsph 
(ABG 6184) was > 15.5 mg/L (study # BW-86-9-2141).  
 

 The 96-h no effect level for two fish species of Bsph (study # 
ABG 6184) was > 15.5 mg/L (studies # BW-86-9-2142 and 
BW-86-9-2139). 

 
 When young birds of the order Anseriformes were fed a diet 

containing Bsph for 30 days, no pathogenicity or effect on 
                                                           
1 Globally harmonized system of classification and labelling of chemicals 
(fifth revised edition). United Nations New York and Geneva  
(ST/SG/AC.10/30/Rev.5.; 
http://www.unece.org/trans/danger/publi/ghs/ghs_rev05/05files_e.htm
l, accessed  March 2016).  
 

http://www.unece.org/trans/danger/publi/ghs/ghs_rev05/05files_e.html
http://www.unece.org/trans/danger/publi/ghs/ghs_rev05/05files_e.html
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survival or body weight or food consumption was observed 
(Wild Life International Ltd project # 161-111). 

 
The European Commission’s conclusion on the risks to human health 
of ornamental use of Bti insecticide was as under:1  
 

 A number of acute administration studies, complying with the 
maximum challenge approach, were completed to investigate 
possible infectivity of pathogenicity via oral, intravenous or 
intratracheal routes of administration. Acute oral 
administration of Bt to rats at approximately 108 CFU per 
animal resulted in no deaths or adverse clinical signs. The test 
compound was found neither toxic nor pathogenic. 
  

 Acute intratracheal instillation of Bti to rats at approximately 
108 CFU of VectoBac technical material resulted in signs of 
toxicity during the first two days following dosing but no 
evidence of pathogenicity or mortality.  
 

 Acute intravenous administration to rats of approximately 107 
CFU resulted in no treatment-related toxicity and no evidence 
of pathogenicity and this was also the case with mice dosed 
by intraperitoneal injection of 105, 106 or 107 CFU/g of body 
weight. 
 

 No evidence for sub-acute toxicity of Bti (strain AM65-52) was 
found in the dog dosed at circa 106 Bti spores/mL for 90 days 
and there was no indication of treatment-related toxicity 
among rats dosed for 14 days by inhalation exposure at up to 
1.84 x 106 spores/L of air/day. 
  

 No adverse reactions have been documented or reported in 
individuals as a result of contact with Bti (strain AM65-52) 

                                                           
1 Draft Assessment Report (DAR) public version. Initial risk assessment 
provided by the rapporteur Member State Italy for the existing active 
substance Bacillus thuringiensis subsp. Israelensis strain AM 65-
52/VectoBac WG of the fourth stage of the review programme referred to in 
Article 8(2) of Council Directive 91/414 (EEC, Vol. 1 August 2008) 
(http://dar.efsa.europa.eu/dar-web/provision, accessed  2016). 

 
 

http://dar.efsa.europa.eu/dar-web/provision
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during its development, manufacture, preparation or field 
application on ornamentals. 
  

 Overall, the European Commission concluded that VectoBac 
formulation can be used on ornamentals as a microbial 
insecticide in a manner consistent with label recommendation 
without potential health risks to operators, bystanders and 
consumers. 

 
The results of a number of studies conducted with non-target species 
in the terrestrial (i.e. birds, bees and earthworms) and aquatic 
environments (i.e. fish, aquatic invertebrates and algae) showed no 
significant effects. In a number of studies with birds, fish and aquatic 
invertebrates no infectivity or pathogenicity was seen after prolonged 
exposure to Bti strain AM65-52. 
 
In an acute oral toxicity study performed using the guidelines of the 
Organisation for Economic Co-operation and Development (OECD), 
the manufacturer has reported the following results. 
 

 The acute LD50 to a rodent species of VectoMax® (containing 
both Bsph and Bti) was > 5000 mg/kg (study # 17960).  
 

 In another acute oral toxicity study, also performed using the 
OECD guidelines, the acute LD50 to rodents of VectoMax® 
was > 2000 mg/kg (study # RE.409.0919.06). 
 

 In an acute dermal toxicity study, performed using the OECD 
guidelines, the acute LD50 to a rodent species of VectoMax® 
was > 2000 mg/kg (study # RE.409.0920.06).  
 

 In a skin sensitization study, performed according to the 
OECD guidelines (Buhler’s method), no skin sensitization was 
observed in guinea pigs after administration of VectoMax® 
(study # 13833-10). 

 
These Tier I studies for Bti, Bsph and their combined formulation thus 
do not indicate infectivity, pathogenicity or toxicity of the VectoMax 
GR, and further studies at Tier II are not needed. 
 
Summary and conclusions 
 
Provided the product complies with the WHO specification, and when 
used as instructed for mosquito larviciding, VectoMax GR does not 
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pose undue health hazards to users or bystanders, or to the 
environment. 
 
3.2 Efficacy – background and supporting documents 
 
A summary of seven published scientific papers on efficacy trials of 
different formulations of VectoMax (Bti+Bsph) against larvae of 
different mosquito species in various habitats compared with Bti 
and/or Bsph and/or other insecticide formulations has been given in 
Table 3.1. Studies that did not use acceptable methodology were 
excluded from the review.   
 
Giraldo-Calderon et al. (2008) evaluated triflumuron and VectoMax 
CG for the control of Aedes aegypti and Culex quinquefasciatus 
breeding in catch basins in Cali, Colombia. The residual effect of a 
single application of VectoMax CG was determined during periods of 
high and low rainfall. The catch basins treated with VectoMax CG 
presented a significantly lower mean number of immature instars of 
both species, while triflumuron treatment significantly reduced only 
immature instars of Ae. aegypti, compared with the control. The 
residual effect of VectoMax was higher during low rainfall (15 days). 
The authors did not report the application rate of VectoMax CG.  
 
In Riverside, California, USA, Su (2008) evaluated the efficacy of 
water-soluble pouches of Bsph (10 g of VectoLex CG per pouch; 50 
ITU/mg) and Bti+Bs mixture formulation (10 g/pouch of VBC-60035) 
as pre-hatch treatments against Culex species in a simulated catch 
basin system. A single treatment (1 pouch/basin corresponding to 80 
mg/L) of either of the two formulations applied separately yielded 
significant immediate and long-term control (> 90% for 203 days) of 
late larval instars. Consistent and complete control of pupae (100%) 
as a result of larval mortality was clearly indicated for 70 days post-
treatment. No significant differences were indicated in efficacy 
between the above formulations. 
 
Anderson et al. (2011) reported results of two trials in Stratford City, 
USA, to evaluate the efficacy of VectoBac CG (Bti granules), 
VectoLex CG (Bsph granules), VectoBac 12AS (Bti aqueous 
suspension) and VectoMax WSP. In the first trial conducted in 2008, 
the first three products were applied in catch basins in a randomized 
block design with nine replicates at the maximum label recommended 
rates (VectoBac CG, 1.8 g per catch basin; VectoLex CG, 1.8 g per 
catch basin; VectoBac 12AS, 0.193 mL per catch basin) 
corresponding to 2200 mg/m² for CG formulations and 0.233 mL/m² 
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for the aqueous suspension formulation. The products were applied 
twice at an interval of one month and thereafter at an interval of 20 
days at thrice the maximum label recommended rates. VectoMax was 
applied twice at an interval of 22 days, at a label rate of one 10 g 
pouch per catch basin (12 080 mg/m²) into 40 catch basins while 10 
other catch basins served as untreated controls. Sampling in all 
experiments was done before treatment as well as at 3–7 days post-
treatment and thereafter at weekly intervals. In a previous trial in 2008, 
larvae collected from treated and untreated catch basins showed the 
breeding of 8 mosquito species with predominance of Cx. p. pipiens 
(57%), Cx. restuans (29.1%) and Ae. japonicus (13.2%).  
 
Application of VectoBac CG, VectoLex CG and VectoBac 12AS at the 
maximum label recommended rates significantly reduced the 
numbers of larvae for one week, but at the end of week two the 
efficacy with none of the treatments was significantly different from 
the untreated controls Treatment at thrice the maximum label rate 
resulted in a significant reduction in numbers of larvae 3 days post- 
treatment and remained significantly low for 5 wk with VectoLex CG, 
4 wk with VectoBac 12AS and 2 wk with VectoBac CG compared with 
untreated controls. Application of VectoMax WSP significantly 
reduced numbers of late instars and pupae in treated catch basins 
when compared with untreated controls but the number of late instars 
in treated catch basins at 21 days post-treatment increased to 40% of 
the numbers in untreated controls. 
 
In the second trial carried out in 2009, a single 10 g pouch of 
VectoMax WSP was placed into each of 40 catch basins: 20 were re-
treated after 18 days and 20 were left untreated as controls. In all 
experiments catch basins were sampled before treatment as well as 
at 3 to 7 days after treatment and at weekly intervals thereafter. Ten 
mosquito species were identified: Cx. p. pipiens was the most 
dominant species (72.2%) followed by Ae. japonicus (18.1%) and Cx. 
restuans (8.8%). Numbers of late instars were significantly reduced 
for 2 wk after treatment but, thereafter, although numbers of larvae 
and pupae remained lower, differences between the treated and 
untreated catch basins were often non-significant. Following the 
second application after 18 days, the number of late instars and 
pupae remained significantly reduced in comparison with controls for 
about 48 days. The two applications of VectoMax were significantly 
more effective in controlling Culex spp. than Ae. japonicus. 
 
Dritz et al. (2011) conducted a replicated and controlled, operational-
style study to test the performance of VectoMax CG in ponds in 
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seasonal wetlands on the Grizzly Island Wildlife Area in Suisun City, 
USA. Common mosquito species that appeared sequentially were Ae. 
melanimon, Cx. tarsalis and Culiseta inornata. Three wetlands were 
selected for the treatment and three others served as controls; the 
sizes of each pond varied from 15.7 to 23.9 ha. In each of the sites, 
four large quadrates of 12.2 m x 12.2 m were marked out with plastic 
poles or flagging tape to delimit areas for larval monitoring. Twenty 
dips per quadrate were taken with a larval dipper one day pre-
treatment and on days 1, 3, 7, 14, 21, 28, 34 and 40 post-treatment. 
Numbers, species and stage of larvae and pupae were recorded. 
Pupae were separated by quadrate and returned to the laboratory for 
observation of adult emergence. VectoMax CG was applied at 890 
mg/m² using an aircraft fitted with a granule applicator. Five 18.9 L 
empty buckets were placed in each treated transect, one on each 
corner, and the fifth in the middle to estimate the application rate. 
Data from only the first seven samples were analysed for Cx. tarsalis 
because controls and treatments converged after day 28; only the 
first three samples were analysed for Ae. melanimon because 
populations of this species disappeared after day 3. Thus the single 
application of VectoMax CG controlled immature Cx. tarsalis for 28 
days in seasonal wetlands, which was the maximum duration of 
efficacy recommended on the product label.    
 
In Baix Llobregat County, Catalonia, Spain, efficacy of VectoMax FG 
and VectoMax WSP was evaluated in an indoor experimental trial 
(simulated catch basins) against insectary-reared Ae. albopictus 
larvae (Eritja, 2013). Catch basins (38 cm W x 54 cm L x 28 cm H) 
were plastic boxes each containing 38.7 L of mineral water with  
surface of 1732 cm2. The trial was done over two seasons 
(September–November 2009 and May–August 2010) and consisted 
of a single application of VectoMax FG at 1000 and 5000 mg/m2 and 
one pouch (577 g/m2) of VectoMax WSP per basin at the beginning of 
the season. New batches of larvae were added to the same water in 
all replicates at weekly intervals in order to calculate the residual 
efficacy over time. Three replicates each were set up per dose as well 
as three untreated controls (total 12 basins). After treatment, cohorts 
of 25 Ae. albopictus third-instar larvae were added to each of the 
basins. Larval mortality was assessed at 24, 48 and 72 h post-
treatment. In subsequent weeks, surviving larvae were counted on 
alternate days thrice a week. Pupae, either dead or alive, were 
counted and removed. At weekly intervals equal numbers of larvae 
(varying between 20 and 70; mean: 36 larvae) and larval food were 
added to all basins. The replicates were left untouched during the 
intervening period between the two trials. The product applied in 2009 
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was first evaluated for 67 days then for 345 days up to August 2010. 
All the three concentrations yielded similar mortalities (99.8–100%) 
with no variation during the overall test period of 345 days. 
  
