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About	This	Issue	

Welcome	to	another	IRAC	eConnec1on	Newsle5er.	As	always	we	try	to	bring	
you	 interes1ng	 and	 informa1ve	 ar1cles	 about	 the	 work	 of	 IRAC	 and	
insec1cide	resistance	news	from	around	the	world.	

In	 this	 issue	we	 have	 details	 on	 some	 changes	 in	 the	management	 of	 the	
Arthropod	 Pes1cide	 Resistance	 Database,	 an	 update	 on	 the	 status	 of		
insec1cide	resistance	in	the	mosquito	vectors	of	malaria	with	informa1on	on	
some	new	ini1a1ves.	IRAC	con1nues	to	develop	new	educa1onal	resources	
and	IRM	guidelines	and	we	outline	some	of	the	most	recent	examples	along	
with	other	IRAC	news.	As	we	move	towards	the	end	of	March,	IRAC	will	be	
holding	 their	 51st	 Interna1onal	 Mee1ng	 in	 Philadelphia	 with	 around	 45	
par1cipants	expected.	We	will	provide		more	details	on	this	in	the	next	issue.	

Remember,	 if	you	have	any	news	or	resistance	topics	of	 interest,	please	let	
us	know	so	 that	we	can	 inform	others	 in	 the	 IRAC	Network.	We	hope	you	
enjoy	the	issue.	

Changes	for	the	Arthropod	PesDcide	Resistance	Database	

The	 Michigan	 State	 Arthropod	 Pes1cide	 Resistance	 Database	 (APRD)	 is	 a	
web-based	resistance	case	entry	system	that	serves	as	a	centralized	tool	to	
access	arthropod	resistance	informa1on	and	determine	the	current	status	of	
arthropod	 resistance	 across	 the	 globe,	 with	 cases	 da1ng	 back	 to	 1914	
(www.pes1cideresistance.org).	 	 The	 web	 database	 program	 has	 been	
directed	by	Dr.	Mark	Whalon	and	Michigan	State	University	since	the	early	
1990s,	 and	 co-directed	 by	 Dr.	 David	 Mota-Sanchez	 and	 Dr.	 Robert	
Hollingworth.	 	 IRAC	 Interna1onal	 and	 IRAC	 US	 have	 provided	 advice	 and	
exper1se	 on	 the	 database	 inputs	 and	 outputs,	 as	 well	 as	 financially	
supported	the	database	since	the	early	1990s.		Dr.	Whalon	has	also	received	
addi1onal	 funding	 from	 other	 en11es	 such	 as	 the	 USDA,	 CSREES	 Pest	
Management	 Alterna1ves	 Program,	Genera1ng	 Research	 and	 Extension	 to	
meet	 Economic	 and	 Environmental	 Needs	 (GREEN)	 Project	 #GR02-69,	
Michigan	 Agricultural	 Experiment	 Sta1on,	 Michigan	 State	 University	
Extension	and	the	Michigan	Department	of	Agriculture.	
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with	Michigan	State	University	who	
manage	 the	 IRAC	 supported	
Arthropod	 Pes=cide	 Resistance	
Database	(APRD).	
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At	the	end	of	2017,	Dr.	Whalon	will	be	re1ring	from	Michigan	State.		IRAC	would	like	to	take	
this	opportunity	to	thank	Mark	for	all	of	his	dedica1on	and	many	years	of	service.	Without	
his	con1nued	drive	and	commitment	to	opera1ng	the	database,	we	would	not	have	such	an	
important	resource	available	to	us	today!				

