WHO/HQ, GENEVA
22-30 JULY 2013






REPORT OF THE SIXTEENTH
WHOPES WORKING GROUP MEETING

WHO/HQ, GENEVA
22-30 JULY 2013

REVIEW OF:

PIRIMIPHOS-METHYL 300 CS
CHLORFENAPYR 240 SC
DELTAMETHRIN 62.5 SC-PE
DURANET LN
NETPROTECT LN
YAHE LN
SPINOSAD 83.3 MONOLAYER DT
SPINOSAD 25 EXTENDED RELEASE GR

i ) World Health
NN 77 8. Organization

CONTROL OF NEGLECTED TROPICAL DISEASES
WHO PESTICIDE EVALUATION SCHEME



Report of the sixteenth WHOPES working group meeting: WHO/HQ, Geneva, 22-30 July 2013:
review of Pirimiphos-methyl 300 CS, Chlorfenapyr 240 SC, Deltamethrin 62.5 SC-PE, Duranet
LN, Netprotect LN, Yahe LN, Spinosad 83.3 Monolayer DT, Spinosad 25 Extended release GR.

1.Malaria - prevention and control. 2.Mosquito control. 3.Pesticides. 4.Pyrethrins -
pharmacology. 5.Macrolides — pharmacology. 6.Bedding and linens. 7.Clinical trials. 1.World
Health Organization. I.LWHO Pesticide Evaluation Scheme. Working Group. Meeting (16th:
2013: Geneva, Switzerland)

ISBN 978 92 4 150630 4 (NLM classification: QX 600)

© World Health Organization 2013

All rights reserved. Publications of the World Health Organization can be obtained from WHO
Press, World Health Organization, 20 Avenue Appia, 1211 Geneva 27, Switzerland (tel.:
+41 22 791 3264; fax: +41 22 791 4857; e-mail: bookorders@who.int).

Requests for permission to reproduce or translate WHO publications — whether for sale or for
non-commercial distribution — should be addressed to WHO Press at the above address (fax:
+41 22 791 4806; e-mail: permissions@who.int).

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.

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.

The recommendations of the World Health Organization Pesticide Evaluation Scheme
(WHOPES) are intended to facilitate the registration and use of the evaluated products by the
Member States of the World Health Organization. A recommendation or interim
recommendation concerning a specific product means that the World Health Organization has
evaluated that product in laboratory and field trials and that the product was found to meet the
criteria and requirements of the World Health Organization.

For long-lasting insecticidal mosquito nets (LNs), the World Health Organization may — pending
the completion of long-term studies that may be required to fully evaluate such LNs and subject
to certain conditions being met — issue an interim recommendation for the use of such LNs for
prevention and control of malaria.



A recommendation or interim recommendation does not imply any approval by the World Health
Organization of the product in question (which is the sole prerogative of national authorities).

Such a recommendation or interim recommendation does not, furthermore, constitute any
assurance by the World Health Organization that the manufacture, distribution, sale and/or use
of the product in question is in accordance with the national laws and regulations of any country,
including, but not limited to, patent law.

The recommendations and interim recommendations included in this publication may not be
used by manufacturers, suppliers or any other parties for commercial or promotional purposes.
Manufacturers are, however, permitted to discreetly mention the outcome of the WHOPES
evaluation in non-commercial material which is addressed to national public health
professionals and/or pesticide registration authorities only (that is, through a statement that the
product in gquestion was found to have been manufactured in accordance with the applicable
specification recommended by the World Health Organization).

A recommendation or interim recommendation does not constitute an endorsement, or warranty
of the fitness, by the World Health Organization of any product for a particular purpose, nor
does such a recommendation or interim recommendation constitute the expression of any
opinion whatsoever about the product's suitability for the control of any given pest, or for use in
any particular geographical area.

WHO/HTM/NTD/WHOPES/2013.6



REPORT OF THE SIXTEENTH
WHOPES WORKING GROUP MEETING



CONTENTS

1. INTRODUCTION
2. REVIEW OF PIRIMIPHOS-METHYL 300 CS
2.1 Safety assessment

2.2 Efficacy — background and supporting
Documents
2.2.1 Determination of the diagnostic
dosage for pirimiphos-methyl
2.2.2 Small-scale field trials

2.3 Efficacy — WHOPES supervised trials
2.3.1 Small-scale field trials
2.3.2 Large-scale field trials

2.4 Conclusions and recommendations
3. REVIEW OF CHLORFENAPYR 240 SC

3.1 Safety assessment

3.2 Efficacy — background and supporting
Documents
3.2.1 Laboratory studies
3.2.2 Experimental hut studies

3.3 Efficacy — WHOPES supervised trials
3.3.1 Laboratory study
3.3.2 Small-scale field trials
3.3.3 Large-scale field trials

34 Conclusions and recommendations
4, REVIEW OF DELTAMETHRIN 62.5 SC-PE
4.1 Safety assessment
4.2 Efficacy — background and supporting
Documents
4.2.1 Small-scale trials
4.3 Efficacy — WHOPES supervised trials