Efficacy and residual activity of VectoMax CG was evaluated in 
comparison with diflubenzuron 15% (Device SC 15®; Crompton 
Europe Ltd., UK) in urban catch basins with breeding for Cx. pipiens 
and Ae. albopictus in Chiasso, Switzerland (Guidi et al., 2013). A total 
of 49 catch basins were randomly assigned to either of the two 
treatments or untreated control. VectoMax CG was applied at 10 g 
(200 mg/L) per catch basin and diflubenzuron SC at 0.6 mg AI (0.012 
g AI/L) per catch basin having estimated 50 L water. Larvae and 
pupae were sampled before treatment using mesh aquarium net by 
three consecutive net sweeps, and after treatment on day 2 and 
weekly thereafter until the efficacy of products fell below 80% for 
three consecutive samplings. VectoMax CG showed an improved 
control of larvae as compared with diflubenzuron SC lasting for at 
least 70 days. In diflubenzuron SC treated basins, the number of 
larvae declined significantly only after 1 wk of treatment lasting up to 
56 days after which no significant differences in the late instars were 
observed between diflubenzuron SC treated and untreated basins. 
Pupal counts declined by 100% for both treatments until 28 days, 
followed by 80–100% reduction for VectoMax CG and 43–100% for 
diflubenzuron SC until the trial period of 70 days. No impact of rainfall 
and water temperature was observed. 
 
In Yurtpinar region, Antalya, Turkey, highly polluted septic tanks 
measuring about 10 m2 with breeding of Cx. pipiens were treated with 
VectoMax WSP at an application rate of one or two 10 g pouches 
(1000 or 2000 mg/m²) per tank by Cetin et al. (2015). Four tanks were 
treated per dose while two tanks were kept as untreated control. 
Larvae were sampled before application and on day 3 and then every 
7 days through 52 days post-treatment. Larval abundance in septic 
tanks treated at either of the application rates was significantly 
reduced for 24 days as compared with untreated controls. Application 
with a single pouch resulted in 80% larval reduction up to 31 days.  
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3.3 Efficacy – WHOPES supervised trials 
 
Goa, India 
 
Small-scale WHOPES-supervised field trials (Phase II) were carried 
out to determine the optimum application dose of VectoMax GR 
(Bti+Bsph) formulation in comparison with VectoBac GR (Bti) and 
VectoLex FG (Bsph) formulations (Kumar et al., 2016). Large-scale 
Phase III trials were undertaken with optimum application dosage(s) 
to determine the period of effective control. 
 
Small-scale field trial in natural breeding habitats 
 
The trial was carried out in natural open bodies of: 

▬ curing water tanks at construction sites with breeding of An. 
stephensi,  

▬ rainwater collections with mixed breeding of An. stephensi and 
Ae. aegypti,  

▬ open drains polluted with organic matter with breeding of Cx. 
quinquefasciatus, and 

▬ polluted water ditches (small pools) with breeding of Cx. 
quinquefasciatus. 
 

VectoMax GR, VectoBac GR and VectoLex FG were applied 
manually at 500, 750, 1000 and 1500 mg/m² in clean water habitats 
(curing water tanks and rainwater collections in buildings) and at 500, 
1000, 1500 and 2000 mg/m² in polluted water habitats (drains and 
ditches). An additional dose of 200 mg/m² of VectoBac GR was 
applied in curing tanks containing clean water. For each habitat, 5 
replicates were treated with each dose of the three products and 5 
untreated habitats were taken as control. 
 
Larvae and pupae were sampled using a dipper (350 mL capacity) 
one day before treatment and thereafter on days 1, 2, 3 and 7 and 
then twice weekly post-treatment. The sampling continued until the 
density in treated sites reached that of the control level or until the 
reduction in late larval instars and pupae was < 80%. Five dips were 
taken in each habitat and larvae (first and second instars; third and 
fourth instars) and pupae were counted separately and returned to 
the same habitats. The reduction of larval (L3+L4) and pupal 
densities on post-treatment days was estimated by comparing the 
densities in the treated habitats with the corresponding densities in 
the untreated habitats using Mulla’s formula. 
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% density reduction = 100 - (C1/T1 x T2/C2) x 100 
 
Where, C1 and C2 are the average numbers of larvae/pupae 
per dip in the control habitats, respectively before treatment 
and after a given interval of time post-treatment.  T1 and T2 
are the average numbers of larvae/pupae per dip in the 
treated habitats, respectively before treatment and after a 
given interval of time post-treatment. 

 
Application of VectoMax GR (500–1500 mg/m² dose), VectoBac GR 
(200–1500 mg/m²) and VectoLex FG (500–1500 mg/m² dose) in 
curing water tanks effectively reduced (> 80%) the larval and pupal 
densities of An. stephensi for a period of 15–52 days, 12–45 days 
and 0–31 days, respectively (Table 3.2a). In rainwater collections, the 
three products applied at the abovesaid dosage effectively reduced 
the larval and pupal densities of An. stephensi from 10–42 days, 17–
41 days and 38–41 days, respectively. These products also reduced 
the larval and pupal densities of Ae. aegypti in rainwater collections 
for a period of 10–42 days, 17–41 days and 24–42 days, respectively.  
 
In ditches with polluted water, the three products applied at 500, 1000, 
1500 and 2000 mg/m² effectively reduced the larval and pupal 
densities of Cx. quinquefasciatus for 15–22 days, 15–26 days and 19-
26 days, respectively.  
 
Large-scale field trial 
 
VectoMax GR and VectoLex FG were further tested in a Phase III 
(large-scale) trial, which was conducted in natural habitats with clean 
(curing water tanks) or polluted (ditches) waters. In curing waters with 
breeding of An. stephensi, the two products were applied at 500 and 
1500 mg/m² dosage (Table 3.3). In ditches having stagnant and 
polluted water with breeding of Cx. quinquefasciatus, they were 
applied at the dosage of 500 and 1000 mg/m² based on the outcome 
of the Phase II trial. For each treatment or control, 20 habitat-
replicates were included in the trials. 
 
Application of VectoMax GR in curing waters at 500 and 1500 mg/m² 
effectively reduced the larval and pupal densities of An. stephensi up 
to 19 days and 19–24 days, respectively (Table 3.3). Application of 
VectoLex FG in curing water tanks effectively reduced the larval and 
pupal densities for 8–12 days (500 mg/m²) and 12–24 days (1500 
mg/m²).  
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Application of VectoMax GR in polluted water ditches at 500 and 
1000 mg/m² effectively reduced the larval and pupal densities of Cx. 
quinquefasciatus for 8–15 days at either dosage. VectoLex FG 
applied in similar habitats effectively reduced the larval and pupal 
densities for 12–20 days (500 mg/m²) and 12–22 days (1000 mg/m²).  
 
Penang, Malaysia 
 
Ahmad et al. (2016a) conducted a small-scale simulated trial (Phase 
II) on the efficacy and residual effect of VectoMax GR in comparison 
with VectoBac GR and VectoLex FG formulations.  A large-scale field 
trial was done with two selected dosages of VectoMax GR in natural 
habitats.  
 
Small-scale field trial 
 
A small-scale simulated trial was carried out in earthen jars of 40 cm 
height with top diameter of 50 cm tapering to 30 cm at the base. The 
jars had a water holding capacity of 40 L. They were washed and 
cleaned with tap water before use. The jars were filled with 20 L of 
either clean water or water polluted with organic matter up to a height 
of about 20 cm and allowed to stand for 24 h. In each jar, 1 g of 
grounded larval food was added. Water lost to evaporation was 
replenished weekly and larval food (0.5 g) was supplemented. The 
jars were kept covered with fine mesh netting to prevent oviposition 
by mosquitoes. 
 
In a simulated trial, each of the three formulations was tested at 20, 
40, 60 and 80 mg/L dosage in jars with clean water against Ae. 
aegypti, and at 500, 1000, 1500 and 2000 mg/m² dosage in jars with 
polluted water against Cx. quinquefasciatus. Each dose or control 
was replicated four times. Fifty each of laboratory reared second-
instar larvae of Ae. aegypti or Cx. quinquefasciatus were introduced 
in jars with clean water or polluted water respectively and allowed to 
acclimatize for 2–3 h before larvicidal treatment. Similar numbers of 
larvae were introduced in respective untreated controls. Larvae were 
added to the jars on day 0, and thereafter at weekly intervals up to a 
maximum period of 16 wk. Larval mortality, and pupal and adult 
emergence were recorded daily. Before introducing a new cohort of 
50 larvae, any surviving larvae and pupae from the previous cohort 
were removed from the jars and kept in separate glass containers 
with a small amount of water taken from the respective jar. The glass 
containers were covered with fine mesh netting. The dead larvae and 
pupae were counted and overall mortality and emergence inhibition 
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(EI) rates for each cohot were calculated. The trial was terminated 
when the mortality and EI rates for a given cohort reached below 80% 
compared with the control.  
 
In conclusion, VectoMax GR, VectoBac GR and VectoLex FG applied 
at 20, 40, 60 and 80 mg/L in jars containing clean water provided 
effective inhibition of Ae. aegypti emergence (EI > 80%) for a period 
of 21–35, 7–28 and 1–7 days, respectively (Table 3.2b). Application 
of these products at 500, 1000, 1500 and 2000 mg/m² in jars 
containing polluted water provided effective inhibition of emergence of 
Cx. quinquefasciatus for a period of 7–14 days. 
 
Large-scale field trial  
 
A large-scale (Phase III) field trial of VectoMax GR was carried out in 
open cemented water storage containers/tanks of up to 500 L 
capacity. The tanks were used to store non-potable water and had 
breeding mainly of Aedes spp. The trial was also conducted in open 
bodies of polluted water such as ditches, wastewater pools and open 
drains. These were of < 5 m2 and > 5 m2 area and infested with Culex 
spp.  
 
The density of larvae and pupae was determined by sampling five 
dips from each habitat. Different instars of larvae were counted and 
returned to their respective habitats each time. For each treatment 
and control habitat, 50 replicates were randomly selected. VectoMax 
GR was applied in open tanks at 60 and 80 mg/L and at 1500 and 
2000 mg/m2 in polluted water habitats based on the results of the 
small-scale trial. 
 
The larvae were sampled one day before treatment and on days 2, 3 
and 7, and thereafter twice weekly post-treatment until the density of 
L4 and pupae, and emergence rate for treatments were comparable 
with that of the respective untreated controls. Pupae from each 
habitat were collected and held in cups containing water from the 
respective habitat in the laboratory to observe the rate of adult 
mosquito emergence. VectoMax GR was considered to be effective 
up to the day when the reduction in density of late-instar larvae 
(L3+L4) and pupae and inhibition of adult emergence in comparison 
with control habitats remained > 80%. 
 
At 60 mg/L dose, VectoMax GR was found to effectively reduce the 
density of late-instar larvae of Aedes spp. in cement tanks for a 
period of 21–28 days and of pupae for 21–35 days (Table 3.3). At the 
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dose of 80 mg/L, the duration of effective control of Aedes spp. was 
35–42 days. These dosages inhibited emergence of adult mosquitoes 
effectively for a period 21–35 days and 35–42 days, respectively.   
 
In polluted water habitats, VectoMax effectively reduced the density 
of late-instar larvae and pupae of Culex spp. for a period of 7 days at 
1500 mg/m² dose and 14 days at 2000 mg/m² dose. Effective 
duration of emergence inhibition of adults was observed to be 7 and 
14 days, respectively. 
 
Lagos, Nigeria 
 
A small-scale simulated trial (Phase II) on the efficacy and residual 
effect of VectoMax GR in comparison with VectoBac GR and 
VectoLex FG was conducted in Lagos, Nigeria (Awolola, 2016a). A 
large-scale field trial of VectoMax GR alone was done in natural 
habitats containing breeding of An. gambiae or Cx. quinquefasciatus. 
 
