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The	   Insec'cide	  Resistance	  Ac'on	  CommiCee	   (IRAC)	   is	   a	   specialist	   technical	   group	  of	   the	  
industry	  associa'on	  CropLife	   Interna'onal	  and	  provides	  a	  coordinated	   industry	   response	  
to	  prevent	  or	  delay	  the	  development	  of	  resistance	  in	  insect	  pests.	  For	  more	  informa'on	  on	  
IRAC	  and	  resistance	  management	  please	  visit	  the	  IRAC	  website	  at	  www.irac-‐online.org.	    
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•  Insec'cides	   remain	   the	   mainstay	   of	   many	   tropical	   disease	   control	   programmes	   and	  
insec'cide	  resistance	  can	  have	  a	  major	   impact	  on	  our	  ability	  to	  control	   these	  diseases.	  
The	   need	   to	   protect	   and	   extend	   the	   useful	   life	   of	   current,	   and	   future	   insec'cides	   is	  
therefore	  cri'cal.	  For	  this	  reason,	  resistance	  management	  must	  be	  given	  a	  high	  priority	  
in	  all	  vector	  control	  programmes.	  	  

	  
• This	   guide	   has	   been	   designed	   to	   provide	   the	   reader	   with	   the	   knowledge	   and	   tools	  
required	   to	   implement	   insec'cide	   resistance	   management	   in	   vector	   management	  
programmes.	  

Foreword 
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What	  is	  Resistance?	  

Resistance	  to	   insec'cides	  may	  be	  defined	  as	   a	  heritable	  change	   in	  the	  sensi.vity	  of	  a	  pest	  
popula.on	  that	  is	  reflected	  in	  the	  repeated	  failure	  of	  a	  product	  to	  achieve	  the	  expected	  level	  
of	  control	  when	  used	  according	  to	  the	  label	  recommenda.on	  for	  that	  pest	  species 	  (IRAC).	  
	  
The	   use	   of	   insec'cides	   as	   such	   does	   not	   create	   resistance	   but	   it	   can	   develop	   through	   the	  
over-‐use	   or	   misuse	   of	   an	   insec'cide	   against	   a	   pest	   species.	   	   Resistance	   develops	   when	  
naturally	  occurring	  gene'c	  varia'on	  allows	  a	  small	  propor'on	  of	  the	  popula'on	  to	  resist	  and	  
survive	  the	  effects	  of	  the	  insec'cide.	  	  If	  this	  advantage	  is	  maintained	  by	  con'nually	  using	  the	  
same	   insec'cide,	   the	   resistant	   insects	   will	   reproduce	   and	   the	   gene'c	   changes	   that	   confer	  
resistance	   are	   transferred	   from	   parents	   to	   offspring	   so	   that	   eventually	   they	   become	  
numerous	  within	  the	  popula'on.	  	  
	  
Major factors that influence resistance development 
 

•   Application frequency 
•   Dosage 
•   Persistence of effect 
•   Rate of reproduction 
•   Population isolation 

	  
	  
	  	  



Possible	  Scenario	  for	  Resistance	  Development	  in	  a	  Mosquito	  Popula&on	  
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Exposure	  to	  
insec'cide	  

Further	  exposure	  
to	  the	  same	  
insec'cide	  

Survivors	  
reproduce	  

Survivors	  
reproduce	  

Further	  
exposure	  to	  
the	  same	  
insec'cide	  

Key:	  Resistant	   Suscep'ble	  

Resistance	  development	  

	  1.	  Resistance	  rare	   2.	  Resistance	  increasing	  

4.	  Majority	  of	  popula&on	  
resistant	  

3.	  Resistance	  common	  



Insec&cide	  Modes	  of	  Ac&on	  

Insec'cides	  can	  be	  classified	  by	  Mode	  of	  Ac'on	  (MoA)	  based	  on	  their	  site	  of	  ac'on.	  Different	  
insec'cides	   can	   have	   the	   same	   target	   site	   within	   the	   insect.	   Insec'cides	   from	   the	   same	  
chemical	   class,	   e.g.	   pyrethroids,	   will	   have	   the	   same	   MoA.	   There	   may	   be	   many	   different	  
commercial	  products	  based	  on	  insec'cides	  from	  the	  same	  chemical	  class.	  	  
	  
IRAC	  has	  produced	  a	  comprehensive	  classifica'on	  of	  all	   commercially	  available	   insec'cides,	  
allowing	  products	  with	  the	  same	  MoA	  to	  be	  readily	  iden'fied.	  There	  is	  liCle	  value	  in	  switching	  
from	  one	  product	   to	  another	  with	   the	   same	  MoA	  on	   the	  grounds	  of	   Insec'cide	  Resistance	  
Management	   (IRM).	   All	   products	   from	   a	   MoA	   class	   will	   expose	   the	   insects	   to	   selec'on	  
pressure	  for	  the	  same	  resistance	  mechanisms.	  	  
	  
Therefore,	  when	   selec'ng	   products	   for	   IRM,	   it	   is	   vital	   to	   iden'fy	  which	  MoA	   class	   a	   given	  
product	  comes	  from.	  Rota'ng	  from	  one	  pyrethroid	  to	  another	  simply	  exposes	  the	  mosquito	  
popula'on	  to	  the	  same	  MoA	  and	  has	  no	  value	  in	  resistance	  management.	  
	  
