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Endotoxin of B a c i l l u s  t h u r i n g i e n s i s  H14 : mode of' a c t i o n ,  fo rmula t ion  

and a p p l i c a t i o n  a g a i n s t  mosquito and b l a c k f l y  l a r v a e  

P. GUILLET 

Trypanosomiasis  and Onchocerc ias i s  Research I n s t i  t u t e  

B.P. 1500 - BOUAKE (IVORY-COAST) . 

B a c i l l u s  t h u r i n q i e n s i s  H14 was isolated i n  1977 i n  I s r a e l  from a mos- 

q u i t o  breeding  pond (1). T h i s  isolate was subsequen t lydesc r ibed  as 

s e r o t y p e  H14, v a r i e t y  israeledsis i n  1978 ( 2 ) .  The H14 serotype, p r a t i -  

tally wi thou t  a c t i v i t y  a g a i n s t  t h e  l a r v a l  s t a g e  o f  Lepidoptera  was pro- 

ved to be h i g h l y  toxic f o r  l a r v a e  o f  a wide range o f  mosquito (1, 2,  3,  

4 ,  5 ;  6 ,  7, 8)  and b lack  f l y  s p e c i e s  ( 9 ,  10, 11). 

1. MODE OF ACTION. 
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Contrary  to o t h e r  s e r o t y p e s ,  G. H 1 4  produces c r y s t a l s  pleomorphic i n  

shape and s i z e  ( 2 ) .  These c r y s t a l s  p r e s e n t  a composi te  s t r u c t u r e  w i t h  

s e v e r a l  components or s u b u n i t s  d i f f e r i n g  i n  s i z e  and e l e c t r o n  d e n s i t y  

t h a t  may be  found s e p a r a t e l y  or i n  a s i n g l e  i n c l u s i o n  and surrounded by 

an  envelope ( 1 2 ) .  The l a r v i c i d a l  a c t i v i t y  is e x c l u s i v e l y  a s s o c i a t e d  

wi th  t h e  t o x i n  i n  t h e  c r y s t a l s ' a n d  spores are not involved  i n  t h e  in to -  

x i c a t i o n  p r o c e s s  ( 3 ,  13, 14). $he $-endotoxin is a h igh  molecular  

weight  p r o t o x i n  which is, upon i n g e s t i o n  by s u s c e p t i b l e  l a r v a e ,  very  

r a p i d e l y  c l eaved  i n  s m a l l e r  s u b u n i t s  i n  t h e  presence  o f  a l k a l i n e  pH and 

s u i t a b l e  p r o t e o l y t i c  enzymes i n  t h e  g u t  (13, 15, 16,  17). 

Very l i t t l e  is known on t h e  moae o f  a c t i o n  o f  t h e  t o x i n .  Immediately 

a f t e r  i n g e s t i o n  c r y s t a l s  are sp l i t t ed  and 30mn a f t e r  most o f  them i n  

fhe  a n t e r i o r  stomach a r e  d i s s o l v e d  and o n l y  empty envelopes  can  be  

found (18). The pa thogenes i s  qbserved i n  mosqui to  l a r v a e  is r e l a t i v e l y  

similar to  t h a t  s e e n  i n  Lepidpptera  excep t  t h a t  wi th  t h e  former d e a t h  

is ext remely  r a p i d  (15 to 20mn wi th  b l a c k f l y  l a r v a e  treated a t  LC 100). 

The midgut e p i t h e l i u m  is t h e  < I  m a i n , s i t e  a f f e c t e d  by t h e  t o x i n  ( 1 9 ) .  

C e l l s  of g a s t r i c  caeca  and p o s t e r i o r  stomach s p e c i a l i z e d  i n  t h e  absorb-  r. 
t i o n  of amino a c i d s  and p r o t e i n s  a r e  t h e  most s u s c e p t i b l e  and a r e  f i r s t  

a f f e c t e d .  The f i r s t  symptoms ( c e l l u l a r  hyper t rophy and e p i t h e l i a l  l y -  

sis) are r a p i d e l y  fo l lowed by a complete  d e s t r u c t i o n  of t h e  midgut 

i- 

c: 
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e p i t h e l i u m  (18, 20). 1t"is g e n e r a l l y  accep ted  t h a t  t h e .  t o x i n  o f  Lepi- 

d o p t e r a  a c t i v e  s e r o t y p e s  (20, 21 , ' 22 )  as w e l l  as H14 s e r o t y p e  (23) in- 

t e r f e r s  wi th  t h e  a b i l i t y  o f  l a r v a l  midgut e p i t h e l i u m  to r e g u l a t e  i o n  

pe rmeab i l i t y .  Pa thogenes i s  i n  b lack  f l y  l a r v a e  is s imula r  to  t h a t  ob- 

s e rved  i n  mosquito l a r v a e  (24). ' 

