
CV_Whopes3.indd   1CV_Whopes3.indd   1 23/07/09   17:0023/07/09   17:00



 

 

WHO/HTM/NTD/WHOPES/2009.3 

 
 
 
 

GUIDELINES FOR EFFICACY 
TESTING OF HOUSEHOLD 
INSECTICIDE PRODUCTS 

 
MOSQUITO COILS, VAPORIZER MATS, 

LIQUID VAPORIZERS, AMBIENT 
EMANATORS AND AEROSOLS 

 
 

 

 
 
 
 

 
 

CONTROL OF NEGLECTED TROPICAL DISEASES 
WHO PESTICIDE EVALUATION SCHEME 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
© World Health Organization 2009 
 
All rights reserved. 
 
The designations employed and the presentation of the material in this 
publication do not imply the expression of any opinion whatsoever on 
the part of the World Health Organization concerning the legal status 
of any country, territory, city or area or of its authorities, or concerning 
the delimitation of its frontiers or boundaries. Dotted lines on maps 
represent approximate border lines for which there may not yet be full 
agreement. 
 
The mention of specific companies or of certain manufacturers’ 
products does not imply that they are endorsed or recommended by 
the World Health Organization in preference to others of a similar 
nature that are not mentioned. Errors and omissions excepted, the 
names of proprietary products are distinguished by initial capital 
letters. 
 
All reasonable precautions have been taken by the World Health 
Organization to verify the information contained in this publication. 
However, the published material is being distributed without warranty 
of any kind, either express or implied. The responsibility for the 
interpretation and use of the material lies with the reader. In no event 
shall the World Health Organization be liable for damages arising from 
its use. 



 

i 

 
 
CONTENTS 
 
 

Page  
 
 
ACKNOWLEDGEMENTS       III 
 
1.  INTRODUCTION         1 
 
2.  LABORATORY STUDIES        2 
 

2.1  Intrinsic insecticidal activity      4 
2.2  Vapour activity        6 
2.3 Insecticidal activity of active  

ingredient(s) used as aerosols      6 
2.4  Cross-resistance to other active 

ingredient(s)         8 
2.5 Biological efficacy of formulated  

Products         9 
 

2.5.1 Mosquito coils, vaporizing mats,  
ambient emanators and liquid  
vaporizers        9 

 2.5.2 Aerosols       11 
 
3.  FIELD TRIALS        12 
 

3.1  Mosquito coils, vaporizing mats,  
ambient emanators and liquid  
vaporizers         13 

3.2  Aerosols        15 
 
4. REFERENCES        16 
 
ANNEX 1. GUIDELINES FOR DEVELOPMENT OF 

INFORMED CONSENT FORM     17 
 
ANNEX 2. EXAMPLE PRINTOUT OF  

A COMPUTERIZED PROBIT ANALYSIS    22 
 



 

ii 

ANNEX 3.  PEET-GRADY CHAMBER  
SPECIFICATIONS       23 

 
ANNEX 4. WIND TUNNEL SPECIFICATIONS     25 
 
ANNEX 5.  WHO TUBES AND PROCEDURES  

FOR TESTING THE SUSCEPTIBILITY  
OF ADULT MOSQUITOES TO  
INSECTICIDES       30 

 
ANNEX 6.  MONITORING THE SUSCEPTIBILITY  

STATUS OF TARGET SPECIES 
TO INSECTICIDES       32 



 

iii 

ACKNOWLEDGEMENTS 
 

The first draft of these guidelines was prepared by a drafting 
committee appointed by the World Health Organization (WHO) 
and composed of Dr Gary Clark, Mosquito and Fly Research 
Unit, United States Department of Agriculture, Gainesville, FL, 
USA; Dr Zairi Jaal, Universiti Sains Malaysia, Penang, Malaysia; 
Dr Lee Han Lim, Institute for Medical Research, Kuala Lumpur, 
Malaysia; Dr Michael Nathan, World Health Organization 
(WHO), Geneva, Switzerland; and Dr Morteza Zaim, WHO 
Pesticide Evaluation Scheme (WHOPES), Geneva, Switzerland. 
None of the experts declared an interest in the subject matter of 
these guidelines. 
 
The first draft of the guidelines was subsequently peer reviewed 
by individuals and institutions known for their expertise in the 
subject.  
 
The above-mentioned drafting committee considered all 
comments received and prepared a second draft. This revised 
draft was reviewed and discussed at the WHOPES consultation 
held at WHO headquarters in Geneva, Switzerland on 23–27 
February 2009. Industry was invited to attend the first one-and-
a-half-days of the meeting for the purpose of information 
exchange and views, after which the second draft and 
comments were further reviewed by a group of WHO appointed 
experts, who finalized the guidelines by consensus. The WHO 
appointed experts were Dr Jane Bonds, Florida A&M University, 
Panama City, FL, USA; Dr Don Barnard, Mosquito and Fly 
Research Unit, United States Department of Agriculture, 
Gainesville, FL, USA; Dr Ulrich Bernier, Mosquito and Fly 
Research Unit, United States Department of Agriculture, 
Gainesville, FL, USA; Dr Gary Clark, Mosquito and Fly 
Research Unit, United States Department of Agriculture, 
Gainesville, FL, USA; Dr Vincent Corbel, Centre de Recherches 
Entomologiques de Cotonou, Benin; Dr David Dame, 
Gainesville, FL, USA; Dr Nigel Hill, London School of Hygiene 
and Tropical Medicine, London, UK; Dr Zairi Jaal, Universiti 
Sains Malaysia, Penang, Malaysia; Mr Christophe Lagneau, 
EID Méditerranée, Montpellier, France; Mr Mark Latham, 
Manatee County Mosquito Control; Palmetto, FL, USA; Dr Lee 
Han Lim, Institute for Medical Research, Kuala Lumpur, 
Malaysia; Professor Dr Graham Matthews, Imperial College, 
Ascot, UK; Dr Peter Miller, University of Technology, New 



 

iv 

South Wales, Australia; Professor Dr A. Jennifer Mordue Luntz, 
University of Aberdeen, UK; Dr Michael Nathan, Farges, France; 
and Dr Kevin Sweeney, United States Environmental Protection 
Agency, Washington, DC, USA.  
 
From the total of 15 experts who participated in this 
Consultation, two experts declared an interest: (i) Dr Nigel Hill: 
his research group at the London School of Hygiene and 
Tropical Medicine conducts screening of developmental public 
health pesticides for a large number of companies; (ii) 
Professor Dr A. Jennifer Mordue Luntz: she is the co-inventor of 
a novel, patented insect repellent owned by her employer, the 
University of Aberdeen, together with an external partner. 
 