Small-scale field trial 
 
The small-scale field trial of three formulations was done against An. 
gambiae in clean water (500–1500 mg/m2 dosage) and Cx. 
quinquefasciatus in polluted water bodies (500–2000 mg/m2 dosage) 
(Table 3.2b). 
 
The trial was conducted in artificial rectangular cement tubs of 100 x 
100 cm x 40 cm. The tubs were placed on a 15 m x 20 m cement 
platform under a roof made of corrugated iron sheet to prevent 
exposure to rain and sunlight. The tubs were lined with plastic sheets, 
half filled with water and covered with mosquito netting to prevent 
oviposition by wild mosquitoes. The water in tubs was allowed to 
condition for 24 h before release of the test larvae and its level was 
maintained throughout the study. 
 
Cleaned (distilled) water was added to tubs, while water collected 
from trenches and gutters and filtered to remove existing eggs and 
larvae was used as polluted water. Laboratory-reared larvae of 
Kisumu strain of An. gambiae s.s. were released in clean water tubs 
(24 treatment and 4 control tubs per dose); larvae of a local strain of 
Cx. quinquefasciatus were released into a similar number of tubs 
containing polluted water.  
 
Cohorts of 100 early third-instar larvae were added per tub every 7–9 
days depending on the development of larvae in each cohort. After 2–
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3 h of larval acclimatization, the three formulations were applied 
manually with pre-determined quantities in separate tubs. Larval food 
containing a mixture of yeast and dog biscuit was added to each tub.  
 
The number of live and dead larvae and pupae was recorded at 2, 5 
and 7 days post-treatment. Surviving pupae were removed and 
placed in cups containing water from the respective tub. The cups 
were kept covered with a piece of netting. The numbers of adults 
emerging from treated and control tubs were recorded. A fresh cohort 
of L3 larvae was added to the tubs every 7–9 days. The trial was 
continued until < 50% mortality was reached in treatments.   
 
In clean water, treatment with VectoMax GR, VectoBac GR and 
VectoLex FG at 500, 750, 1000, 1500 mg/m² dosage caused effective 
emergence inhibition (EI > 80%) of An. gambiae s.s. for a period of 
21–36 days, 21–28 days and 21–28 days, respectively (Table 3.2b). 
Their application at 500, 1000, 1500, 2000 mg/m² dosage in polluted 
water habitats caused EI > 80% of Cx. quinquefasciatus for a period 
of 7–44 days, 7–28 days and 7–28 days, respectively. A longer 
residual action was therefore observed with higher dosage. 
 
Large-scale field trial 
 
The large-scale (Phase III) trial was carried out in natural mosquito 
breeding sites in Ogun states, south-western Nigeria. Thirty natural 
breeding sites containing Anopheles (stagnant open pools, temporary 
puddles) and 30 containing Cx. quinquefasciatus (trenches, 
cement/plastic tubs) were selected for the trial. Large breeding 
habitats were divided into quadrants of 4 m x 4 m (16 m2) using 
earthen bunds for ease of observations and sampled twice before 
treatment to determine the density of mosquito larvae and pupae. For 
each species an equal number of untreated control habitat was 
monitored.  
 
VectoMax GR was applied manually at 1000 mg/m² in sites with 
breeding of Anopheles and at 1500 mg/m² in those with Cx. 
quinquefasciatus. Larvae and pupae were sampled after treatment 
and measured by taking five dips per habitat on days 2, 5 and 7 and 
thereafter every third day until the density of larvae in the treatment 
and controls equalled. Post-treatment reduction in the density of early 
(L1+L2) and late (L3+L4) instar larvae and pupae was calculated by 
taking into account pre-treatment densities in respective habitats 
using Mulla’s formula.  
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Application of VectoMax GR at 1000 mg/m² in clean water habitats 
effectively reduced the density of late-instar larvae and pupae of An. 
gambiae s.l. for a period of 13 and 16 days, respectively (Table 3.3). 
Its application at 1500 mg/m² in polluted water effectively reduced the 
density of late-instar larvae and pupae of Cx. quinquefasciatus for a 
period of 10 days. 
 
3.4 Conclusions and recommendations 
 
VectoMax GR (Valent BioSciences Corporation, USA) is a granule 
formulation containing the active ingredients Bacillus thuringiensis 
israelensis (Bti), strain AM65-52 (45 g/kg) and Bacillus sphaericus 
(Bsph) strain ABTS-1743 (27 g/kg). The manufacturer has declared 
that this formulation contains 50 Bsph international toxic units (ITU) 
per mg of the product. The product can be applied to mosquito 
breeding sites by hand or granule spreaders; it is not intended for 
larval control in drinking water. The product should not be mixed with 
sand for application. The manufacturer’s label application rate of 
VectoMax GR in water bodies is 560–2240 mg/m².  
 
Seven non-WHOPES studies were reviewed based on the 
documents provided by the manufacturer. Since the methodology 
used in most of these studies did not largely meet the requirements of 
WHOPES guidelines, the study outcomes were interpreted with 
caution.  
 
VectoMax GR was evaluated in small-scale trials – in simulated field 
conditions (Malaysia and Nigeria) or in natural habitats (India) with 
clean or polluted waters in comparison with VectoBac GR (Bti) and 
VectoLex FG (Bsph) formulations to determine optimal application 
dosages for large-scale trials. 
 
In a small scale-trial in India, application of VectoMax GR, VectoBac 
GR and VectoLex FG at 500, 750, 1000 and 1500 mg/m² in curing 
water tanks containing clean water effectively reduced the density of 
An. stephensi pupae (> 80% reduction in comparison with control) for 
a period of 22–52, 19–45 and 8–31 days, respectively. In rainwater 
collections in buildings, control of pupae of An. stephensi was 
observed for a period of 38–42 days with all three products. In 
rainwater collections with breeding of Ae. aegypti, VectoMax GR 
effectively controlled pupae for 10–38 days while VectoBac GR and 
VectoLex FG controlled for 30–38 days. In polluted water ditches with 
breeding of Cx. quinquefasciatus, the application of VectoMax GR, 
VectoBac GR and VectoLex FG effectively reduced the density of 
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pupae for 19–22, 19–26 and 19–26 days, respectively. Broadly, there 
was no evidence of a dose-dependent effect among the products 
evaluated. 
 
In a simulated field trial in Malaysia, replicates of earthen jars filled 
with 20 L of clean water were separately treated with VectoMax GR, 
VectoBac GR and VectoLex FG at 20, 40, 60 and 80 mg/L. The three 
products  caused > 80% emergence inhibition of Ae. aegypti for 21–
35 days, 7–28 days and 1–7 days, respectively showing that 
VectoLex FG gave shortest duration of efficacy. Application of the 
three products in polluted water at 500, 1000, 1500 and 2000 mg/m² 
caused > 80% emergence inhibition of Cx. quinquefasciatus for 7–14 
days.  
 
In a simulated field trial in Nigeria, in cement tubs (containers) with  
clean water, VectoMax GR, VectoBac GR and VectoLex FG applied 
at 500, 750, 1000 and 1500 mg/m² caused effective emergence 
inhibition of An. gambiae s.s. for a period of 21–36 days, 21–28 days 
and 21–28 days, respectively. Application of three formulations at 500, 
1000, 1500 and 2000 mg/m² in polluted water tanks caused effective 
inhibition of Cx. quinquefasciatus for 7–44 days, 7–28 days and 7–28 
days, respectively.     
 
In a large-scale trial in India, application of VectoMax GR at 500 and 
1500 mg/m² in curing water tanks with clean water caused an 
effective reduction (> 80%) of pupal density of An. stephensi for 19 
days and 24 days, respectively. The density of lateinstars was 
reduced for 19 days at both dosages. In similar habitats, VectoLex 
FG reduced the pupal density of An. stephensi for 12 days at 500 
mg/m² and for 24 days at 1500 mg/m² while the density of late instars 
was reduced for 8–12 days. Application of VectoMax GR in ditches 
with stagnant polluted water at 500 and 1000 mg/m² effectively 
reduced the pupal density of Cx. quinquefasciatus for 15 days and of 
the late instars for 8 days. In ditches, VectoLex FG reduced the pupal 
density of Cx. quinquefasciatus for 20–22 days and that of the late 
instars for 12 days. 
 
In a large-scale trial in Malaysia, VectoMax GR applied at 60 and 80 
mg/L effectively reduced the density of late-instar Aedes larvae in 
cement tanks of various sizes for 28–42 days and the density of 
pupae for 21–42 days. These dosages inhibited emergence of Aedes 
adults effectively (> 80%) for a period of 21–35 days and 35–42 days, 
respectively. In polluted water habitats, application of VectoMax GR 
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at both 1500 and 2000 mg/m² dosage caused > 80% reduction of Cx. 
quinquefasciatus larvae and pupae for 7–14 days.  
 
In a large-scale trial in Nigeria, application of VectoMax GR at 1000 
mg/m² in clean water pools caused > 80% reduction in larval and 
pupal density of An. gambiae s.l. for 13 and 16 days, respectively. 
The dose of 1500 mg/m² in polluted water effectively reduced larval 
and pupal density of Cx. quinquefasciatus for 10 days.    
 
Considering the above, and noting the safety and efficacy of 
VectoMax GR, the meeting recommended: 
 

 the use of VectoMax GR [having the active ingredients 
Bacillus thuringiensis israelensis (Bti), strain AM65-52 (45 
g/kg) and Bacillus sphaericus (Bsph) strain ABTS-1743 (27 
g/kg) containing 50 Bsph international toxic units (ITU) per mg 
of the product] as a mosquito larvicide in open bodies of clean 
water such as pools, temporary puddles and artificial 
reservoirs at the dosage of 500–1 500 mg/m² with a duration 
of efficacy of 2–3 wk.  
 

 the use of VectoMax GR as a mosquito larvicide in water 
containers with clean water at the dosage of 60–80 mg/L with 
a duration of efficacy of 3–6 wk. 
 

 the use of VectoMax GR in open bodies of water with organic 
pollution such as septic tanks, drains, abandoned ponds and 
trenches at the dosage of 500–2000 mg/m² with a duration of 
efficacy of 1–2 wk.  
 

 
 
 
 
Note: WHO recommendations on the use of pesticides in public 
health are valid ONLY if linked to WHO specifications for their 
quality control. 
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Table 3.1 Non-WHOPES field trials: summary of larviciding efficay of VectoMax formulations1 applied in open bodies of water 
 

 
1 VectoMax had Bti strain AM65-52 and BSph strain ABTS-1743. VectoMax formulations (CG, FG, and WSP) represent identical 
granule/formulation.  "CG" was the original formulation acronymn listed for VectoMax granules when it was first registered in the USA in 2006. 
The manufacturer has registered it as "FG" in certain countries. "WSP" denotes packaging in water soluble pouch containing 10 g VectoMax 
FG.  

Product(s) 
tested

Target species Habitats 
treated

Application 
rate

No. of days with 
efficacy > 80% 

Country References

VectoMax CG
Ae. aegypti, Cx. 
quinquefasciatus

Catch basins 15 Colombia
Giraldo-Calderon 

et al. (2008)

VBC-60035 WSP;
VectoLex CG

Culex spp.
Simulated catch 

basins (43-61 cm W x 
43-61 L x 71 cm H)

1 pouch (10 g) per 
catch basin

L3+L4 = 203;
Pupae = 70

USA Su (2008)

VectoMax WSP;
VectoBac CG; 
VectoLex CG; 
VectoBac 12AS

Cx. pipiens, 
Cx. restuan, 
Ae. japonicus

Catch basins 

(0.8  m2)
1 packet per catch 

basin
21 USA

Anderson et al. 
(2011)

VectoMax CG
Cx. tarsalis, 
Ae. melanimon

Seasonal wetlands
Aerial application at 

8.9 kg/ha
28 USA Dritz et al. (2011)

VectoMax FG
and WSP

Ae. albopictus
Simulated catch 

basins (38 cm W x 54 
cm L x 28 cm H)

10, 50 and 577 
kg/ha

345 Spain Eritja (2013)

VectoMax CG; 
Diflubenzuron SC

Cx. pipiens, 
Ae. albopictus

Catch basins 10 g/catch basin 70 Switzerland Guidi et al. (2013) 

VectoMax WSP Cx. pipiens
Septic tanks 

(10 m2)
1 or 2 packets per 
tank (10 or 20 g)

31 Turkey Cetin et al. (2015)
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Table 3.2a WHOPES Phase II (small-scale) evaluation of VectoMax GR, VectoBac GR and VectoLex FG in natural mosquito 
breeding habitats in India 
 

 1 Duration of > 80% reduction of density of third and fourth instar larvae and pupae beginning with the day when such reduction was 
first observed.   