4.3.1 Small-scale trial
4.3.2 Large-scale trials

Page

16
33
33
34
34
37
40
40
42
46
51
64
65
66
66
69

69
71



4.4 Conclusions and recommendations
5. REVIEW OF DURANET LN

5.1 Efficacy — background and supporting
Documents

5.2 Efficacy — WHOPES supervised trials
5.3 Conclusions and recommendations
6. REVIEW OF NETPROTECT LN

6.1 Efficacy — background and supporting
Documents

6.2 Efficacy — WHOPES supervised trials

6.3 Conclusions and recommendations
7. REVIEW OF YAHE LN

7.1 Efficacy — WHOPES supervised trials

7.2 Conclusions and recommendations
8. REVIEW OF SPINOSAD 83.3 MONOLAYER DT

8.1 Efficacy — background and supporting
Documents

8.2 Efficacy — WHOPES supervised trials

8.3 Conclusions and recommendations
9. REVIEW OF SPINOSAD 25 EXTENDED RELEASE GR

9.1 Efficacy — background and supporting
Documents

9.2 Efficacy — WHOPES supervised trials
9.3 Conclusions and recommendations
10. GENERAL RECOMMENDATIONS
ANNEXES

1. LIST OF PARTICIPANTS

Vi

75

84

84

86

93
99

99

104

113

122

123

130

138

139

140

145

152

153

154

160
168

169

169



REFERENCES

CHEMICAL ASSAY OF FILTER-PAPERS USED
IN THE QUALITY CONTROL OF IRS APPLICATION

POSITIONS FROM WHICH NET PIECES WERE
CUT FOR CHEMICAL AND BIOLOGICAL ASSAYS

vii

170

181

183



REPORT OF THE SIXTEENTH
WHOPES WORKING GROUP MEETING

viii



1. INTRODUCTION

The sixteenth meeting of the WHOPES Working Group, an advisory
group to the WHO Pesticide Evaluation Scheme (WHOPES), was
convened at the headquarters of the World Health Organization
(WHO) in Geneva, Switzerland, from 22 to 30 July 2013. The
objective of the meeting was to review pirimiphos-methyl 300 capsule
suspension (CS) (Syngenta Crop Protection, Switzerland),
chlorfenapyr 240 suspension concentrate (SC) (BASF, Germany) and
deltamethrin 62.5 polymer-enhanced suspension concentrate (SC-PE)
(Bayer CropScience, Germany) for indoor residual spraying against
malaria vectors; Duranet long-lasting insecticidal mosquito net (LN)
(Shobikaa Impex, India), Netprotect LN (Intelligent Insect Control,
France) and Yahe LN (Fujian Yamei Industry, China) for malaria
prevention and control; Spinosad 83.3 monolayer tablet for direct
application (DT); and Spinosad 25 extended release granule (GR)
(Clarke Mosquito Control Products, USA) for mosquito larviciding.

The meeting was attended by 13 scientists (see Annex 1: List of
participants). Professor Dr Marc Coosemans was appointed as
Chairman and Dr John Gimnig as Rapporteur. The meeting was
convened in plenary and group sessions, in which the reports of the
WHOPES supervised trials and relevant published literature and
unpublished reports were reviewed and discussed (see Annex 2:
References). Recommendations on the use of the above-mentioned
products were made.

Declaration of interest

All invited experts completed a Declaration of interests for WHO
experts, which was submitted and assessed by the WHO Secretariat
prior to the meeting. The following interests were declared:

Dr Rajendra Bhatt and Dr Kamaraju Raghavendra’s institute has
received prescribed standard fees from eight manufacturers of
pesticide products (Sumitomo Chemical India, BASF India, Syngenta
Crop Protection India, Clarke Mosquito Control Products USA, Bayer
CropScience India, Vestergaard Frandsen India, Chemtura India,
BestNet Insect Controls India) in order to meet the costs of product
evaluation.

Dr Fabrice Chandre’s institute has received prescribed standard fees
from Sumitomo Chemical Japan, Bayer CropScience Germany and
SPCI France in order to meet the costs of evaluating their respective
pesticide products. In addition, his travel to a malaria meeting in



Nairobi in 2009 was paid for by Bayer Environmental Sciences
France.

Professor Dr Marc Coosemans’ research unit has received grants
from the European Union for mapping insecticide resistance in the
Mekong Region, and from the Bill & Melinda Gates Foundation for
studying the impact of repellents on malaria in Cambodia. The unit
has also received repellents free of charge from SC Johnson & Son
USA for use in the latter study.

Dr John Gimnig's research unit has received LNs from Clarke
Mosquito Control Products USA, BASF Germany, Sumitomo
Chemical Japan, Tana Netting Thailand and Vestergaard Frandsen
Switzerland for use in field evaluations of such nets undertaken by its
partner institutions in Kenya and Malawi.

Dr Stephen Magesa’s former research institute received prescribed
fees from BASF for testing a pesticide product manufactured by the
company.

Dr Olivier Pigeon’s research centre has received prescribed standard
fees from BASF Germany, Bayer Germany, Syngenta Switzerland,
Intelligent Insect Control France and Life Ideas Textiles Company
China in order to meet the costs of physico-chemical studies of
pesticide products manufactured by the respective companies.

Professor Dr Mark Rowland’s unit has received grants from the
Innovative Vector Control Consortium UK, Vestergaard Frandsen
Switzerland and the President's Malaria Initiative USA for testing and
evaluation of various pesticide products.

The interests declared by the experts were assessed by the WHO
Secretariat. With the exception of Dr Chandre’s declared personal
interest, the declared interests were not found to be directly related to
the topics under discussion at the meeting. It was therefore decided
that all of the above-mentioned experts (with the exception of Dr
Chandre) could participate in all evaluations, subject to the public
disclosure of their interests.

In view of his declared personal interest, Dr Chandre did not
participate in the evaluation of Bayer CropScience’s deltamethrin
polymer-enhanced suspension concentrate.



2. REVIEW OF PIRIMIPHOS-METHYL 300 CS

Pirimiphos-methyl 300 CS is a capsule suspension formulation
containing 300 g of active ingredient per litre.

Pirimiphos-methyl is a broad-spectrum insecticide with contact and
airborne (fumigant) actions. It is an acetyl-cholinesterase inhibitor.
The Insecticide Resistance Action Committee (IRAC) of CropLife
International has classified the compound in Group 1B™.