The	   IRAC	  MoA	  Classifica'on	  allocates	  each	   insec'cide	   to	  a	  numbered	  group	  based	  on	  their	  
target	   site.	   Chemical	   sub-‐groups	   are	   iden'fied	   with	   a	   leCer,	   for	   example,	   pyrethroids	   are	  
given	  the	  IRAC	  MoA	  classifica'on	  3A	  
	  
For	  further	  informa'on	  see	  pages	  9	  and	  10,	  or	  visit	  www.irac-‐online.org	  	  

5	  
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Various	  mechanisms	  enable	  insects	  to	  resist	  the	  ac'on	  of	  insec'cides	  

Metabolic	  resistance	  

Target-‐site	  resistance	  

Reduced	  penetra.on	  

Behavioural	  resistance	  

The	  mechanisms	  expressed	  
may	  resist	  more	  than	  one	  
insec'cide	  -‐	  Cross-‐resistance	  

An	  insect	  may	  express	  more	  
than	  one	  resistance	  mechanism	  
–	  Mul.ple	  resistance	  

Major	  mechanisms	  conferring	  
resistance	  to	  important	  classes	  
of	  insec'cides	  in	  adult	  
mosquitoes.	  

Resistance	  Mechanisms	  

Circle	  size	  reflects	  the	  rela.ve	  impact	  of	  the	  mechanism	  on	  resistance	  



Resistance	  Management	  –	  Strategies	  and	  Tac&cs	  

Insec'cide	   Resistance	  Management	   (IRM)	   should	   be	   undertaken	   as	   part	   of	   an	   Integrated	  
Vector	   Management	   (IVM)	   programme	   that	   includes	   use	   of	   both	   insec'cidal	   and	   non-‐
insec'cidal	  interven'ons.	  
	  
There	   are	   several	   approaches	   to	   Insec'cide	   Resistance	   Management,	   but	   all	   rely	   on	  
minimising	   the	   selec'on	   pressure	   for	   resistance	   development	   by	   limi'ng	   the	   extended	  
exposure	  of	  a	  mosquito	  popula'on	  to	  insec'cides	  that	  have	  the	  same	  mode	  of	  ac'on:	  	  
	  
Rota&on	  –	  This	  strategy	  is	  based	  on	  the	  rota'on	  over	  'me	  of	  two	  or	  more	  insec'cide	  classes	  
with	   different	  Modes	   of	   Ac'on	   (MoA).	   	   This	   approach	   assumes	   that	   if	   resistance	   to	   each	  
insec'cide	  is	  rare,	  then	  mul'ple	  resistance	  will	  be	  extremely	  rare.	  
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MoA	  y	  

MoA	  z	  MoA	  x	  

Rota'on:	  



Resistance	  Management	  –	  Strategies	  and	  Tac&cs	  

8	  

	  
Mixtures	  –	  A	  mixture	  is	  a	  single	  formula'on	  containing	  two	  or	  more	  insec'cides,	  or	  different	  
insec'cide	  formula'ons	  being	  applied	  in	  the	  same	  spray	  tank,	  or	  an	  LN*	  or	  ITM*	  treated	  with	  
two	  or	  more	  insec'cides	  with	  different	  MoA.	  It	  can	  also	  include	  the	  combina'on	  of	  an	  LN	  or	  
ITM	  with	  an	  IRS	  applica'on	  in	  the	  same	  dwelling.	  This	  approach	  assumes	  that	  if	  a	  mosquito	  
survives	  one	   insec'cidal	  MoA,	   it	  will	  be	  killed	  by	  the	  other,	  and	  that	   if	   resistance	  to	  one	   is	  
rare,	  resistance	  to	  both	  will	  be	  extremely	  rare.	  
	  
	  
	  
	  
	  
	  
	  
	  

Fine-‐scale	  mosaic	  -‐	  Spa'ally	  separated	  applica'ons	  of	  different	  MoA	  insec'cides	  against	  the	  
same	  mosquito	  popula'on.	   	  e.g.	  using	  two	  different	  MoA	  insec'cides	  in	  different	  dwellings	  
within	  the	  same	  village.	  	  Mosquitoes	  are	  therefore	  likely	  to	  come	  into	  contact	  with	  a	  second	  
insec'cide	   during	   their	   life'me,	   if	   they	   survive	   exposure	   to	   the	   first.	   This	   reduces	   the	  
selec'on	  pressure	  for	  both	  insec'cides.	  

Mixture:	   Fine-‐scale	  
Mosaic:	  

*	  LN	  (Long	  las.ng	  insec.cide	  treated	  Net),	  ITM	  (Insec.cide	  Treated	  Material),	  IRS	  (Indoor	  Residual	  Spray)	  	  



Mode	  of	  Ac&on	  Classes	  Available	  for	  Vector	  Control	  –	  Adults	  

  Class Insecticide or  Product 

1A Carbamate Bendiocarb, Propoxur  

1B Organophosphate Malathion, Fenitrothion, Pirimiphos-methyl 

3A Pyrethroid Alphacypermethrin 
Deltamethrin 
Permethrin 
Etofenprox 
Lambdacyhalothrin                                                                                                           
Bifenthrin 
Cyfluthrin 
Deltamethrin + PBO 

3B Organochlorine DDT 
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*	  Indicates	  Full	  WHOPES	  approval	  as	  an	  LN	  (NB:	  Those	  without	  *	  indicates	  Interim	  approval	  only.)	  
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‡ 

‡	  Indicates	  interim	  approval	  as	  long	  las.ng	  net	  treatment	  	  

Nerve	  and	  Muscle	  Targets	  
Most	  current	  insec'cides	  act	  on	  nerve/muscle	  targets	  and	  are	  generally	  fast	  ac'ng.	  
	  