2. PROSPECTS FOR USE UN VECTOR CONTROL. 

- B . t .  H 1 4  p r e s e n t s  m o s t  of t h e  c h a r a c t e r i s t i c s  r e q u i r e d  f o r  u s e  a s  a 

l a r v i c i d e  i n  t h e  f i e l d  of v e c t o r  c o n t r o l  : 

- T o x i c i t y  : as a l r e a d y  mentioned, G. H14 is h i g h l y  t o x i c  f o r  a wide 

range  of mosqu i to  and b l ack  f l y  spehies. Among mosqui tos ,  Aedes and 

Culex a r e  more s u s c e p t i b l e  than  Anopheles ( t h i s  is probably  due to t h e  

s u r f a c e  f eed ing  h a b i t s  of a n o p s e l l n e  l a r v a e ) .  D i f f e r e n t  s t r a i n s  of a 
7 1  same s p e c i e s  l i k e  A.aegypt i  may p r e s e n t  s i g n i f i c a t i v e  d i f f e r e n c e s  i n  

t h e i r  s u s c e p t i b i l i t y  to  G. H14 r7, 2 5 ) .  V a r i a t i o n s  have a l s o  been 

recorded  between d i f f e r e n t  SimuliÚm s p e c i e s  (26,  27). Young l a r v a e  o f  

mosquito and b l ack  f l y  a r e  8 to  10 times more s u s c e p t i b l e  than  l a t e  

instar  (11, 27, 28, 29, 3 0 ) .  The e f f i c a c y  o f  E. H14 is n o t  s i g n i f i -  

c a n t l y  a f f e c t e d  by envi ronmenta l  c o n d i t i o n s  such a s  t empera tu re ,  pH1  

s a l i n i t y  a s  l ong  a,s they  remain is t h e i r  n a t u r a l  range o f  v a r i a t i o n s  

(31, 32, 33, 34). On t h e  o t h e r  hand, when t h e s e  f a c t o r s  p e r t u r b  t h e  

normal f eed ing  behaviour  o f  l a r v a e  they  i n t e r f e r e  w i t h  e f f i c a c y  of =. 
H14 (27, 35, 3 6 ) .  

- S t a b i l i t y  : t h e  s t a b i l i t y  o f  the$-endotoxin  of s. H14 is w e l l  

known, h e a t  s t a b i l i t y  (1, 3 ,  4 ,  5, 37) and s t o r a g e  s t a b i l i t y  o f  powders 

(38, 39, 4 0 )  as well as aqueous suspens ions  (31, 4 1 ) .  Limited data con- 

c e r n i n g  s t a b i l i t y  of commercial  fo rmula t ions  are a v a i l a b l e . I n  one s t u d y  

(42)  t h e  h a l f - l i f e s  o f  3 fo rmula t ions  : I water d i s p e r s i b l e  c o n c e n t r a t e  

(W.D.C.) and 2 vet table  powders, were r e s p e c t i v e l y  18, 7 and 6 days  a t  

b 
L 

S O o  C and it was concluded t h a t  H 1 4  fo rmula t ions  are much less 
s t a b l e  t h a n  t h e  k u r s t a k i  fo rmula t ions .  The s t a b i l i t y  o f  t h e  same above kr 

I 

mentioned W.D.C. was t e s t e d  i n  I v o r y  Coas t  and it was proved t h a t  drums 

c a n  be s t o r e d  i n  t h e  f i e l d  more t h a n  16 months r i g h t  i n  t h e  sun w i t h o u t  

any los? of e f f i c a c y  a g a i n s t  b i ack  f l y  l a r v a e  (43). A c t u a l l y  drums are 
r o u t i n e l y  s t o r e d  s e v e r a l  m o n t h  i n  t h e  sun  i n  t h e  Onchoce rc i a s i s  Con- 

t rol  Programme (0CP)'in t h e  V o l t a  r e g i o n  area i n  West A f r i c a  and remain 

f u l l y  e f f e c t i v e .  

