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Insec&cide	  Resistance	  Ac&on	  Commi1ee	  
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Are there any transferable lessons for 
Insecticide Resistance Management 

between Agriculture and Vector 
Control? 
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IRAC? 

•  Insec)cide	  Resistance	  Ac)on	  Commi3ee	  
(IRAC)	  
– Specialist	  technical	  group	  of	  the	  agrochemical	  
industry	  associa)on	  CropLife	  Interna)onal	  

– Formed	  in	  1984	  
– Provides	  a	  coordinated	  industry	  	  response	  to	  the	  
development	  of	  resistance	  in	  insect	  and	  mite	  
pests	  

“Resistance	  Management	  for	  Sustainable	  
Agriculture	  and	  Improved	  Public	  Health”	  
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IRAC 

2013	  

1984	  
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Insecticide Resistance 

1887	  
•  Scale	  insects	  “resistant”	  to	  kerosene	  

1914	  
•  Insects	  resistant	  to	  sulphur	  sprays	  

1948	  
•  House	  flies	  resistant	  to	  DDT	  

2012	  
•  574	  species	  of	  “resistant”	  insects	  
•  338	  insec)cides	  
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Crop Protection vs Vector Control 
Similarities… 

The	  main	  aim	  is	  to	  stop	  the	  insect	  pests	  from	  feeding	  
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Crop Protection vs Vector Control 
Similarities… 

Exposure	  to	  
insec)cide	  

Further	  exposure	  
to	  the	  same	  class	  
of	  insec)cide	  

Survivors	  
reproduce	  

Survivors	  
reproduce	  

Further	  exposure	  
to	  the	  same	  class	  
of	  insec)cide	  

Key:	  Resistant	   Suscep)ble	  

Resistance	  development	  

Resistance	  rare	   Resistance	  increasing	  

Majority	  of	  popula)on	  
resistant	  

Resistance	  common	  

The	  mechanism	  of	  selec)on	  is	  fundamentally	  the	  same	  
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Insecticide Resistance Management 

•  Similari)es:	  
– Primary	  aim	  is	  to	  remove,	  or	  reduce,	  the	  selec)on	  
pressure	  for	  the	  genes	  that	  result	  in	  “resistant”	  
phenotypes.	  	  

•  Differences:	  
–  insect	  control	  requirements	  	  
– available	  insec)cidal	  tools	  	  
– decision	  making	  processes	  used	  to	  decide	  upon	  
the	  interven)on	  
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Insect control requirements  

•  Agriculture	  
– Yield	  and	  quality	  key	  	  
– Poten)ally	  many	  pest	  spp.	  in	  a	  crop	  
– Different	  pests	  during	  crop	  cycle	  
– Mul)ple/rapid	  insec)cide	  applica)ons	  possible	  
– Crop	  rota)on	  
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Insect control requirements  

•  Vector	  Control	  
– Reduc)on	  in	  malaria	  burden	  is	  key	  
– Limited	  species	  targeted	  
–  Insec)cide	  applica)on	  logis)cally	  challenging	  
– Mul)ple	  genera)ons	  exposed	  to	  same	  insec)cide	  
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Available insecticidal tools  

•  Agrochemical	  plus	  non-‐crop	  market	  ca.	  $54	  
Billion	  

•  Vector	  Control	  market	  <$1	  Billion	  
Rela)ve	  value	  

Agrochemical	  

Vector	  Control	  

Source:	  	  Phillips	  McDougall	  report	  2013.	  
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Available insecticidal tools 

•  Rela)vely	  small	  size	  of	  Vector	  Control	  market	  has	  
made	  investment	  in	  novel	  insec)cide	  
development	  historically	  una3rac)ve	  	  

•  Regulatory	  pressure	  on	  broad	  spectrum	  and	  
persistent	  insec)cides	  limits	  opportunity	  for	  
insec)cides	  with	  both	  agricultural	  and	  vector	  
control	  u)lity	  
– No	  novel	  commercialised	  MoA	  for	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
vector	  control	  since	  pyrethroids	  
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Available insecticidal tools 
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Data	  from	  GT	  Brooks	  1974,	  RL	  Metcalf	  1980,	  W.	  Klassen	  1995	  Philips	  McDougal,	  2003,	  CropLife	  2011	  

Success	  rate	  =	  number	  of	  cpds	  that	  need	  to	  be	  screened	  for	  each	  product	  found	  