L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae
An. stephensi Clean 200 26 26

500 22 26 18 19 8 8
750 15 22 12 19 0 8
1000 26 22 22 26 8 12
1500 35 52 35 45 14 31

Clean 200 17 –
500 10 35 38 41 – 41
750 42 38 41 38 41 38
1000 42 – 41 38 41 41
1500 42 38 38 38 41 38

Ae. aegypti Clean 200 17 17
500 10 10 21 30 24 30
750 42 38 35 38 42 –
1000 42 38 41 30 42 –
1500 42 38 38 – 42 38
500 15 22 15 26 19 22
1000 15 22 15 19 19 19
1500 15 22 15 26 19 26
2000 15 19 15 22 22 22

Curing water 
tanks

Rainwater 
collections in 
buildings

Rainwater 
collections in 
buildings

Cx. 
quinquefasciatus

Ditches Polluted 
with 

organic 
matter

Species Habitat Type of 
water

Dosage
(mg/m2)

Duration of effective control in days1

VectoMax GR VectoBac GR VectoLex FG
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Table 3.2b WHOPES Phase II (small-scale) evaluation of VectoMax GR, VectoBac GR and VectoLex FG in natural mosquito 
breeding habitats in Malaysia and Nigeria 
 

 1 Duration of > 80% adult emergence inhibition.   

VectoMax GR VectoBac GR VectoLex FG

Malaysia Ae. aegypti Clean 20 mg/L 21 7 1
40 mg/L 28 14 1
60 mg/L 28 14 7
80 mg/L 35 28 1

Culex  spp. 500 mg/m2 7 7 7

1000 mg/m2 7 7 7

1500 mg/m2 14 7 14

2000 mg/m2 14 14 14
Nigeria Clean 500 mg/m2 21 21 21

750 mg/m2 21 21 21

1000 mg/m2 21 21 21

1500 mg/m2 36 28 28

500 mg/m2 7 7 7

1000 mg/m2 7 7 7

1500 mg/m2 36 21 21

2000 mg/m2 44 28 28

Polluted 
with 

organic 
matter

Species

Cement tanks

Country Habitat Type of 
water

Dosage Duration of effective control in days1

Polluted 
with 

organic 
matter

Cement tanks

Earthen jars

Earthen jars

An. gambiae s.s. 

Cx. 
quinquefasciatus
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Table 3.3 WHOPES Phase III (large-scale) evaluation of VectoMax GR in natural mosquito breeding habitats. The duration of 
efficacy is up to the day when  > 80% reduction in density (DR) of late-instar larvae and pupae, and > 80% emergence inhibition 
(EI) of adults was observed 
 

  

1 In a Phase III trial in India, VectoLex FG at dosages of 500 and 1500 mg/m2 applied in curing waters controlled L3+L4 larvae and pupae of 
An. stephensi for 8–12 days and 12–24 days, respectively; 500 and 1000 mg/m2 dosages controlled Cx. quinquefasciatus in ditches for 12–20 
days and 12–22 days, respectively. 

L3+L4 Pupae

India1 An. stephensi 500 mg/m2 19 19 –

1500 mg/m2 19 24 –

Ditches 500 mg/m2 8 15 –

1000 mg/m2 8 15 –

Malaysia Aedes spp. 60 mg/L 21–28 21–35 21–35

80 mg/L 35–42 35–42 35–42

Culex spp. 1500 mg/m2 7 7 7

2000 mg/m2 14 14 14

Nigeria An. gambiae 
s.l.

Stagnant pools, 
temporary puddles Clean 1000 mg/m2 13 16 –

Cx. 
quinquefasciatus

Trenches, 
cement/plastic tubs

Polluted with 
organic 
matter

1500 mg/m2 10 10 –

Septic tanks, blocked 
drains, abandoned 

ponds

Polluted with 
organic 
matter

Polluted with 
organic 
matter

Curing water 
tanks

Cx. 
quinquefasciatus

Clean

Cement 
tanks Clean

Site Species Habitat Type of 
water

VectoMax GR 
dosage

DR >80% EI 
>80%
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4. REVIEW OF BACTIVEC SC 
 
Bactivec SC manufactured by Labiofam, Cuba is an aqueous 
suspension concentrate formulation of bacterial larvicide, Bacillus 
thuringiensis israelensis (Bti), serotype H-14, strain 266/2; biopotency 
≥ 1200 International Toxic Units (ITU)/mg. According to the 
manufacturer, the product can be applied to mosquito breeding sites 
by aerial spraying, by using a knapsack sprayer or a hand-operated 
compression sprayer in open bodies of water, as well as by a drop 
dispenser into water containers.  
 
The current evaluation assesses the efficacy of Bactivec SC against 
anopheline, aedine and culicine mosquitoes in different aquatic 
habitats.  
 
4.1 Safety assessment  
 
The assessment of risk to humans of handling and application of 
Bactivec SC for mosquito larval control and environmental risks was 
performed based on the data provided by the manufacturer (Aitio, 
2016c). 
 
WHO has published a generic model for assessing the risks to 
humans of insecticides used for larviciding, although it is designed for 
risk assessments of chemical pesticides and cannot directly be used 
for microbial pesticides. It was, however, used for the exposure 
assessment of Bactivec SC. No WHO guideline for the assessment of 
risks from microbial pesticides is currently available. The United 
States Environmental Protection Agency (US EPA) has published 
guidelines for the assessment of risks associated with the use of 
microbial pesticides,1 and the European Union recommends a closely 
similar approach.2  
 

                                                           
1 EPA microbial pesticide test guidelines. OPPTS885.3000.Background –  
Mammalian toxicity/pathogenicity/infectivity [EPA712–C–96–314] 
 (http://www.epa.gov/test-guidelines-pesticides-and-toxic-substances/series-
885-microbial-pesticide-test-guidelines, accessed March 2016). 
2 Commission Directive 2001/36/EC of 16 May 2001 amending Council 
Directive 91/414/EEC concerning the placing of plant protection products on 
the market (http://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=OJ:L:2001:164:TOC, accessed March 2016). 
 

http://www.epa.gov/test-guidelines-pesticides-and-toxic-substances/series-885-microbial-pesticide-test-guidelines
http://www.epa.gov/test-guidelines-pesticides-and-toxic-substances/series-885-microbial-pesticide-test-guidelines
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=OJ:L:2001:164:TOC
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=OJ:L:2001:164:TOC
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The present evaluation follows the US EPA procedure and uses the 
data provided by the manufacturer of Bactivec SC.  
 
The manufacturer of Bactivec SC has proposed a WHO specification 
for the product. The FAO/WHO Joint Meeting on Pesticide Residues 
has not assessed the health risks of B. thuringiensis (Bt), but the 
WHO International Programme on Chemical Safety has concluded 
that the Bt products are unlikely to pose any hazard to humans or 
other vertebrates or to the vast majority of non-target invertebrates 
provided that they are free from non-Bt microorganisms and 
biologically active products other than the insecticidal crystal 
proteins.1 
 
Assessment of health and environmental risks 
 
The manufacturer has provided WHO with studies based on Good 
Laboratory Practice (GLP) following the US EPA Office of Prevention, 
Pesticides and Toxic Substances (OPPTS) microbial pesticides test 
guidelines of Tier I on acute toxicity in laboratory animals, on acute 
oral toxicity in an avian species, toxicity in one freshwater fish species, 
toxicity, pathogenicity and infectivity in another freshwater fish 
species, and toxicity in seeds from three plant species. The following 
conclusions can be made from these data. 
 

 Administration of Bti 266/2 orally (US EPA study guideline # 
OPPTS 885.3050) did not lead to multiplication of the 
organism in any organ or to toxicity in rats. Bti was not 
detected in the rats after 7 days of oral administration. 
 

 Administration of Bti 266/2 dermally (US EPA study guideline 
# OPPTS 885.3100) did not cause toxicity in rabbits. 
 

 Administration of Bti 266/2 intranasally (US EPA study 
guideline # OPPTS 885.3150) did not cause toxicity in rats. 
On day 7, Bti was detected in lungs in two of the six test 
animals, and in the remaining two on day 14; there were no 
subsequent detections. As regards infectiousness, the micro-

                                                           
1 Microbial pest control agent: Bacillus thuringiensis. Environmental Health 
Criteria 217. Geneva: World Health Organization; 1999 
(http://www.who.int/ipcs/publications/ehc/en/EHC217.PDF; accessed March 
2016). 
 

http://www.who.int/ipcs/publications/ehc/en/EHC217.PDF
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organism was isolated twice – in brain tissue on day 3 and in 
liver tissue on day 7. 
 

 No signs of toxicity or pathogenicity were observed in rats 
administered intravenously (US EPA study guideline # 
885.3200) with Bti strain 266/2 except local effects at the site 
of administration. After the administration, Bti was detected in 
the circulating blood for 4 days, and in the spleen, liver and 
kidney for 2 wk. 
 

 In freshwater fish, mortality (LC50) and abnormal symptoms 
(IC50) were higher than the concentration tested (US EPA 
study guideline # 8500.4200). In another freshwater fish, 
Bactivec SC did not cause mortality and no bacteria in 
mashed tissues or histological damage was observed in 
tissues in autopsy (US EPA study guideline # 8500.4200 with 
extended observations for pathogenicity and infectivity). In an 
acute immobilization test in a planktonic crustacean (US EPA 
study guideline # 8500.4240, OECD 202), the EC50 was 
higher than the highest concentration that could be tested. In 
an acute oral toxicity study (US EPA study guideline # OPPTS 
885.4050, OECD 223) in a quail species, no mortality or 
toxicity was observed. Bactivec SC did not inhibit the 
germination of seeds (US EPA study guideline # OPPTS 
855.4300; OECD 208) of three plant species at the highest 
concentration studied.  
 

 In addition, the manufacturer has performed GLP studies on 
the genotoxicity, acute toxicity and environmental effects in 
studies following recognized standards for the testing of 
chemicals. 
 

• In an eye irritation study and a dermal irritation study, 
which were performed following the ISO guideline,1 Bti 
266/2 caused no eye or skin irritation. In a skin 
sensitization study (OECD study guideline # 406) Bti 
266/2 did not cause sensitization. 
 

• Bactivec SC administered intraperitoneally (OECD 
study guideline # 475) did not induce chromosomal 
aberrations in the bone marrow of a rodent species. 

                                                           
1 ISO Biological Evaluation of Medical Devices, part 10.Test for irritation and 
sensitization, 1992. 
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Similarly, Bactivec SC did not induce micronuclei in the 
bone marrow in anther rodent species (OECD study # 
474).  
 

• In a species of freshwater green algae (OECD study 
guideline # 201), growth inhibition (EC50) caused by 
Bactivec SC was higher than the highest concentration 
tested. 
 

• Bactivec SC did not cause toxicity in a worm species 
(OECD study guideline # 207, extended for microbe 
analysis) and bacteria disappeared from the worms 
within 14 days of the experiment.  
 

 The European Commission conclusions on the risks to human 
health that are based on information on another Bti strain (AM 
65-52) applied as an ornamental insecticide, as summarized 
in section 3.1 of this report, are in line with the results on the 
Bti strain 266/2. 

 
The Tier I and other studies for Bt strain 266/2 do not indicate 
infectivity, pathogenicity or toxicity of the Bactivec SC; further studies 
at Tier II are not needed. Studies on other Bti strains support this 
conclusion. 
 