Group	  1	  	  Acetylcholinesterase	  (AChE)	  inhibitors	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1A	  Carbamates,	  1B	  Organophosphates	  
	  
	  

Group	  3	  	  Sodium	  channel	  modulators	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  3A	  Pyrethrins,	  Pyrethroids,	  3B	  DDT	  
	  	  	  	  	  	  	  	  	  	  



Mode	  of	  Ac&on	  Classes	  Available	  for	  Vector	  Control	  –	  Larvae	  

Nerve	  and	  Muscle	  Targets	  
Act	  on	  nerve/muscle	  targets	  and	  are	  generally	  fast	  ac'ng.	  
Group	  1	  -‐	  Acetylcholinesterase	  (AChE)	  inhibitors	  -‐	  1B	  Organophosphates	  
Group	  5	  -‐	  Nico.nic	  acetylcholine	  receptor	  (nAChR)	  allosteric	  modulators	  –	  Spinosyns	  
	  
	  

Growth	  and	  Development	  Targets	  
Insect	  development	  is	  controlled	  by	  juvenile	  hormone	  and	  ecdysone.	  Insec'cides	  that	  	  
disrupt	  this	  process	  are	  generally	  slow	  to	  moderately	  slow	  ac'ng.	  	  
	  
	  
Group	  7	  -‐	  7A	  Juvenile	  hormone	  mimics,	  7C	  Pyriproxyfen	  
Group	  15	  -‐	  Inhibitors	  of	  chi.n	  biosynthesis	  Type	  0	  –	  Benzoylureas	  
	  

	  

Midgut	  
Derived	  from	  bacteria,	  these	  toxins	  need	  to	  be	  ingested	  and	  disrupt	  the	  insect	  midgut	  membranes	  

Class Insecticide or  Product 

1B Organophosphate Temephos, Chlorpyriphos, Pirimiphos-methyl, Fenthion 

 5 Spinosyns Spinosad 

7A Juvenile Hormone 
Mimics 

Methoprene, Hydroprene 

7C Pyriproxyfen Pyriproxyfen 

15 Benzoylureas Diflubenzuron, Novaluron 

11 Bacterial Larvicide Bt var. israeliensis and Bacillus sphaericus	  
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Group	  11-‐	  Microbial	  
disruptors	  insect	  
midgut	  membranes	  
B.	  thuringiensis	  
var.	  Israeliensis,	  
B.	  sphaericus.	  
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Monitoring	  of	  Vector	  Suscep&bility	  and	  Resistance	  Detec&on	  

The	  monitoring	  of	  insec'cide	  suscep'bility	  in	  vector	  control	  programmes	  has	  three	  main	  objec'ves:	  
	  	  

• 	  Baseline	  data	  collec&on:	  Conducted	  prior	  to	  the	  start	  of	  a	  control	  programme	  in	  order	  to	  provide	  	  
	  	  	  baseline	  data	  to	  inform	  planning	  and	  insec'cide	  choice.	  	  
• 	  Monitoring	  of	  suscep&bility	  over	  &me:	  To	  evaluate	  the	  propor'on	  of	  suscep'ble	  mosquitoes	  in	  
	  	  popula'ons	  over	  'me,	  comparing	  it	  with	  the	  pre-‐interven'on	  baseline.	  Hence	  the	  impact	  of	  the	  	  
	  	  control	  strategy	  on	  the	  propor'on	  of	  suscep'ble	  individuals	  in	  the	  mosquito	  popula'on	  can	  be	  
	  	  evaluated.	  
• 	  Detec&on	  of	  resistance:	  To	  detect	  resistant	  individuals	  when	  they	  are	  at	  a	  low	  frequency	  in	  the	  
	  	  popula'on	  so	  that	  resistance	  management	  can	  be	  effec'vely	  introduced.	  

	  

Monitoring	  based	  on	  the	  Discrimina.ng	  Dose	  DD	  (	  =	  2x	  LC99	  )	  of	  an	  insec.cide:	  
Resistance	  may	  go	  unno'ced	  for	  a	  long	  'me	  providing	  the	  LC99	  is	  not	  affected.	  However,	  an	  increase	  in	  
the	  number	  of	  heterozygous	  resistant	  individuals	  would	  cause	  a	  shid	  in	  the	  LC50.	  
	  

Detec.ng	  resistance	  at	  an	  early	  stage	  based	  on	  LC50	  and	  Resistance	  Factor:	  
Looking	  at	  the	  complete	  dose	  mortality	  data	  including	  the	  LC50	  will	  enable	  detec'on	  of	  a	  shid	  in	  vector	  
suscep'bility,	  an	  early	  sign	  of	  resistance	  before	  reduced	  insec'cide	  efficacy	  in	  the	  field	  occurs.	  
	  

Calcula.ng	  the	  Resistance	  Factor	  based	  on	  LC50	  :	  
Provides	  a	  suscep'bility	  comparison	  of	  a	  vector	  popula'on	  over	  'me,	  or	  to	  compare	  between	  strains.	  
	  