Pirimiphos-methyl  wettable powder (WP) and emulsifiable
concentrate (EC) have previously been evaluated by WHO and are
recommended for indoor residual spraying against malaria vectors at
the dosage of 1-2 g Al/m?, with 2-3 months of expected duration of
effective action.? WHO specifications for pirimiphos-methyl technical
material and EC formulation,® developed under the new procedure,
are based on Syngenta data package and were published in April
2006. Currently, no WHO specification for pirimiphos-methyl WP is
available.

The present review assesses the efficacy of pirimiphos-methyl CS
(Actellic 300 CS, Syngenta Crop Protection, Switzerland) for indoor
residual spraying against malaria vectors, comparing with previously
published WHO recommendations for the EC formulation.

The following are extracts from the material safety data sheet of the
manufacturer for Actellic 300 CS:

Acute oral LDs, (rat) >5000 mg Al/kg
Acute dermal (rat) >5000 mg Al/kg
Skin irritation (rabbit) Non-irritating

Eye irritation (rabbit) Minimally irritating
Skin sensitization (guinea-pig) Not a skin sensitizer

! Prevention and management of insecticide resistance in vectors of public
health importance, 2nd ed. CropLife International, Insecticide Resistance
Action Committee, 2010 (also available at:
http://www.afpmb.org/sites/default/files/whatsnew/2011/irac_manual.pdf).

Z Available at
http://www.who.int/entity/whopes/Insecticides_IRS Malaria_09.pdf.

® Available at
http://www.who.int/entity/whopes/quality/en/Pirimiphos_methyl_eval_may 06
.pdf.



2.1 Safety assessment

The human risk assessment of pirimiphos-methyl 300 g Al/L CS for
indoor residual spraying, provided by the manufacturer, was
assessed by the Finnish Institute of Occupational Health (FIOH, 2011)
on behalf of WHOPES. The WHO Generic risk assessment model for
indoor residual spraying of insecticides — first revision* was used as a
guiding document. The following assumptions were made in the
assessment, that:

- technical material used in manufacture of pirimiphos-methyl CS
complies with the WHO specification;

- the product is delivered in a 10L container, with a narrow opening
(worst case);

- the dermal absorption of pirimiphos-methyl from the formulation is
0.56% and that of the diluted solution is 8.5%;

- breathing volume of the operator is 1.9 m%h;

- the average concentration of pirimiphos-methyl after spraying
pirimiphos-methyl CS over the time between two sprayings (6
months) is 0.8 x target concentration;

- translodgeable part from the walls and floors onto the skin is 8.85%
(maximum value from non-porous surfaces = worst case
scenario);

- excretion in milk of pirimiphos-methyl is 1%, based on the
observation of 0.4% in goats;

- of the 20% of product dissipated in 6 months, ¥ is volatilized; the
air exchange rate is 1/h, and residents stay indoors 12 hours/day.
The ventilation rates for resident adults, children, toddlers and
infants is 16.5, 12.4, 9.5 and 3.6 m°d, respectively. The
temperature of the dwelling is 30 °C.

The hazard assessment conclusion based on the generic model is
that when used for indoor residual spraying as instructed, pirimiphos-
methyl 300 CS does not pose undue hazards to the spray operators
or residents of the treated dwellings. Provided that operational
guidelines are followed, routine cholinesterase monitoring of
spraymen during indoor residual spraying programmes is not required.
If WHO guidelines and label instructions on operator protection are
not followed or inappropriate or malfunctioning equipment is used,
exposure to pirimiphos-methyl is likely to exceed safe levels.

* Available at:
http://whglibdoc.who.int/publications/2011/9789241502177_eng.pdf.



2.2 Efficacy — background and supporting documents

2.2.1 Determination of the diagnostic dosage for pirimiphos
methyl

Morgan and Hemingway (2012) calculated the discriminating dosage
of pirimiphos-methyl against a range of susceptible mosquito strains.
WHO insecticide test papers are normally prepared using non-volatile
carrier oil. Pirimiphos-methyl is known to interact with some standard
carrier oils such as olive oil used to make WHO impregnated papers.
The pirimiphos-methyl papers were therefore prepared with acetone
alone to facilitate even spreading of the liquid insecticide on the paper.
A 1% w/v stock solution of pirimiphos-methyl was prepared in
acetone and used to prepare a serial dilution of insecticide for paper
impregnation ranging from 0.01% to 1%. Acetone was used as the
diluent. Several strains of mosquito, characterized as susceptible to
all insecticides, were tested in bioassays to establish the LCs, and
LCg. These strains included Anopheles gambiae (Kisumu), An.
arabiensis (MOZ), An. stephensi (STS), Culex quinquefasciatus
(Recife) and Aedes aegypti (Liverpool). Field-collected An. funestus
from Malawi was also tested at the LCqg for An. gambiae to determine
whether this diagnostic dosage was appropriate for this species.

Mortality values were consistent across all species tested. Data for
each species were a good fit to a straight line in log-dosage probit
mortality analysis. On the basis that the WHO-recommended
discriminating dosage is set at double the LCy of the least
susceptible Anopheles species tested, then the discriminating dosage
of pirimiphos-methyl was recommended as 0.25% papers made up
as dry acetone papers without an oil carrier as described above.

Stability tests were undertaken on test papers at the LCs (0.05%)
and LCgyg (0.08%) for An. gambiae (Kisumu) and with 0.1% and 0.2%
for 2 months and were shown to be stable during this period. It is not
clear whether the papers are stable for longer periods. Before test
papers prepared without oil-based solvent are recognized by WHO, it
is necessary to establish the absolute duration of stability. For
consistency with other types of insecticide, it is preferable to identify
alternative carrier oil that would not interact with the active ingredient.