The WHO Generic Risk Asssessment Model assumes that because 
of the physicochemical characteristics of the products, inhalation 
exposure in larviciding is not relevant either to the operators or to 
residents. For Bti, it may be safely assumed further that dermal 
exposure does not lead to systemic effects. Thus, operator exposure 
altogether is of little significance. For residents, the overwhelming 
route of exposure might be through consumption of treated drinking 
water. 
 
Assuming that the highest manufacturer-prescribed application rates 
(aerial and hand-held spraying) are adhered to, it can be estimated 
from the Generic Model that the worst case exposure from drinking 
water from Bactivec SC-treated water reservoirs amounts to 0.18 x 
106 CFU/kg bw (for a 14 kg toddler). However, drinking water from the 
50L container treated with 1 mL Bactivec SC, the worst case scenario 
exposure, will be 0.36 x 106 CFU/kg bw (for a 14 kg toddler).  
 
No infectivity, pathogenicity or toxicity was observed in rats given 0.5 
x 109 CFU/animal, that is, 2.7 x 109 CFU/kg bw. This dose is 7400 
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times higher than the estimated worst-case scenario to humans. This 
margin of safety (MOS) is clearly above the traditionally accepted 
MOS of 100 in chemical risk assessment. 
 
Summary and conclusions 
 
Provided Bactivec SC complies with the WHO specifications, notably 
with the clause on the absence of human pathogenic microbial 
contaminants, Bactivec SC does not pose undue health risks to 
operators or area residents, or risks of untoward environmental 
effects, when used as instructed for mosquito larviciding. 
 
4.2 Efficacy – background and supporting documents 
 
Most background documents provided by the manufacturer describe 
the use of Bactivec SC in integrated vector control programmes or do 
not necessarily provide data on the efficacy of Bactivec SC treatment 
according to WHO standards and criteria.   
 
In Brazil, the efficacy of a treatment of home water deposits against 
Aedes aegypti with Bactivec SC (1mL/50 L) in one district was 
compared to the treatment with VectoBac GR (1 g/50 L) and 
VectoBac WDG (0.5 g/250 L) in three districts and a control district at 
the municipality of Nova Iguacu, Rio de Janeiro. Weekly post-
treatment entomological surveys (during 62 days) showed a House 
Index reduction of 95% in the Bactivec SC treated district compared 
with around 20% in each of the three districts treated with VectoBac 
GR (Gomez de Assumpção Filho and da Costa Silva, 2004).  
 
In the State of Amazonas, Bactivec SC was used to extend the 
actions taken for the control of An. darlingi (indoor residual spraying, 
thermo-fogging and cold fogging) (Mendoza et al., 2011). Fish 
farming tanks were the most abundant breeding places and required 
a permanent larval control, while fluvial areas were treated during the 
summer season. Vector density and malaria incidence decreased and 
recovered 60 days after interruption of the control measures.  
 
In Santiago de Cuba, five weekly rounds of treatments with Bactivec 
SC at 5 mL/m² dose reduced the house index for Ae. aegypti from 
2.6% to 0.08% (Miranda Reyes et al., 2003). Jude et al. (2012) 
showed that salinity (≥ 14 ppt) has a small but significant negative 
impact on the toxicity of B. thuringiensis toxin (Bactivec SC) to saline 
breeding Ae. aegypti in Jaffna, Sri Lanka. 
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4.3 Efficacy – WHOPES supervised trials 

The efficacy of the larvicide Bactivec SC was evaluated in three 
countries (India, Malaysia and Nigeria) against Anopheles, Aedes and 
Culex mosquito species. The objectives of these studies were:  
 

(i) to conduct small-scale or simulated field trials (Phase II)  to 
determine the effective field application rates based on density 
reduction of L3-L4 larvae and pupae or adult emergence 
inhibition and residual activity in clean and polluted habitats; 
and  

 
(ii) to conduct large-scale field trials (Phase III) in the three 
countries in representative larval habitats of Aedes, 
Anopheles and Culex spp. to assess the initial and residual 
efficacy. 

 
In small-scale simulated field trials where adult emergence could be 
monitored, the outcomes were based on adult emergence inhibition 
(EI). In small- and large-scale field trials in natural and domestic 
bodies of water where adult emergence was not monitored, the 
outcome was based on density reduction (DR) of late-stage instars 
(L3+L4) and pupae.  
 
Emergence inhibition was calculated according to WHO guidelines 
(2004) as follows:  
 

% EI =  (C - T/C) x 100 
 
Where, C is the percentage of mosquito adults emerging from 
control habitats, and T the percentage of adults emerging from 
treated habitats. 

 
Density reduction was calculated taking into account the pre-
treatment density of late-instar larvae and pupae in control and 
treated replicates and the density on the post-treatment day in control 
and treated replicates.  
 

% density reduction = 100 - (C1/T1  x  T2/C2) x 100 
 
Where, C1 and C2 are the average number of larvae/pupae  
per dip in the control habitats  pre- and post-treatment, 
respectively, and T1 and T2 are the average number of 
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larvae/pupae per dip in the treatment habitats pre- and post-
treatment. 

 
In simulated field trials, cohorts of third-instar larvae were added 
every 7 days to the artificial containers and followed up for mortality 
until a next cohort of larvae was introduced. Mortality data were 
recorded at various intervals (e.g. 24 h, 48 h, 5 days, 7 days and 9 
days). Larvae and pupae were removed from the containers before 
the introduction of the new larval cohort and were observed for a 
further 48 h for recording of final mortality and emergence inhibition.  
 
In small- and large-scale field trials, a larval sampling method of five 
dips per replicate was applied at 2, 3, 5 and 7 days after treatment 
and thereafter twice per week until the density of larvae in treatments 
reached that of the respective controls. 
 
Nigeria, West Africa 
 
Awolola (2016b) carried out a simulated field trial at the Nigerian 
Institute of Medical Research to determine the effective doses of 
Bactivec SC against a susceptible colony strain of An. gambiae s.s. 
(Kisumu strain) and local populations of Cx. quinquefasciatus and 
Aedes spp.  A field trial was further carried out in natural beeding 
sites in the Remo North district area (7°00’N 3°41’E) located in Ogun 
State. 
 
Simulated field trial  
 
For the simulated field trial (Phase II), artificial square cement tubs 
(100 cm H x 100 cm W x 40 cm D) were placed in a semi-field 
covered structure to prevent direct exposure to rain and sunlight. 
Containers were lined with plastic sheets, half filled with water, and 
covered with mosquito netting pieces to prevent oviposition by wild 
female mosquitoes and entry of debris.  
 
Anopheles larvae were tested using distilled water (pH 7.2), while for 
Aedes and Culex larvae filtered (sieves < 0.1 mm) polluted water with 
low dissolved oxygen (pH 6.6) was used. Water was allowed to 
condition for 24 h before releasing the test larvae. The water level in 
the containers was kept constant throughout the study.  
 
Batches of 100 third-instar larvae were added to each container every 
7 days. On alternate days, 0.5–1 g mixture of yeast and dog biscuit 
was added to each tub. Water temperature ranged between 25.6 oC 
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and 28.9 oC.  Four replicates for the treated tubs and one for the 
control tub were used per mosquito species and dose tested, i.e. 0.25, 
0.5, 1.0 and 2.0 mL/50 L in clean water tubs for An. gambiae, and at 
2, 3, 4 and 5 mL/m2 in tubs with polluted water for Aedes spp. and 
Culex spp. 
 
Observations were made at 2, 5 and 7 days post treatment. For a 
given day of monitoring, the numbers of live and dead larvae and 
pupae from all replicates of each dosage were recorded. Each day, 
pupae if available were removed from treatment (T) and control (C) 
tubs and placed in plastic cups containing the same type of water for 
further daily monitoring of adult emergence. New cohorts of larvae 
were added to the containers every 7 days until no further mortality 
was observed in the treatments. A day before the introduction of new 
cohorts of larvae, the remaining larvae and pupae were removed and 
adult emergence observed for a further 48 h.  
 
In simulated field trials with An. gambiae s.s., 100% larval mortality 
was achieved at 48 h after the application of 0.5, 1.0 and 2.0 mL/50L 
Bactivec SC but not with the dose of 0.25 mL/50L, which killed 89% 
of larvae. Adult emergence inhibition (EI%) was > 80% for all four 
dosages for the first three larval releases, i.e. for a maximum of 21 
days (Table 4.1).   The 0.5 and 1.0 mL/50 L dosages were further 
selected as effective dosages for large-scale (Phase III) field 
evaluation against Anopheles species in clean waters. 
 
Three of the four Bactivec SC dosages (3, 4 and 5 mL/m2) produced 
100% mortality of Culex and Aedes larvae at 48 h following larvicide 
application. The dose of 5 mL/m² presented the highest residual 
activity with EI% above 80% for the batch of day 14 for Culex and the 
batch of day 21 for Aedes. The investigators selected 3 mL/m² dose 
for immediate effect and 4 mL/m² dose for residual effect to evaluate 
the impact of Bactivec SC on a large scale in polluted habitats.  
 
Large-scale field trials 
 
The open field trial was conducted in 90 natural breeding sites per 
mosquito species. Open stagnant pools were selected for Anopheles 
spp., open cemented water storage tanks for Aedes spp., and 
trenches and gutters with polluted water for Culex spp. To avoid loss 
or dilution of product from dissipation, confined habitats 
(approximately 10–15 m2) were selected as individual replicates. The 
breeding sites were further randomly allocated to the three test arms 
(30 each of control; and 0.5 and 1.0 mL/50 L). Samplings were done 
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on days 2, 5 and 7 after the treatment, and thereafter every third day 
until the density of larvae in the treated sites equalled the untreated 
control.  
 
Samples of larvae collected from different breeding sites before 
larvicide application were reared to adults and identified using 
morphological keys. Anopheles species were identified as An. 
gambiae s.l.; Cx. quinquefasciatus was the main Culex spp. while Ae. 
aegypti predominated the Aedes population. The average 
temperatures recorded at the different breeding sites were not 
statistically different for Anopheles (28.2–33.9 oC) and Culex (29.8–
34.6 oC) habitats but were slightly greater for artificial block molding 
water reservoirs with Aedes (29.5–36.6 oC). There was no significant 
difference in the pH of water at Anopheles breeding sites (6.1–7.5). 
Culex and Aedes inhabited a range of habitats with varying pH (5.2– 
8.3).   
 
For Anopheles breeding sites treated at 0.5 mL/50 L dose, ≥ 80% 
reduction was observed in the density for late instars and pupae up to 
28 and 31 days post-treatment, respectively (Table 4.2). With 1.0  
mL/50 L dose, the duration of effective residual action was 31 and 34 
days respectively. Based on a threshold of 80% DR of the residual 
effect for late instars and pupae, Bactivec SC (1.0 mL/50 L) will 
require a re-treatment within 31 days. 
 
After treatment of polluted water habitats both application dosages (3 
and 4 mL/m²) induced no optimal (100%) density reduction of Culex 
and Aedes late instars or pupae. The higher dose (4 mL/m²) 
performed better in density reduction and provided a longer residual 
effect. Based on a threshold of 80% DR of the residual effect for 
pupae, Bactivec SC 4 mL/m² will require a re-treatment every 3 wk.  
 
Bengaluru, India 
 
Sreehari et al. (2016) carried out small and large-scale field trials in 
natural breeding habitats of An. stephensi, Ae. aegypti and Cx. 
quinquefasciatus in Bengaluru city.  
 
Small-scale trials in natural breeding habitats 
 
Various natural habitats with breeding of An. stephensi, Ae. aegypti 
and/or Cx. quinquefasciatus were selected for the small-scale (Phase 
II) study. Cement tanks and flower pots were the most preferred 
breeding habitats of An. stephensi in Bengaluru; plastic drums and  
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tanks, flower pots (both earthen and cement made), domestic water 
storage cement tanks for Aedes mosquitoes; and polluted stagnant 
drains, cement tanks and pools (both polluted and clean water) were 
preferred for Cx. quinquefasciatus. All these breeding habitats were 
included for the trial, excluding habitats with a pH  < 3 and > 10.  
 