During	this	transi1on,	we	are	excited	to	announce	that	Dr.	Mota-Sanchez	and	Dr.	John	Wise,	
will	 be	 taking	on	 the	 responsibility	of	 co-direc1ng	 the	 resistance	database	 for	 the	 future,	
with	 support	 of	 Entomology	 Department	 Chair	 Dr.	 Bill	 Ravlin.	 	 Dr.	 Mota-Sanchez	 is	 an	
Assistant	 Professor	 in	 the	 Department	 of	 Entomology	 and	 has	 been	 involved	 with	 the	
resistance	 database	 since	 the	 early	 days	 of	 its	 incep1on,	 has	 an	 excellent	 history	 and	 in-
depth	 knowledge	 of	 its	 inner	 workings	 and	 has	 been	 the	 principle	 student	 data-entry	 trainer	 for	 the	 database	
programmers.		Dr.	Wise	is	a	Professor	in	the	Department	of	Entomology.	He	is	the	Director	of	the	IR-4	Central	North	
Region	 Unit	 and	 Research	 and	 Extension	 Coordinator	 of	 the	 Trevor	 Nichols	 Research	 Center,	 the	 largest	 field	
pes1cide	 tes1ng	 facility	 in	 the	 Upper	 Midwest,	 runs	 the	 Applied	 Insect	 Toxicology	 lab	 on	 the	 Michigan	 State	
campus,	and	has	a	long	history	of	working	with	insect	toxicology	and	insec1cide	resistance.			

The	 resistance	 database	 went	 through	 a	major	 transi1on	 in	 2015	 to	 2016	 and	 has	 had	many	 improvements	 in	
func1onality.	 	 The	 coding	 system	 for	 the	 database	 was	 an1quated	 and	 in	 serious	 need	 of	 upda1ng	 to	 a	 new	
pla_orm	in	order	to	make	desired	 improvements.	 	 IRAC	 Interna1onal	supported	this	upgrade,	which	allowed	the	
resistance	database	 team	to	 improve	search	 func1onality	 so	users	 can	 search	 for	 resistance	cases	based	on	new	
criteria	 such	 as	 country	 of	 origin,	 insec1cide	mode	 of	 ac1on	 or	 by	 an	 arthropod’s	 family	 or	 order.	 	 In	 addi1on,	
mul1ple	 search	 criteria	 can	 now	be	
used	 simultaneously,	 providing	 the	
ability	to	much	more	precisely	query	
the	 database	 for	 resistance	 cases.		
Other	 improvements	 that	 are	
planned	 for	 the	 database	 include	
the	 addi1on	 of	 another	 category	 –	
fi e l d - e vo l v e d	 r e s i s t a n c e	 o r	
laboratory	 selected	 resistance	 –	
which	 will	 greatly	 improve	 our	
ability	 to	 segment	 cases	 that	 are	
per1nent	to	prac1cal	resistance	and	
improve	 use	 for	 regulatory	 risk	
assessment.	 	 Drs.	 Whalon,	 Mota-
Sanchez	 and	 Wise	 are	 always	
striving	 to	 make	 the	 resistance	
database	 as	 user-fr iendly	 as	
possible,	 all	 while	 constantly	
con1nuing	to	update	new	resistance	
cases	 as	 they	 are	 reported.	 	 In	
a dd i 1on ,	 t he	 new	 p l a_o rm	
enhances	 the	 ability	 to	 generate	
reports	 on	 resistance	 (see	 Table	 1	
and	 2)	 to	 be5er	 understand	 annual	
changes	 and	 trends	 by	 pest,	
geography,	chemistry,	etc.	

If	you	have	any	correc1ons	or	sugges1ons	on	how	the	database	can	be	improved,	please	contact	Dr.	Mota-Sanchez	
at	motasanc@msu.edu,	Dr.	Wise	at	wisejohn@msu.edu	or	Brad	Hopkins,	liaison	from	IRAC	to	the	resistance	
database,	at	bwhopkins@dow.com.			
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InsecDcides	and	insecDcide	resistance	in	the	mosquito	vectors	of	malaria	

Insec1cides	play	a	key	role	in	the	preven1on	of	insect	vectored	pathogens	such	as	the	plasmodium	parasites	that	
cause	malaria,	or	 Zika	and	Dengue	virus.	 Since	2000	 there	has	been	a	40%	 reduc1on	 in	 the	 incidence	of	 clinical	
malaria,	with	an	es1mated	663	million	clinical	cases	averted.	87%	of	this	gain	has	been	a5ributed	to	the	large	scale	
use	of	 insec1cide	 treated	 long	 las1ng	bed	nets	 (LLIN)	 and	 indoor	 residual	wall	 spraying	 (IRS)	 (Bha5	et	 al,	 2015).	
However,	many	now	consider	this	success	to	be	under	threat	by	ever	 increasing	 levels	of	 insec1cide	resistance	in	
the	anopheline	vectors	of	malaria	(Hemingway	et	al,	2016).	