The WHO Department of Control of Neglected Tropical 
Diseases acknowledges all the individuals and institutions listed 
above for their important contributions to this work. It also 
expresses its sincere thanks to Dr Gary G. Clark (Research 
Leader, Mosquito and Fly Research Unit, United States 
Department of Agriculture, Center for Medical, Agricultural, and 
Veterinary Entomology, Gainesville, FL, USA) for his valuable 
support and technical advice. The financial support provided by 
the Bill & Melinda Gates Foundation is also gratefully 
acknowledged.  
 
The Department welcomes feedback on the guidelines and 
suggestions for improvement from national programmes, 
research institutions and industry. 
 
 



 

1 

1. INTRODUCTION 
 
The purpose of these guidelines is to provide specific and 
standardized procedures and criteria for efficacy testing and 
evaluation of specific household insecticide products intended 
for indoor use against mosquitoes, namely, mosquito coils, 
vaporizer mats, liquid vaporizers, ambient emanators and 
aerosols. Their aim is to harmonize the testing procedures 
carried out in different laboratories and institutions in order to 
generate comparable data for registering and labelling such 
products by national regulatory authorities. However, the 
requirements for registration of pesticides are determined by 
the national regulatory authorities.  
 
These guidelines are an expanded and updated version of 
those recommended by the WHO Pesticide Evaluation Scheme 
(WHOPES) Informal Consultation on the evaluation and testing 
of insecticides held at the headquarters of the World Health 
Organization (WHO) in Geneva, Switzerland on 7–11 October 
1996 (1). They were reviewed and recommended by the WHO 
Consultation on testing and evaluation of public health 
pesticides held at WHO headquarters on 23–27 February 2009. 
 
The document provides guidance and stepwise procedures on 
conducting laboratory studies, field testing and evaluation of 
household insecticide products intended for personal protection 
against mosquitoes. With some modifications, the guidelines 
can be used to determine the efficacy and personal protection 
of candidate products against other flying nuisance pests.  
 
Although the studies may provide some information on safety 
and toxicity, it is presumed that preliminary human safety 
assessments have been undertaken before any field trial is 
carried out: detailed treatment and analysis of any such 
additional data are beyond the scope of this document. 
However, any perceived side-effects and undesirable 
characteristics observed during application and use in 
laboratory studies and field trials should be reported. 
 
Noting that household insecticide products are generally sold in 
ready-to-use formulations for use in and around dwellings, it is 
imperative that the safety of the product as a whole be taken 
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into consideration. This includes child-proof packaging and 
other relevant safety measures. These products are intended 
for indoor use, and inhalation exposure is therefore a particular 
concern for users.  
 
Products submitted for laboratory studies and/or field trials 
should be accompanied by the Material Safety Data Sheet, the 
labelling recommendations and the manufacturer’s certification 
that the product is within the company’s manufacturing 
specifications for that product. Independent physical and 
chemical assessment may be required before initiating the 
efficacy studies. 
 
Biological tests are subject to variations that accompany living 
organisms. Studies should therefore be conducted under the 
close supervision of personnel familiar with biological testing of 
insecticides and with sound scientific and experimental 
procedures; the principles of good laboratory practice or other 
suitable quality assurance schemes such as the International 
Organization for Standardization should be applied. 
 
Trials on insecticides should be in accordance with applicable 
national ethical regulations. WHO guidelines for development of 
an informed consent form are provided in Annex 1.  
 
 
 
2. LABORATORY STUDIES 
 
The objectives of laboratory studies are to determine the 
intrinsic activity of the insecticide, its biological efficacy through 
airborne action or exposure to insecticide spray, as well as the 
determination of the biological efficacy of the formulated 
product against well characterized mosquito species. 
 
The specific objectives of the laboratory studies include the 
following: 
 

  to establish dose–response line and determine the lethal 
dosage (LD) of the insecticide for 50% (LD50) and 90% 
(LD90) mortality that allow assessment of the intrinsic 
activity of the active ingredient(s) against susceptible 
adult mosquitoes; 
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  to assess the vapour activity of the active ingredient(s) 

used in household insecticide vaporizing products;  
 
  to assess the lethal concentrations of the active 

ingredient(s) used in aerosols as determined by contact 
with insecticide spray; 

 
  to assess cross-resistance of the active ingredient(s) 

with commonly used insecticides; 
 
  to determine the biological efficacy of the formulated 

household insecticide product. 
 
Tests should be conducted with at least Aedes aegypti and 
Culex quinquefasciatus. Test species should be reported.  
 
Standardized mosquito rearing and testing conditions are 
essential to ensure the reliability and reproducibility of data; this 
is generally 27 + 2  C temperature, relative humidity (RH) 80 + 
10%, and photoperiod 12:12 hours (light:dark). Temperate 
species may have a different requirement. Adults are 
maintained on sugar solution (typically 10% on cotton wool), 
and are non-blood fed.  
 
Inclusion of an appropriate well characterized active ingredient 
as a reference product or a positive control (i.e. insecticide with 
historical data or in common use) is highly recommended.   
 
Test chambers and other instruments should be properly 
cleaned after completion of each test. Wash the test chamber 
and its internal walls thoroughly with detergent solution and 
water. If carried out properly, this should remove most toxic 
residues (special cleaning may be required to remove insoluble 
toxic residues). Test chambers must be checked for insecticidal 
contamination before the start of each test. The chamber shall 
be declared contaminated or unsatisfactory for use when the 
test mosquitoes held in the chamber under the same condition 
as the test insects (i.e. free flying or caged) for 1 hour show 
knock-down1 in excess of 10%.  
                                                           
1  The paralysis of insects by an insecticide that is described as 
causing them to fall down and remain in a state such as to be 
incapable of coordinated movement. 
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2.1 Intrinsic insecticidal activity  
 
The objective of this test is to determine the intrinsic activity of 
an insecticide to a target species. This is done by the topical 
application of an active ingredient to isolate toxicity from 
confounding effects resulting from insect behaviour. 
 
Topical solutions are prepared by dissolving technical grade 
insecticide in acetone, a highly volatile organic solvent, which 
has the advantage of remaining on the insect cuticle for only a 
short period of time. The doses used in topical application are 
typically expressed in nanograms of active ingredient per mg of 
body weight of live mosquito. Usually, 50 non-blood-fed 
susceptible female mosquitoes of the target species are 
weighed initially to determine the average live-weight.  
 