A dipping method (300 mL enamel dipper) was used to collect the 
larvae. Where dipping was not possible in small containers, the 
contents were poured into a tray, densities counted and the entire 
contents returned to the habitats. Five dips were taken in each habitat 
to assess the density per dip. In large water bodies, the dips were 
taken at four corners and a centre place wherever feasible. When 
feasible, the volume of the water was estimated. The habitats were 
matched for allocation to either the treatment or the control arm 
based on volume of water and comparable pre-treatment densities. 
For large habitats such as wastewater drains and pools, each 
segment of 10–12 m2 was considered as a replicate and the habitat 
at its entire length/entire pool received the same treatment. Four to 
six replicates were tested per dose/control for each habitat. The 
dosages tested were 0.25, 0.5, 1 and 2 mL/50 L for clean water 
container habitats (Tables 4.3a,b), and 2, 3, 5 and 7 mL/m2 for 
polluted water habitats (Table 4.3c).  Only those habitats observed 
continuously for a minimum of 10 days were considered for inclusion 
in the data analysis. 
 
Habitats of > 500 L were treated with a hand atomizer sprayer (2 L 
capacity) with the respective dosages. For containers with < 500 L of 
water, Bactivec SC was applied using graded pipettes. The dosages 
were calculated as per volume of the water in small containers and 
the surface area for large water bodies. The bottles of larvicides were 
shaken vigorously before every dilution and use. The density of 
mosquito larvae/pupae was monitored 1, 3, 7, 10, 14, 17, 20 and 24 
days post treatment until the pupal density in the treated habitats 
reached a level comparable to the untreated control habitats. 
 
In most of the clean water habitats, the L3+L4 larvae and pupae of Ae. 
aegypti reduced by 95–100% after 3 days of treatment (Table 4.3a).  
The residual effect (≥ 80% DR) for larvae (L3+L4) and pupae at all 
dosages was between 7 and 10 days in all types of treated containers. 
However, the decrease in the efficacy of Bactivec SC was higher at 
0.25 mL/50 L on day 10 in plastic containers and cement tanks. The 
investigators selected the dosages of 0.5 and 1 mL/50 L Bactivec SC 
for large-scale trials.  
 



 

67 
 

For An. stephensi, in clean water no L3+L4 and pupae were found on 
day 3 for all the dosages tested and by type of breeding sites (flower 
pots and cement tanks) (Table 4.3b). The residual activity was up to 7 
days at 0.025 mL/50 L. For dosages ≥ 0.5 mL/50 L a pupal reduction 
of > 80% was observed on day 10. The dosages of 0.5 and 1 mL/50 L 
of Bactivec SC for large-scale trials were further selected with a 
residual effect of 10 days based on pupal reduction.  
 
For Cx. quinquefasciatus applied in cement tanks (clean water), > 80% 
reduction was observed in larval densities (L3+L4) at 0.25, 0.5, 1 and 
2 mL/50 L dosages on day 3 (Table 4.3c). An important increase of 
density (larvae and pupae) was observed on day 7 with 0.25 mL/50 L. 
For dosages of 0.5 mL/50 L and 2.0 mL/50 L, larval or pupal 
reduction of > 80% was observed on day 7 but not for the 1 mL/50 L 
dose. In polluted drains treated at 5 mL/m² and 7 mL/m², larval and 
pupal reductions of  > 80% were achieved until day 3. The dosages of 
5 and 7 mL/m² were selected for large-scale field trials for testing the 
residual activity of Bactivec SC for control of Cx. quinquefasciatus.  
 
Large-scale field trials 
 
Two dosages were applied per type of water, i.e. 1.0 and 0.5 mL/50 L, 
for clean water habitats with breeding of Anopheles and Aedes spp.; 
and 5 and 7 mL/m2 for larger water bodies and polluted habitats with 
breeding of Culex spp. The same monitoring procedure was used as 
for the small-scale field trials. 
 
For Ae. aegypti in clean water containers, the reduction in larval 
(L3+L4) and pupal densities was ≥ 90% on day 1 in all treated 
habitats (Table 4.4a). The dose of 0.5 mL/50 L was effective (> 80% 
density reduction) for 7–10 days against pupae. The dose of 1 mL/50 
L was found effective (> 80% density reduction) against pupae up to 
day 10 in plastic containers and flower pots and until day 14 in 
cement containers. From these results, the investigators concluded 
that 1 mL/50 L dose is effective for 10–14 days, and 0.5 mL/50 L 
dose is effective for 7–10 days post treatment. Overall, the higher 
dose gave a longer residual action. 
 
For An. stephensi  in clean water habitats, the reduction in larval and 
pupal densities was  > 90% on day 3 and day 7 in all treated habitats 
(Table 4.4b). The residual effect on pupae was slightly better in 
cement tanks than in flower pots (17 days versus 14 days). Overall, 
the higher dose gave a longer residual action. 
 



 

68 
 

For Cx. quinquefasciatus in cement tanks with clean water, the 
reduction in larval (L3+L4) and pupal densities was > 90% on day 1 
for both dosages (0.5 and 1 mL/50 L) (Table 4.4c). The larval density 
reduction was continued for > 80% up to day 3 for both dosages; 
while for pupae it was up to day 7 at 0. 5mL/m² and up to day 10 at 1 
mL/m² dose.   
 
In open bodies of water with Cx. quinquefasciatus, 5 and 7 mL/m² 
dosages of Bactivec SC were tested. Among these, in treated 
polluted drains the pupal densities decreased effectively (> 80%) up 
to day 3 (Table 4.4c).  In polluted water pools, the dose of 5 mL/m² 
reduced larval densities (> 80% reduction) up to day 3, while the 
higher dose of 7 mL/m2 provided effective control for 7 days. Pupal 
reduction of > 80% was observed until day 7 for both dosages in 
clean and polluted pools.  
 
The effect of Bactivec SC on non-target organisms was recorded. 
Dragonfly naiads, water boatmen and water bugs were observed in a 
few cemented tanks. In the rest of the habitats including flower pots 
and other domestic plastic containers, no non-target species were 
observed. After treatment with the biolarvicide, no noticeable mortality 
was recorded in the treated habitats.   
 
Penang, Malaysia 
 
Ahmad et al. (2016b) carried out a simulated field trial at the Universiti 
Sains Malaysia, Penang, Malaysia to determine the optimal dosage of 
Bactivec SC against second and third instar mosquito larvae of 
laboratory colonized strains of An. sinensis, Ae. aegypti and Cx. 
quinquefasciatus.  The large-scale field trials were further carried out 
in natural breeding sites in Penang. 
 
Small-scale simulated trials 
 
Earthen jars of 40 L capacity measuring 40 cm in height with a top 
diameter of 50 cm, tapering to a diameter of 30 cm at the base were 
used in the study. The jars were covered with a fine mesh net (mesh 
size < 0.5 mm) to prevent oviposition by wild female mosquitoes. The 
jars were filled with 20 L clean or polluted water for separate tests. 
Water was allowed to age for 24 h prior to addition of mosquito larvae. 
Any water lost in the jars from evaporation was replenished on a 
weekly basis for the whole duration of the study.  
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Laboratory cultured second or early third instar mosquito larvae (Ae. 
aegypti, Cx. quinquefasciatus or An. sinensis) were used for the 
small-scale simulated trial. To determine the residual effect of 
Bactivec SC, 50 L2+L3 larvae of test species were released into the 
appropriate containers at weekly intervals. For each treatment arm 
four replicates were used. Grounded larval food (1 g) was added into 
the jars with the initial batch of larvae, and thereafter 0.5 g of larval 
food was added weekly for the entire duration of the experiment. A 
day before the introduction of any new larvae, the remaining larvae 
and pupae were collected and put into a glass container with a small 
amount of water from the respective jars. Pupal development and 
adult emergence (live adults or pupal skins) were recorded at 24 h 
and 48 h.  
 
The Bactivec SC dosage of 0.25 mL/50 L inhibited emergence of 
adults (EI) of An. sinensis and Ae. aegypti by 85% on day 1, which 
then decreased below 30% on day 7 (Table 4.5). At the dosage of 0.5 
mL/50L, the EI was close to 100% but dropped below 80% during the 
subsequent observation periods. With the 1 and 2 mL/50 L dosages, 
the EI was 100% on day 1. For both the species, the effective 
residual activity (EI > 80%) lasted for 14 and 28 days for 1 and 2 
mL/50 L, respectively. 
 
The 2 mL/m² dose resulted in 89% EI of Cx. quinquefasciatus on day 
1, which then decreased below 50% on day 7. At the dosage of 3 
mL/m² EI was 95% on day 1 but dropped below 80% on day 14.  With 
the 4 and 5 mL/m² dosages, mortality was 99–100% on day 1. The 
effective residual activity lasted up to 14 and 21 days for 4 and 5 
mL/m², respectively.   
 
Based on the results of the Phase II trial, the two higher doses of 
Bactivec SC, i.e. 1 and 2 mL/50 L in clean water and 4 and 5 mL/m² 
in polluted water, were further evaluated in the Phase III study. 
 
Large-scale field trials 
 
The field trials were conducted in open bodies of water with natural 
larval/pupal populations of Aedes spp. (open non-potable water 
storage cemented tanks and other containers), Culex spp. (ditches, 
wastewater pools and open monsoon drains containing polluted water) 
and anopheline species (water containers with clean water). Only 
habitats likely to retain water for longer duration of the study were 
selected. Habitats selected for these evaluations consisted of entire 
water bodies and not their sections, so that product was not washed 
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away or diluted by natural dissipation. Confined habitats were 
considered as an individual replicate; larger habitats were subdivided 
into replicates of approximately 10 m². The container habitats with 
Anopheles or Aedes spp. were treated according to the volume of 
water (i.e. 1.0 and 2.0 mL/50 L of Bactivec SC), while open water 
bodies with Culex spp. were treated by their surface area (4 and 5 
mL/m²).  Bactivec SC was applied using hand-held atomizer sprayers 
for areas less than 1 m2 and using backpack sprayers for bigger  
areas.  Concurrent control replicates were maintained for comparison. 
For each treatment arm 50 replicates were included.   
 
The densities of immatures were monitored using five dips per 
replicate for each habitat, i.e four dips from the corners and one from 
the centre. All larvae of aedine, culicine and/or anopheline 
mosquitoes from each sample were counted by instars, recorded and 
returned to their respective sites.  
 
There was effective control (82–100%) of larvae and pupae of 
anophelines (An. sinensis) for 21 days in small containers treated at 
either 1 or 2 mL/m2 (Table 4.6a). In large containers, 1 mL dose gave 
14–21 days control and 2 mL gave 21 days control. 
 
There was ≥ 90% reduction of larvae and pupae of Aedes spp. (Ae. 
aegypti and Ae. albopictus) after treatment with 1 and 2 mL/50 L in 
small or bigger tanks (Table 4.6b). In small tanks, the effective 
residual effect lasted for 21 days for 1 mL dose and 35 days for 2mL. 
In bigger tanks, the residual effect lasted for 28 days for both dosages. 
 
Similarly, there was ≥ 90% reduction of larvae and pupae of Culex 
spp. after treatment with 4 and 5 mL/m² dosages applied in  small (< 
5 m² area) and bigger drains or ditches (> 5 m²) until day 7 post-
treatment (Table 4.6c). In small drains or ditches treated with 5 mL/m², 
pupal reduction was > 80% on day 14 post-treatment. 
 
4.4 Conclusions and recommendations 
 
Bactivec SC manufactured by Labiofam, Cuba is an aqueous 
suspension concentrate formulation of bacterial larvicide, Bacillus 
thuringiensis israelensis serotype H-14, strain 266/2. The formulation 
contains a biopotency of ≥ 1200 International Toxic Units (ITU)/mg. 
According to the manufacturer’s claim, it can be applied for mosquito 
control to open bodies of water by aerial spraying, knapsack sprayer 
or hand compression sprayer, as well as by a drop dispenser into 
water containers.  
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Bactivec SC was evaluated in Phase II (small-scale) simulated field 
trials in Malaysia and Nigeria and in natural mosquito breeding sites 
in India to determine optimal dosage for the large-scale (Phase III) 
evaluation.   
 