All	 currently	 recommended	 LLINs	 are	 impregnated	 with	 one	 class	 of	 insec1cide,	 the	 pyrethroids.	 With	 the	
commendable	World	Health	Organisa1on	(WHO)	recommenda1on	for	universal	access	to	LLINs,	for	those	at	risk	of	
malaria,	mosquito	popula1ons	in	malaria	endemic	regions	face	almost	constant	selec1on	pressure	with	pyrethroids.	
We	shouldn’t	therefore	be	surprising	that	suscep1bility	to	pyrethroids	in	the	mosquito	vectors	of	malaria	is	falling.	
There	have	even	been	reports	of	pyrethroid	resistant	mosquitoes	entering	damaged	LLINs	and	taking	blood	meals	
(Ochomo	et	al,	2013).	However,	it	has	also	been	noted	that	when	a	malaria	control	programme	in	Ghana	switched	
from	pyrethroid	to	organophosphate	based	IRS,	the	incidence	of	parasitemia	(the	presence	of	the	malaria	parasites	
in	blood)	significantly	fell	(Ricks,	2015).	Whilst	not	proving	an	underlying	link	between	pyrethroid	resistance	and	a	
reduc1on	in	malaria	control,	it	suggests	that	it	could	be	a	problem.		

Currently	only	 insec1cides	 from	 four	 IRAC	mode	of	ac1on	sub-classes	are	 recommended	 for	 the	control	of	adult	
mosquitoes;	 pyrethroids	 (3a),	 DDT	 (3b),	 carbamates	 (1a)	 and	 organophosphates	 (1b).	 The	 dearth	 of	 insec1cidal	
modes	of	ac1on	available	for	adult	mosquito	control	has	a	number	of	reasons,	including	the	development	of	public	
health	 insec1cides	poten1ally	having	a	poor	 return	on	 investment.	Historically,	 insec1cides	have	been	developed	
that	could	be	used	in	both	agricultural	and	public	health,	e.g.	pyrethroids	or	organophosphates.	However,	over	the	
last	30	years	regulatory	pressure	and	environmental	concerns	have	focused	insec1cide	development	on	those	with	
a	limited	spectrum	and	physical	characteris1cs	that	are	less	suitable	for	use	as	classical	mosquito	adul1cides.	As	a	
result,	no	insec1cides	from	mode	of	ac1on	groups	outside	of	1	and	3	have	been	recommended	by	the	WHO	since	in	
the	1980s.	

The	good	news	is	that	this	is	being	addressed,	and	a	number	of	ini1a1ves	are	underway	with	the	aim	of	developing	
novel	 solu1ons	 for	 the	 control	 of	 malaria	 vectors.	 These	 including	 public	 private	 partnerships,	 such	 as	 the	
Innova1ve	Vector	Control	Consor1um	(IVCC),	aimed	at	facilita1ng	the	research	and	development	required	to	deliver	
novel	vector	control	insec1cides.	Other	ini1a1ves	are	expedi1ng	the	transi1on	of	novel	vector	control	concepts	to	
effec1ve	interven1ons,	e.g.	Innova1on	to	Impact	(I2I).	The	next	few	years	will	hopefully	see	a	number	of	novel	and	
effec1ve	mosquito	adul1cides	being	brought	to	market.	