Resistance	  Factor	  (RF)	  =	  	  
	  	  
	  	  

LC50	  Resistant	  Popula'on	  
LC50	  Suscep'ble	  Popula'on	  

11	  

NB:	  LC	  	  	  	  	  	  (LC	  	  	  	  	  )	  is	  the	  concentra.on	  of	  insec.cide	  required	  to	  kill	  50%	  (99%)	  of	  the	  test	  mosquitoes	  

RF	  should	  always	  be	  related	  to	  the	  method	  used,	  
e.g.	  Boale	  assay	  or	  WHO	  paper	  test,	  etc	  

50       99 



Monitoring	  Methods	  (Adult	  Mosquitoes)	  –	  WHO	  Test	  Kit	  	  

There	  are	  various	  bioassay,	  biochemical	  and	  molecular	  methods	  that	  can	  be	  used	  to	  test	  and	  monitor	  
resistance	  development.	  These	  can	  be	  used	  together	  to	  maximize	  outputs	  from	  monitoring	  in	  a	  region.	  
	  WHO	  Test	  Kit	  -‐	  Adult	  mosquitoes:	  
The	  principle	  of	  this	  test	  is	  to	  expose	  mosquitoes	  for	  a	  given	  'me	  in	  a	  specially	  designed	  plas'c	  tube	  
lined	  with	   a	   filter	   paper	   treated	  with	   a	   standard	   concentra'on	  of	   insec'cide.	   The	  dose	   rate	   on	   the	  
paper	   (diagnos'c	   concentra'on)	   is	   2x	   the	   lethal	   dose	   es'mated	   to	   kill	   100	   %	   of	   mosquitoes	   of	   a	  
suscep'ble	  strain.	  Mosquitoes	  are	  generally	  exposed	  to	  the	  treated	  papers	  for	  one	  hour	  and	  mosquito	  
mortality	   is	   assessed	   ader	   24	   hours.	   This	   approach	   has	   been	   designed	   to	   avoid	   spurious	   reports	   of	  
resistance	  in	  the	  field	  where	  none	  may	  exist.	  The	  kit	  and	  papers	  can	  be	  purchased	  with	  full	  instruc'ons	  
on	  their	  use.	  Supplier	  details	  can	  be	  found	  at:	  www.who.int/whopes/resistance/en/	  
	  

12	  

Disassembled	  WHO	  Cylinder	  Test	  Kit	  –	  Adult	  Mosquitoes	  (A).	  The	  green	  dot	  indicates	  the	  holding	  por.on	  of	  the	  cylinder,	  while	  the	  red	  
dot	  indicates	  the	  exposure	  por.on	  of	  the	  cylinder.	  Movement	  of	  adult	  mosquitoes	  is	  accomplished	  by	  the	  movable	  gate	  that	  separates	  
both	  halves	  of	   the	  assembly.	  An	  assembled	  WHO	  cylinder	   test	  kit	   (B)	   can	  be	  observed,	  and	  adult	  mosquitoes	  are	   indicated	  by	  black	  
arrows	  (C)	  res.ng	  on	  the	  interior	  side	  walls	  of	  the	  treated	  papers	  that	  line	  the	  walls	  of	  the	  test	  kit.	  

C	  A	   B	  



Monitoring	  Methods	  (Adult	  Mosquitoes)	  –	  WHO	  Test	  Kit	  	  

13	  

WHO	  Test	  Kit	  -‐	  Adult	  mosquitoes	  -‐	  Interpre.ng	  results:	  
The	  24	  hour	  mortality	  is	  expressed	  as	  a	  percentage.	  	  If	  the	  mortality	  in	  the	  control	  groups	  is	  over	  5%	  but	  
less	  than	  20%,	  a	  correc'on	  of	  mortality	  is	  made	  by	  applying	  Abbot’s	  formula.	  
	  	  
	  	  
	  
	  
If	  the	  control	  mortality	  is	  	  >	  20%	  the	  test	  results	  are	  discarded	  and	  the	  test	  will	  need	  to	  be	  repeated.	  
The	  average	  mortality	  obtained	  at	  the	  same	  concentra'on	  is	  calculated	  in	  at	  least	  three	  replicates.	  
	  	  
Results	  are	  interpreted	  as	  follows:	  
	  	  
	  
	  
	  
	  
	  
When	  <	  95	  %	  mortality	  occurs	  in	  replicated	  tests	  that	  have	  been	  conducted	  under	  op'mum	  condi'ons	  
with	  sample	  size	  of	  >	  100	  mosquitoes,	  then	  resistance	  within	  the	  tested	  popula'on	  can	  be	  strongly	  
suspected.	  
	  

100	  x	  (%	  test	  mortality	  -‐	  %	  control	  mortality)	  
100	  -‐	  %	  control	  mortality	  

98	  –	  100%	  mortality	   Suscep'ble	  popula'on	  

80	  –	  97%	  mortality	   Resistant	  individuals	  within	  the	  popula'on	  suspected,	  but	  verifica'on/
confirma'on	  required	  

<80%	  mortality	   Resistant	  individuals	  within	  the	  popula'on	  present	  
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WHO	  Test	  Kit	  –	  Larvicides	  (Chemical):	  
This	  methodology	  aims	  to	  determine	  resistance	  in	  mosquito	  larvae	  based	  on	  diagnos'c	  concentra'ons	  
developed	  from	  dose	  response	  lines	  against	  suscep'ble	  species.	  The	  test	  assesses	  the	  resistance	  to	  the	  
insec'cide	  used,	  but	  can	  also	  be	  used	  to	  determine	  if	  cross-‐resistance	  is	  present.	  
	  	  

The	  technique	  requires	  the	  tes'ng	  of	  3rd	  and	  4th	  instar	  larvae	  collected	  from	  the	  wild.	  A	  wide	  range	  of	  
concentra'ons	  is	  used	  to	  start	  with,	  so	  that	  an	  approximate	  dose	  response	  can	  be	  calculated.	  Then	  a	  
narrower	  range	  of	  4-‐5	  concentra'ons	  yielding	  10%	  and	  95%	  mortality	  in	  24	  hour	  or	  48	  hours	  are	  used	  
to	  determine	  LC50	  and	  LC90	  values.	  
	  
