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1. INTRODUCTION 

The most r e c e n t  review of a l l  t h e  problems o f  i n s e c t i c i d e  r e s i s t a n c e  i n  c u l i c i n e  
mosquitos (Mouchet e t  a l . ,  1975; Mouchet & Quiroga, 1976) was  prepared f o r  t h e  twenty-second 
meeting of t h e  WHO Expert  Committee on I n s e c t i c i d e s ,  which was p a r t i c u l a r l y  concerned w i t h  
r e s i s t a n c e  i n  v e c t o r s  and r e s e r v o i r s  of d i s e a s e  (Anon, 1976). Since t h a t  t i m e  i t  seems t h a t  
p u b l i c  h e a l t h  workers and s c i e n t i s t s  have l a r g e l y  neg lec t ed  s t u d i e s  i n  t h i s  f i e l d .  
few r e f e r e n c e s  i n  t h e  l i t e r a t u r e ,  and communications t o  WHO are no t  much more f r equen t ,  
Analysis  of t h e  l i s t  of t es t s  compiled by the  WHO computer i n  Geneva provides  only a few d a t a  
later than 19 7 5 .  

There are 

Most of t h e  r e c e n t  i n fo rma t ion  i s  concerned wi th  t h e  sextension and o p e r a t i o n a l  
consequences o f  cases  of m u l t i p l e  r e s i s t a n c e  which are a l r eady  w e l l  known. 
comes from t h e  i n d u s t r i a l i z e d  c o u n t r i e s .  
epidemiological  i n t e r e s t  are extremely r a r e ,  even i n  cases where t h e  v e c t o r s  have been 
sub jec t ed  t o  major c o n t r o l  campaigns. 

This i n fo rma t ion  
On t h e  o t h e r  hand, s t u d i e s  on t h e  s p e c i e s  of major , , 

Under t h e s e  circumstances i t  i s  impossible  t o  compile a s a t i s f a c t o r y  review of r e s i s t a n c e  
i n  c u l i c i n e  mosquitos throughout t h e  world,  and t h e  a u t h o r s  are f u l l y  aware of t h e  l i m i t a t i o n s  
of t h e  p r e s e n t  s tudy.  Consequently w e  suggest  some s i m p l i f i c a t i o n s  t o  t h e  methodology of t h e  
tests so  a s  t o  encourage p u b l i c  h e a l t h  a u t h o r i t i e s  t o  c o l l e c t  t h e  in fo rma t ion  which i s  
e s s e n t i a l  f o r  t h e  success  o f  v e c t o r  cöZCro1 ope ra t ions .  

2. STATUS OF RESISTANCE I N  CULICINE MOSQUITOS 

T a b l e s ‘ l  and 2 summarize t h e  i n f o r m a t i o n  a l r eady  a v a i l a b l e  i n  1975 and add t h e  more recent 
in fo rma t ion  i n  i ta l ics .  

2 . 1  Res i s t ance  i n  Culex 

2.1.1 Culex o f  t h e  p i p i e n s  group 

2 . 1 . 1 . 1  Culex p i p i e n s  p i p i e n s  

Res i s t ance  o f  t h i s  sub-species  t o  organochlor ine i n s e c t i c i d e s ,  which was a l r e a d y  widespread 
i n  Europe, North Africa and North America, has  been observed i n  I r a n  ( L o f t i  e t  a l . ,  1975) 
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and i n  Iraq (Bakry e t  a l . ,  1976);  i n  t h e  l a t t e r  country t h e r e  a l s o  appears  t o  be t o l e r a n c e  
t o  Gardgna. 

I n  Egypt,  Moustapha e t  al .  (1977) have confirmed m u l t i p l e  r e s i s t a n c e ,  o r  r a t h e r  "mul t ip l e  
t o l e r a n c e t t  of t h i s  mosquito t o  t h e  o rganoch lo r ines ,  p a r t i c u l a r l y  t o  mala th ion  , d ich lo rvos  , 
methyl  p a r a t h i o n  , bromophos , l ep tophos  and a l s o  t o  a carbamate , ca rba ry l .  

I n  France ,  resistance t o  c h l o r p y r i f o s  observed i n  1973 (S inegre  e t  a l . ,  1976) i n  t h e  
v i c i n i t y  of Montpe l l i e r  h a s  extended a long  the  whole of t h e  Languedoc c o a s t l i n e  (S inegre ,  1978). 
I n  some p l a c e s  t h e  Lcg5 h a s  inc reased  73-fold. 
r e s i s t a n c e  t o  most of t h e  organophosphorus compounds except  f o r  d imethoate ,  i n  r e s p e c t  of 
which t h e  d rop  i n  s u s c e p t i b i l i t y  i s  only about  t h r e e f o l d .  
c r o s s - r e s i s t a n c e  wi th  propoxur o r  w i t h  the  py re th ro ids  (S inegre  e t  a l .  , 1977). 
phenomenon a s s o c i a t e d  w i t h  es te rase-20 .64  i s  u n r e l a t e d  t o  au togenes i s  (Pas t eu r  & Sinegre ,  1978). 
It i s  t h e r e f o r e  n o t  s u p r i s i n g  t o  observe i t  both i n  t h e  anautogenous r u r a l  s t r a i n s  and i n  t h e  
autogenous urban  s t r a i n s .  I n  the  l a t te r  case t h e  s e l e c t i o n  p res su re  probably comes no t  from 
t h e  t r ea tmen t  of  trees b u t  from t h e  use  of c h l o r p y r i f o s  f o r  Culex c o n t r o l  i n  enc losed . spaces .  

I n  t h e  United S t a t e s  i t  is o f t e n  d i f f i c u l t  t o  know whether t h e  r e s i s t a n c e  concerns Culex 

Res i s t ance  t o  c h l o r p y r i f o s  produces c ros s -  

On t h e  o t h e r  hand,  t h e r e  i s  no 
The r e s i s t a n c e  

p i p i e n s  p i p i e n s  o r  Culex p i p i e n s  qu inque fasc i a tus ,  which have an  ex tens ive  sympat r ic  zone, 
e s p e c i a l l y  i n  C a l i f o r n i a .  I n  t h i s  S ta te  cx. p. p i p i e n s  d i s p l a y s  r e s i s t a n c e  of t h e  o rde r  of  
e i g h t  t i m e s  t o  f en th ion  (Georghiou e t  a l .  , 1975a). I n  Utah both  H a r t  & Womeldorf (1977) and 
Mere11 & Wagstaff (1977) regard  t h i s  mosquito as r e s i s t a n t  t o  f e n t h i o n  and pa ra th ion  by 
comparison w i t h  a p a r t i c u l a r l y  s u s c e p t i b l e  l abora to ry  s t r a i n . .  
a u t h o r s  t o  i d e n t i f y  t h e  r e s i s t a n t  s t r a i n s  are s t i l l  very low (c f .  s e c t i o n  3.2.2.1). It should 
be poin ted  o u t  t h a t  r e s i s t a n c e  t o  mala th ion  w a s  r epor t ed  i n  Missour i  as long ago as 1965 
( I n :  Mouchet e t  a l . ,  1975). 

The c r i t e r i a  used by these  

By l a b o r a t o r y  s e l e c t i o n  Brown e t  a l .  (1978) achieved about  100-fold r e s i s t a n c e  t o  
By s e l e c t i n g  t h e  same s t r a i n  wi th  d i f lubenzuron  they methoprene i n  t h e  f o r t i e t h  genera t ion .  

ach ieved  only a f i v e f o l d  drop  i n  s u s c e p t i b i l i t y  i n  11 gene ra t ions .  
t o  growth i n h i b i t o r s  seems t o  f l u c t u a t e  t o  some e x t e n t ,  w i th  r e v e r s a l s  t o  an  earlier s i t u a t i o n  

However, s u s c e p t i b i l i t y  

. (Hsieh e t  a l . ,  1974; Hsieh & Steelman,  1974). 

2.1.1.2 Culex p i p i e n s  qu inque fasc i a tus  Say (= f a t i g a n s  Wied) 

Th i s  p a n t r o p i c a l  mosquito has  undergone cons ide rab le  expansion i n  r e c e n t  decades and h a s  
' become a p e s t  i n  most t r o p i c a l  and s u b t r o p i c a l  c i t i e s .  

r e s i s t a n t  t o  t h e  organochlor ine  i n s e c t i c i d e s  p r a c t i c a l l y  throughout  t he  whole of i t s  
d i s t r i b u t i o n  area. 