Cost	  

Success	  rate	  

Number	  of	  US	  &	  EU	  
Research-‐based	  
Companies	  
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Decision making processes 

Crop	  Protec)on:	  
•  Insec)cide	  purchase	  based	  on	  cost	  benefit	  
analysis,	  return	  on	  investment	  

•  Many	  growers,	  each	  including	  a	  variety	  of	  factors	  
in	  their	  analysis	  
– Making	  room	  for	  many	  different	  products	  

à	  Compe))ve	  market	  

•  Incen)vises	  innova)on	  and	  product	  development	  
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Decision making processes 

Crop	  Protec)on:	  
•  Decision	  to	  implement	  IRM	  also	  a	  cost	  benefit	  
analysis	  
– Looking	  at	  the	  financial	  implica)ons	  of	  insec)cide	  
resistance	  development	  on	  future	  crops	  
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Decision making processes 

Vector	  Control:	  
•  Insec)cide	  product	  choice	  based	  on	  analysis	  of	  impact,	  
and	  how	  much	  money	  is	  available,	  not	  how	  much	  can	  
be	  made	  

•  influenced	  by	  third	  par)es,	  donors,	  etc.	  
•  Open	  tender	  based,	  smaller	  number	  of	  vendors	  and	  
purchasers	  	  
–  Encourages	  similarity	  in	  products	  

à	  Leads	  to	  less	  than	  perfect	  market	  

•  Disincen)ves	  innova)on	  and	  product	  development	  
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Decision making processes 

Vector	  Control:	  
•  Decisions	  to	  implement	  IRM	  are	  complicated	  
by	  the	  need	  to	  protect	  the	  greatest	  propor)on	  
of	  the	  human	  popula)on	  from	  vector	  borne	  
disease	  
– This	  short	  term	  impera)ve	  is	  not	  necessarily	  
compa)ble	  with	  longer	  term	  IRM.	  
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Lessons… 

0	  

5	  

10	  

15	  

20	  

25	  

30	  

35	  

40	  

1960	   1965	   1970	   1975	   1980	   1985	   1990	   1995	   2000	   2005	   2010	  

Cu
m
ul
a)

ve
	  N
um

be
r	  o

f	  S
pe

ci
es
	  

Year	  

Permethrin	   Spinosad	  

Chlorpyrifos	  

Profenofos	  

Imidacloprid	  

Abamec)n	  

Deltamethrin	  

Chlorantraniliprole	  

•  Resistance	  can,	  and	  will,	  eventually	  develop	  to	  any	  
insec)cide	  

Cases	  of	  Resistance	  
During	  the	  First	  14	  

Years	  Following	  	  Launch	  
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Lessons… 

•  There	  is	  s)ll	  an	  agricultural	  insec)cide	  market	  
– Whilst	  IRM	  has	  had	  limited	  success	  in	  preven)ng	  
resistance	  development,	  it	  is	  successful	  at	  
managing	  resistance	  once	  it	  has	  arisen	  in	  a	  pest	  
popula)on	  and	  prolonging	  the	  useful	  life	  of	  that	  
insec)cide	  class	  
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Lessons… 

•  How	  has	  the	  effec)ve	  use	  of	  insec)cides	  been	  
sustained,	  despite	  insec)cide	  resistance	  
development	  in	  agriculture?	  
–  Integrated	  Pest	  Management	  (IPM)	  	  
–  IRM	  built	  into	  product	  label	  
–  rota)on	  of	  insec)cide	  classes,	  etc.	  
–  “spray	  windows”	  	  
–  untreated	  refugia	  	  	  
–  development	  and	  introduc)on	  of	  novel	  insec)cide	  
classes	  	  
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Lessons… 

•  Crop	  Protec)on	  has	  no	  silver	  bullet	  for	  Vector	  
Control	  

– But	  there	  are	  lessons	  that	  can	  be	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
learnt	  from	  their	  comparison…	  
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Lessons… 

•  Integrated	  approach:	  
–  Integrated	  Vector	  Management	  (IVM)	  is	  key,	  both	  
to	  Vector	  Control,	  and	  IRM	  

•  Any	  ac)vi)es	  that	  reduce	  the	  adult	  mosquito	  
popula)on,	  without	  recourse	  to	  adul)cides,	  will	  help	  to	  
reduce	  the	  selec)on	  pressure	  for	  insec)cide	  resistance	  
development	  	  
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Lessons… 

•  Several	  sources	  of	  informa)on	  on	  best	  
prac)ce	  IRM	  in	  Vector	  Control	  
– Mixtures	  
– Rota)ons	  
– Mosaics	  
– Etc.	  