In	any	effec1ve	IRM	programme	an	understanding	of	the	suscep1bility	status	of	the	target	pest	popula1on	to	the	
available	 insec1cidal	modes	of	ac1on	 is	required.	The	most	appropriate	 insec1cide	to	use	can	then	be	 iden1fied.	
Currently,	in	vector	control,	where	there	are	limited	insec1cides	available,	and	significant	insec1cide	resistance,	it	is	
appropriate	 to	 iden1fy	which	 insec1cides	will	 provide	 the	 best	 level	 of	 control	 of	 the	mosquito	 popula1on,	 i.e.	
which	s1ll	provide	the	desired	dura1on	of	protec1on.	However,	when	novel	 insec1cidal	modes	of	ac1on	become	
available,	measuring	smaller	changes	in	the	suscep1bility	of	the	popula1on	will	become	an	important	part	of	the	
“suscep1bility	maintenance”	programmes	that	should	be	implemented	to	gain	the	greatest	u1lity	from	these	new	
insec1cides.	 In	 the	 context	 of	 malaria	 vector	 control,	 this	 shin	 from	 resistance	 to	 suscep1bility	 monitoring	 is	
analogous	to	the	use	of	a	smoke	detector,	to	warn	of	fire,	rather	than	 looking	to	see	which	buildings	haven’t	yet	
been	burnt	to	the	ground.		
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In	 agriculture	 IRM	 is	 always	more	effec1ve	when	 implemented	as	part	of	 an	 Integrated	Pest	Management	 (IPM)	
programme.	 Likewise	 in	 vector	 control,	 IRM	 or	 perhaps	 “insec1cide	 suscep1bility	 maintenance”,	 should	 be	
implemented	in	the	context	of	an	Integrated	Vector	Management	(IVM)	programme.	 IVM	has	been	defined	as	“a	
ra1onal	decision-making	process	for	the	op1mal	use	of	resources	for	vector	control.	The	approach	seeks	to	improve	
the	efficacy,	cost-effec1veness,	ecological	soundness	and	sustainability	of	disease-vector	control”	(WHO,	2014).	To	
remain	sustainable,	the	u1lity	of	the	novel	insec1cides	currently	being	developed	and	brought	to	the	market	need	
to	be	maintained.	This	can	only	be	achieved	by	making	the	vector	control	programmes	more	resilient	to	resistance	
development,	through	the	use	of	effec1ve	IRM	in	the	context	of	IVM.	

The	ongoing	ac1vi1es	facilita1ng	and	expedi1ng	the	development	of	novel	vector	control	 interven1ons	may	be	a	
once	in	a	genera1on	opportunity.	It	is	therefore	vital	that	the	effec1veness	of	new	public	health	tools	is	maintained	
for	as	long	as	possible	through	their	use	in	“resistance	resilient”	vector	control	programmes.	

The	IRAC	Public	Health	team	has	produced	a	manual	outlining	best	prac1ce	IRM	in	vector	control.	A	summarised	
version	is	also	available	in	English	and	French.		

Useful	links:		

IRAC	 Preven1on	 and	 Management	 of	 Insec1cide	 Resistance	 in	 Vectors	 of	 Public	 Health	 Importance:	 h5p://
www.irac-online.org/documents/irm-vector-manual/?ext=pdf		

IRAC	Preven1on	and	Management	of	 Insec1cide	Resistance	 in	Vectors	 of	 Public	Health	 Importance.	 Summary	 in	
French:		h5p://www.irac-online.org/documents/irm-mini-vector-booklet-french/?ext=pdf		

IRAC	 Preven1on	 and	 Management	 of	 Insec1cide	 Resistance	 in	 Vectors	 of	 Public	 Health	 Importance.	 Summary:		
h5p://www.irac-online.org/documents/irm-mini-vector-booklet/?ext=pdf		

IVCC:	h5p://www.ivcc.com/		

I2I:	h5p://innova1ontoimpact.org/		

WHO	Global	Plan	for	Insec1cide	Resistance	Management	in	malaria	vectors	(GPIRM):	h5p://www.who.int/malaria/
publica1ons/atoz/gpirm/en/		

References:	

Bha5	 S.,	Weiss	 D.,	 Cameron	 E.,	 Bisanzio	 D.,	Mappin	 B.,	 Dalrymple	 U.,	 Ba5le	 K.,	Moyes	 C.,	 Henry	 A.,	 Eckhoff	 P.,	
Wenger	E.,	Briët	O.,	Penny	M.,	Smith	T.,	Benne5	A.,	Yukich	J.,	Eisele	T.,	Griffin	J.,	Fergus	C.,	Lynch	M.,	Lindgren	F.,	
Cohen	J.,	Murray	C.	and		Smith	D.	2015.	The	effect	of	malaria	control	on	Plasmodium	falciparum	in	Africa	between	
2000	and	2015.	NATURE.	526:	207-211	