It was a l r eady  w e l l  known t h a t  i t  w a s  

- 
Resistance t o  mala th ion ,  d e t e c t e d  i n  1 9 6 0 , i n  Cameroon ( In :  Mouchet e t  a l . ,  1975) ,  w a s  

reconfirmed i n  t h e  same count ry  i n  1975 by Colussa (WHO communication); 
r e s i s t a n c e  t o  f e n i t r o t h i o n  and t o  a carbamate , .propoxur. 

i t  was accompanied by 

I n  1980 t h e  same a u t h o r  (WHO communication) observed a s t r a i n  r e s i s t a n t  t o  mala th ion ,  
f e n i t r o t h i o n ,  c h l o r p y r i f o s  and propoxur a t  Mombasa, Kenya. - 

I n  t h e  United S t a t e s  m u l t i p l e  r e s i s t a n c e  t o  organophosphorus compounds, a l r e a d y  r epor t ed  
i n  C a l i f o r n i a  by Georghiou e t  a l .  (1975b), h a s  spread  (Gut ie r raz  e t  a l . ,  1977). 
ex tends  t o  Texas (Micks & Rougeau, 1977) ,  t o  Louis iana  (Steelman & D e w i t t ,  1976) and t o  
Tennessee (Moseley e t  a l .  , 1977) , where,  however, t h e  tests were n o t  performed by t h e  method 
recommended by WHO. 

It now 

I n  C a l i f o r n i a  m u l t i p l e  r e s i s t a n c e  ex tends  t o  the  hybr ids  Cx. p i p i e n s  x Cx. p .  quinque- 
. f a s c i a t u s ,  t h e  l i m i t  of which i s  d i f f i c u l t  t o  e s t a b l i s h .  It i s  thought  t o  be induced by 

a g r i c u l t u r a l  sp ray ing  (Georghiou e t  a l .  , 1975a). 



The r e s i s t a n c e  i s  thought t o  be due t o  t h e  e s t e r a s e  B 2 which c a t a l y s e s  t h e  hydro lys i s  of 
b -naph thy lace ta t e  and may be  suppressed by DEF ( S  ,S , S - t r i b u t y l  phosphoro t r i t h ioa t e )  
(Georghiou & P a s t e u r ,  1978). 
s y n e r g i s t  r e s t o r e s  t o  c h l o r p y r i f o s  an a c t i v i t y  compatible wi th  i t s  o p e r a t i o n a l  use.  
e f f e c t  i s  less marked wi th  f e n t h i o n  and pa ra th ion  (S tewar t ,  1977). 

This p roduc t ,  gene ra l ly  used a s  a d e f o l i a n t ,  when used as a 
me 

There i s  no new in fo rma t ion  on t h e  m u l t i p l e  r e s i s t a n c e  t o  organophosphorus compounds 
observed i n  Japan (In:  Mouchet e t ' a l . ,  1975). 

By s e l e c t i o n  of a m u l t i p l e - r e s i s t a n t  s t r a i n  i n  t h e  l a b o r a t o r y ,  P r i e s t e r  & Georghiou (1978) 
managed t o  ach ieve  400-fold r e s i s t a n c e  t o  p e r l e t h r i n ,  of m u l t i f a c t o r i a l  o r i g i n  ( P r i e s t e r  & 
Qorghiou, 1979). 
Plapp ti Hoyer (1968) had a l r e a d y  shown t h e  e x i s t e n c e  of DDT/pyrethroid c r o s s - r e s i s t a n c e  i n  
cx. t a r s a l i s  and h o u s e f l i e s  which w a s  l i nked  t o  the  gene kdr-0. 

This s t r a i n  w a s  r e s i s t a n t  t o  DDT, a f i n d i n g  which i s  n o t  s u r p r i s i n g :  

F i n a l l y ,  t h e r e  w a s  a 3 0 4 0 %  drop  i n  p a r a s i t e  i n f e s t a t i o n  by Romanomermis c u l i c i v o r a x  i n  
a s t r a i n  o f  Cx. p. qu inque fasc i a tus  s e l e c t e d  i n  the l abora to ry  f o r  300 generat ions.  
i n  p a r a s i t e  a c t i v i t y  does n o t  seem t o  be a s s o c i a t e d  wi th  a humoral mechanism (Pe te r sen ,  1978). 

Th i s  drop 

2.1.1.3 Culex p i p i e n s  p a l l e n s  

There i s  no r e c e n t  information on t h i s  subspecies  from the  Far  E a s t ,  i n  which resistance 
t o  DDT and d i e l d r i n  was repor t ed  i n  Korea (Se l f  e t  al . ,  1974) and r e s i s t a n c e  t o  organophosphorus 
compounds was r epor t ed  i n  Japan (Mukai e t  a l . ,  1974). 

2.1.2 Culex t r i t aen io rhynchus  

No new information has  been received on t h i s  mosquito s i n c e  1975, a p a r t  from t h e  
demons.tration of i t s  r e s i s t a n c e  t o  DDT i n  Bangladesh ( J o s h i ,  WHO communication, 1977), a 
phenomenon which had earlier been d e t e c t e d  i n  Korea, Japan and Taiwan. 
r e s i s t a n c e  t o  t h e  organophosphorus compounds i n  Korea (Self  e t  a l .  , 1974) ,  Taiwan (Mi tche l l  & 
Chen, 1974) and Japan (Moriya e t  a l . ,  1969; 
proved groundless) .  

The susp ic ions  of 

Buei & I t o ,  1974) have no t  been confirmed (or  

2.1.3 Other A s i a t i c  Culex s p e c i e s  

Nothing has  been publ ished s i n c e  t h e  s tudy by M i t c h e l l  & Chen (1974) i n  Taiwan on 
' Cx. v i s h n u i  ( formerly Cx. annulus) and Cx. fuscocephalus ,  two spec ie s  which a p a r t  from t h e i r  

r e s i s t a n c e  t o  t h e  organochlor ines  d i s p l a y e d  some t o l e r a n c e  f o r  the organophosphorus compounds. 
. 

The r e s i s t a n c e  of Cx. g e l i d u s  t o  DDT, a l r eady  noted i n  Thailand, has  been observed i n  
Bangladesh ( Josh i  , WHO communication, 19 77) . 
2.1.4 Culex tarsalis 

Mul t ip l e  r e s i s t a n c e  t o  t h e  organophosphorus compounds has become widespread i n  C a l i f o r n i a  
The t o l e r a n c e  t o  f e n t h i o n  and pa ra th ion  r epor t ed  (Apperson, 1974; Gu t i e r r ez  e t  a l .  , 1976a). 

from Utah by Hart & Womeldorf (1976) seems s l i g h t .  

Each organophosphorus compound selects a r e s i s t a n c e  t o  a l l  substances i n  t h i s  group. 
Neve r the l e s s ,  i f  s e l e c t i o n  a t  t h e  l a r v a l  s t a g e  produces r e s i s t a n c e  i n  a d u l t s  , t h i s  r e s i s t a n c e  
i s  s l i g h t  (Apperson & Georghiou, 1975). 

2.1.5 Other American Culex s p e c i e s  

Gu t i e r r ez  e t  al.  (1976b) confirmed t h e  r e s i s t a n c e  t o  organophosphorus compounds of 
Cx. peus i n  C a l i f o r n i a  and Boike e t  a l .  (1978) confirmed the r e s i s t a n c e  o f  Cx. n i g r i p a l p u s  t o  
malathion i n  F l o r i d a .  
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No new informat ion  on t h e  o t h e r  American Culex s p e c i e s  has  been rece ived  s i n c e  t h e  1975 
review. 

2.2 Res is tance  i n  Aedes 

2.2.1 Aedes a e g y p t i  

R e s i s t a n c e  of  t h i s  mosquito t o  DDT and d i e l d r i n  i s  c o n s t a n t  throughout i t s  d i s t r i b u t i o n  
I n  Africa and Madagascar t h e r e  a r e  many s t r a i n s  s u s c e p t i b l e  t o  t h e  area, except  i n  Africa. 

organochlor ine  compounds. 
s p e c i f i c  t o  t r o p i c a l  Africa, found i n  l o c a l i t i e s  which have n o t  been s u b j e c t e d  t o  i n s e c t i c i d e  
p r e s s u r e  by v e c t o r  c o n t r o l  opera t ions .  
induce any very  s t r o n g  s e l e c t i o n  p r e s s u r e  on account  of t h e  ecology of t h i s  mosquito.  

These are g e n e r a l l y  forms w i t h  b l a c k  integuments , i.e. forms 

A g r i c u l t u r a l  spraying  does n o t  g e n e r a l l y  s e e m  t o  

S ince  1975 l i t t l e  informat ion  h a s  been rece ived  about  t h e  r e s i s t a n c e  of  t h i s  mosquito t o  
t h e  organophosphorus compound%, which occurred mainly i n  t h e  Caribbean and South-East Asia. 
I n  I n d i a ,  however, Kaul e t  a l .  (1976) confirmed r e s i s t a n c e  t o  malathion. The drops  i n  
s u s c e p t i b i l i t y  observed were g e n e r a l l y  l i m i t e d ,  which made i t  d i f f i c u l t  t o  conclude t h a t  
r e s i s t a n c e  w a s  present .  We accord ingly  def ined  t h r e s h o l d s  of t o l e r a n c e  and r e s i s t a n c e  
(Mouchet e t  a l . ,  1972; Cossemans e t  a l .  , 1978) which made i t  p o s s i b l e  t o  l ' c l a s s i f y t t  t h e  
s t r a i n s .  