A constant volume of 0.1 µl should be delivered to the pronotum 
using an appropriate hand-held or automatic pipetting device 
(Figure 2.1). Larger volumes may cause increased mortality 
due to solvent toxicity.  
 
A total of 50 susceptible, non-blood-fed, 2–5 day-old female 
mosquitoes are used at each concentration, with at least five 
concentrations covering a range of mortality from 10% to 90%. 
A few mosquitoes at a time are lightly anaesthetized with CO2 
for 15–30 seconds, and then placed on a plate cooled to 4 °C to 
maintain anaesthesia during the manipulations. A volume of 
0.1 µl of insecticide solution of the calculated concentration is 
deposited on the pronotum as described above. Two batches of 
25 females are used for each concentration of insecticide. Two 
batches of 25 females treated with 0.1 µl of pure acetone serve 
as controls. After dosing, the females are transferred into clean 
holding cups and provided with 10% sugar solution on cotton 
wool and held for 24 hours at 27 + 2  C temperature and 
80 + 10% RH. Mortality is recorded 24 hours after the topical 
applications. Three replicates from separately reared batches 
are tested and the results pooled for statistical analysis. A 
minimum of 900 mosquitoes are required for this study. Fresh 
insecticide dilutions should be prepared for each new test 
replicate. 
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Figure 2.1. Topical application of insecticide to the pronotum of 
an anaesthetized mosquito (courtesy of N. Rahola, Institut de 
Recherche pour le Développement, Research Unit 016, 
Montpellier, France) 
 
 
The relationship between dose and mortality is analysed using 
log-dose probit regression (2,3). Dosages giving responses 
between 10% and 90% are used for this analysis, preferably 2-
3 dosages below 50% and 2–3 above 50%. Commercial 
software is now available to compute estimates of the LD50 and 
other LD values and their 95% confidence limits (Annex 2). If 
mortality exceeds 20% in the control batch, the replicate is 
rejected. If mortality in the controls is between 5% and 20%, 
results with the treated samples are corrected using Abbott’s 
formula: 

 
      X – Y 

    Mortality (%) = --------------- x 100 
          100 – Y 
 
Where X = percentage mortality in the treated sample and Y = 
percentage mortality in the control. 
 
A log–probit analysis should be performed for candidate and 
control insecticides and their slopes compared using a 
chi−squared parallelism test. Results of two series of assays 
are considered as not significantly different if the slopes of their 
log−probit lines are the same (i.e. null hypothesis of the 
parallelism test is not rejected) and the confidence intervals of 
their LC50 or LD50 overlap. 
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2.2 Vapour activity 
 
Twenty milligrams of the technical grade of insecticide is 
dissolved in 4 ml acetone and evenly applied to 200 cm2 
Whatman No. 1 or equivalent filter-paper using a pipette. The 
filter-paper is hung in the centre of a Peet-Grady chamber (see 
Annex 3 for specifications), 50 cm from the ceiling. The air in 
the chamber is circulated with a fan (30 cm diameter blade, 
wind speed 4.5–5.0 m per second, with a flat dish of 30 cm 
diameter attached to the top of the fan rail guard to prevent 
direct air flow to the paper). The fan is placed on the floor in the 
centre of the chamber, facing upwards. Four nylon or polyester 
mesh netting (0.5 mm hole opening) cages (20 x 20 x 20 cm), 
each containing 25 sugar-fed 2–5 day-old female mosquitoes, 
are hung in four corners of the chamber, at 80 cm from the 
ceiling and 10 cm from the side walls, to allow positioning in 
front of the observation windows. The number of knocked-down 
mosquitoes is counted at regular intervals, e.g. every 10 
minutes, for 60 minutes. The chamber is quickly ventilated after 
60 minutes. The mosquitoes are then transferred into clean 
cups and provided with 10% sugar solution on cotton wool and 
held for 24 hours at 27 ± 2 °C temperature and 80 ± 10% RH. 
Mortality is recorded 24 hours post-exposure. A minimum of 
three replicates from separately reared batches are tested and 
the results pooled. Standardization of testing conditions, 
especially temperature for this test, is of prime importance. 
 
Before the testing of the technical material, control cages are 
placed in the chamber for 60 minutes, after which mosquitoes 
are transferred to holding cups and provided with 10% sugar 
solution on cotton wool and held for 24 hours at 27 ± 2 °C 
temperature and 80 ± 10% RH for mortality observations.  
 
The average (+ SD) of the 24-hour mortality, pooled from the 
replicates, is reported. The 50% and 95% knock-down times 
(KT50 and KT95) from the pooled data, and the 95% confidence 
limits, are generated using probit analysis.  
 
 
2.3 Insecticidal activity of active ingredient(s) used as 

aerosols  
 
A total of 50 susceptible, non-blood-fed, 2–5 day-old female 
mosquitoes are used at each concentration, with at least five 
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concentrations covering a range of mortality from 10% to 90%. 
This will require a minimum of 900 mosquitoes. In each 
application, duplicate cages of 25 non-blood-fed female 
mosquitoes are exposed to one of the test concentrations of the 
atomized insecticide in a wind tunnel (see Annex 4 for 
equipment specifications, maintenance and procedural details). 
The apparatus consists of a cylindrical tube (15.2 cm in internal 
diameter) through which a column of air moves at 1.8 metre per 
second (m/s). The mosquitoes are confined in a rimless 
cylindrical screen cage (mesh openings 1.22 x 1.60 mm and 
0.28 mm diameter wire) made to the exact interior 
measurements of the wind tunnel (See Annex 4). The cage is 
inserted into an opening 91.4 cm from the wind tunnel entrance; 
a flexible clear plastic sheet is used to close the opening. The 
technical insecticide in an acetone solution (0.5 ml total volume) 
is atomized through a nozzle (time taken, approximately three 
seconds) to produce droplets with a Dv0.5 (the Dv0.5 represents 
the point at which half the volume of droplets is smaller; it was 
formerly designated as the volume median diameter (VMD) of 
15 ± 2 µm at the position of the cage). Mosquitoes are left in the 
wind tunnel for a further five seconds. After each test, the 
mosquitoes are lightly (15–30 seconds) anaesthetized with CO2 
and transferred immediately into clean holding cups provided 
with 10% sugar solution on cotton wool and held for 24 hours at 
27 + 2 C temperature and 80 + 10% RH. Mortality is recorded 
after 24 hours.  
 