2.2.2 Small-scale field trials

Akron, Benin

The efficacy of a capsule suspension formulation of pirimiphos-methyl
(Actellic 300 CS) was compared with a standard emulsifiable
concentrate formulation (Actellic 500 EC) and with the pyrethroid
lambda-cyhalothrin (Icon 10 CS) in experimental huts in an area of
southern Benin  where Anopheles gambiae and Culex
quinquefasciatus are highly resistant to pyrethroids and DDT
(Rowland et al, 2013). Percentage mortality after 1 h exposure to 0.05%
deltamethrin test papers and 24 h holding was 20% among An.
gambiae and 17% among Culex quinquefasciatus. Using a locally
derived diagnostic concentration of 0.5% pirimiphos-methyl in silicone
oil, the wild An. gambiae was determined to be susceptible. The
manufacturer confirmed to WHOPES that the product tested in Benin
and the product submitted for WHOPES evaluation differed only in
minor ways that related to production processing.

The walls of the experimental huts were lined with either cement or
mud plaster and the ceilings with palm thatch, and sprayed with 0.5 or
1.0 g Al/m? pirimiphos-methyl CS or EC with compression sprayers.
Cone bioassay tests using the susceptible An. gambiae Kisumu strain
exposed for 30 min to the sprayed substrates induced >80% mortality
for the following periods after spraying: on cement: CS 0.5 g Al/m* 9
months, CS 1.0: 9 months, EC 1.0: 3 months. On mud: CS 0.5 g
Al/m? 3 months, CS 1.0: 6 months, EC 1.0: 3 months (Tables 2.1 and
2.2).

The mortality of wild free-flying An. gambiae in cement-lined huts
sprayed with 0.5 and 1.0 g Al/m? pirimiphos-methyl CS exceeded 80%
for a period of 8 and 9 months respectively, and that of Culex
exceeded 80% for 1 and 3 months respectively. By contrast, in
cement-lined huts treated with the EC formulation at 1 g Al/m2, the
percentage mortality of An. gambiae and Culex did not reach 80% at
any stage after spraying. In mud-walled huts sprayed with 1.0 g Al/m?
pirimiphos-methyl CS, mortality exceeded 80% for 5 months for An.
gambiae and for 1 month for Culex. With an application rate of 0.5 g
Al/m? pirimiphos-methyl CS and 1.0 g Al/m? pirimiphos-methyl EC,
mortality did not reach 80% at any stage after spraying.

It was concluded that pirimiphos-methyl CS applied at 1 g Al/m? is
effective for 9 months in cement-walled huts and for over 3 months in
mud walled huts using 80% mortality of free-flying An. gambiae as the
criteria for the duration of residual effectiveness. Using this criterion



the EC 1.0 g Al/m? was ineffective from the outset. Using 50%
mortality of free-flying mosquitoes as the criteria, the duration of
residual effectiveness for the EC was 2 months for the cement, 1
month for the EC on mud, 10 months for the CS on cement and 7
months for the CS on mud.

Moshi, United Republic of Tanzania

The efficacy of pirimiphos-methyl 300 CS was compared with
pirimiphos-methyl 500 EC in laboratory and in small-scale field trials
in IRS sprayed huts at a target dose of 1 g Al/m? (Oxborough, 2013).
Insecticides were applied using a calibrated controlled droplet
applicator sprayer in the laboratory, and residual activity was
examined using laboratory-susceptible An. arabiensis Dondotha
strain in cone bioassay tests on sprayed cement, mud and plywood
substrates. Mortality of An. arabiensis exceeded 80% for the following
periods: plywood CS 12 months, EC 9 months; cement CS 7 months,
EC 2 months; mud CS 4 months, EC <1 month (Tables 2.1 and 2.3) .

In the small-scale trial, the insecticides were applied using a Hudson
sprayer to the inner surfaces of huts and residual activity examined
using An. arabiensis Dondotha on mud plaster and thatch substrates.
Mortality exceeded 80% for the following periods: palm thatch CS 7
months, EC <1 month; mud CS 2 months, EC <1 month.

Because an exposure period of 1 h was used rather than the WHO
standard 30 min, the differences observed between CS and EC
results are seen as relative but do not fulfill the requirements of the
WHO standard for residual effectiveness.

Adama, Ethiopia

In a small-scale trial in Oromia region, the insecticides pirimiphos-
methyl 300 CS, lambda-cyhalothrin (Ilcon 10CS) and bendiocarb 80%
WP were applied using a Hudson sprayer to the inner walls of 4-5
houses per treatment and residual activity examined on a minimum of
2 houses per treatment as a trial to evaluate alternative insecticides
for IRS (Balkew, 2010). Residual activity was examined using a
laboratory colony of An. gambiae susceptible to all insecticides
recommended for IRS in cone bioassay tests for 30 min on sprayed
mud substrates. Mortality of pirimiphos-methyl CS 1 g Al/m?
exceeded 80% for 6—7 months, mortality of lambda-cyhalothrin 20 mg
Al/m? exceeded 80% at 5 months (when monitoring stopped) and that
of bendiocarb 400 mg Al/m? exceeded 80% for 3 months (Table 2.2).



Chongwe and Kafue Districts, Zambia

In small-scale trials in two districts of Zambia, pirimiphos-methyl 300
CS was applied at 1.0 g Al/m? using a Hudson sprayer to mud and
cement wall surfaces and deltamethrin 250 WG at 20 mg Al/m? to
cement wall surfaces of houses (Chanda et al, 2013). Residual
activity in cone bioassay tests using 2—3-day old An. gambiae Kisumu
exceeded 80% mortality for 6—8 months on cement and for 6-—7
months on mud surfaces. Residual activity on deltamethrin-sprayed
cement surfaces lasted 6 months (Table 2.1).