Hemingway	J,		Ranson	H,		Magill	A,		Kolaczinski	J,		Fornadel	C,		Gimnig	J,		Coetzee	M,		Simard	F,		Roch,	Hinzoumbe	C,		
Picke5	J,	 	Schellenberg	D,	 	Gething	P,	 	Hoppé	M	and	 	Hamon	N.	2016.	Aver1ng	a	malaria	disaster:	will	insec1cide	
resistance	 derail	 malaria	 control?	 The	 Lancet.	 Published	 Online	 February	 12,	 2016	 h5p://dx.doi.org/10.1016/	
S0140-6736(15)00417-	

Ochomo	E.,	Bayoh	N.,	Walker	E.,	Abongo	B.,	Ombok	M.,	Ouma	C.,	Githeko	A.,	Vulule	J.,	Yan	G.	and	Gimnig	J.	2013.	
The	efficacy	of	long-las1ng	nets	with	declining	physical	integrity	may	be	compromised	in	areas	with	high	levels	of	
pyrethroid	resistance.	Malaria	Journal.	12:	368-378	

Ricks	 P.	 2015.	 The	 Importance	 of	 Insec1cide	 Resistance	Monitoring	 to	Maintain	 IRS	 Program	 Effec1veness,	 PMI	
Experiences	in	Northern	Ghana.	h5p://slideplayer.com/slide/8980543/	(Jan.	31,	2017)	

WHO.	 2014.	 Integrated	 Vector	 Management	 (IVM).	 h5p://www.who.int/neglected_diseases/vector_ecology/
ivm_concept/en/	(Jan.	24,	2017)	

�  of �4 7

http://www.irac-online.org/documents/irm-vector-manual/?ext=pdf
http://www.irac-online.org/documents/irm-vector-manual/?ext=pdf
http://www.irac-online.org/documents/irm-mini-vector-booklet-french/?ext=pdf
http://www.irac-online.org/documents/irm-mini-vector-booklet/?ext=pdf
http://www.ivcc.com/
http://innovationtoimpact.org/
http://www.who.int/malaria/publications/atoz/gpirm/en/
http://www.who.int/malaria/publications/atoz/gpirm/en/


�
IRAC	NEWSLETTER	ISSUE	41	 MARCH	2017

�  of �5 7

New Insecticide Resistance Management Posters from IRAC
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IRAC	News	Items	

Tuta	absoluta	Best	Management	PracDces	

The	Tuta	absoluta	 Task	 Team	opera1ng	within	 the	 IRAC	 Lepidoptera	WG	have	now	published	Best	Management	
Prac1ces	 (BMP’s)	 to	 control	 Tuta	 absoluta	 and	manage	 resistance.	 Shown	 below	 is	 the	 front	 page	 and	 table	 of	
contents	of	the	document.	

	www.irac-online.org/documents/bmpsbackground-controlling-tuta-absoluta-managing-resistance/?ext=pdf	

AgBiTech	joins	IRAC	InternaDonal	

AgBiTech	is	the	latest	company	to	join	the	long	list	of	IRAC	members.	They	are	a	company	with	a	dedicated	focus	to	
expand	the	availability	and	use	of	Baculovirus-based	bio-insec1cides.	AgBiTech	are	heavily	 inves1ng	 in	 the	global	
development,	 manufacturing	 and	 commercializa1on	 of	 high	 quality	 nucleopolyhedrovirus	 (NPV)	 products	 as	
effec1ve	tools	for	lepidopteran	pest	management	to	support	conven1onal	programs,	and	as	“founda1on”	products	
in	Integrated	Pest	Management	systems.	Their	mission	is	to	make	NPV	technology	a	global	mainstream	tool	for	pest	
management,	 and	 to	 help	 extend	 the	 effec1ve	 life	 of	 vital	 pest	 control	 technologies,	 in	 par1cular	 gene1cally	
modified	crops	and	new	chemistries	that	are	beginning	to	develop	resistance.	