Control tests with acetone alone as the diluent are conducted 
with each insecticide test, always at the beginning of the test. 
Tests should begin with the lowest dose and then proceed in 
turn with increasing concentrations. The wind tunnel is cleaned 
with a 0.5 ml spray of acetone between each series of 
concentrations. 
 
Three replicates from separately reared batches are tested and 
the results pooled where appropriate (to a total of three 
duplicated applications per concentration) for statistical analysis. 
The relationship between concentration and mortality is 
analysed using log-dose probit regression, as discussed above, 
and the LC50 and LC90 values are reported. Ideally, five 
concentrations giving responses between 10% and 90% are 
needed for this analysis, 2–3 below 50% and 2–3 above 50%. If 
mortality exceeds 20% in the control batch, the test is rejected. 
If mortality in the controls is between 5% and 20%, the results 
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with the treated samples are corrected using Abbott’s formula 
(see section 2.1). 
 
 
2.4 Cross-resistance to other active ingredients 
 
Cross-resistance 2  of an active ingredient against known 
resistance mechanisms should be tested against well-
characterized susceptible and resistant strains. The resistant 
strains should preferably be homozygous for the selected 
resistance mechanism. If homozygosity cannot be achieved, 
periodic selection is usually necessary to prevent natural 
selection for susceptibility alleles from causing decline of 
resistance. Reference strains should be monitored at least 
twice a year by bioassays or biochemical and/or molecular 
assays so that any reversion in resistance can be detected, 
assessed and corrected by selection. 
 
Comparison of the values obtained with a susceptible mosquito 
strain with those from distinct resistant strains (particularly the 
LD50) gives a good estimation of the existence and level of 
cross-resistance of the new candidate insecticide (resistance 
ratio RR50 and RR95). Cross-resistance is indicated if the LD50 or 
LD95 of a strain carrying a particular resistance mechanism is 
significantly greater than that of the corresponding susceptible 
strain. 
 
 
                                                           
2 Normally required for novel active ingredient(s).  
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2.5 Biological efficacy of formulated products 
 
2.5.1 Mosquito coils, vaporizing mats, ambient emanators 

and liquid vaporizers 
 
The efficacy assessment of the above-mentioned household 
insecticide products is conducted in a Peet-Grady chamber 
(see Annex 3 for specifications) with caged mosquitoes 
following the instructions detailed below. 
 
Four nylon or polyester mesh netting (0.5 mm hole opening) 
cages (20 x 20 x 20 cm), each containing 25 sugar-fed 2–5 day-
old female mosquitoes, are hung in four corners of a Peet-
Grady chamber at 80 cm from the ceiling and 10 cm from the 
side walls, to allow positioning in front of the observation 
windows. The air in the chamber is circulated with a 30-cm 
diameter fan (wind speed 4.5 m/s to 5.0 m/s), with a flat dish of 
30 cm diameter attached on top of the fan rail guard. The fan is 
placed on the floor in the centre of the chamber, facing upwards. 
The test product is placed in the middle of the flat dish. 
 
The number of knocked-down mosquitoes is counted at regular 
intervals for 60 minutes (e.g. every minute for 10 minutes and 
subsequently at 10-minute intervals for a total of 60 minutes). 
The chamber is quickly ventilated after 60 minutes and knock-
down observations are completed, after which the cages are 
removed. The mosquitoes are transferred into clean holding 
cups and provided with 10% sugar solution on cotton wool and 
held for 24 hours at 27 ± 2 °C temperature and 80% ± 10% RH. 
Mortality is recorded 24 hours post-exposure.  
 
The efficacy of a product is assessed using a minimum of three 
replicates, tested on different batches of mosquitoes, and the 
results pooled.  
 
Before testing each product, control cages are placed in the 
chamber for 60 minutes, after which mosquitoes are transferred 
to holding cups and provided with 10% sugar solution on cotton 
wool and held for 24 hours at 27 ± 2 °C temperature and 80% ± 
10% RH for mortality observations.  
 
If mortality exceeds 20% in the control batch, the results of the 
entire test should be rejected. If mortality in the controls is 
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between 5% and 20%, the results with the treated samples 
should be corrected using Abbott’s formula (see section 2.1). 
 
Comparison with a standard product or suitable positive control 
is highly desirable. An appropriate statistical analysis (e.g. 
probit analysis) at a significance level of p=0.05 should be used 
for comparison. The result should be expressed as KT50 and 
KT95 from the pooled data and/or 24-hour mortality based on 60 
minutes exposure for mosquito coils. For vaporizing mats, 
ambient emanators and liquid vaporizers, repeated 
observations should be made at the beginning, middle and end 
of their claimed operating times, as specified above.  
 
Mosquito coils 
A single coil is fitted to its metal holder. The coil is lit and the 
flame extinguished once the tip is able to smoulder. After 5 
minutes, it is then placed in the chamber on the flat dish for a 
60-minute observation period.  
 
Vaporizing mats 
A mat is inserted into the vaporizing device, as specified on the 
manufacturer's labelling instructions, and heated away from the 
test chamber for two hours. The vaporizer with its mat is then 
introduced into the chamber and placed on the fan, as 
described above, for a 60-minute observation period. To assess 
the effective duration of efficacy based on label claims, the 
same biological testing procedure can be performed at 
additional time intervals (e.g. every 2 hours). Between tests, the 
equipment is continuously operated outside the test chamber.  
 
Ambient emanators 
Following the manufacturer's labelling instructions, the 
emanator is prepared for use and suspended from the ceiling in 
the centre of the test chamber, with the top of the emanator 50-
cm from the ceiling. Between tests, the emanator should remain 
open outside the test chamber in a moving air flow (0.05–0.2 
m/s). Noting that these products are claimed to be effective for 
a number of days, based on a stated number of hours of 
operation per day, the effective duration of efficacy can be 
assessed at additional time intervals following the same 
biological testing procedure (e.g. at initial operation, and at 50% 
and 100% of the operating days claimed on the product's label).  
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Liquid vaporizers3 
The liquid vaporizer is introduced into the Peet-Grady chamber 
on the flat dish. The device should be allowed to operate 
continuously throughout a 60-minute observation period. 
Between tests, the equipment is operated outside the test 
chamber. To avoid any interference with the test studies, the 
heating of the device before and between two consecutive tests 
is done away from the test chamber. 
 
The biological efficacy of liquid vaporizers should be assessed 
at several time intervals (i.e. at initial operation, and at 50% and 
100% of its label claim operating days). Initial testing (Time zero) 
follows the pre-heating of the liquid vaporizer in its specific 
device outside the test chambers based on the product label 
instructions.  
  