Thiés, Senegal

In small-scale trials in two areas of Senegal, pirimiphos-methyl 300
CS and pirimiphos-methyl 500 EC were applied at dosages of 1 and 2
g Al/m? in 4 houses per treatment per area, and residual activity
determined by cone bioassay using a susceptible strain of An.
gambiae (Konate et al, 2013). Mortality on both dosages of CS
exceeded 80% at 11 months when the trial was brought to an end.
Mortality on both dosages of the EC exceeded 80% for 5 months
(Tables 2.1 and 2.2).

2.3 Efficacy — WHOPES supervised trials

2.3.1 Small-scale field trials

Three small-scale field trials were implemented under WHOPES
supervision: in South Africa against An. arabiensis, in India against
An. culicifacies and in Viet Nam against An. dirus. The objective was
to evaluate the residual activity of micro-encapsulated pirimiphos-
methyl 300 CS on various local indoor surfaces against susceptible
malaria vectors compared with pirimiphos-methyl 500 emulsifiable
concentrate (EC) containing 500 g Al/L.

The specific objectives of the study were: (i) to evaluate efficacy of
pirimiphos-methyl 300 CS at 0.5 and 1 g Al/m? doses and compare it
with pirimiphos-methyl 500 EC at the dosages of 0.5 and 1 g Al/m? on
the most common local indoor surfaces against mosquitoes; and (ii)
to determine persistence over time of insecticidal action of pirimiphos-
methyl 300 CS in comparison with pirimiphos-methyl 500 EC against
mosquitoes.



In the WHOPES small-scale trials, a number of local houses are
selected that are representative of local domestic structures and
interior surfaces. Insecticide was applied by specially-trained spray
operators. The residual activity of the treatment was determined using
WHO cone bioassays carried out once per month until <80% mortality
was reached for 2 consecutive months. Cones were placed on each
wall at differing heights and unfed, female susceptible mosquitoes
exposed for 30 min, after which they were held and provided with
sugar solution for 24 h before mortality was recorded.

In the WHOPES supervised trials, after preparing the selected rooms
for spraying, Whatman filter-papers of 10 cm diameter or 10 cm X
10 cm squares were attached at three different positions on the walls
(top, middle and bottom) for quality assurance of spraying. The
papers were removed after spraying, wrapped in aluminium foil and
sent to the Walloon Agricultural Research Centre, WHO Collaborating
Centre for Quality Control of Pesticides, Gembloux, Belgium (Annex
3). Upon receipt, they were stored into a deep freezer at —18 °C until
the chemical analysis. Each filter-paper was weighed, the surface
was accurately measured and the filter-paper was cut into small
pieces before chemical analysis.

Mpumalanga, South Africa

Three structures per treatment were sprayed across 4 different
villages as this area had few mud structures (Coetzee et al, 2012).
The 4 spraymen were specially trained and provided with new spray
pumps. Of the 45 structures sprayed with pirimiphos-methyl CS and
EC, 96 filter-papers were submitted for chemical analysis.
Susceptible female An. arabiensis (KGB strain) were used for the
bioassays. Cone bioassays with An. arabiensis were carried out 7
days after spraying and once a month for 7 months until <80%
mortality was reached for 2 consecutive months. Five cones were
placed on each wall at differing heights and 10 unfed, female
mosquitoes were exposed.

Spray operators reported on the strong smell of pirimiphos-methyl EC
formulation, including headache, sneezing and excessive sweating.
All participating households were satisfied with the treatments and no
adverse events were reported.

Chemical analysis revealed that the ratio of actual to target dose of
the two formulations and two application rates ranged from 0.88 to
2.28 on the two substrates. The ratio tended to be higher on the mud
plaster than on cement substrates. The Al content variation between



filter-papers expressed as the relative standard deviation ranged from
23.3% to 58.7% (Table 2.4). The ratio was close to target for
treatments with pirimiphos-methyl CS at 1 g Al/m2, otherwise it
tended to be higher than expected (Pigeon, 2012a).

Residual activity was longer on CS than on EC treatments and longer
on mud plaster than on cement substrates (Tables 2.4 and 2.5). The
CS at 1 g Al/m? achieved 5 months activity on mud plaster compared
with 3 months on cement. CS at 0.5 g Al/m? was shorter lived,
achieving 4 months activity on mud plaster and 0.25 months activity
on cement. The EC treatments were effective for less than a month.

Gujarat, India

Pirimiphos-methyl CS and EC were sprayed at 0.5 and 1.0 g Al/m? in
selected houses in Kheda district of Gujarat State using hand-
operated Hudson compression sprayers (Srivastava et al, 2012). The
most common interior surfaces in the study village were mud-
plastered walls, lime-coated cemented walls and unpainted wood. A
total of 36 houses, comprising three replicates of the afore-mentioned
surfaces were sprayed with the 0.5 and 1.0 g Al/m? dosages of CS
and EC formulations, plus 6 controls. Cone bioassays were
conducted with laboratory-susceptible An. culicifacies females aged
2-5-days old.

Some householders reported sneezing and eye irritation after the CS
but not the EC application.

Chemical analysis of filter-papers revealed that the ratio of actual to
target dose ranged from 0.25 to 3.42 across the 12 treatments. The
Al content variation between filter-papers expressed as the relative
standard deviation ranged from 12.5% to 95.1% (Table 2.4). The ratio
tended to be lower on the lime-coated cement than on mud plaster or
wood substrates. The ratio was below 1 in 6 treatments and above 1
in the 6 others. The CS treatments tended to be overdosed and the
EC treatments tended to be underdosed (Pigeon, 2012b).

Residual activity was consistently longer with pirimiphos-methyl CS
than with EC treatments, and longer on wood and lime-coated
cement than on mud plaster substrates (Tables 2.4 and 2.5). The CS
at 1 g Al/m? achieved more than 8 months activity on all three
substrates. Pirimiphos-methyl CS at 0.5 g Al/m? was shorter lived,
achieving 4 months activity on lime-coated cement, 6 months on mud
and more than 8 months on wood. The EC treatments were effective

10



for only 3 months (mud) to 5 months (lime-coated cement, wood) and
raising the dosage to 1.0 g Al/m? failed to improve residual activity.