WHO	  Test	  Kit	  –	  Larvicides	  (Insect	  Growth	  Regulators)	  
Different	  tests	  are	  conducted	  with	  IGRs	  as	  mortality	  may	  be	  slower	  or	  not	  take	  place	  un'l	  the	  pupal	  
stage.	  Therefore,	  mortality	  is	  assessed	  every	  other	  day	  or	  every	  third	  day	  un'l	  the	  comple'on	  of	  adult	  
emergence.	  The	  result	  is	  expressed	  in	  terms	  of	  the	  percentage	  of	  larvae	  that	  do	  not	  develop	  into	  
successfully	  emerging	  adults,	  or	  adult	  emergence	  inhibi'on.	  
	  
Bacterial	  larvicides	  
Larvicides	  such	  as	  B'*	  or	  Bs*	  may	  be	  tested	  in	  the	  laboratory	  to	  determine	  resistance	  with	  the	  same	  
methodology	  as	  for	  chemical	  larvicides,	  except	  in	  the	  prepara'on	  of	  stock	  solu'on. 
	  
	  Full	  details	  of	  the	  tests	  be	  found	  at:	  www.who.int/whopes/guidelines/en/	  

*	  B.:	  Bacillus	  thuringiensis	  var.	  Israeliensis,	  Bs:	  Bacillus	  sphaericus.	  
 



Monitoring	  Methods	  (Adult	  Mosquitoes)	  –	  CDC	  Bo?le	  Assay	  	  

15	  

CDC	  Boale	  Test	  Kit	  -‐	  Adult	  Mosquitoes:	  
The	  boCle	  bioassay	  method	  is	  a	  tac'cal	  surveillance	  tool	  for	  detec'ng	  and	  characterising	  changes	   in	  
suscep'bility	  to	  insec'cides	  in	  vector	  popula'ons.	  	  The	  bioassay	  uses	  250	  ml	  glass	  boCles.	  The	  internal	  
surfaces	  of	  the	  boCle	  are	  coated	  with	  the	  desired	  insec'cide	  diluted	  in	  acetone	  or	  ethanol.	  Once	  the	  
solvent	  has	  evaporated,	  between	  10	  and	  20	  adult	  mosquitoes	  are	  aspirated	  into	  the	  boCles	  and	  sealed	  
using	  the	  lid.	  Assessments	  of	  knockdown	  or	  mortality	  are	  made	  at	  10	  minute	  intervals.	  Knockdown	  or	  
mortality	   is	   then	  ploCed	  against	  'me.	  Changes	   in	  the	  slope	  of	  this	  graph	  over	  'me	  are	   indica've	  of	  
changes	  in	  the	  suscep'bility	  of	  the	  mosquito	  popula'on.	  

An	  appropriate	  diagnos'c	  dose	  should	  be	  calculated	  at	  the	  start	  of	  the	  monitoring	  programme	  using	  
an	   insec'cide	   rate	   range	  study.	  To	  guide	   this,	   the	   following	  doses	  are	  suggested:	   cyano-‐pyrethroids,	  
e.g.	  deltamethrin	  =	  25	  µg/boCle	  and	  non-‐cyano-‐pyrethroids,	  e.g.	  permethrin	  =	  43	  µg/boCle.	  	  
	  

For	   further	  details	  on	   this	  method	   see:	  www.cdc.gov/ncidod/wbt/resistance/assay/boCle/index.htm.	  
The	  CDC	  will	  furnish,	  at	  no	  cost,	  premeasured	  amounts	  of	  WHOPES	  approved	  IRS	  and	  LLIN	  insec'cides,	  
sufficient	  to	  conduct	  approximately	  100	  boCle	  assays	  for	  each	  insec'cide.	  	  Recipient	  is	  responsible	  for	  
approval	  to	  import	  these	  insec'cides	  into	  their	  country.	  Contact	  Dr.	  William	  Brogdon	  	  (wgb1@cdc.gov)	  
for	  addi'onal	  informa'on	  or	  to	  request	  shipment	  of	  insec'cides.	  

KD
	  o
r	  m
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y	  

Time	  

Suscep'ble	  

Resistant	  250ml	  
Glass	  
BoCles	  
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There	  are	  some	  challenges	  associated	  with	  bioassays	  that	  may	  complicate	  interpreta'on	  of	  the	  results.	  
For	  example;	  when	  field	   collected	  mosquitoes	  are	  used,	  oden	  not	  enough	  adults	   can	  be	   found,	   and	  
those	   found	  will	   be	   of	  mixed	   age	   and	   blood	   fed	   status.	   They	  may	   also	   have	   had	   prior	   exposure	   to	  
insec'cides.	  All	  of	  which	  may	  effect	   their	   suscep'bility.	   If	   larvae	  are	  collected	  or	  F1	  adults	  are	  used,	  
access	  to	  a	   laboratory	  or	   insectary	  is	  required,	  and	  the	  results	  may	  not	  be	  fully	  representa've	  of	  the	  
local	  mosquito	  popula'on.	  
	  