I n  Mart inique i n  1979 Yebakima e t  a l .  ob ta ined  an LC50 of 0.005 and a n  LCg5 of 0.02 ppm, 
which were p r e c i s e l y  w i t h i n  t h e  " to le rance"  zone. I n  t h e  town of  F o r t  d e  France t h e  
s u s c e p t i b i l i t y  of Ae. a e g y p t i  t o  temephos h a s  only halved i n  10 y e a r s .  Admittedly t h e  
s e l e c t i o n  p r e s s u r e  w a s  n o t  very s t r o n g .  

I n  Puer to  Rico,  Fox (1977) managed t o  i n c r e a s e  r e s i s t a n c e  t o  f e n t h i o n  10-fold by 
s e l e c t i o n  i n  t h e  l a b o r a t o r y  over  n i n e  genera t ions  of an a l r e a d y  " t o l e r a n t "  s t r a i n .  
r o s e  from 0.013 t o  0.015 ppm. 

The LC50 

There h a s  been no conf i rmat ion  of  t h e  r e s i s t a n c e  t o  b ioresmethr in  r e p o r t e d  i n  Bangkok by 
Wickhan ( I n :  Mouchet, 1975). The l a b o r a t o r y  s tudy  which followed showed, as was t o  be 
expected,  t h a t  t h e  s t r a i n s  r e s i s t a n t  t o  DDT were t h r e e  t o  f ive times less s u s c e p t i b l e  t o  
b ioresmethr in  than t h e  s t r a i n s  s u s c e p t i b l e  t o  DDT (Mouchet e t  a l .  , 1975). , I n  1977, 
P r a s i t t i s u k  & Busvine repor ted  c r o s s - r e s i s t a n c e  t o  permethrin of t h e  o r d e r  of 70 t i m e s  i n  a! 
DDT-resistant s t r a i n  from Guyana. 

Recent ly  Shaw (W30 r e p o r t ,  1980) found a t  Semarang i n  Indonesia  t h a t  a l o c a l  DDT-resistant 
s t r a i n  of A e .  a e g y p t i  gave only 50% m o r t a l i t y  a f t e r  one h o u r ' s  exposure t o  paper  .impregnated 
w i t h  0.025% decamethrin,  which induced 100% m o r t a l i t y  i n  anophel ine mosquitos.  

DDT-pyrethroid c r o s s - r e s i s t a n c e  seems t o  be a f a i r l y  genera l  phenomenon i n  South-East 
Asia (Chadwick e t  a l .  , 1977). 

2.2.2 Other Aedes s p e c i e s  of South-East A s i a  and t h e  P a c i f i c  

There has  been no f u r t h e r  information s i n c e  1975 on Ae .  a l b o p i c t u s ,  A e .  p o l y n e s i e n s i s ,  
A e .  v i t t a t u s ,  Ae. f i j i e n s i s ,  o r  Ae. p s e u d o s c u t e l l a r i s .  

A e .  togo?, suspected of  r e s i s t a n c e  t o  f e n t h i o n  and c h l o r p y r i f o s  i n  Korea, i s  r e s i s t a n t  t o  
DDT i n  t h a t  count ry ,  p a r t i c u l a r l y  on t h e  i s l a n d  of Jegu-do where it i s  a v e c t o r  of Brugia 
m a l a Y i  (Lee e t  a l .  , 1977). 

2.2.3 P a l a e a r c t i c  Aedes s p e c i e s  

The co ld-c l imate  s p e c i e s  which occur  i n  only one o r  two genera t ions  each y e a r  do not  , 
always d i s p l a y  r e s i s t a n c e .  This  i s  t h e  c a s e  w i t h  A e .  vexans , A e .  e x c r u c i a n s ,  Ae. communis, 
A e .  s t i c t i c u s ,  and Ae.  punctor  i n  Czechoslovakia ( R e t t i c h ,  1977). Only Ae.  can tans  seems t o  
have developed r e s i s t a n c e  t o  DDT. 
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I n  France,  i n  t h e  Bas-Languedoc, t h e  h a l o p h i l i c  Aedes s p e c i e s  Ae. c a s p i u s  and Ae.  d e t r i t u s  
have been sub jec t ed  t o  s t r o n g  s e l e c t i o n  p r e s s u r e  by t h e  organophosphorus i n s e c t i c i d e s  which 
have been used f o r  over 10 y e a r s  by t h e  mosquito c o n t r o l  s e r v i c e s ;  t h e i r  s u s c e p t i b i l i t y  t o  
t h e s e  compounds has been g radua l ly  reduced i n  r e c e n t  y e a r s .  

By comparison w i t h  t h e  r e s u l t s  of t h e  1968 t e s t s ,  the  s u s c e p t i b i l i t y  t o  temephos of 
A e .  d e t r i t u s  has  dropped 6.8-fold (S inegre ,  1978) when t e s t e d  a t  25°C. However, temephos i s  
less a c t i v e  i n  cold water  and when t h e  tests are c a r r i e d  o u t  a t  1 0 ° C  t h e  r e s i s t a n c e  i s  of t h e  
o rde r  of 16-20-fold: t h e  p h y s i o l o g i c a l  r e s i s t a n c e  and t h e  drop i n  ac t iv i ty  due t o  t h e  
temperature  have a cumulative e f f e c t  (S inegre ,  p e r s o n a l  communication, i n  p r e s s ) .  The 
o p e r a t i o n a l  i m p l i c a t i o n s  of t h i s  phenomenon w i l l  be d i scussed  l a t e r .  

' I n  t h e  s a m e  r eg ions  t h e  LC50 of.  temephos f o r  Ae.  c a sp ius  popu la t ions  r o s e  between 1968 
and 1978 from 0.0008 t o  0.0055 ppm, i .e.  a 6.9-fold drop i n  s u s c e p t i b i l i t y  which S inegre  (1978) 
i n t e r p r e t s  a s  i n c i p i e n t  r e s i s t a n c e ,  t h e  o p e r a t i o n a l  consequences of which can a l r e a d y  be f e l t .  

There i s  no r e s i s t a n c e  t o  f e n i t r o t h i o n  i n  t h e s e  two spec ie s .  

2.2.4 Aedes nigromaculis 

The m u l t i p l e  r e s i s t a n c e  t o  organophosphorus compounds i n  t h i s  mosquito of t h e  i r r i g a t e d  
f i e l d s  i n  C a l i f o r n i a  has  long been known. 
t o  p a r a t h i o n ,  f e n t h i o n  and malathion has  been r epor t ed  (Hart  & Womeldorf, 1976; 
Wagstaff , 1977). 

The phenomenon now extends t o  Utah, where r e s i s t a n c e  
Merell & 

I n  C a l i f o r n i a  t h e  p y r e t h r o i d s ,  p a r t i c u l a r l y  Pydrin@, s t i l l  provide good c o n t r o l  of t h e  
r e s i s t a n t  s t r a i n s  when app l i ed  a t  60 g p e r  h e c t a r e .  
does no t  c o n t r o l  Cx. qu inque fasc i a tus  (Lewallen & S t e w a r t ,  1977). 

A t  a dose f ive t i m e s  h i g h e r  t h i s  p roduc t  

Trials wi th  dif lubenzuron have proved promising (Schaeffer  e t  a l . ,  1977). On the o t h e r  
hand, Ae.  nigromaculis d i s p l a y s  some " re s i s t ance"  t o  F l i t  MLO. The dosage of t h i s  o i l  needs 
t o  be inc reased  t o  c o n t r o l  t h e  r e s i s t a n t  s t r a i n s  (Darwazeh, 1978). 

2.2.5 Aedes taeniorhynchus 

This s p e c i e s  provides one of t h e  rare examples o f  r e s i s t a n c e  t o  malathion;  the r e s i s t a n c e  
i s  l imi t ed  t o  t h i s  compound on ly ,  and t h e r e  i s  no c r o s s - r e s i s t a n c e  w i t h  o t h e r  organophosphorus 

S t a t e s  (Mount é t  a l . ,  1974; Boike & Rathburn, 1975). 
' compounds. This r e s i s t a n c e  t o  malathion has spread along t h e  whole West c o a s t  o f  t h e  United 

I n i t i a l l y  t h i s  mosquito was h i g h l y  s u s c e p t i b l e  t o  malathion,  w i th  an LC50 of 0.019 and a n  
Lcg5 of 0.038. 
1.3 ppm, a va lue  which would s c a r c e l y  be regarded as i n d i c a t i n g  r e s i s t a n c e  i n  Ae.  a egyp t i .  
The a d u l t s  have developed much more pronounced r e s i s t a n c e ,  roughly 5W-fo ld ,  perhaps because 
i t  i s  mainly a t  t h i s  s t a g e  t h a t  s e l e c t i o n  p r e s s u r e  i s  exe r t ed  (Boike e t  a l . ,  1978) .  