Hoa Binh, Viet Nam

The study was conducted in the village Suoi Bu, in Hoa Binh province,
northern Viet Nam (Coosemans et al, 2012). The most common
house constructions were from brick or wood. A total of 24
representative houses were selected and randomly assigned to one
of the 4 treatment arms (5 houses per arm: 3 concrete-brick houses,
2 wooden houses) and 2 control houses per surface. All brick walls
were covered with a thin lime layer. Six experienced spraymen were
given training on correct application procedures.

Indoor spraying was done using hand-operated compression
sprayers (SEMCO sprayers - MR-8 bought in 2010 but with no
Control Flow Valve, CFV) using new flat-fan nozzles (Type TEEJET N°
8002). The spraying was conducted in June 2011. To assess the
accuracy of the spraying, 6 filter-papers per house at various wall
heights were fixed to the selected surface before spraying. Prior to
spraying, the perimeter of each filter-paper was traced on the wall, to
enable the locating of cones bioassays around these spots. Filter-
papers were stored at -18 °C before analysis.

All six spray operators were interviewed on the day of spraying and
again the following morning and one week later. Perceived side-
effects in inhabitants were recorded one week and one month after
spraying. After spraying 2 or 3 houses per spray-round, several
spraymen declared some adverse effects. All operators reported a
bad odour and 3/6 reported sneezing and nausea. By the following
morning and one week, later no further side-effects were reported.

Chemical analysis of filter-papers revealed that the ratio of actual to
target dose ranged from 1.14 to 2.21 across the 8 treatments. The Al
content variation between filter-papers expressed as the relative
standard deviation (RSD) ranged from 17.6% to 49.5% (Table 2.4).

For the repeat trial conducted in 2012 (Van Roey et al, 2013a), the
ratio of the actual to the target dose ranged from 0.70 to 0.78 with
RSD ranging from 25.9% to 29.9% (Pigeon, 2012c,d). Bioassay tests
conducted one week after IRS application on the brick or wood
surfaces often gave 80-100% mortality. But within a month the
activity of insecticide treatments on each of the sprayed surfaces had
fallen far below the 80% threshold (Tables 2.4 and 2.5).
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2.3.2 Large-scale field trials

The overall objective of the studies was to compare the persistence of
residual action and impact on vectorial capacity of pirimiphos-methyl
300 CS (300 g Al/L) with pirimiphos-methyl 500 EC (500 g a.i./L) (as
a positive control arm) applied by a single-round IRS at village-scale.

The specific objectives were: (i) to compare the persistence of
insecticidal activity of pirimiphos-methyl CS at 1.0 g Al/m? dosage
with the EC at 1.0 g Al/m? dosage applied on common surfaces in
human dwellings against malaria vector species; (ii) to assess and
compare the impact of the CS at 1.0 g Al/m? with the EC at 1.0 g
Al/m? on the elements of vectorial capacity, viz. mortality, feeding
success, survival rate, entry/exit rates and sporozoite
rate/entomological inoculation rate of malaria vector; and to
determine the acceptability and the perception of the effect of CS and
EC treatments.

Gujarat, India

The study was carried out in 10 villages in Kheda, Vadodara and
Panchmabhals districts of Gujarat (Srivastava et al, 2013). Houses
were of various types with either mud or brick walls and mud or
cement-plastering, and with roofs made of either tiles or straw-
thatching. Cattle-sheds were either in separate enclosures or shared
a common roof with the human habitation (mixed dwellings). The
preparatory phase of the trial was from October to December 2012,
with post-intervention monitoring from January to August 2013. The
meeting was presented with the post-intervention data for January to
July 2013 and it was agreed that the data table be updated to include
data up to August 2013 before publication of the report.

During the preparatory phase, the consent of the local authorities and
communities was obtained, community meetings were held to explain
the objectives and baseline susceptibility of An. culicifacies was
determined. At the end of the baseline period, the sentinel villages
were stratified according to ecology, entomology and malariogenic
potential, and were randomly allocated to the two arms.

A team of scientists and technicians provided training to spray
operators in proper spray techniques, equipment maintenance and
daily calibration of pumps. Spray coverage was more than 96% of
rooms in each arm and with no village achieving less than 92%
coverage. To assess the accuracy of indoor spraying, 9 filter-papers
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per surface type were attached at different heights before spraying.
Once dry, they were removed, packed in aluminium foil and stored in
refrigerator conditions before submission for chemical analysis. The
residual activity of the treatment was determined using susceptible An.
culicifacies in WHO cone bioassays carried out once per month until
<80% mortality was reached for 2 consecutive months.

The entomological impact of the interventions was recorded each
month on the following parameters: (i) vector density and behaviour,
as determined by light-trap collections indoors, human landing
catches indoors, exit trap collections and hand, floor sheet and
pyrethrum space spray collections; and (ii) vectorial capacity, as
determined by parous rates, sporozoite rates and entomological
inoculation rate, and human blood index.

An. culicifacies comprised 7.3% of the baseline collection. An.
subpictus was the most abundant species (86%), followed by An.
annularis (1.7%), An. fluviatilis (1.3%) and An. stephensi (0.5%).
Culex was 3.3%.

The perceptions of 20 households per village were recorded by
guestionnaire. A total of 526 and 570 people were interviewed from
EC and CS arms respectively. None reported any adverse effect one
week and one month after spraying.