– Monitoring	  
– Source	  reduc)on	  
– Educa)on	  and	  
training	  
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Lessons… 

•  Unlike	  Crop	  Protec)on,	  the	  Vector	  Control	  
adul)cide	  market	  is	  not	  conducive	  to	  product	  
innova)on	  àfewer	  products	  for	  IRM	  
– Rela)vely	  small	  size,	  vs	  cost	  of	  development	  of	  
novel	  mosquito	  adul)cide	  

– Tender	  business	  encourages	  development	  of	  
products	  that	  “sa)sfy”	  not	  “excel”	  

– Entrance	  to	  regulated	  market	  through	  
“equivalence”	  destroys	  mo)va)on	  to	  invest	  in	  
innova)on	  
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Lessons… 

•  An	  advantage	  for	  IRM	  in	  Vector	  Control?	  	  
– A	  smaller	  pool	  of	  Vector	  Control	  programmes	  and	  
a	  supra-‐regulatory	  quality	  assurance	  system	  

– A	  greater	  apprecia)on	  of	  the	  value	  of	  insec)cide	  
suscep)bility,	  through	  the	  dearth	  of	  novel	  
insec)cides	  

– à	  Easier	  to	  communicate	  the	  value	  and	  principles	  
of	  IRM	  

•  Encourage	  a	  longer	  term	  view	  
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Lessons… 

•  In	  Crop	  Protec)on,	  it	  can	  be	  challenging	  to	  
incen)vise	  all	  insec)cide	  users	  to	  follow	  the	  
principles	  of	  IRM	  	  
– Historic	  pipeline	  of	  resistance	  bus)ng	  insec)cides	  
– Cheap	  old	  generic	  products	  
– Many	  small	  growers	  

•  Encourages	  short	  term	  view	  

“Spray	  and	  pray”	  
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Lessons… 

•  Resistance	  will	  eventually	  develop	  	  
– Con)nual	  use	  of	  insec)cides	  from	  a	  mode	  of	  
ac)on	  class	  where	  suscep)bility	  is	  declining,	  is	  
selec)ng	  for	  eventual	  product	  failure	  	  

– Monitoring	  and	  early	  implementa)on	  of	  IRM	  can	  
help	  to	  delay	  resistance	  development	  and	  prolong	  
the	  useful	  life	  of	  insec)cidal	  modes	  of	  ac)on	  	  

– Be3er	  s)ll,	  have	  an	  IRM	  programme	  in	  place	  
when	  a	  novel	  insec)cide	  is	  first	  launched	  or	  used	  
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Lessons… 

•  Suscep)bility	  a	  “common	  good”	  	  
–  Suscep)bility	  of	  a	  mosquito	  popula)on	  to	  an	  
insec)cide	  is	  a	  “common	  good”;	  with	  financial	  and	  
u)litarian	  value,	  freely	  available	  to	  all	  

–  Every	  )me	  an	  insec)cide	  applica)on	  is	  made,	  without	  
considera)on	  of	  IRM,	  a	  )ny	  part	  of	  “suscep)bility”	  is	  
used	  up.	  Once	  its	  gone,	  it	  can’t	  be	  retrieved,	  which	  
reduces	  the	  future	  benefits	  from	  Vector	  Control	  with	  
that	  insec)cide	  

–  IRM	  should	  therefore	  be	  considered	  when	  planning	  all	  
Vector	  Control	  programmes,	  to	  minimise	  the	  amount	  
of	  lost	  “suscep)bility”	  
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Summary 

Sustainable	  
Malaria	  

Management	  -‐	  
Eradica)on	  

Vector	  borne	  
disease	  free	  
environment	  

Integrated	  
Vector	  

Management	  	  
Insec)cide	  
Resistance	  

Management	  
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Conclusions 

•  To	  deliver	  more	  tools	  for	  IRM	  need	  to	  
incen)vise	  innova)on	  –	  pull	  as	  well	  as	  push	  

•  Integrate	  IRM	  into	  all	  Vector	  Control	  
programmes	  (IVM)	  

•  Have	  an	  IRM	  strategy	  in	  place	  before	  novel	  
insec)cides	  are	  introduced	  
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Thank you for your attention 

With	  thanks	  to	  the	  IRAC	  Public	  Health	  Team	  

IRAC	  Execu)ve	  Member	  Companies	  