Test	  methods	  based	  on	  biochemical	  or	  molecular	  assays	  are	  also	  available	   for	  resistance	  monitoring.	  
These	  assays	  detect	  the	  presence	  of	  a	  par'cular	  resistance	  mechanism	  or	  gene	  and,	  for	  some,	  are	  able	  
to	   iden'fy	  genotypes	  (heterozygous	  or	  homozygous	  for	  resistance).	  However,	  specialist	  equipment	   is	  
needed	   for	   these	   techniques.	  While	  advances	   in	   these	   technologies	   con'nue,	   their	  poten'al	  as	   true	  
field	  assays	  has	  not	  yet	  been	  fully	  realized.	  

Prepara&on	  of	  Enzyme-‐linked	  immunosorbent	  assay	  (ELISA);	  a	  biochemical	  technique	  that	  can	  detect	  the	  presence	  of	  
malarial	  an'bodies	  or	  an'gens	  from	  human	  blood	  sera,	  and	  the	  presence	  of	  resistance	  alleles	  from	  mosquitoes.	  
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Simplified	  diagram	  indica&ng	  possible	  steps	  in	  a	  resistance	  monitoring	  programme	  



Managing	  a	  Vector	  Control	  Programme	  

If	  Resistance	  is	  Suspected:	  
The	  first	  ques'on	  to	  ask	  is,	  why	  is	  resistance	  suspected?	  There	  may	  be	  several	  reasons:	  

•  Decreased	  suscep'bility	  detected	  during	  monitoring	  
•  Complaints	  from	  local	  users	  	  
•  Disease	  transmission	  rates	  increasing	  
•  Vectors	  seen	  in	  large	  numbers	  in	  treated	  areas	  and	  evidence	  of	  breeding	  

In	  many	  cases,	  control	  failure	  might	  be	  due	  to	  reasons	  other	  than	  insec'cide	  resistance	  and	  therefore,	  
the	  suspicions	  of	  resistance	  must	  be	  confirmed	  using	  assays.	   	  A	  survey	  of	  the	  area	  should	  be	  made	  and	  
mosquitoes	  collected	  and	  tested.	  If	  resistance	  is	  confirmed	  then	  the	  survey	  should	  be	  expanded	  so	  that	  
the	  extent	  of	  the	  problem	  can	  be	  assessed.	  
	  
If	  Resistance	  is	  Confirmed:	  
There	  are	  several	  ques'ons	  to	  consider	  before	  any	  ac'on	  is	  decided:	  

•  How	  widespread	  is	  the	  resistance?	  
•  Which	  species	  are	  resistant?	  
•  What	  is	  the	  propor'on	  of	  resistant	  individuals	  in	  the	  popula'on,	  and	  what	  is	  its	  impact	  on	  the	  	  

control	  programme?	  	  
•  What	  is	  the	  resistance	  mechanism(s)	  involved	  and	  the	  level	  of	  resistance	  in	  the	  target	  species?	  
•  What	  is	  the	  source	  of	  insec'cide	  pressure?	  

See	  the	  following	  flowcharts	  for	  more	  informa.on:	  
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Managing	  a	  Vector	  Control	  Programme	  

If	  Resistance	  is	  Suspected:	  
The	  first	  ques'on	  to	  ask	  is,	  why	  is	  resistance	  suspected?	  There	  may	  be	  several	  reasons:	  

•  Decreased	  suscep'bility	  detected	  during	  monitoring	  
•  Complaints	  from	  local	  users	  	  
•  Disease	  transmission	  rates	  increasing	  
•  Vectors	  seen	  in	  large	  numbers	  in	  treated	  areas	  and	  evidence	  of	  breeding	  

In	  many	  cases,	  control	  failure	  might	  be	  due	  to	  reasons	  other	  than	  insec'cide	  resistance	  and	  therefore,	  
the	  suspicions	  of	  resistance	  must	  be	  confirmed	  using	  assays.	   	  A	  survey	  of	  the	  area	  should	  be	  made	  and	  
mosquitoes	  collected	  and	  tested.	  If	  resistance	  is	  confirmed	  then	  the	  survey	  should	  be	  expanded	  so	  that	  
the	  extent	  of	  the	  problem	  can	  be	  assessed.	  
	  
If	  Resistance	  is	  Confirmed:	  
There	  are	  several	  ques'ons	  to	  consider	  before	  any	  ac'on	  is	  decided:	  

•  How	  widespread	  is	  the	  resistance?	  
•  Which	  species	  are	  resistant?	  
•  What	  is	  the	  propor'on	  of	  resistant	  individuals	  in	  the	  popula'on,	  and	  what	  is	  its	  impact	  on	  the	  	  

control	  programme?	  	  
•  What	  is	  the	  resistance	  mechanism(s)	  involved	  and	  the	  level	  of	  resistance	  in	  the	  target	  species?	  
•  What	  is	  the	  source	  of	  insec'cide	  pressure?	  

See	  the	  following	  flowcharts	  for	  more	  informa.on:	  
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Why do you suspect resistance? 
Complaints from population? Disease rates increasing? Large numbers of vectors around after intervention? 

Adulticides: WHO cylinder test or Bottle bioassays. 
Larvicides:   WHO larvicide resistance monitoring kits 

Resistance  
indicated?   

NO 

Check for Resistance 

Don’t Panic! How widespread 
is resistance? Conduct survey 
to check.  
If resistance is not causing 
failure of product then you 
may be able to continue using 
it but monitor any further 
changes 

Go to 
Page 22 for 

details 

Resistance  
indicated?   