 
2.5.2 Aerosols4 
 
The efficacy assessment of aerosol products is conducted in a 
Peet-Grady chamber (see Annex 3 for specifications) using 
free-flying mosquitoes following the instructions detailed below. 
 
The floor of the chamber is previously covered by absorbent 
white paper, taped down and divided into four quadrants for 
ease of observation and recording of knocked-down 
mosquitoes. A total of 50 sugar-fed 2–5 day-old female 
mosquitoes are released into a Peet-Grady chamber. 
Immediately before the test, an automatic dispenser is shaken 
and aerosol sprayed away from the chamber, preferably into a 
fume hood, for 3–5 seconds. Thereafter, 0.65 ± 0.10 g of the 
formulated product is sprayed, in a single application towards 
the centre of the chamber, using an automatic aerosol 
dispenser.  
 
The number of mosquitoes knocked down is recorded every 
minute for 10 minutes and subsequently at 10-minute intervals 
for a total of 60 minutes, using a hand-counter.  
                                                           
3  Including gel formulations containing insecticides for vaporizer 
systems. 
4 Formulations held in a dispenser that are dispersed generally by a 
propellent as fine droplets or particles upon the actuation of a valve. 
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Different observers may be assigned to different quadrants for 
accurate recording of knocked-down mosquitoes. The chamber 
is quickly ventilated after a 60-minute exposure to the product. 
The knocked-down and all remaining mosquitoes are carefully 
collected by aspirator and transferred into separate clean 
holding cups. Mosquitoes are provided with 10% sugar solution 
on cotton wool and held for 24 hours at 27 ± 2 °C temperature 
and 80% ± 10% RH. Mortality is recorded 24 hours post-
exposure.  
 
The efficacy of a product is assessed using a minimum of three 
replicates, tested on different batches of mosquitoes, and the 
results pooled. Comparison with a standard product or suitable 
positive control is highly desirable. An appropriate statistical 
analysis (e.g. probit analysis) at a significance level of p=0.05 
should be used.  
 
Before testing each product, free-flying female mosquitoes are 
released in the chamber for 60 minutes, after which they are 
collected by aspirators, transferred to holding cups, provided 
with 10% sugar solution on cotton wool and held for 24 hours at 
27 ± 2 °C temperature and 80 ± 10% RH for mortality 
observations.  
 
If mortality exceeds 20% in the control batch, the results of the 
entire test should be rejected. If mortality in the controls is 
between 5% and 20%, the results with the treated samples 
should be corrected using Abbott’s formula (see section 2.1). 
 
The KT50 and KT95 and 24-hour mortality are reported for each 
product/dosage by pooling data from different replicates.  
 
 
 
3. FIELD TRIALS 
 
The aim of the field trials is to assess the efficacy afforded by 
the household products against free-flying natural indoor 
populations of mosquitoes. For mosquito coils, vaporizing mats, 
ambient emanators and liquid vaporizers, the objective is to 
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measure the personal protection5 of the product in terms of 
biting inhibition. For aerosols, the objective is to determine the 
efficacy as measured by knock-down and mortality of the target 
species.  
 
The susceptibility of the local target species to the candidate 
insecticide must be verified beforehand, following WHO 
standard procedures and criteria (see Annexes 5 and 6). 
 
Field trials should be conducted in different indoor settings 
suitable for the target mosquito species where the human 
exposure occurs. Comparison with a standard product or 
suitable positive control is highly desirable. 
 
 
3.1 Mosquito coils, vaporizing mats, ambient emanators 

and liquid vaporizers 
 
The efficacy assessment of a candidate product is carried out in 
different indoor settings and by comparing human landing 
catches between treatment and control rooms.  
 
Trained field technicians are used and a pre-assessment made 
to ensure that there are adequate densities of mosquitoes in the 
test rooms. Residual insecticides should not have been applied 
in the rooms in the preceding 6 months and no other household 
insecticide products for the preceding 48 hours. To avoid 
excessive air currents, it may be necessary to close some 
windows and doors, but at least one must remain open. The 
size and ventilation (number of windows) in the study rooms 
should be taken into consideration when choosing the houses 
for the trial. 
 
The product efficacy is assessed using the human bare-leg 
catch technique (BLC) to measure changes in landing rates of 
mosquitoes on human volunteers. In situations where there is a 
risk of vector-borne diseases, volunteers should be offered 
prophylaxis or physical protection from mosquito bites. The 
                                                           
5 Relevance and potential contribution of experimental hut studies for 
correlation of KD, mortality and vapour action of these products as 
reported in laboratory studies, and their personal protection observed 
in field trials, have to be confirmed by research prior to its inclusion in 
the guidelines. 
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latter may include collection of mosquitoes from humans 
protected by a full body suit (preferably light coloured) or 
collection of mosquitoes from mosquito netting placed over a 
human volunteer. 
 
Field technicians and treatments are rotated between test 
rooms, preferably following a Latin square design, to minimize 
variations in attractiveness between collectors and study rooms.  
 
The following is an example of a Latin square design with the 
following variables; three designated treatments (i.e. candidate 
product, positive control and negative control); three study 
rooms or settings; and three collectors. 
 
 

Weeks Days Room 1 Room 2 Room 3 
1 1 AT1 CT3 BT2 
 3 BT2 AT1 CT3 
 5 CT3 BT2 AT1 

2 7 AT2 CT1 BT3 
 9 BT3 AT2 CT1 
 11 CT1 BT3 AT2 

3 13 AT3 CT1 BT1 
 15 BT1 AT3 CT1 
 17 CT1 BT1 AT3 

A, B, C designated collectors 
T1, T2, T3 designated treatments 
 
 
The test product is used in accordance with the label 
instructions. Landing catches are performed 1.5 m from the 
position of the product, usually by exposing the lower legs 
below the knee. Landing catches should be performed for a 4-
hour period during the peak biting period of the target mosquito 
species. Continuous mosquito collection is preferable, but if rest 
periods are included in the protocol, minimal disturbance must 
be assured. A period of 48 hours must elapse before rooms are 
reused for further testing. 
 
Mosquitoes are collected by aspirator or test tubes and 
transferred to pre-labelled holding cups and separated by hour 
of collection. Collections are stored in a cool box in the room 
until they are transferred to the laboratory for species 
identification and counting. Indoor temperature and RH are 



 

15 

recorded during the collection period in one of the study rooms 
selected at random. 
 