Chemical analysis of filter-papers revealed that the average
applied/target dose ratio ranged from 0.96 to 1.23 for pirimiphos-
methyl 300 g AI/L CS at 1 g Al/m? and from 0.86 to 1.59 for
pirimiphos-methyl 500 EC at 1 g Al/m2. The ratio of actual to target
dose on the three surfaces was close to one on the majority of
surfaces for both treatment arms. For the CS, the ratio was 1.23 on
wood, 0.99 on mud plaster and 0.96 on lime-coated cement. For the
EC, the ratio was 0.86 on wood, 1.59 on mud plaster and 0.88 on
lime-coated cement. The Al content variation between filter-papers
was, however, high in both arms on each surface, with RSD ranging
from 25.3% to 90.3% (Table 2.4) (Pigeon, 2013a).

Residual activity was consistently longer for CS than for EC for each
type of substrate (Tables 2.4 and 2.6). Activity of CS lasted for 4
months on mud and cement plaster, while activity of EC lasted only
for 2 months and 1 months on these substrates. Activity was longest
on wood, with the CS lasting for 6 months and the EC for 2 months.
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During the 2 months before spraying, the indoor density of An.
culicifacies was similar between CS and EC arms. Post-spraying, the
density diverged between the treatment arms. Initially density was
lower in the EC arm but from 3 months to 6 months after spraying
density was lower in the CS arm than in the EC arm, perhaps
reflecting the longer residual activity of the CS.

The overall parous rate during the baseline period ranged from 23%
to 37%. Post-intervention, the parous rates decreased. The hot, dry
weather from April to June contributed to this. Parous rates and
survival rates were reported as lower in the CS than in the EC arm
during post-intervention months 4-6 when the activity of the two
interventions might be expected to diverge, but no statistics were
provided.

Walikunda, Gambia

This study was conducted in villages around the MRC entomological
field site of Walikunda situated on the south bank of the River Gambia,
about 270 km inland from the coast (D'Alessandro et al, 2013). It is
an area of extensive rice cultivation throughout the year in irrigated
and rain-fed fields in the rainy season, which occurs over a short
period of 4 months of the year. The main malaria vector is An.
gambiae s.s. Almost everybody sleeps under a bed net. A baseline
collection of mosquitoes by pyrethrum spray collections (PSC) from
25 villages (spraying 4 rooms per village) established the variance in
Anopheles density between villages, which was used to randomize
the villages into 3 groups of 6 villages: pirimiphos-methyl 300 CS at
1g A2I/m2, pirimiphos-methyl 500 EC at 1 g Al/m? and DDT at 2 g
Al/m=,

The duration of the study was one year. The preparatory phase was
from June to July 2012, with implementation of IRS done over 10
days in July 2011. Post-intervention monitoring and evaluation
continued from mid-August until the end of February 2013 when field
activities were completed.

In the study area, the majority of houses were constructed of mud
bricks with tin or thatch roof. Some houses were made of cement
bricks or cement plastered and with lime or paint coating. For
monitoring, the selected houses had thatch roofs and open eaves for
the monitoring of vector behaviour. A total of 5 mud-plastered and 5
cement-plastered houses were chosen per village. Cone bioassays
confirmed no further residual activity from previous IRS applications.
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Indoor spraying was done using hand-operated compression
sprayers fitted with flat fan nozzles and a control flow valve according
to WHO guidelines. Nozzles were calibrated daily before spraying
each morning. To assess the accuracy of spraying, filter-papers were
fixed at various heights and after spraying were stored in a
refrigerator at +4 °C until sending for chemical analysis within 4
weeks of spraying. Residual activity of the treatments was
determined using 2-5-day old susceptible An. gambiae in WHO cone
bioassays on mud and cement plastered substrates. The
entomological impact of the interventions was recorded each month
in 4 villages per villages on: (i) vector density and behaviour as
determined by light trap collections indoors, human landing catches
indoors, exit trap collections and pyrethrum space spray collections;
(ii) vectorial capacity as determined by parous rates, sporozoite rates,
entomological inoculation rate and human blood index. Light-trap
collections were done in different houses to the spray catch
collections. An assessment of adverse events in spray operators was
made by questionnaire on the day of spraying, the day after and one
week later.

The Anopheles mosquito population was found to be fully susceptible
to pirimiphos-methyl, deltamethrin and DDT. There was 9% survival
to permethrin and 18% to bendiocarb test papers in WHO kits. Spray
operators and inhabitants reported symptoms of headache, sneezing,
irritation to eye and mucous membranes, and treatment odour.

Chemical analysis of filter-papers revealed that the average
applied/target dose ratio ranged from 1.68 to 3.78 for pirimiphos-
methyl 300 g AI/L CS at 1 g Al/m2, from 2.07 to 2.98 for pirimiphos-
methyl 500 EC at 1 g Al/m2 and from 1.43 to 1.81 for DDT at 2 g
Al/m2, The Al content variation between filter-papers expressed as
the relative standard deviation ranged from 19.8% to 77.2% (Table
2.4). The ratio of actual to target dose was therefore 2—4 times higher
than one on the majority of surfaces. For the CS, the ratio was 1.68
on mud plaster and 3.78 on cement. For the EC, the ratio was 2.07
on mud plaster and 2.98 on cement. For DDT, the ratio was 1.30 on
mud-plaster and 1.43 on cement (Pigeon, 2012e).

Residual activity was consistently longer for CS than for EC for both
types of substrate. Activity of CS lasted for 3 months on mud and
cement plaster but activity of EC lasted only for 1 month and 2
months on these substrates, respectively. The duration of residual
activity on DDT-sprayed mud plaster and cement was similar to that
of the CS formulation.
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Species determination was carried out by PCR on all mosquitoes
collected (1550). An. arabiensis formed 63% and An. gambiae ss
formed 36%; 96% of An. gambiae ss was M form.