The l a r v a e  have developed 30-35-fold r e s i s t a n c e  and the LCg5 i s  as h igh  a s  

Res i s t ance  t o  malathion i s  be l i eved  t o  be i n h e r i t e d  p r imar i ly  as a s i n g l e  dominant gene 
(Seawright €i Mount, 1975). 

2.2.6 Other American Aedes s p e c i e s  

Ae .  s o l l i c i t a n s ,  which i s  a l r e a d y  r e s i s t a n t  t o  DDT, d i e l d r i n  and ma la th ion ,  seems t o  be  
developing t o l e r a n c e  f o r  temephos on t h e  E a s t  Coast of t h e  United States,  w i t h  a n  Le50 exceeding 
O. O02 5 ppm' (Suther land & Evans , 19 7 6 ) .  

I n  Utah both Hart & Womeldorf (1976) and Merell & Wagstaff (1978) have r epor t ed  r e s i s t a n c e  
of Ae .  d o r s a l i s  t o  f e n t h i o n ,  p a r a t h i o n  and malathion and r e s i s t a n c e  of Ae .  vexans t o  f e n t h i o n  
and parathion.  
term "borderl ine" .  
Canada, whereas i n  Europe t h i s  mosquito has  up t o  now never d i sp l ayed  any r e d u c t i o n  i n  
s u s c e p t i b i l i t y .  

To d e s c r i b e  t h e s e  s t r a i n s  d i s p l a y i n g  some degree  of t o l e r a n c e  they used t h e  
It must be emphasized t h a t  A e .  vexans w a s  a l r eady  r e s i s t a n t  t o  DDT i n  



Sutherland & Evans (1976) suspected t o l e r a n c e  t o  c h l o r p y r i f o s  i n  Ae .  canadensis  i n  t h e  
United States ,  w i t h  a n  LC95 of 0.22 ppm. 

I n  C a l i f o r n i a  Gu t i e r r ez  e t  a l .  (1976) mentioned r e s i s t a n c e  i n  Ae.  melanimon t o  malathion 
and f e n t h i o n .  
1971 ( G i l l i e s  e t  a l . ,  1971). 

T h i s  s p e c i e s  had a l r e a d y  been r e s i s t a n t  t o  DDT, pa ra th ion  and temephos s i n c e  

There i s  no r e c e n t  i n fo rma t ion  on Ae .  s i e r r e n s i s ,  Ae. t r i s e r i a t u s ,  Ae.  a t ropa lpus  and 
A e .  c a n t a t o r .  

2.3 Other c u l i c i n e  genera 

No r e c e n t  r e p o r t s  have been found on r e s i s t a n c e  i n  C u l i s e t a ,  Psorophora and Amige res .  

It has  been w e l l  known s i n c e  t h e  s t u d i e s  by Yap e t  a l .  (1968) i n  t h e  United S t a t e s ,  by 
S i n e g r e  e t  al.  (19171) i n  France,  and by Yap & Hanapi (1976)  i n  South-East Asia  t h a t  Mansonia 
larvae by v i r t u e  o f  t h e i r  s p e c i f i c  b i o l o g i c a l  c h a r a c t e r i s t i c s  are less s u s c e p t i b l e  t o  
i n s e c t i c i d e s  than t h e  l a r v a e  of o t h e r  mosquito genera.  For example, Ma. s i c h i a r d i i  larvae 
are 50 t i m e s  less s u s c e p t i b l e  t o  f e n t h i o n  and f e n i t r o t h i o n  than Ae.  c a sp ius  l a r v a e .  
o t h e r  hand, t he  s u s c e p t i b i l i t y  of t h e  a d u l t s  approaches t h a t  of Anopheles, according t o  t h e  
s t u d i e s  by Hamon €i S a l e s  (1963) on Ma. uniformis  i n  Upper Volta. 
t o  DDT and ma la th ion  i n  t h e  P h i l i p p i n e s  (Galand & Wenceslao, 1973) and Thailand 
(Yasuno e t  a l . ,  1967). 
d i e l d r i n  and shows l i t t l e  s u s c e p t i b i l i t y  t o  malathion;  Ma. indiana i s  r e s i s t a n t  t o  DDT i n  
Thai land.  

-- 

On t h e  
I* 

i 
This s p e c i e s  i s  s u s c e p t i b l e  

On t h e  o t h e r  hand, i t  i s  r e s i s t a n t  i n  t h a t  country t o  DDT and 

F i n a l l y ,  Focks e t  a l .  (1979) showed t h a t  t h e  a d u l t s  of t h e  p reda to r  mosquito 
Toxorhynchites r u t i l u s  w e r e  more s u s c e p t i b l e  t o  t h e  organophosphorus i n s e c t i c i d e s  and less 

. s u s c e p t i b l e  t o  r e sme th r in  than  t h e  s p e c i e s  t h a t  would be  t h e i r  probable prey i n  b i o l o g i c a l  
c o n t r o l :  he. a e g y p t i  and Cx. qu inque fasc i a tus .  

3. METHODOLOGY FOR THE STUDY OF RESISTANCE 

3.1 Eva lua t ion  tests 

S ince  the d e s c r i p t i o n  of the tests on l a r v a e  and a d u l t s  given i n  t h e  seventeenth r e p o r t  
of t h e  Expert  Committee on I n s e c t i c i d e s  (Anon, 1970) no s u b s t a n t i a l  changes have been made i n  
t h e  methodology f o r  e v a l u a t i n g  s u s c e p t i b i l i t y  t o  i n s e c t i c i d e s .  

3.1.1 Tests on a d u l t  i n s e c t s  e 
3.1.1.1 Exposure t o  a s i n g l e  c o n c e n t r a t i o n  

One of t h e  recommendations o f  t h e  l a s t  Expert  Committee (1975) concerned t h e  measurement 
o f  s u s c e p t i b i l i t y  by exposure t o  a s i n g l e  c o n c e n t r a t i o n  f o r  v a r i a b l e  pe r iods  of t i m e ,  i n  v i e w  
o f  t h e  f a c t  t h a t  c o n c e n t r a t i o n  x c o n t a c t  t i m e  is  c o n s t a n t ,  a t  any rate f o r  DDT, t h e  
carbamates , and the organophosphorus compounds (Hamon & Sales , 1970; Sa le s  & Mouchet, 1975). 
S ince  t h e  c o s t  o f  papers  impregnated wi th  organophosphorus compounds and carbamates i s  
r e l a t i v e l y  h igh  and t h e i r  pe r iod  of e f f i c a c y  i s  f a i r l y  l i m i t e d  (ha rd ly  exceeding t h r e e  months), 
t h i s  method could produce s u b s t a n t i a l  savings.  
ve ry  much i n  r e c e n t  y e a r s  o r  t o  have been sub jec t ed  t o  s p e c i f i c  r e sea rch .  

This  method does no t  seem t o  have been used 

3.1.1.2 Tests w i t h  a e r o s o l s  

Mount e t  a l .  (1976) desc r ibed  appa ra tus  f o r  t e s t i n g  t h e  e f f i c a c y  of i n s e c t i c i d e s .  The 
mosquito o r  f l y  i s  p l aced  i n  a t u n n e l  i n  which a i r  i s  c i r c u l a t i n g  a t  6.4 km/h. An a e r o s o l  
of i n s e c t i c i d e  i s  in t roduced  i n t o  t h e  t u n n e l  and t h e  i n s e c t  thus r ece ives  a genuine t o p i c a l  
a p p l i c a t i o n .  Although t h i s  method is no t  s p e c i f i c a l l y  intended f o r  measuring s u s c e p t i b i l i t y ,  
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i t  enabled both  Boike & Rathburn (1975) and Piount 2 t  a l .  (1974) t o  compare t h e  l e t h a l  doses  
of d i f f e r e n t  s t r a i n s  of he. taeniorhynchus and t o  determine t h e i r  resistance by r e f e r e n c e  t o  

',a s u s c e p t i b l e  l a b o r a t o r y  s t r a i n ,  

This  technique avoids  t h e  d i f f i c u l t i e s  i n h e r e n t  i n  t h e  manufacture of  high-concentrat ion 
However, t h e  f a i r l y  complicated equipment makes t h e  technique d i f f i c u l t  impregnated papers .  

t o  u s e  on a l a r g e  scale ,  p a r t i c u l a r l y  i n  t h e  developing c o u n t r i e s .  

3.1.1.3 Evalua t ion  of s u s c e p t i b i l ï t y  t o  p y r e t h r o i d s  

The growing danger of c r o s s - r e s i s t a n c e  between DDT and pyre thro ids  c a l l s  f o r  i n c r e a s e à  
s u r v e i l l a n c e .  