The data on landing rates from the treatment should be 
compared with those in the control rooms using appropriate 
statistical analysis (e.g. ANOVA, at a significance level of 
p=0.05).  

 
 
3.2 Aerosols 
 
The efficacy assessment of a candidate product is carried out in 
different indoor settings by application of the formulated product 
at the dosage recommended on the label.  
 
Rooms should be a minimum size of 30m3, and the walls and 
ceiling should be suitable for easy detection and collection of 
mosquitoes. Where possible, minimal furniture should be 
present, to facilitate mosquito collection. An appropriate 
description of the size of the room, furniture, wall and ceiling 
characteristics, and layout should be reported. Residual 
insecticides should not have been applied in the study rooms in 
the preceding 6 months and no other household insecticide 
products for the preceding 48 hours. A sufficient number of 
rooms (bedrooms and/or living rooms) should be identified to 
allow for proper statistical analysis and comparison, and the 
rooms randomly assigned to sprayed and unsprayed (control) 
arms of the study. If no suitable rooms are available, 
experimental rooms meeting these criteria may be used.  
 
Prior to application of the insecticide, the floor and all other 
horizontal surfaces should be carefully covered with white cloth 
so as to avoid creases. The doors and windows are then closed 
and fans are turned off. In situations where populations of the 
natural indoor resting mosquitoes are not sufficient, 50–100 
locally collected unengorged females or F1 non-blood-fed 
progeny of wild local mosquitoes may be introduced into the 
study rooms. 
 
Spray applications of the insecticide should strictly follow the 
manufacturer's label instructions. Temperature and RH should 
be recorded during the field trial. Immediately after application, 
the operator should leave the room and close the door. After 60 
minutes, he or she should return to the room to collect, record 
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and transfer the knocked-down and all remaining mosquitoes 
into separate clean, labelled holding cups for 24-hour mortality 
observations. The mosquitoes will be provided with 10% sugar 
solution on cotton wool, and will be held for 24 hours at  
27 °C ± 2 °C temperature and 80% ± 10% RH during this period.  
 
The average percentage of knocked-down female mosquitoes 
after 60 minutes and the average percentage mortality after 24 
hours, based on pooled data from different test rooms, are 
reported. The denominator for calculation of the percentages in 
each test room is the total number of live and knocked-down 
mosquitoes. 
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ANNEX 1.  
GUIDELINES FOR DEVELOPMENT OF INFORMED 
CONSENT FORM 
 
 
For: [name the group of individuals for whom this consent is 
written] 
 
Name of principal investigator: 
Name of organization: 
Name of sponsor: 
Name of proposal: 
 
 

PART I: Information sheet 
 
This sheet is a suggestion or example that can be modified 
according to the national rules and guidelines 
 

1. Introduction 
State briefly who you are and explain to participants that you are inviting 
them to take part in research that you are doing. 
 
2. Purpose of the research 
Explain in lay terms why you are doing the research. 
 
3. Type of research intervention  
State briefly the type of intervention that will be undertaken. 
 
4. Participant selection 
State why this participant has been chosen for this research (adult males 
and females will be preferably be recruited among the inhabitants of the 
study site, after having announced in the district, through oral 
advertisements, that the project is looking for volunteers. The selection 
will ensure that equal opportunities are provided to everybody. 
 
5. Voluntary participation  
Indicate clearly that volunteers can choose to participate or not. State that 
they will still receive all the services they usually do whether they choose 
to participate or not. 
 
6. Information on the test product [name of the product]  
Explain to the participant why you are testing a household insecticide 
product. Provide as much information as is appropriate and 
understandable about the product, such as its manufacturer or location of 
manufacture, and the reason for its development. Explain the known 
experience with this product. Explain comprehensively, if any, all the 
known side-effects or toxicity of this product. 



 

18 

 
7. Participant protection against malaria or other vector-

borne diseases 
Explain to each participant the safeguards that will be provided (e.g. 
chemoprophylaxis, where relevant) to protect them from malaria or other 
vector-borne diseases and, if necessary, their treatment.  

 
8. Description of the process, procedures and protocol  
Describe or explain to the participant the exact procedures that will be 
followed on a step-by-step basis and the tests that will be done.  
 
9. Duration  
Include a statement about the time commitments of the research for the 
participant, including the duration of the research and follow-up. 
 
10. Side-effects  
Potential participants should be told if there are any known or anticipated 
side-effects and what will happen in the event of a side-effect or an 
unexpected event. 
 
11. Risks 
Explain and describe any possible or anticipated risks. Describe the level 
of care that will be available in the event that harm does occur, who will 
provide it and who will pay for it.  

 
12. Discomforts 
Explain and describe the type and source of any anticipated discomforts 
that are in addition to the side-effects and risks discussed above.  
 
13. Benefits 
Mention only those activities that will be actual benefits (as an additional 
protection from mosquito bites) and not those to which they are entitled 
regardless of participation. 
 
14. Incentives 
State clearly what you will provide the participants with as a result of their 
participation. WHO does not encourage incentives. However, it 
recommends that reimbursements for expenses incurred as a result of 
participation in the research be provided. 
 
15. Confidentiality 
Explain how the research team will maintain the confidentiality of data, 
especially with respect to the information about the participant, which 
would otherwise be known only to the physician but would now be 
available to the entire research team. 
 
16. Sharing the results 
Where relevant, your plan for sharing the findings with the participants 
should be provided. 
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17. Right to refuse or withdraw 
This is a reconfirmation that participation is voluntary and includes the 
right to withdraw. 
 
18. Whom to contact 
Provide the name and contact information of someone who is involved, 
informed and accessible (a local person who can actually be contacted). 
State also that the proposal has been approved, and how. 

 
This proposal has been reviewed and approved by [name 
of the local ethical committee], whose task is to make sure 
that research participants are protected from harm. If you 
wish to find out about more the Local Ethical Committee, 
please contact [name, address and telephone number]. 
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PART II: Certificate of Consent 
 

 
This section can be written in the first person. It should include 
a few brief statements about the research and be followed by a 
statement similar to the one in bold below. If the participant is 
illiterate but gives oral consent, a witness must sign. A 
researcher or the person checking the informed consent must 
sign each consent form. 
 
I have read the foregoing information, or it has been read to 
me. I have had the opportunity to ask questions about it, 
and any questions that I have asked have been answered 
to my satisfaction. I consent voluntarily to participate as a 
participant in this research and understand that I have the 
right to withdraw from the research at any time without in 
any way affecting my medical care. 
 