In the post-intervention period, 237 blood-fed mosquitoes (comprising
224 An. gambiae s.I. and 13 An. funestus) were collected and 110
(46%) had fed on humans. The mean proportion of human blood-fed
females was higher in the pirimiphos-methyl EC (56%) arm than the
CS (36%) arm. Of the 1455 An. gambiae s.l. and An. funestus tested
for circumsporozoite protein (CSP), only 3 were positive (0.2%) and
all 3 positives came from the pirimiphos-methyl CS arm, which gives
a sporozoite rate of 0.4%.

The effort spent on human landing catches (2 villages once per
month) and the number of mosquitoes collected for parous rate
determination (149 in total) was insufficient to draw any conclusions.

Indoor density of An. gambiae s.l. was 1.6 times higher in sentinel
houses of the CS than the EC arm, but without clearer evidence that
density in the two arms was similar pre-intervention any difference
post-intervention cannot be attributed to the treatments. The sentinel
houses were treated with their respective CS and ES formulations.
The mean number of anophelines caught in the exit traps per night
was 3.9 in the CS arm and 2.4 in the EC arm. Of the mosquitoes
collected in the exit traps, the proportion dying was 73% (117/205) in
the CS arm and 45% (30/123) in the EC arm. This is an indication
that the CS formulation induces mosquito mortality for a higher or
longer duration than the EC and supports the inference that residual
activity is greater in the CS than in the EC treatment arms.

2.4 Conclusions and recommendations

Pirimiphos-methyl 300 CS is a capsule suspension formulation
containing 300 g of active ingredient per litre (Actellic 300 CS)
produced by Syngenta Crop Protection, Switzerland. Pirimiphos-
methyl is a broad-spectrum insecticide with a mode of action based
on acetyl-cholinesterase inhibition. Pirimiphos-methyl 500 EC
emulsifiable concentrate formulation has previously been evaluated
by WHO and is recommended for indoor residual spraying against
malaria vectors at the dosage of 1-2 g Al/m? with 2-3 months of
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expected duration of effective action.> WHO specifications for the EC
formulation were published in April 2006.°

The report reviews the efficacy and duration of activity of pirimiphos-
methyl 300 CS in comparison with the pirimiphos-methyl 500 EC
formulation for indoor residual spraying against malaria vectors in
small-scale and large-scale field trials, and takes into consideration
the previously published WHO recommendations for the EC
formulation.

A series of background studies and WHOPES supervised trials were
reviewed from Benin, Ethiopia, the Gambia, India, Senegal, South
Africa, the United Republic of Tanzania, Viet Nam and Zambia. In
every study except one (Viet Nam), the duration of residual activity of
pirimiphos-methyl 300 CS, as measured by mortality >80% in cone
bioassays, exceeded the duration of activity of the 500 EC
formulation at dosages of 0.5 g Al/m? and 1 g Al/m?® The duration of
activity of the 500 EC ranged from 0-5 months depending on the
study and the substrate, but typically lasted for 1-3 months. The
duration of activity of pirimiphos-methyl 300 CS at 1 g Al/m® ranged
from 3-9 months depending on the country of study and the substrate.
In experimental hut trials in Benin, the duration of efficacy on free-
flying mosquitoes (mortality >80%) was 9 months on cement-walled
and 5 months on mud-walled huts. An application rate of 1 g Al/m?
showed longer residual activity than 0.5 g Al/m? in the small-scale
studies. Of the substrates tested, residual activity was longest on
wood and thatch, longer on cement/s and plaster than on mud plaster,
and shortest on lime-coated cement.

In the large-scale community randomized trials in India and the
Gambia, the duration of residual activity of pirimiphos-methyl 300 CS
was longer than that of pirimiphos-methyl 500 EC. In India, the post-
intervention population density of An. culicifacies appeared to be
lower in the CS than in the EC arm, but in the Gambia there was no
difference in the population density of An. gambiae s.l. between CS
and EC arms. In the Gambia, the mortality of An. gambiae s.l. in the
exit trap collections was significantly greater in the CS than the EC
arm.

® Available at
http://www.who.int/entity/whopes/Insecticides IRS Malaria_09.pdf.

® Available at
http://www.who.int/entity/whopes/quality/en/Pirimiphos_methyl _eval_may 06
.pdf.
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A tentative diagnostic dosage of 0.25% pirimiphos-methyl applied
using acetone as the solvent carrier is adopted until further evidence
is obtained.

Noting the above, the meeting recommended:

that multi-centre studies on different well-characterized strains
of different mosquito species, with priority on major malaria
vectors, be carried out to establish the diagnostic
concentration(s) for pirimiphos-methyl;

that pirimiphos-methyl 300 CS be used for indoor residual
spraying for malaria control at a recommended dose of 1.0 g
Al/m? with an expected duration of residual activity of 4—6
months; and

for quality assurance and determination of appropriate spray
cycles under specific eco-epidemiologic settings, that national
programmes be urged to monitor the residual activity of
insecticides used for indoor residual spraying.

Note: WHO recommendations on the use of pesticides in public
health are valid ONLY if linked to WHO specifications for their
guality control.
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3. REVIEW OF CHLORFENAPYR 240 SC

Chlorfenapyr 240 SC is a suspension concentrate formulation
containing 240 g of active ingredient per litre.

Chlorfenapyr is an N-substituted halogenated pyrrole, a broad-
spectrum insecticide with stomach and contact actions. The
Insecticide Resistance Action Committee (IRAC) of CropLife
International has classified the compound in Group 13, i.e.
uncouplers of oxidative phosphorylation via disruption of proton
gradient.”

The present review assesses the efficacy of chlorfenapyr 240 SC
(Phantom/Mythic 240 SC, BASF, Germany) for indoor residual
spraying against malaria vectors.

The following are extracts from the material safety data sheet of the
manufacturer for Phantom/Mythic 240 SC.:

Acute oral LDs (rat) 560-567 mg Al/kg
Acute inhalation LCs (rat) 0.57