A t  p r e s e n t  no papers  a r e  a v a i l a b l e  which a r e  impregnated with t h e  products  most widely 
There i s  a n  urgent  need t o  used ,  i n  p a r t i c u l a r  b ioresmethr in ,  permethrin and decamethrin.  

i d e n t i f y  t h e  b e s t  s o l v e n t s  f o r  manufacturing t h e s e  papers and t o  determine t h e  effective 
c o n c e n t r a t i o n s  f o r  each product .  
a s .  t o  d e c i d e  whether they should b e  manufactured extemporaneously o r  whether they keep long 
enough t o  permi t  s e m i - i n d u s t r i a l  manufacture and d i s t r i b u t i o n  by WHO. 

Later on t h e  s t a b i l i t y  of these  papers  should be  s t u d i e d  s o  

Evalua t ion  of s u s c e p t i b i l i t y  over t ime t o  a s i n g l e  dose i s  a p o s s i b i l i t y  which ought t o  
b e  explored.  Never the less ,  i n  view of t h e  knock-down e f f e c t  of t h e  pyre thro ids  i t  s t i l l  has  
t o  be  proved t h a t  concent ra t ion  x c o n t a c t  t i m e  remains cons tan t .  

3.1.2 Larva l  tes ts  

3.1.2.1 Qual i ty  of water 

The dr inking-water  suppl ied  by t h e  o f f i c i a l  d i s t r i b u t i o n  s e r v i c e s  i s  o f t e n  s t e r i l i z e d  
w i t h  calcium h y p o c h l o r i t e  i n  doses  of around 2 ppm. This  substance induces r a p i d  o x i d a t i o n  
of  some i n s e c t i c i d e s ,  b r i n g i n g  about  a r e d u c t i o n  i n  t h e i r  a c t i v i t y  which could g ive  a false 
impression of  r e s i s t a n c e .  

This  phenomenon was r e p o r t e d  f o r  f e n t h i o n  (Mouchet e t  a l . ,  197.2), i n  which i t  produces 
about  100-fold r e d u c t i o n  i n  a c t i v i t y .  It l e d  t h e  au thors  t o  c a s t  s e r i o u s  doubt on c e r t a i n  
cases of r e s i s t a n c e  t o  f e n t h i o n  r e p o r t e d  from p r a c t i c a l l y  a l l  p a r t s  of t h e  world,  i n c l u d i n g  

. some r e p o r t e d  by themselves. 

Recently (Sinegre,  p e r s o n a l  communication, 1980) has  observed s imi l a r  effects on temephos. 

I n  l a b o r a t o r i e s  which have no d i s t i l l e d  water ,  t h i s  drawback can be overcome simply by 
The hypochlor i te  decomposes and l o s e s  i t s  l e a v i n g  t a p  water i n  t h e  f r e s h  a i r  f o r  24 hours .  

act ivi ty;  t h e  t a p  water can then be  used t o  perform t h e  tes ts .  

3 .1 .2 .2  Condit ions f o r  performing t h e  tes ts  

We r e p e a t  our  1975 proposa l  t o  reduce t h e  exposure t i m e  from 24 hours  t o  s ix  o r  even 
t h r e e  hours .  The tes ts  could then be c a r r i e d  out  and read on t h e  same day ,  which would 
r e p r e s e n t  a g r e a t  advantage f o r  t r a v e l l i n g  i n v e s t i g a t o r s .  
t i o n  has  i n  fac t  been v e r i f i e d  f o r  t h e  l a r v a e  (Brengues, 1964) and could e a s i l y  be checked 
aga in .  

The constancy of  t ime x concentra- 

S inegre  (personal  communication, 1980) observed t h a t  t h e  s u s c e p t i b i l i t y  of A e .  d e t r i t u s  
t o  organophosphorus compounds v a r i e d  from one t o  f o u r ,  depending on whether t h e  tes ts  were 
c a r r i e d  o u t  a t  10°C o r  a t  25°C. Under l a b o r a t o r y  condi t ions  i t  i s  unusual  f o r  t h e  temperature  
t o  drop  below 18"C, which l i m i t s  t h e  v a r i a t i o n s .  It should be noted t h a t  t h e  a c t i v i t y  of 
some p y r e t h r o i d s  such as decamethrin i n c r e a s e s  when t h e  temperature decreases .  

I 
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me concent ra ted  s o l u t i o n s  of  i n s e c t i c i d e s  should be changed as f r e q u e n t l y  as p o s s i b l e  
and should'  i n  any case be  k e p t  i n  t h e  r e f r i g e r a t o r  away from l i s h t .  
impregnated papers .  

The same goes f o r  

I n  view of t h e  growing d i f f i c u l t i e s  presented  by t h e  c leaning  of  g l a s s  r e c e p t a c l e s  i n  
l a b o r a t o r i e s  i n  t h e  i n d u s t r i a l i z e d  c o u n t r i e s ,  i t  would b e  u s e f u l  t o  look i n t o  t h e  p o s s i b i l i t y  
of u s i n g  d i s p o s a b l e  cardboard o r  p l a s t i c  r e c e p t a c l e s .  

3.1.3 S u s c e p t i b i l i t y  of  f i e ld  and l a b o r a t o r y  s t r a i n s  

It i s  o f t e n  necessary t o  g e t  a n  i n s e c t  s t r a i n  t o  reproduce i n  t h e  l a b o r a t o r y  f o r  two o r  
t h r e e  genera t ions  s o  as t o  o b t a i n  a l a r g e  enough number of  specimens t o  carry out a series of 
tests. 
induces a g e n e t i c  d r i f t  involv ing  t h e  l o s s  of c e r t a i n  a l le les .  These a l le les  could a f fec t  
t h e  s u s c e p t i b i l i t y  t o  i n s e c t i c i d e s ,  a l though t h i s  has  never  been proved. 

A s  S i l b e r s t e i n  (personal  conmunication) has  shown, however, b reeding  i n  t h e  l a b o r a t o r y  

However, i n  t h e  Ae. a e g y p t i  s t r a i n s  from t h e  Caribbean t e s t e d  i n  t h e  l a b o r a t o r y  w e  have 
always observed lower Lesos and LCg5s than  those r e p o r t e d  by Tinker  i n  extemporaneous tests 
on n a t u r a l  popula t ions  ( i n  VBC/IRG). 

This  p o i n t  deserves  t o  be  c l a r i f i e d  because i t  could be important  t o  d e t e c t  r e s i s t a n c e  
t o  organophosphorus i n s e c t i c i d e s  i n  i t s  e a r l y  s t a g e s .  L a t e r  on ,  when r e s i s t a n c e  i s  w e l l  
e s t a b l i s h e d ,  t h e r e  i s  l i t t l e  o r  no r i s k  of f a i l i n g  t o  d e t e c t  i t .  

3.2 De te rmina t ion  of res i s  tance 

3.2.1 C l a s s i f i c a t i o n  of  s t r a i n s  

The i n i t i a l  s t u d i e s  on r e s i s t a n c e  concerned t h e  organochlor ine compounds, DDT and 
d i e l d r i n .  
soon as t h e  popula t ion  c a r r y i n g  t h e  r e s i s t a n c e  gene i s  submit ted t o  s e l e c t i o n  pressure .  I n  
t h e  l a b o r a t o r y  i t  h a s  g e n e r a l l y  been p o s s i b l e  t o  i s o l a t e  t h e  s u s c e p t i b l e  and r e s i s t a n t  geno- 
types and t o  e v a l u a t e  t h e i r  s u s c e p t i b i l i t y  t o g e t h e r  w i t h  t h a t  of t h e  hybr ids  i n  terms of t h e  
LC50 o r  Lc95. It i s  t h e n  easy t o  determine whether t h e  s t r a i n  i s  s u s c e p t i b l e ,  r e s i s t a n t  o r  
heterozygous and t o  e s t a b l i s h  d i a g n o s t i c  c r i t e r i a .  