YES 

Further tests using biochemical or 
molecular methodologies, where labs are 
available to do this, can provide detailed 
information on resistance 
  

Failure may be due to 
other factors involving 
application techniques 

NO 

Re-apply appropriate 
product at correct  
rates and monitor 
effect 

The	  Product	  does	  not	  work	  -‐	  do	  I	  have	  Resistance?	  
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Were manufacturers label 
recommendations followed 
exactly? e.g. 
•  Correct dilution rate? 
•  Correct application rate? 
•  Correct application  
  equipment? 
•  Product within date? 
•  Product stored correctly? 
•  Was a good quality WHOPES  
  recommended product used? 

Go to 
Page 20 & 21 for 

details 

YES 



Bednets – LN`s 
 

Training 
•  Have the population been educated 

how to use and care for their nets 
correctly? 

 

Application 
•  Are the nets being used? 
•  Is coverage of house and villages 

complete? 
•  Are the nets being washed as 
    recommended? e.g. enough but not 

too often. 
•  Do nets need replacing due to age 
    or excessive damage? 
 

The product	  does	  not	  work	  but	  bioassays	  show	  no	  resistance	  -‐	  check	  applica&on	  techniques	  
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Indoor Residual Spray 
 

Training: 
•  Are all staff correctly trained? 
•  Has the population been instructed in what to do 

following an IRS application? 
•  Have spray team been trained in correct wall 

spraying technique?  
•  Refer to W.H.O. IRS Manual: 
    http://www.who.int/whopes/equipment/en/ 
 

Equipment: 
•  Are the sprayers and nozzles in good condition 

e.g. able to maintain correct pressure no leaking 
hoses, unworn fan nozzles. 

•  Has equipment been calibrated and checked for 
the correct flow rate? 

•  Has the correct spray pressure been maintained 
throughout the spraying? 

Application 
•  Was the correct insecticide dose used and  

thoroughly mixed before spraying? 
•  Were all houses sprayed or only partial coverage 

achieved? 
•  Has the deposit been painted over/cleaned off etc.  
•  Were applications made to coincide with 

transmission season? 



The product	  does	  not	  work	  but	  bioassays	  show	  no	  resistance	  -‐	  check	  applica&on	  techniques	  

Space sprays: 
 

Training: 
• Have staff been properly trained in space spraying 

methodology? 
•  Refer to Space Spray Application manual: 
    http://www.who.int/whopes/equipment/en/ 
 

Equipment: 
•  Is the equipment properly maintained? 
•  Has the machine been calibrated correctly e.g. flow 

rate, droplet size? 

Application: 
•  Are applications made at the correct volume and 

dose rate per unit area? 
    (Note: for ULV outdoor spraying the flow rate and 

vehicle speed must be correct to achieve the 
required dose/ha) 

•  Was application made at the right time of day for 
insect activity? 

•  Was the frequency of spraying correct? 
•  Were meteorological conditions correct e.g. wind  

speed <15kph and inversion characteristics 
considered if spraying outdoors? 

•  Was the area surveyed properly and area 
calculated to ensure the correct dose rates? 
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Larvicides: 
 

Training: 
•  Have staff been fully trained in 

larvicide surveying and application 
methodology 

Equipment: 
•  If using liquids, are the sprayers 

calibrated and flow rates determined 
relative to the area and volume of 
water to be treated?  

•  If using granules, has the weight/unit 
area been calculated correctly? 

Application: 
•  Was the water depth considered when 

calculating the application rate? 
•  Is the frequency of application 

correct? (Regular monitoring of larval 
breeding sites is essential and re-
application when new larvae re-
appear). 

•  Delayed larval mortality may occur 
using an IGR - check pupal emergence 
rate. 

	  



Resistance	  is	  confirmed	  by	  bioassay	  –	  what	  now?	  
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If resistance is confirmed: 
 

•  Notify WHO & Regional Authorities 
•  Inform the manufacturer, they can often advise 
•  Identify likely cause of resistance e.g. has the same 
  insecticide type been used locally for agriculture? 
•  If the existing class of insecticide is resisted but others 
  are not, switch class (but check first that there is no 
  cross resistance) 
•  If all adulticide classes are resisted, switch to larviciding 
  where alternative MoA insecticides are available 
•  Undertake a continuous monitoring program 
•  Develop remedial programmes in conjunction with  
  National Authorities, WHO and the manufacturer 
•  Read IRAC Prevention and Management of Insecticide 
  Resistance in Vectors of Public Health Importance, for 
  detailed advice 
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Hypothe*cal	  vector	  control	  programme	  cost	  
with	  or	  without	  resistance	  management	  

• 	  Preven'on	  of	  resistance	  is	  much	  beCer	  than	  trying	  to	  resolve	  the	  problem	  once	  resistance	  
	  	  has	  developed.	  Insect	  suscep'bility	  and	  effec've	  products	  are	  both	  non-‐renewable	  valuable	  	  
	  	  economic	  resources	  which	  should	  be	  preserved.	  
• 	  Resistance	  management	  strategies	  are	  most	  effec've	  when	  developed	  before	  control	  	  
	  	  	  programmes	  are	  started.	  
• 	  It	  is	  essen'al	  that	  the	  delivery	  of	  insec'cide	  to	  the	  target	  insect	  is	  correct.	  This	  includes	  	  
	  	  dose,	  applica'on	  'ming	  and	  technique.	  
• 	  Insec'cidal	  interven'ons	  should	  be	  part	  of	  a	  	  
	  	  	  wider	  integrated	  vector	  management	  	  
	  	  	  programme.	  
• 	  If	  resistance	  occurs	  take	  immediate	  steps	  to	  
	  	  	  contain	  it	  and	  reduce	  the	  selec'on	  pressure	  	  
	  	  	  produced	  by	  the	  insec'cide.	  
• 	  Failure	  to	  successfully	  manage	  resistance	  has	  	  
	  	  	  well	  documented	  financial	  implica'ons	  and	  	  
	  	  	  failure	  to	  implement	  an	  IRM	  programme	  on	  	  
	  	  	  financial	  grounds	  is	  a	  false	  economy	  that	  will	  	  
	  	  	  lead	  to	  increased	  costs	  in	  the	  future.	  
	  