 
Print name of participant:  _______________________ 
 
Signature of participant:    _______________________ 
 
Date: ___________________________ 
  day   /   month   /  year 
 
 
If illiterate 
A literate witness must sign (if possible, this person should be 
selected by the participant and should have no connection to 
the research team). 
 
I have witnessed the accurate reading of the consent form 
to the potential participant, and the individual has had the 
opportunity to ask questions. I confirm that the individual 
has given consent freely. 
 
Print name of witness:  ________________  AND      Thumb 
print of participant 
 
Signature of witness:    ______________________ 
 
Date: ___________________________ 
  day   /   month   /   year 
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I have accurately read or witnessed the accurate reading of 
the consent form to the potential participant, and the 
individual has had the opportunity to ask questions. I 
confirm that the individual has given consent freely. 
 
Print name of researcher:  ______________________   
 
Signature of researcher:    ______________________ 
 
Date: ___________________________ 
  day   /   month   /   year 
 
A copy of this Informed Consent Form has been provided 
to participant _____ (initialled by the researcher/assistant). 
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ANNEX 2. 
EXAMPLE PRINTOUT OF A COMPUTERIZED PROBIT 
ANALYSIS 
 
Topical application 
 
Analyzed file: KISPET06      Date: 11/05/98      Insecticide: permethrin    control mortality: 4 (2 / 50) 
 
N Killed Total Dose            Obs. mortality            Corrected mort. (1st estimation) 
1 3 40 0.6    7.5   3.6 
2 5 40 1  12.5   8.8 
3 11 40 2  27.5   24.5 
4 30 40 4  75.0   74.0 
5 33 40 6  82.5   81.8 
6 45 45 8             100   100 
 
Iterations:  16                 Y = 3.48248 + 3.24284 * X 
 
Natural mortality (last estimation): 5.1 %   p(X² = 2.14482, df = 3) = 0.5429 
 
The data are well represented by a line 
 
 
 
n dose corr. mort. (%)   probit total treated killed killed (expected) X² contribution 
1 0.60 2.6 3.1936 40 03 2.51* 0.4888   
2 1.00 7.8 3.6441 40 05 4.48* 0.1129   
3 2.00 23.6 4.3069 40 11 13.20  0.5804   
4 4.00 73.7 5.641 40 30 27.40  0.7628   
5 6.00 81.6 5.9059 40 33 34.03  0.1999   
6 8.00 100.0 - 45 45 41.62* - 
 
 
 
LD       Level of conf.   Range 
01 = 0.56295       0.95   0.27234 < LC < 0.84960 
02 = 0.68318       0.95   0.35662 < LC < 0.99045 
03 = 0.77247       0.95   0.42298 < LC < 1.09221 
04 = 0.84723       0.95   0.48075 < LC < 1.17593 
05 = 0.91339       0.95   0.53344 < LC < 1.24907 
10 = 1.18236       0.95   0.76068 < LC < 1.53973 
20 = 1.61620       0.95   1.16065 < LC < 1.99807 
30 = 2.02490       0.95   1.55926 < LC < 2.43427 
40 = 2.45473       0.95   1.98298 < LC < 2.91522 
50 = 2.93758       0.95   2.44468 < LC < 3.50111 
60 = 3.51542       0.95   2.96113 < LC < 4.27966 
70 = 4.26165       0.95   3.57091 < LC < 5.40493 
80 = 5.33931       0.95   4.37212 < LC < 7.22522 
90 = 7.29845       0.95   5.69320 < LC < 10.98633 
95 = 9.44765       0.95   7.02796 < LC < 15.64424 
96 = 10.18546       0.95   7.46722 < LC < 17.35381 
97 = 11.17120       0.95   8.04193 < LC < 19.71842 
98 = 12.63130       0.95   8.87108 < LC < 23.38010 
99 = 15.32887       0.95   10.34572 < LC < 30.60387 
 
Regression line : Y = A + slope * (X - M) 
A = 5.06223 (SE : 0.12286) in probit unit - Slope = 3.2428 (SE : 0.4812) - M = 0.4871 in log10 (dose) 
unit and 3.0701 in dose unit. Variance of the LC50 : 0.00144343 in log10(dose) unit  
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ANNEX 3. 
PEET-GRADY CHAMBER SPECIFICATIONS  
 
The Peet-Grady chamber is used to test efficacy of household 
inecticide products on insects. A suitable testing room of any 
convenient size should be selected that is capable of holding 
the chamber, with adequate additional space to permit efficient 
performance of the tests.  
 
The Peet-Grady chamber is designed with an internal 
measurement of 180 cm x 180 cm x 180 cm (see Figure A3.1). 
The chamber should be constructed using smooth internal wall 
panels made of either stainless steel, aluminium, glass or other 
suitable materials to ensure easy cleaning of insecticide or 
solvent residues.  
 
A tight-fitting entrance door (approximately 165 x 90 cm) is fixed 
on one of the side walls of the chamber. The chamber has a 
fluorescent light, as well as an exhaust fan in the ceiling to 
remove insecticide vapour after each test. Four hooks are fitted 
in the corners of the ceiling about 20 cm from the side walls to 
suspend test cages. For air circulation in the chamber, a 30-cm 
diameter fan with a flat dish of 30 cm diameter attached on top 
of the fan rail guard is placed on the floor of the chamber, facing 
upwards. 
 
Two glass observation windows and four mosquito introduction 
and or utility windows are provided on each of the side walls of 
the chamber (see Figure A3.1) for easy introduction of insects 
and counting of those knocked-down during the test period.  
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A: Exhaust fan 
B: Fluorescent light 
C: Top introduction/utility window 
D: Glass observation window 
E: Entrance door  
F: Insect introduction window 
G: Bottom introduction/utility window 
 
 

Figure A3.1. Peet-Grady chamber 
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ANNEX 4. 
WIND TUNNEL SPECIFICATIONS 
 
The wind tunnel (Figure A4.1) is constructed of galvanized duct 
pipe with an internal diameter of 15.2 cm. The entrance of the 
tunnel is covered with an end cap. A series of 30 1-cm holes, 
1.27–2.54 cm apart and arranged in three concentric circles, 
are drilled in the end cap to reduce the volume of air pulled 
through the tunnel, and to even flow across the tunnel. An 
eight-bladed fan and a 120V AC variable speed motor are 
installed 366 cm from the tunnel entrance. The fan motor is 
connected to a power-stat used to regulate the fan motor speed 
and the resulting air velocity in the tunnel. 
 