I n  most cases t h e  r e s i s t a n c e  i s  monofac tor ia l  and r a p i d l y  becomes widespread as 

&-I t h e  o t h e r  hand, r e s i s t a n c e  t o  t h e  organophosphorus compounds g e n e r a l l y  develops slowly 
and cont inuous ly ;  
homozygotes and t h e  hybr ids .  

no c r i t e r i a  have been p u t  forward f o r  d i s t i n g u i s h i n g  between t h e  SS and RR 

Sinegre  e t  a l .  (1976) proposed c l a s s i f y i n g  t h e  s t r a i n s  according t o  t h e  r a t i o :  

LC50 of  t e s t e d  s t r a i n  

LC50 of s u s c e p t i b l e  r e f e r e n c e  s t r a i n  

and t h e  r a t i o :  LCg5 

Lc50 
- 

If t h e  f i r s t  r a t i o  i s  lower than  2.5 t h e  s t r a i n  i s  s u s c e p t i b l e ,  i f  i t  i s  between 2.5 and f ive 
t h e  s t r a i n  i s  t o l e r a n t ,  i f  i t  i s  above f i v e  t h e  s t r a i n  i s  r e s i s t a n t .  Horeover,  i f  t h e  r a t i o  

- .  

c 

C 

i s  below 2.5,  t h e  s t r a i n  i s  homqgeneous, s u s c e p t i b l e  o r  r e s i s t a n t ;  
i s  heterogeneous.  This  l a t te r  s i t u a t i o n  i s  encountered when a drop i n  s u s c e p t i b i l i t y  s t a r t s  
t o  appear .  Coosemans e t  al .  (1978) d i d  n o t  make allowance f o r  t h e  heterogeneousness of t h e  

i f  i t  i s  h i g h e r  t h e  s t r a i n  
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response wi th in  one s t r a i n ,  b u t  d i d  take t h e  i n c r e a s e  i n  LCg5 i n t o  c o n s i d e r a t i o n .  
determining t h e  n a t u r a l  v a r i a b i l i t y  of 250 s t r a i n s  of A e .  a e g y p t i  they c a l c u l a t e d  t h e  P l  and 
P2 va lues  of t h e  LCggs, which correspond t o  p r o b a b i l i t i e s  of 10-5 and 10-4 of having a normal 
s t r a i n .  Between t h e s e  two va lues  they regard t h e  s t r a i n s  as t o l e r a n t ;  above t h e  second va lue  
they regard them as r e s i s t a n t .  

A f t e r  

The term "tolerance" w a s  r e j e c t e d  by t h e  las t  Expert  Committee. It i s  very u s e f u l ,  
however, e s p e c i a l l y  a t  t h e  opera ' t ional  l e v e l ,  f o r  c l a s s i f y i n g  s t r a i n s  which have undergone a 
drop i n  s u s c e p t i b i l i t y  b u t  which have no t  developed a h igh  l e v e l  of r e s i s t a n c e .  These 
s t r a i n s  ought a f t e r  a l l  t o  be kep t  under very s p e c i a l  s u r v e i l l a n c e ,  b u t  i t  has  n o t  been proved 
t h a t  they develop high r e s i s t a n c e  l i a b l e  t o  endanger c o n t r o l  ope ra t ions .  This i s  t h e  s i t u a t i o n  
which has e x i s t e d  f o r  more than 10 yea r s  w i t h  A e .  a e g y p t i  i n  t h e  Caribbean. 

Moreover, Sinegre a l s o  uses  t h e  term t o l e r a n c e  and WHO i n  i t s  computer programme uses  
t h e  term "intermediate",  which has  a s i m i l a r  meaning. 
i ncons i s t ency  of t he  diagnoses  provided by t h e  computer, which needs reprogramming. 

Here a t t e n t i o n  must be drawn t o  t h e  

More r e c e n t l y ,  i n  Utah i n  t h e  United S t a t e s ,  Mere11 & Wagstaff (1977) introduced t h e  
term "borderl ine"  t o  d e s c r i b e  t h e  in t e rmed ia t e  s t r a i n s .  

It i s  e s s e n t i a l  t o  adopt a term ( in t e rmed ia t e ,  t o l e r a n t ,  b o r d e r l i n e )  t o  d e s c r i b e  t h e  
s t r a i n s  whose s t a t u s  i s  no t  easy t o  d e f i n e .  
t h e  need t o  provide c l e a r  information f o r  t h e  agencies  r e spons ib l e  f o r  v e c t o r  s u r v e i l l a n c e ,  
one of t h e  e s s e n t i a l  d u t i e s  of WHO. 

This i s  n o t  a terminology d i s p u t e  b u t  r e f l e c t s  

3 . 2 . 2  Diagnost ic  doses  

In orde r  t o  s impl i fy  t h e  procedures f o r  e v a l u a t i n g  s u s c e p t i b i l i t y ,  t h e  l a s t  Expert  
Committee i n  1975 proposed performing a s i n g l e  tes t  w i t h  one d i a g n o s t i c  dose.  
5% su rv ive  t h i s  dose,  t h e  s t r a i n  should be regarded a s  r e s i s t a n t .  

I f  more t h a n  

3.2.2.1 Larvae 

The r e p o r t  of t h e  Expert  Committee (page 82) p r e s e n t s  two series of d i a g n o s t i c  doses  
f o r  t h e  l a r v a e  of A e .  a egyp t i  and Cx. f a t i g a n s  (Table 3 ) .  
meeting of the Committee b u t  b e f o r e  p u b l i c a t i o n  of i t s  r e p o r t ,  a mimeographed WHO document 
(Anon, 1975b, WHO//VBC/75.583) proposed d i a g n o s t i c  doses  which d i f f e r  s u b s t a n t i a l l y ,  e s p e c i a l l y  
f o r  malathion and iemephos (Table 3 ) .  

I n  t h e  same y e a r ,  a f t e r  t h e  

F i n a l l y ,  i n  1978 Coosemans e t  a l .  proposed d i a g n o s t i c  doses  f o r  Ae. a e g y p t i  which are 
f a i r l y  c l o s e  t o  those proposed by t h e  Expert  Committee (Table 3 ) .  
provide two va lues ,  t h e  former f o r  d i s t i n g u i s h i n g  t h e  " to l e ran t "  s t r a i n s  and t h e  lat ter f o r  
d i s t i n g u i s h i n g  t h e  r e s i s t a n t  s t r a i n s .  
d i s c r i m i n a t i n g  doses .  
t o  confusion. 
when i t  i s  only s l i g h t .  
a u t h o r i t i e s  r e spons ib l e  f o r  mosquito c o n t r o l  and r e s u l t  i n  u n j u s t i f i e d  measures. 
we b e l i e v e  t h a t  two doses  should b e  used even i f  t h i s  c a l l s  f o r  e x t r a  work by t h e  i n v e s t i g a t o r s .  

Neve r the l e s s  these a u t h o r s  

The l a s t  Expert  C o q i t t e e  r e j e c t e d  t h e  i d e a  of two 
I n  p r a c t i c e ,  however, i t  i s  found that t h e  u s e  of a s i n g l e  dose l e a d s  

I f  t h e  dose i s  too  low t h e r e  i s  a danger t h a t  i t  w i l l  mislead t h e  
I f  t h e  dose is too h igh  i t  does n o t  r e v e a l  r e s i s t a n c e  i n  i t s  e a r l y  s t a g e s  

Accordingly 

The d i a g n o s t i c  doses  f o r  Cx. qu inque fasc i a tus  proposed by t h e  Expert  Committee a r e  
i d e n r i c a l  t o  those  f o r  Ae .  a egyp t i .  
l e a d s  us  t o  t h e  same conclusions.  

Rapid a n a l y s i s  o f  t h e  r e s u l t s  s t o r e d  i n  t h e  computer 

The d i f f e r e n c e s  appearing i n  document WHO/vBC/75.583 probably arise from t h e  f a c t  that 
t h e  doses proposed f o r  Anopheles were a l s o  recommended f o r  t h e  c u l i c i n e  mosquitos,  which i s  
no t  a l e g i t i m a t e  procedure.  



TABLE 3 .  DIFFERENT DIAGNOSTIC DOSAGES RECOMMENDED FOR CULICINE MOSQUITOS 

Temephos 

0.02 0.03 

O .  125 

o .o2 

o .o2 

Coosemans, 1978 

wHO/vBC 
75.583 

E x p e r t  C o m i  t te 
r e p o r t  

Aedes a e g y p t i  

Culex f a t i g a m  
4.- 

Chlo rpyr i fos  

0.01 0.015 

O .O25 

o .o1 

o .o1 

DDT 

0.05 

D i e l d r i n  Malathion + 
3.125 

O .  25* + 
F e n i t  r o  t h i o n  

:.O6 I 0.1 

/ 

O .  125 

O .O5 

O .O5 

Fenthion 

O .O5 

O .O5 

O .O5 

Probably t h i s  i s  a typographical  e r r o r  and should read 1.25.  

n.  
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S u s c e p t i b i l i t y  may i n  f a c t  vary considerably from one s p e c i e s  t o  ano the r .  I n  Utah, 
Hart  & Womeldorf (1976) and Mere11 & Wagstaff (1977) proposed d i s c r i m i n a t i n g  doses f o r  
4e. vexans, Ae. d o r s a l i s  and Cx. p i p i e n s  r e l a t e d  t o  t h e  LC5os (Table 4 ) ;  
much lower than those  pïoposed i n  1975 f o r  A e .  a e g y p t i  by Mouchet e t  a l .  

t h e s e  doses  were 

TABLE 4 .  DISCRIMINATING DOSAGES FOR AEDES DORSALIS 

I Lc50 \ O .O025 O .O05 

Pa ra th ion  
Fenthion 

Lc50 

sus  cep t i b l e  bo r d  er  1 i n e  

O .O5 0.01 

res ist  a n t  

Malathion s u s c e p t i b l e  b o r d e r l i n e  r e s i s t a n t  I 
It would be  a good i d e a  t o  propose d i a g n o s t i c  dosages f o r  a l l  t h e  major vec to r s .  