In the Phase II trials in clean water in Nigeria, optimal dosages of 0.5 
and 1.0 mL/50 L were selected. At these dosages, > 80% of the 
larvae of An. gambiae introduced into the treated jars/tubs on day 14 
post treatment and further exposed during 7 days did not emerge into 
adults. This effect corresponds to an emergence inhibition rate (EI%) 
of > 80% of 14–21 days. In India too, these two dosages were 
selected for Phase III based on Phase II evaluation where density 
reduction was monitored in natural breeding sites; both dosages 
effectively reduced pupal densities of Aedes and Anopheles spp. 
by > 80% up to 10 days post treatment. In Malaysia, the dosages of 
1.0 and 2.0 mL/50 L were selected for further testing in Phase III as 
they gave > 80% EI of Aedes and Anopheles spp. up to 14–21 days 
and 28–35 days, respectively.   
 
In the Phase II trials in polluted water habitats, optimal dosages of 4 
and 5 mL/m² were selected in Malaysia as they showed residual 
efficacy of 14–21 and 21–28 days, respectively against Culex spp. In 
Nigeria, 3 and 4 mL/m² dosages were chosen for treatment of 
polluted water habitats due to their residual efficacy against Aedes 
(based on EI > 80%) of 7–14 days and 14–21 days, respectively).  In 
India, the dosages of 5 and 7 mL/m² were chosen with a residual 
efficacy of three days against Cx. quinquefasciatus. 
 
Results of large-scale Phase III trials are summarized in Table 4.7. 
For treatment of mosquito breeding sites with clean water, Bactivec 
SC showed reduction of larval and pupal density of > 80% for an 
average of 12 days (range 7 and 31 days) at the 0.5 mL/50 L dose; 
17 days (range 10 and 34 days) at 1 mL/50 L; and 26 days (range 21 
and 35 days) at mL/50 L dose. While residual activity showed dose 
dependency, there was no clear evidence that residual efficacy in 
clean water differed according to the type or size of habitat or by 
species (Table 4.7). The treatment of polluted waters with Bactivec 
SC did not show such dose-dependent residual activity, i.e. it was for 
an average of 11 days with 3 mL/m², 12 days with 4 mL/m², 8 days 
with 5 mL/m2, and 6 days with 7 mL/m2 Therefore, there was no . 
evidence that the highest dose tested would give improved residual 
activity in open bodies of water polluted with organic matter.   
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Considering the above, and noting the safety and efficacy of Bactivec 
SC, the meeting recommended: 
 

 the use of Bactivec SC ( with biopotency of ≥ 1200 
International Toxic Units (ITU)/mg) in open water containers 
such as water tanks, plastic drums and flower pots; and open 
bodies of clean water such as small natural pools and 
rainwater pools at 0.5–2 mL/50 L (or 0.01–0.04 mL/L) with an 
expected duration of efficacy of 7–35 days; and  

 
 the use of Bactivec SC in open bodies of water such as drains, 

ditches and pools at the dosage of 3–5 mL/m2 (30–50 L/ha) 
with an expected duration of efficacy of 4–19 days.  
 
 

Note: WHO recommendations on the use of pesticides in public 
health are valid ONLY if linked to WHO specifications for their 
quality control. 
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Table 4.1 Phase II simulated field trials in Nigeria: emergence inhibition (EI%) 
of Aedes, Anopheles and Culex spp. after treatment with different doses of 
Bactivec SC. Four replicates of 100 third-instar larvae per time series per 
dose and 1 replicate of 100 third-instar larvae for control were used. A cohort 
of 100 third-instar larvae was added per replicate every 7 days starting on 
day 0. Surviving larvae and pupae from the previous cohort, if any, were 
removed to check adult emergence. The observation period was 7 + 2 days 

 

  

  

0.25 mL/  
50L

0.5 mL/  
50L

1 mL/ 
50L

2 mL/
50L

0 100% 95% 100% 100% 100%
7 99% 93% 98% 100% 100%
14 99% 82% 87% 92% 94%
21 99% 56% 72% 75% 78%
28 99% 32% 54% 66% 70%
35 100% 39% 46% 55%
42 100% 18% 22%

Control  2 mL/m²  3 mL/m²  4 mL/m²  5 mL/m²
0 100% 98% 100% 100% 100%
7 99% 98% 100% 100% 100%
14 98% 66% 71% 77% 86%
21 99% 12% 27% 40% 47%
28 96% 14% 21% 35%
35 95% 14% 28%

Control  2 mL/m²  3 mL/m²  4 mL/m²  5 mL/m²
0 100% 98% 100% 100% 100%
7 99% 98% 100% 100% 100%
14 98% 63% 79% 80% 82%
21 100% 50% 55% 62% 80%
28 96% 15% 33% 45% 55%
35 98% 19% 38% 50%

An.gambiae 
s.s. in clean 
water

Culex in 
polluted water

Aedes in 
polluted water

Emergence Inhibition (IE%) Emergence 
in control 

(%) 

Day when 
new larval 
cohort was 
introduced

Mosquito
 species
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Table 4.2 Phase III field trial in Nigeria: average density per dip of L3+L4 and pupae before treatment, and density reduction (%) 
after treatment with Bactivec SC in clean water habitats (Anopheles spp.), open cemented water tanks (Aedes spp.), and 
trenches and gutters with polluted water (Culex spp.)  

 

 

L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae
Day 0: Density in control 8.6 2.5 8.6 2.5 10.8 2.7 10.8 2.7 7.0 1.8 7.0 1.8

Day 0: Density in treated 11.4 2.7 9.2 2.0 8.2 3.2 8.4 2.8 6.0 2.4 6.8 2.4

Days post-treatment

2 99 88 97 95 79 78 83 88 89 88 84 88

5 99 99 98 98 82 86 91 95 87 91 83 91

7 99 98 100 100 83 89 96 91 81 86 83 96

10 97 99 99 100 81 81 81 91 80 84 77 89

13 95 99 90 100 73 80 81 89 81 79 77 89

16 90 96 91 100 59 79 76 84 79 67 75 87

19 86 77 83 100 44 69 73 76 67 61 68 87

22 88 89 87 99 30 62 71 65 53 58 64 76

25 84 87 87 100 19 34 51 45 38 58 49 52

28 80 83 81 95

31 78 83 81 92

34 71 72 79 91

37 63 46 70 74

40 53 35 57 56

4 ml/m²

Density reduction %

An. gambiae s.l. Culex spp. Aedes  spp.
 0.5 mL/50L 1 mL /50L 3 mL/m²  4 mL/m²  3 mL/m²
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Table 4.3a Phase II small-scale field trial in India: average density per dip of L3+L4 and pupae before treatment, and density 
reduction (%) after treatment with Bactivec SC in clean water habitats of Aedes aegypti. Five replicates per dose and per 
container type and 6 replicates for cement tanks treated at 1 mL/50 L dose were used  

 

  

L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae

Day 0: Density in control 3.9 1.2 3.9 1.2 3.9 1.2 3.9 1.2 3.0 2.0 3.0 2.0 3.0 2.0 3.0 2.0

Day 0: Density in treated 3.0 2.6 3.8 2.2 4.2 1.9 5.0 1.2 1.6 2.4 3.2 2.2 2.5 2.0 6.2 1.0

Days post-treatment
1 90 91 90 84 98 100 100 96 100 100 100 97 90 86 100 100
3 95 97 100 87 100 100 100 100 100 100 100 100 81 90 100 100
7 100 99 100 99 100 100 97 100 100 100 100 100 50 83 100 100
10 -23 78 20 82 79 83 85 94 -214 11 26 81 64 90 100 100
14 -73 48 -11 43 -4 41 19 -17 -323 9 -77 -49 -77 -1 -8 -92
17 -67 54 -150 40 -116 26 13 -1 -75 -28 2 -17 10 9 73 -29

   Plastic containers   Cement tanks
0.25 mL/50L 0.5 mL/50L 1.0 mL/50L 2.0 mL/50L 0.25 mL/50L

Density reduction % Density reduction %

0.5 mL/50L 1.0 mL/50L 2.0 mL/50L

L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae

3.8 1.4 3.8 1.4 3.8 1.4 3.8 1.4

4.6 4.9 1.3 1.6 9.0 2.3 1.4 1.1

100 91 100 100 99 98 100 92
99 100 100 100 100 99 100 100
87 98 90 100 99 98 100 100
77 92 1 94 83 84 63 97
6 68 -118 38 77 70 47 13
16 39 -89 10 68 53 -238 52

 Flower pots
2.0 mL/50L

Density reduction %

0.25 mL/50L 0.5 mL/50L 1.0 mL/50L
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Table 4.3b Phase II small-scale field trial in India: average density per dip of L3+L4 and pupae before treatment, and density 
reduction (%) after treatment with Bactivec SC in clean water habitats of Anopheles stephensi (4* to 5 replicates per 
dosage/container type were included) 

  

L3-L4 Pupae L3-4 Pupae L3-L4 Pupae L3-L4 Pupae L3-4 Pupae L3-L4 Pupae L3-L4 Pupae L3-L4 Pupae
Day 0: Density in control 1.9 2.3 1.9 2.3 1.9 2.3 1.9 2.3 1.4 1.5 1.4 1.5 1.4 1.5 1.4 1.5
Day 0: Density treated 2.1 2.8 2.3 1.9 1.8 1.6 1.7 2.2 1.0 1.4 1.3 1.1 1.4 1.6 1.8 1.3

Days post-treatment

1 100 98 100 94 100 98 100 98 100 100 100 100 100 88 100 91
3 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
7 100 100 100 100 100 100 100 100 33 100 91 100 89 100 91 100
10 8 67 82 81 66 91 56 96 -85 63 63 96 20 97 -1 100
14 50 -45 47 -1 34 18 42 41 -5 18 38 15 -34 21 -34 38
17 6 -13 22 -109 5 -100 -16 -32 -291 -72 -69 -92 -27 -58 -59 -84

  Cement tanks  Flower pots
0.25 ml/50L* 0.5 ml/50L

Density reduction % Density reduction %

1.0 ml/50L 2.0 ml/50L* 0.25 ml/50L* 0.5 ml/50L 1.0 ml/50L 2.0 ml/50L*
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Table 4.3c Phase II small-scale field trial in India: average density per dip of L3+L4 and pupae before treatment, and density 
reduction (%) after treatment with Bactivec SC in clean and polluted water habitats of Culex quinquefasciatus (4* to 5 replicates 
per dosage/container type were used) 

   

L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae

Day 0: Density in control 1.8 2.8 1.8 2.8 1.8 2.8 1.8 2.8 21.8 4.6 21.8 4.6 21.8 4.6 21.8 4.6

Day 0: Density treated 3.4 1.7 2.9 2.8 2.1 2.5 4.3 2.4 11.4 4.3 31.2 4.2 26.6 4.8 23.1 5.0

Days post-treatment
1 100 68 100 93 100 87 100 97 90 71 95 88 95 97 98 86
3 95 84 99 87 85 65 84 85 17 52 44 43 96 89 98 92
7 59 -47 82 63 76 70 91 87 70 -22 43 -24 68 46 79 38
10 44 -150 36 4 2 -15 16 -38 -103 -57 -14 -16 -45 28 -77 37
14 26 55 29 24 11 18 19 -4 -306 -70 -149 -178 -242 -54 -385 -16

Cement tanks Polluted drains
0.25 mL/50L* 0.5 mL/50L* 1.0 mL/50L*

Density reduction % Density reduction %

2.0 mL/50L* 2 mL/m²* 3 mL/m² 5 mL/m² 7 mL/m²*
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Table 4.4a Phase III large-scale field trials in India: average density per dip of L3+L4 and pupae before treatment, and density 
reduction (%) after treatment with Bactivec SC in clean water habitats of Aedes aegypti (number of replicates: 23–41) 

  