The insects to be tested are retained in a screen cage made to 
fit the exact interior measurements of the wind tunnel, i.e.15.2 
cm diameter and 2.5 cm depth (Figure A3.2). The sides of the 
cylindrical disc cages are made of brass metal, with a 1.9 cm 
diameter hole for introducing the insects. After introduction, the 
hole is sealed with a strip of masking tape; plain paper is 
attached at the position of the hole to protect the mosquitoes 
from sticking to the tape. The tape is also used as a label. 
 
A 1.22 x 1.6 mm mesh opening brass screen, thread diameter 
0.28 mm, covers the ends. The screen is soldered only to the 
solid edge of the cages so that there is no lip to block the free 
flow of the aerosol or to give protection to the insects. The cage 
is inserted in an opening 10 cm long and half the diameter of 
the wind tunnel. This opening is 91.5 cm from the wind tunnel 
entrance. A flexible clear plastic sheet is used to close the 
opening (Figures A3.3 and A3.4).  
 
An atomizer, delivering droplets of 15 ± 2 µm Dv0.5, is mounted 
so that the nozzle is centred on a 2.5 cm diameter hole in the 
end cap (Dv0.5 represents the point at which half the volume of 
droplets is smaller and was formerly designated as the volume 
median diameter, or VMD). The nozzle is inserted about 2.5 cm 
into the wind tunnel. Because of its inertness, nitrogen is used 
as the propellant. The pressure in the cylinder is reduced to 
103.35 kPa (15 psi) by means of a valve and gauge mounted 
on the cylinder. Another valve and gauge is mounted near the 
wind tunnel to ensure the pressure is maintained at 103.35 kPa 
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(15 psi). The air velocity of the wind tunnel is adjusted to 1.8 
m/s by means of the powerstat. 
 
One-half ml of the material to be sprayed is placed in the cup of 
the atomizer. The valve is turned on, allowing the insecticide to 
be sprayed into the airflow so that the droplets are directed 
towards the cage. After all the material has been sprayed, 
requiring about 3 seconds; or until a significant change in the 
sound of atomization has occurred; the valve is turned off after 
an additional 5 seconds has elapsed.  
 
Before testing each dosage, a “blank” or test without a cage of 
insects is run to expel from the system any material remaining 
from the previous dosage. The wind tunnel is cleaned after 
each dosage series by running three or four blanks of 0.5 ml of 
diluent through the system.  
 
The most important parameters to be standardized are wind 
speed, tunnel diameter, cage size and droplet size distribution. 
Small deviations in the other parameters are generally 
acceptable. 
 
Care and equipment decontamination procedures: 
 

1. Wash in hot soapy water to remove as much oil and 
residue as possible. Rinse well and dry. 

2. Rinse in solution (about 1–5%) of acetic acid and water. 
3. Rinse in two consecutive technical acetone baths and 

dry. 
4. Bake in oven 24 hours at about 148 oC. 
5. Glassware can be baked for shorter period of time at a 

higher temperature. 
6. Dispose of used wash solutions properly. Acetic acid 

solution should be changed every other day if washing 
every day. Otherwise, it should be mixed new if washing 
is sporadic. Acetone can be kept longer and changed as 
needed. 

7. Wind tunnel decontamination is carried out between 
each treatment dose by applying 0.5 ml of acetone or 
other suitable solvent through the nozzle. In addition, at 
the end of each experiment, this procedure is repeated 
four times. 
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ANNEX 5.  
WHO TUBES AND PROCEDURES FOR TESTING THE 
SUSCEPTIBILITY OF ADULT MOSQUITOES TO 
INSECTICIDES 
 
Description and testing procedure 
 

 
 
 
The WHO tube test kit consists of two plastic tubes (125 mm in 
length, 44 mm in diameter), with each tube fitted at one end 
with a 16-mesh screen. One tube (exposure tube) is marked 
with a red dot, the other (holding tube) with a green dot. The 
holding tube is screwed to a slide unit with a 20-mm hole into 
which an aspirator will fit for introducing mosquitoes into the 
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holding tube. The exposure tube is then screwed to the other 
side of the slide unit. Sliding the partition in this unit opens an 
aperture between the tubes so that the mosquitoes can be 
gently blown into the exposure tube to start the treatment, in 
which the tube is vertical, and then blown back to the holding 
tube after the timed exposure (generally one hour). The filter-
papers are held in position against the walls of the tubes by four 
spring wire clips, two steel clips for attaching the plain paper to 
the walls of the holding tube and two copper clips for attaching 
the insecticidal paper inside the exposure tube6.  
                                                           
6  Instructions for procurement of WHO susceptibility test kits and 
impregnated papers are available on WHO homepage on the Internet 
at: http://www.who.int/whopes/resistance/en/ 
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ANNEX 6.  
MONITORING THE SUSCEPTIBILITY STATUS OF 
TARGET SPECIES TO INSECTICIDES 
 
Adult mosquitoes of known age can be obtained from larval 
collections, or as the F1 progeny from wild-caught females (a 
minimum of 50 female mosquitoes is considered sufficient to 
ensure enough genetic variability in the larval progeny). Where 
adults derived from larval collections are used, the type of 
breeding sites (e.g. rice field, rain water collections, irrigation 
channel, river beds, wells) should be specified, since exposure 
to pesticides can differ with the type of water body. At the same 
time and when possible, a comparative test on a corresponding 
susceptible strain should be undertaken to check the quality of 
the insecticide-impregnated papers. A minimum of 100 
mosquitoes should be tested for any insecticide at the 
diagnostic concentration, with 4–5 replicates of 25 mosquitoes 
per test kit. Additional information on the test procedure for 
insecticide resistance monitoring of malaria vectors and the 
format for recording results of susceptibility tests on adult 
mosquitoes is available from WHO. 7 
 
A high mortality rate (between 98% and 100%) is considered to 
indicate susceptibility; 80–97% mortality suggests the possibility 
of resistance that needs to be confirmed. Mortality <80% 
indicates resistance. For the latter two categories, the 
identification of mechanisms by biochemical analysis or PCR 
tests, when and where possible, will help to confirm bioassay 
results and to provide more information about resistance status, 
thus leading to a better interpretation of the results.  
 
 
 
                                                           
7  Report of the WHO informal consultation on test procedures for 

insecticide resistance monitoring in malaria vectors, bio-efficacy and 
persistence of insecticides on treated surfaces, WHO, Geneva, 28–
30 September 1998. Geneva, World Health Organization, 1998 
(WHO/CDS/CPC/MAL/98.12). 
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