3.2.2.2 Adults  

Comparatively few d a t a  a r e  a v a i l a b l e , o n  t h e  s u s c e p t i b i l i t y  of a d u l t  c u l i c i n e  mosquitos 
t o  t h e  organophosphorus i n s e c t i c i d e s  and the carbamates. ï h e  d a t a  were c o l l a t e d  f o r  t h e  
previous Expert C o m i t t e e  (Mouchet e t  a l . ,  1975). The f ind ings  on t h e  two spec ie s  on which 
most information i s  a v a i l a b l e ,  Cx. qu inque fasc i a tus  and Ae .  a egyp t i ,  can be summarized a s  
fol lows (Table 5) f o r  t h e  Af r i can  s t r a i n s  (Hamon 6. S a l e s ,  1963, 1970; Sa le s  & Mouchet, 1973). 

TABLE 5.  SUSCEPTIBILITY OF ADULT CULICINE MOSQUITOS 

(One hour ' s exposure) 

I Malathion 1 F e n i t r o t h i o n  I Fenthion I Propoxur 
Species  

0.84 

Aedes a e g y p t i  I t o  I t o  1 0 .2  

I 1 . 2 .  I 2 .5  I 

I 1.06 I I 
Culex f a t i g a n s  I t o  I 2.2 I 0.65 

There are t h e r e f o r e  few d i f f e r e n c e s  between t h e  two s p e c i e s ,  except i n  respect of 
f e n i t r o t h i o n .  

I n  document WHO/VBC/75.582 (Anon, 1975a),  t h e  d i a g n o s t i c  doses  proposed f o r  
Cx. qu inque fasc i a tus  were as fol lows:  

Malathion : 5% f o r  30 minutes 

F e n i t r o t h i o n  : 1% f o r  1 hour 

Fen t h  ion : 2.5% f o r  30 minutes 

Propoxur : 0.1% f o r  2 hours  
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These d i a g n o s t i c  doses  are c l o s e  t o  t h e  LCg5s, except  f o r  f en th ion .  For  t h i s  
i n s e c t i c i d e '  t h e  dose seems t o  be  too  h igh .  

For  convenience i n  t h e  tests and t o  s impl i fy  t h e  work of  t h e  i n v e s t i g a t o r s ,  i t  would b e  
a good idea  t o  reduce t h e  c o n t a c t  t i m e  t o  one hour by adopt ing  t h e  a p p r o p r i a t e  concen t r a t ion .  

4 .  DYNAMICS OF RESISTANCE 

The problems r e l a t i n g  t o  t h e  dynamics of  r e s i s t a n c e  were explained very  c l e a r l y  i n  t h e  
r e p o r t  of t h e  1975 Expert  Committee (Anon, 1976, pp. 53-57) and by Georghiou & Taylor (1976). 

The informat ion  obta ined  i n  r e c e n t  y e a r s  provides  a b a s i s  f o r  s p e c i f i c  observa t ions  i n  
suppor t  o f  c e r t a i n  concepts .  

The pace a t  which r e s i s t a n c e  develops varies according t o  t h e  i n s e c t i c i d e  p re s su re .  
I n  Louis iana Steelman & D e w i t t  (1976) noted a pronounced development of r e s i s t a n c e  by 
Cx. qu inquefasc ia tus  t o  c h l o r p y r i f o s  (X 42) ,  t o  malathion (X 47) and t o  naled (x 60) i n  
r u r a l  a r e a s  subjec ted  t o  i n t e n s e  p re s su re  from a g r i c u l t u r a l  spraying ,  whereas t h e  per i -urban  
s t r a i n s  remained s u s c e p t i b l e .  

I n  t h e  south  of France ,  S inegre  e t  a l .  (1977) observed r e g u l a r l y  developing r e s i s t a n c e  
i n  Cx. p ip i ens  t o  c h l o r p y r i f o s ,  i n c r e a s i n g  from 13-fold to 73-fold i n  f ive y e a r s  fo l lowing  
cont inuous i n s e c t i c i d e  a p p l i c a t i o n s  by t h e  mosquito c o n t r o l  s e r v i c e s  and fa rmers .  

1972 R X 13 (by comparison wi th  a s u s c e p t i b l e  s t r a i n )  

I I  I I  11 1973 R X 15 I I  

1974 R X 33 

1975 . R  X 47 

1976 R X 73 

11 

11 

11 

I I  

I I  

11 

I I  

I I  

I l  

I l  

II  

I I  

A t  F o r t  de  France i n  Mar t in ique ,  t h e  s u s c e p t i b i l i t y  of Ae .  a egyp t i  t o  temephos w a s  only 
ha lved  between 1968 and 1978 (Yebakima e t  a l . ,  1979). The temephos a p p l i c a t i o n s  were 
undoubtedly somewhat l ax ;  bu t  t h e  ecology of  t h i s  spec ie s  sa feguards  i t  from i n s e c t i c i d e  

. pres su re  a s soc ia t ed  wi th  a g r i c u l t u r a l  a c t i v i t i e s .  Moreover, i t  i s  q u i t e  conce ivable  t h a t  
t h e r e  i s  some i n t r i n s i c  g e n e t i c  f a c t o r  which l i m i t s  t h e  e x t e n t  of r e s i s t a n c e  i n  t h i s  spec ie s  
t o  t h e  organophosphorus compounds: a l though r e s i s t a n c e  t o  organophosphorus i n s e c t i c i d e s  
i n  A e .  a egyp t i  has  been r epor t ed  i n  t h e  Caribbean f o r  more than  10 y e a r s ,  i t  has  never  reached 
a very high l e v e l ,  even though Fox (1977) managed t o  achieve  50-fold r e s i s t a n c e  t o  f en th ion  
by s e l e c t i o n .  

The ex ten t  of r e s i s t a n c e  i s  less marked f o r  t h e  organophosphorus compounds, where it 
r a r e l y  reaches  lOO-fold, than f o r  DDT, where i t  may be a s  h igh  as 1000-fold i n  Ae.  a egyp t i  
f o r  example. 

One of t h e  rare except ions  i s  r e s i s t a n c e  t o  malathion i n  A e .  taeniorhynchus,  which can 
be as h igh  a s  500-fold i n  a d u l t s  (Boike e t  a l . ,  1978). Laboratory s e l e c t i o n  i n d i c a t e s  t h a t  
r e s i s t a n c e  t o  t h e  py re th ro ids  can reach a h igh  level i n  Cx. quinquefasc ia tus  ( P r i e s t e r  & 
Georghiou , 1978). 

The number of genera t ions  pe r  yea r  cond i t ions  t h e  speed a t  which r e s i s t a n c e  develops.  
I n  Czechoslovakia the  u n i v o l t i n e  o r  b i v o l t i n e  Aedes spec ie s  d i s p l a y  no r e s i s t a n c e ,  even though 
DDT has  been used f o r  many y e a r s  a g a i n s t  them (Re t t i ch ,  1977). 
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The development of r e s i s t a n c e  i s  encouraged i f  t he  popula t ion  i s  i s o l a t e d  and slowed 
down when t h e r e  i s  a h i g h  degree  of  immigrat ion.  Conversely emigra t ion  may c a r r y  the  
r e s i s t a n c e  genes i n t o  un t r ea t ed  r eg ions .  I n  t h e  south  of France  A e .  d e t r i t u s  has  developed 
6.8-fold r e s i s t a n c e  t o  temephos a f t e r  more than  10 y e a r s  of i n t e n s i v e  use  of  t h i s  compound 
f o r  Aedes c o n t r o l .  However, t h e  a r e a  sub jec t ed  t o  i n s e c t  c o n t r o l  i s  nex t  t o  t h e  Camargue 
Na t iona l  Park where no i n s e c t i c i d e s  a r e  used except  i n  a g r i c u l t u r e .  A e .  d e t r i t u s  h a s  a 
long  f l i g h t  range and t h e r e  are s u b s t a n t i a l  movements between the  two a r e a s ,  which exp la ins  
t h e  low degree  of r e s i s t a n c e ;  on t h e  o t h e r  hand, however, s u s c e p t i b i l i t y  has  dropped almost  
f o u r f o l d  i n  t h e  u n t r e a t e d  Camargue reg ion  (S inegre ,  1978,  and personal  communication, 1980). 

S u s c e p t i b i l i t y  t o  i n s e c t i c i d e s  v a r i e s  w i th  t h e  seasons and, i n  t h e  case of l a r v a e ,  w i th  
t h e  water temperature  i n  t h e  breeding  place. 
a lmost  fou r fo ld  between 25°C and 10"G. 