Blood	  feeding	  adult	  female	  

Mosquito	  Biology	  –	  Typical	  Life	  Cycle	  

Mosquito	  eggs	  are	  laid	  on	  or	  near	  
water.	  When	  the	  condi'ons	  are	  
suitable,	  the	  eggs	  hatch	  releasing	  the	  
larvae	  into	  the	  water.	  

10	  –	  15	  
days	  

Emerging	  
	  adult	  

Pupa	  

Eggs	  
	  

Aqua&c	  larvae	  

Ader	  a	  number	  of	  larval	  
moults,	  the	  larvae	  become	  
pupa,	  from	  which	  the	  adults	  
emerge	  onto	  the	  water	  
surface.	  

The	  larvae	  filter	  feed	  
on	  organic	  maCer,	  
returning	  to	  the	  water	  
surface	  to	  obtain	  oxygen.	  

The	  females	  require	  a	  meal	  of	  blood	  
before	  their	  eggs	  can	  develop,	  and	  the	  
cycle	  starts	  again.	  Under	  op'mal	  
condi'ons	  a	  female	  can	  lay	  between	  30	  
and	  150	  eggs,	  every	  2	  –	  3	  days.	  
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Iden&fy	  your	  disease	  vector	  -‐	  Culex	  

Behavior:	  
	  

•  Eggs	  laid	  in	  rads	  on	  water	  surface	  
•  Larvae	  tolerate	  water	  with	  a	  high	  organic	  maCer	  content	  
•  Larvae	  have	  siphons	  and	  rest	  at	  an	  angle	  to	  the	  water	  surface	  
•  Adults	  hold	  their	  body	  parallel	  to	  the	  surface	  they	  are	  res'ng	  on	  
•  Adults	  feed	  in	  the	  evening/at	  night	  or	  early	  morning	  when	  it	  is	  dark	  

	  
Culex	  is	  a	  vector	  of	  the	  following	  diseases:	  
	  

•  West	  Nile	  Virus	  
•  Japanese	  encephali's	  
•  St.	  Louis	  encephali's	  
•  Western	  equine	  encephali's	  
•  Japanese	  encephali's	  
•  Ross	  River	  virus	  
•  Murray	  Valley	  encephali's	  
•  Rid	  Valley	  fever	  
•  Filariasis	  



26	  

Iden&fy	  your	  disease	  vector	  -‐	  Aedes	  

Behaviour:	  
	  

•  Lay	  eggs	  singly	  oden	  on	  dry	  or	  damp	  surfaces.	  A	  propor'on	  of	  the	  
total	  eggs	  will	  hatch	  each	  'me	  the	  area	  is	  flooded	  

•  Larvae	  are	  found	  in	  containers,	  leaf	  axils	  or	  tree	  holes	  containing	  
water	  

•  Larvae	  have	  a	  short	  breathing	  tube,	  rest	  at	  an	  angle	  to	  the	  water	  
surface	  and	  swim	  in	  an	  s-‐shaped	  or	  vermiform	  paCern	  

•  Adults	  hold	  their	  body	  parallel	  to	  the	  surface	  they	  are	  res'ng	  on	  
•  Adults	  feed	  during	  the	  daylight	  hours	  

	  
Aedes	  is	  a	  vector	  of	  the	  following	  diseases:	  
	  

•  Yellow	  Fever	  	  
•  Dengue	  Fever	  
•  LaCrosse	  	  
•  Chikungunya	  virus	  
•  Filariasis	  
•  St	  Louis	  encephali's	  
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Iden&fy	  your	  disease	  vector	  -‐	  Anopheles	  

Behaviour:	  

•  Eggs	  are	  laid	  singly	  on	  the	  water	  surface.	  Eggs	  have	  small	  floats	  
aCached	  to	  the	  sides.	  

•  Larvae	  require	  rela'vely	  clean	  water.	  
•  Larvae	  lack	  siphon	  and	  rest	  parallel	  to	  the	  water	  surface	  
•  Adults	  rest	  at	  an	  angle	  to	  the	  surface,	  proboscis	  and	  body	  in	  the	  

same	  straight	  line.	  
•  Adults	  generally	  feed	  during	  the	  night	  or	  early	  morning.	  
	  
	  
Anopheles	  is	  a	  vector	  of	  the	  following	  diseases:	  
	  

•  Malaria	  
•  Filariasis	  
•  O’nyong-‐nyong	  fever	  
•  Western	  equine	  encephali's	  
•  Dog	  heartworm	  
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Further	  Reading:	  
	  

Preven'on	  and	  Management	  of	  Insec'cide	  Resistance	  in	  Vectors	  of	  Public	  Health	  Importance.	  
IRAC	  2011:	  www.irac-‐online.org	  
	  

WHO:	  	  www.who.int/malaria/vector_control/en/	  
	  

WHO	  Pes'cide	  Evalua'on	  Scheme:	  www.who.int/whopes/en/	  
	  

Centers	  for	  Disease	  Control	  and	  Preven'on:	  www.cdc.gov	  
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	  www.irac-‐online.org	  
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