InsecDcide	Resistant	Strain	CollecDon	(IRSC)	for	Resistance	Management.	

A	concern	 in	the	development	of	new	insec1cides	 is	the	 issue	of	whether	or	not	there	will	be	cross-resistance	 in	
pest	popula1ons	due	 to	prior	 insec1cide	use.	 	 IRAC	and	 its	member	 companies	are	pleased	 to	announce	a	new	
resource	 for	 members:	 	 The	 Insec1cide	 Resistant	 Strain	 Collec1on	 (IRSC)	 for	 Resistance	 Management.	 	 	 This	
collec1on	of	 insec1cide	 resistant	 strains	will	 provide	an	 invaluable	 tool	 for	being	able	 to	assess	 the	poten1al	 for	
cross-resistance.	 Strains	 of	 the	 resistant	 insects	 will	 be	 sent	 to	 par1cipa1ng	 IRAC	 companies	 free	 of	 charge	
(companies	 must	 pay	 the	 costs	 for	 shipping	 and	 have	 appropriate	 permits	 if	 they	 are	 outside	 of	 the	 USA).		
Companies	 can	 also	make	 arrangements	 to	have	 strains	 confiden1ally	 tested	by	 the	 IRSC	 staff	 for	 a	modest	 fee.		
Visit	the	web	site	below	for	a	lis1ng	of	the	strains	that	are	currently	available. 
(h5ps://blogs.cornell.edu/sco5/files/2017/03/Jeff-Sco5-1-27whrwr.pdf)	

Mode	of	AcDon	ClassificaDon	of	Afidopyropen	as	Group	9D	-	Pyropenes	

A	MoA	 classifica1on	 for	 afidopyropen	 as	Group	9D	was	 approved	by	 the	 IRAC	MoA	WG	and	 the	 IRAC	 Execu1ve	
based	 on	 its	 unique	 structure	 (rela1ve	 to	 pymetrozine	 and	 pyrifluquinazon)	 and	 lack	 of	 cross-resistance	 to	
pymetrozine.	Afidopyropen	will	be	added	to	the	MoA	Classifica1on	Scheme	once	a	registra1on	is	achieved.	At	the	
moment	it	is	listed	in	Appendix	6	of	the	Scheme	(pending	registra1on).	
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8. Understand	Insec=cide	Resistance	Management	Principles	
9. Implement	Insec=cide	Resistance	Management	Strategies	
10. Grower	adop=on	of	Tuta	IRM:	Factors	that	influence	

Growers	
11. Examples	of	country	MoA	rota=on	programs	
12. Country	IRM	execu=on	guidelines

http://www.irac-online.org/documents/bmpsbackground-controlling-tuta-absoluta-managing-resistance/?ext=pdf
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IRAC	IRM	Video	now	available	in	6	languages	plus	English	

The	English	version	of	the	IRAC	Insec1cide	Resistance	Management	Video	has	proved	so	popular	that	we	have	now	
translated	 the	 video	 into	 6	 other	 languages.	 These	 are	 La1n	 American	 Spanish	 and	 Portuguese,	 Mandarin,	
Japanese,	French	and	Hindi	and	can	be	viewed	on	the	IRAC	website	(h5p://www.irac-online.org/teams/outreach/).	
A	second	video	focusing	on	mode	of	ac1on	is	currently	in	produc1on.	
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The	eConnec1on	is	the	newsle5er	of	IRAC	Interna1onal.	
	Editor:	Alan	Porter,	IRAC	Coordinator.			IRAC	website:	www.irac-online.org

Disclaimer:	The	Insec1cide	Resistance	Ac1on	Commi5ee	(IRAC)	is	a	specialist	technical	group	of	CropLife.	Informa1on	presented	in	this	
newsle5er	 is	 accurate	 to	 the	 best	 of	 our	 knowledge	 but	 IRAC	 and	 its	member	 companies	 cannot	 accept	 responsibility	 for	 how	 this	
informa1on	 is	 used	 or	 interpreted.	 Advice	 should	 always	 be	 sought	 from	 local	 experts	 or	 advisors	 and	 health	 and	 safety	
recommenda1ons	followed.
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