A s  s t a t e d  above f o r  A e .  d e t r i t u s ,  i t  drops 
Res i s t ance  v a r i e s  i n  the  same p ropor t ion ,  reaching  . -  - 

20-fold i n  t h e  s p r i n g  whereas it  i s  only s i x f o l d  i n  t h e  summer. 

5 .  RELATIONSHIPS BETWEEN RESISTANCE I N  LARVAE AND I N  ADULTS 

It has  o f t e n  been noted t h a t  some spec ie s  d i s p l a y  s t r o n g  r e s i s t a n c e  i n  t h e  a d u l t  s ta te ,  
whereas t h e i r  l a r v a e  are almost  s u s c e p t i b l e .  This  was  p a r t i c u l a r l y  t h e  case wi th  
Cx. qu inque fasc i a tus  i n  A f r i c a  (Hamon & Mouchet, 1967) .  I n  Korea a d u l t  Cx. t r i t aen io rhynchus  
d i sp layed  to l e rance  t o  t h e  organophosphorus compounds whereas the  l a r v a e  were s u s c e p t i b l e  
(Self  e t  a l . ,  1974). 

Margham &Wood (1976) showed t h a t  i n  Ae. aegyp t i  t h e r e  were two types  of r e s i s t a n c e  t o  
One type  occurred mainly i n  t h e  l a r v a e ,  t he  o t h e r  mainly DDT governed by d i f f e r e n t  genes. 

i n  a d u l t s .  
imaginal  s t a g e s ,  bu t  n o t  n e c e s s a r i l y  t h a t  of  t h e  a d u l t s .  

S e l e c t i o n  p r e s s u r e  a t  t h e  l a r v a l  s t a g e  increased  t h e  r e s i s t a n c e  of t h e  p r e -  

S i m i l a r l y ,  Apperson and Georghiou (1975) observed t h a t  t he  s e l e c t i o n  of Cx. t a r s a l i s  a t  
t h e  l a r v a l  s t a g e  by organophosphorus compounds produced only a s l i g h t  i n c r e a s e  i n  r e s i s t a n c e  
i n  a d u l t s .  I n  F l o r i d a  a d u l t i c i d e  t r ea tmen t s  w i th  malathion produced 500-fold r e s i s t a n c e  i n  

. 

a d u l t  A e .  taeniorhynchus,  whereas t h e  r e s i s t a n c e  was n o t  more than  10- fo ld  i n  t h e  l a r v a e  
(Boike e t  a l . ,  1978) .  

It i s  t h e r e f o r e  impor tan t  t o  c a r r y  o u t  t h e  s u s c e p t i b i l i t y  tests on t h e  s t a g e  which i s  
sub jec t ed  t o  c o n t r o l  ope ra t ions ,  o therwise  major operat íonal .prob1ems may occur .  

6 .  OPERATIONAL CONSEQUENCES AND REPLACEMENT PRODUCTS 

W e  s h a l l  n o t  go i n t o  d e t a i l  on t h i s  po in t  as i t  i s  d e a l t  w i th  elsewhere.  

However, i t  should be  poin ted  o u t  t h a t  t h e  consequences of r e s i s t a n c e  t ake  very d i f f e r e n t  
forms depending on: 

- t h e  e x t e n t  of r e s i s t a n c e ;  

- t he  ecology of t h e  i n s e c t s  concerned. 

i 

In t h e  Lower Languedoc i n  France ,  f o r  example, where t h e  breeding  s i t e s  o f  Aedes d e t r i t u s  
and Aedes casp ius  have been t r e a t e d  mechanical ly  wi th  c a r e f u l l y  judged doses ,  a s i x f o l d  
r educ t ion  of  s u c e p t i b i l i t y  t o  temephos i n  t h e s e  two spec ie s  produced o p e r a t i o n a l  r epe rcuss ions ,  
p a r t i c u l a r l y  f o r  t h e  former;  
water, which he ightens  t h e  man i fe s t a t ions  of r e s i s t a n c e .  

t h e  t r ea tmen t s  are i n  f a c t  c a r r i e d  ou t  i n  t h e  s p r i n g  i n  cold 

An i n c r e a s e  i n  t h e  dose ,  a p a r t  from i t s  f i n a n c i a l  i m p l i c a t i o n s ,  may have r epe rcuss ions  on 
non- ta rge t  fauna which are  no t  r e a d i l y  accep tab le  t o  t h e  e c o l o g i s t s .  

I 



On t h e  o t h e r  hand, a 10- fo ld  drop i n  t h e  s u s c e p t i b i l i t y  t o  temephos of  Ae.  a egyp t i  i n  t h e  
Caribbean had no o p e r a t i o n a l  consequences because a p p l i c a t i o n s  t o  small  breeding places i n  t h e  
v i c i n i t y  of homes a r e  a lmost  always c h a r a c t e r i z e d  by an "overdose". 

Among t h e  replacement  p roduc t s ,  t h e  py re th ro ids  have aroused g r e a t  hopes. It i s  
impor tan t  t h e r e f o r e  t o  keep a watch on t h e  development of r e s i s t a n c e  t o  t h e s e  products ,  
something t h a t  i s  u n f o r t u n a t e l y  q u i t e  f e a s i b l e  i n  view of t h e  p o s s i b i l i t i e s  of  c ros s -  
r e s i s t a n c e  wi th  DDT. 

The o p e r a t i o n a l  a s p e c t  of r e s i s t a n c e  to o i l s ,  growth . inh ib i tors  and t o  Mermis h a s  n o t  
been a s ses sed .  

' It  should be  noted t h a t  i n  t h e  l abora to ry  Harvey & Howell (1965) achieved a 10-50-fold 
r educ t ion  i n  the  s u s c e p t i b i l i t y  of f l i e s  t o  B a c i l l u s  t h u r i n g i e n s i s  a f t e r  s e l e c t i o n  over 27 
gene ra t ions .  
mosquitos i s  be ing  s e r i o u s l y  considered i t  would b e  adv i sab le  t o  c a r r y  o u t  similar s t u d i e s  
on mosqui tos .  

A t  a t i m e  when t h e  use  of t h i s  b i o l o g i c a l  i n s e c t i c i d e  a g a i n s t  c u l i c i n e  

7. CONCLUSIONS 

This review r e v e a l s  a l a c k  of i n t e r e s t  on t h e  p a r t  of research  workers i n  the  problems 
of r e s i s t a n c e ;  t h i s  i s  probably connected wi th  t h e  poor image of i n s e c t i c i d e s  i n  t h e  academic 
world , which i s  l a r g e l y  cha rac t e r i zed  by "ecologica l"  i deo log ie s .  

This i s  a d e p l o r a b l e  s i t u a t i o n  because i n s e c t i c i d e s ,  a f t e r  a l l ,  remain the  b a s i s  f o r  
most vec to r  c o n t r o l  campaigns. I n  t h e  absence of  competent s c i e n t i s t s  t h e r e  i s  a danger 
t h a t  r e s p o n s i b i l i t y  f o r  t hese  campaigns w i l l  f a l l  i n t o  t h e  hands of n o n - s p e c i a l i s t  t echn ic i ans .  
It i s  then t h a t  t h e r e  would be a r i s k  of t h e  ope ra t ions  becoming i n e f f e c t i v e  and causing 
p o l l u t i o n .  

L i t t l e  i s  i n  f a c t  known about  t h e  r e s i s t a n c e  s i t u a t i o n  i n  c u l i c i n e  mosquitos. 
a r e  only a f e w  c o u n t r i e s  where i n v e s t i g a t o r s  a r e  c a r r y i n g  ou t  h igh -qua l i ty  s t u d i e s ,  o f t e n  i n  
a c l ima te  of gene ra l  i n d i f f e r e n c e .  

There 

Many developing c o u n t r i e s  c a r r y  o u t  few vec to r  c o n t r o l  ope ra t ions  u n l e s s  these  ope ra t ions  
a r e  included i n  major ,  o f t e n  i n t e r n a t i o n a l ,  programmes which b e n e f i t  t h e  c o u n t r i e s  a t  no 
c o s t  t o  themselves .  The achievements r epor t ed  a t  i n t e r n a t i o n a l  meetings o f t e n  take  on more , 

modest p ropor t ions  when they  are o b j e c t i v e l y  eva lua ted ,  f o r  t he  i n t e g r a t i o n  of vec tor  c o n t r o l .  
i n t o  p u b l i c  h e a l t h  p lanning  i s  d i f f i c u l t  t o  achieve .  
z a t i o n  t h e r e  i s  reason  t o  fear t h a t  t h e  t e c h n i c a l  problems, inc luding  r e s i s t a n c e  t o  
i n s e c t i c i d e s ,  are n o t  always taken f u l l y  i n t o  account .  

I n  t he  contex t  of  growing d e c e n t r a l i -  
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