L3-L4 Pupae L3-L4 Pupae L3-L4 Pupae L3-L4 Pupae L3-L4 Pupae L3-L4 Pupae

Day 0: Density in control 3.1 1.7 3.1 1.7 6.8 3.5 6.8 3.5 3.8 1.4 3.8 1.4

Day 0: Density treatment 3.5 1.7 8.2 1.9 6.1 2.7 5.4 4.0 2.5 1.7 5.6 2.4

Days post-treatment
1 99 97 100 98 99 87 100 88 99 89 100 93
3 98 99 98 100 100 99 100 100 98 99 100 98
7 88 98 99 100 87 100 100 100 -120 87 77 98
10 42 45 65 97 -24 93 -26 85 -38 27 43 81
14 -81 -50 29 -42 7 -16 -5 80 31 17 48 39
17 35 -110 72 -77 24 -37 -36 10 31 19 59 32

1.0 mL/50L (n=32)

Density reduction % Density reduction % Density reduction % 

Plastic containers Cement containers Flower pots
0.5 mL/50L (n=31) 1.0 mL/50L (n=41) 0.5 mL/50L (n=31) 1.0 mL/50L (n=31) 0.5 mL/50L (n=23)
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Table 4.4b Phase III large-scale field trials in India: average density per dip of L3+L4 and pupae before treatment, and density 
reduction (%) after treatment with Bactivec SC in clean water habitats of Anopheles stephensi (number of replicates: 27–30) 

 

 

  

L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae
Day 0: Density in control 1.7 1.1 1.7 1.1 2.1 1.1 2.1 1.1

Day 0: Density in treatment 1.5 1.2 1.6 1.2 2.1 1.8 1.9 1.7
Days post-treatment

1 100 63 99 86 99 81 100 89
3 100 99 99 100 96 98 99 99
7 96 100 100 100 95 100 92 100
10 68 100 76 100 88 98 83 97
14 -7 58 31 81 41 96 24 94
17 -1 -6 -3 1 -14 77 31 81
20 2 11 -5 -15 8 50 48 64

Density reduction % 

Flower pots Cement tanks
0.5 mL/50L (n=27) 1.0 mL/50L (n=30) 0.5 mL/50L (n=27) 1.0 mL/50L (30)

Density reduction % 
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Table 4.4c Phase III large-scale field trials in India: average density per dip of L3+L4 and pupae before treatment, and density 
reduction (%) after treatment with Bactivec SC in clean and polluted water habitats of Culex quinquefasciatus (number of 
replicates: 7–26) 

  

L3-L4 Pupae L3-L4 Pupae L3-L4 Pupae L3-L4 Pupae L3-L4 Pupae L3-L4 Pupae L3-L4 Pupae L3-L4 Pupae
Day 0: Density in Control 4.4 2.5 4.4 2.5 5.8 3.7 5.8 3.7 3.8 3.5 3.8 3.5 3.7 4.0 3.7 4.0
Day 0: Density Treated 2.7 2.4 2.4 2.6 8.0 4.1 4.8 3.9 3.4 2.4 4.0 3.1 2.9 2.3 4.2 4.2

Days post treatment
1 97 94 98 95 93 67 93 59 99 63 98 83 100 88 100 87
3 99 100 98 100 77 86 80 85 84 92 99 100 89 94 83 98
7 58 92 69 94 38 12 21 35 49 81 83 98 6 80 39 81
10 -40 42 12 81 14 4 -22 0 -2 -49 37 44 -65 -98 16 11
14 -78 -9 -36 5 - - - - -3 -54 20 -30 -26 -113 1 -13

Density reduction % Density reduction % Density reduction % Density reduction % 

Clean water pools
0.5 mL/50L (n=26) 1.0 mL/50L (n=26) 5 mL/m²  (n=19) 7 mL/m²  (n=20) 5 mL/m²  (n=9) 7 mL/m²  (n=7) 5 mL/m²  (n=7) 7 mL/m²  (n=9) 

Cement tanks with clean water Polluted water drains Polluted water pools
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Table 4.5 Phase II simulated field trial in Malaysia: emergence inhibition 
(EI%) after treatment with different doses of Bactivec SC – 4 replicates of 50 
third-instar larvae per time series per dose were used; after removing any 
surviving immatures from the previous batch, every seventh day a new batch 
of 50 third instar larvae was added per replicate. The observation period was 
7 + 2 days 

 

  

0.25 mL  
/50L

0.5 mL  
/50L

1 mL
/50L

2 mL
/50L

0 85 96 100 100
7 27 69 96 100

14 2 51 91 99
21 0 31 72 96
28 20 52 81
35 8 28 63
42 0 6 45
49 0 23
56 7
63 0
0 84 98 100 100
7 21 73 96 100

14 6 51 88 100
21 0 32 70 100
28 17 51 86
35 2 28 65
42 0 19 41
49 3 11
56 0 4
63 0

 2 mL/m²  3 mL/m²  4 mL/m²  5 mL/m²
0 89 95 99 100
7 52 83 96 99

14 35 67 89 98
21 11 55 78 91
28 2 24 47 70
35 0 6 23 58
42 0 8 29
49 0 12
56 0

* 100% emergence was observed in controls

Emergence Inhibition (EI%)*

An. sinensis 
in clean water

Aedes aegypti 
in clean water

Culex in 
polluted water

Day of release of larval 
cohort post-treatment

Larvae 
species
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Table 4.6a Phase III large-scale field trials in Malaysia: average density per dip of L3+L4 and pupae before treatment, and 
density reduction (%) after treatment of container habitats with Anopheles spp. with Bactivec SC (number of replicates: 50) 

L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae
Day 0: Density in control 2.0 2.3 2.0 2.3 2.6 2.5 2.6 2.5
Day 0: Density in treated 1.6 2.0 1.4 1.5 2.5 2.3 2.1 2.2

Days post-treatment
2 94 92 94 82 84 90 91 93
3 100 100 100 100 100 100 100 100
7 100 100 100 100 100 100 100 100
14 100 100 100 100 98 100 100 100
21 93 96 100 100 80 75 98 96
28 46 49 60 54 25 37 62 67
35 18 13 22 23 14 10 37 37

Density reduction %

Containers with clean water  (> 100 L)Containers with clean water (up to 100 L)
 1.0 mL/50L 2.0 mL /50L  1.0 mL/50L 2.0 mL /50L
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Table 4.6b Phase III large-scale field trials in Malaysia: average density per dip of L3+L4 and pupae before treatment, and 
density reduction (%) after treatment with Bactivec SC of open water tanks, habitats of Aedes spp.   (number of replicates per 
treatment: 50) 

 

 

 

L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae
Day 0: Density in control 8.3 7.3 8.3 7.3 8.4 7.2 8.4 7.2
Day 0: Density in treatment 7.2 7.0 7.7 6.6 7.3 6.7 7.6 8.0

Days post-treatment
2 90 91 97 95 90 91 97 95
3 100 100 100 100 100 100 100 100
7 100 100 100 100 100 100 100 100
14 100 100 100 100 100 100 100 100
21 93 96 100 100 95 94 100 99
28 72 72 96 98 86 86 95 96
35 53 52 87 81 53 58 77 77
42 31 35 59 53 39 35 56 58
49 11 11 28 30 8 7 29 27

Density reduction %

Open water tanks (upto 100 L) Open water tanks (> 100 L )
 1.0 mL/50L 2.0 mL/50L  1.0 mL/50L 2.0 mL/50L
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Table 4.6c Phase II large-scale field trials in Malaysia: average density per dip of L3+L4 and pupae before treatment, and 
density reduction (%) after treatment with Bactivec SC of drains and ditches, and habitats of Culex spp. (number of replicates 
per treatment: 50) 

  

L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae
Day 0: Density in control 9.3 7.4 9.3 7.4 8.6 8.3 8.6 8.3
Day 0: Density in treated 7.2 9.4 6.2 5.9 8.3 8.9 8.8 8.1

Days post-treatment
2 90 95 97 93 95 92 97 94
3 100 100 100 99 100 100 100 100
7 100 100 100 100 100 100 100 100
14 68 79 71 86 52 54 72 69
21 45 45 70 69 21 25 44 46
28 24 22 41 39 8 12 24 21

Density reduction %

 Drains and ditches (< 5 m²) Drains and ditches  (> 5 m²)
 4 mL/m²  5 mL/m²  4 mL/m²  5 mL/m²



 

85 
 

Table 4.7 Summary of Phase III (large-scale) field trials in India, Malaysia and Nigeria: efficacy and residual activity (in days) of 
Bactivec SC (> 80% reduction in mean larval and pupal densities) 

  

L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae
Penang Island, Malaysia Containers (up to 100L) Anopheles spp. 21 21 21 21
Penang Island, Malaysia Containers (> 100L) Anopheles spp. 21 14 21 21
Remo district, Nigeria Open stagnant pool Anopheles spp. 28 31 31 34
Bengaluru, India Flower pots Anopheles spp. 7 10 7 14
Bengaluru, India Cement tanks Anopheles spp. 10 14 10 17
Penang Island, Malaysia Open tanks (upto 100 L) Aedes spp. 21 21 35 35
Penang Island, Malaysia Open tanks (> 100 L) Aedes spp. 28 28 28 28
Bengaluru, India Plastic containers/drums Aedes spp. 7 7 7 10
Bengaluru, India Cement tanks Aedes spp. 7 10 7 14
Bengaluru, India Flower pots Aedes spp. 4 7 4 10
Bengaluru, India Cement tanks Culex  spp. 4 7 4 10

L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae L3+L4 Pupae
Remo district, Nigeria Open cemented tanks Aedes spp. 13 10 7 19
Remo district, Nigeria Trenches & gutters Culex spp. 10 13 13 16
Penang Island, Malaysia Drains/ditches < 5m² Culex spp. 7 7 7 14
Penang Island, Malaysia Drains/ditches > 5m² Culex spp. 7 7 7 7
Bengaluru, India Drains Culex spp. 1 4 4 4
Bengaluru, India Pools with polluted water Culex spp. 4 7 7 7
Bengaluru, India Pools with clean water Culex spp. 4 7 4 7

0.5 mL/50L 1.0 mL/50L 2.0 mL/50LClean water 
habitats

SpeciesCountry/place

 5.0 mL/m²  7.0 mL/m²Place Polluted/clean water 
habitats

Species 3.0 mL/m² 4.0 mL/m²
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5. GENERAL DISCUSSION 
 
With increased efforts directed towards development of vector control 
products that mitigate insecticide resistance, and continued demand 
for testing and evaluation of insecticidal products for vector control 
(e.g. long-lasting insecticidal nets, indoor residual spraying, 
larviciding), defining and monitoring insecticide resistance of 
laboratory strains and field populations at trial sites is required so that 
the overall performance of these products can be evaluated 
appropriately.  
 
In order to meet these requirements, appropriate and adequate 
insecticide resistance test assays and endpoints must be decided.  
Modifications to current WHOPES guidelines may be needed.  
Currently, it is recommended that strength (resistance ratio) and 
frequency (based on survival to the diagnostic dose) of insecticide 
resistance in test populations be defined. When appropriate, 
insecticide efficacy with and without synergists (assays to be defined) 
should be measured to assess metabolic-based resistance. Phase II 
experimental hut studies for the testing and evaluation of insecticides 
with synergists should include a matched control without synergist 
when possible and be conducted in multiple sites that reflect different 
insecticide resistance mechanisms and vector behaviours. Efficacy 
using cone bioassays against F1 wild populations from Phase II test 
sites should be included in datasets submitted to WHOPES to allow 
more effective interpretation of data.  
 
WHOPES is continuing to explore the use of semi-field systems for 
product evaluation. Calibration of entomological end-points measured 
using experimental huts in closed semi-field systems compared with 
open field conditions is required before semi-field systems may be 
considered as an assay for product evaluation by WHOPES.  
 
There is a continued need to harmonize study methodology and data 
presentation across sites. WHOPES in collaboration with partners is 
preparing standard operating procedures to serve as normative 
guidance on procedures frequently used and to assure data quality. 
WHOPES guidelines for laboratory and field testing of mosquito 
larvicides should be updated to reflect these requirements. 
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