I I /  
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- S e l e c t i v i t y  : e x t e n s i v e  s t u d i e s  have been c a r r i e d  o u t  i n  t h e  l abora -  

t o ry  (mammal s a f e t y  t e s t i n g )  a s ' w e l l  as i n  t h e  f i e l d  (envi ronmenta l  

s a f e t y ) .  They c l e a r l y  i n d i c a t e  t h a t  B.t. H 1 4  is non t o x i c  and non pa- 

thogenic  to mammals and poses  no s i g n i f i c a n t  h e a l t h  hazard .  I t  appea r s  

a l s o  innocuous to  n e a r l y  a l l  non t a r g e t  organisms by direct  c h a l l e n g e  

i n  mosquito as w e l l  as i n  b lack  f l y  l a r v a e  b reed ing  environment.  Recen- 

t l y  i t  was shown t h a t h y d r o l i z e d t o x i n  is h i g h l y  tox ic  f o r  mice upon in- 
j e c t i o n  ( 4 4 ) .  I t  is n o t  known wether  or n o t  t h e  f r a c t i o n  (po lypep t ide )  

a c t i v e  a g a i n s t  d i p t e r a  upon i n g e s t i o n  and mammals upon i n j e c t i o n  a r e  

t h e  same. However t h i s  i n fo rma t ion  h a s  no p r a c t i c a l  i nc idence  on t h e  

use  o f  G. H 1 4  i n  v e c t o r  c o n t r o l  o p e r a t i o n s .  

P rospec t s  for t h e  development of a i r ces i s t ance  : no s i g n f i c a t i v e  d i f f e -  

rence i n  t h e  r e sponse  to  B , . c H 1 4  occurs between i n s e c t i c i d e -  suscep-  

t i b l e  and - r e s i s t a n t  s t r a i n s .  oif mosqui tos  whatever d e t o x i f i c a t i o n  pro- 

cess involved  (dehydroch lo r inases ,  o x i d a s e s ,  e s t e r a s e s ,  GSH-transfera- 

ses) ( 4 5 ) .  The s u s c e p t i b i l i t y  o f  t h e  S.damnosum complex l a r v a e  t o  G. 
H 1 4  is n o t  a f f e c t e d  by r e s i s t a n c e  t o  organophosphorous compounds (46 ,  

47).  The p o t e n t i a l  f o r  t h e  development of a r e s i s t a n c e  h a s  been t e s t e d  

us ing  Culex q u i n q u e f a s c i a t u s  l a r v a e .  A to ta l  o f  36 g e n e r a t i o n s  have 

been completed to d a t e  under s e l e c t i o n  p r e s s u r e .  A s l i g h t l y  inc reased  

t o l e r a n c e  to g. H 1 4  was noted fo l lowing  t h e  n i n t h  g e n e r a t i o n  b u t  lar-  

vae recover  normal s u s c e p t i b i l i g y  immediately a f te r  s e l e c t i o n  p r e s s u r e  

have s topped  ( 4 8 ) .  Conclus ions  a l low f o r  opt imism rega rd ing  t h e  effet- 

l 

" i f  

t i v e  use l i f e  o f  s. H 1 4 .  i 

Mass production : a very r a p i d  advance h a s  been noted  i n  t h e  develop- 

ment o f  mass p roduc t ion  o f  =. H 1 4  adapted  from t echn iques  used i n  t h e  

p roduc t ion  o f  o t h e r  s e r o t y p e s .  , I n  1982, 600,0001 o f  fo rmula t ion  have 

been produced Por u s e  i n  t h e  WP i n  West A f r i c a .  The q u a l i t y  o f  32 ba t -  

c h e s  ( abou t  10,000 1 each)  was c o n t r o l l e d  through b i o a s s a y  wi th  both  

A.aeqypt i  and Simulium l a r v a e  and was proved to  be ve ry  s a t i s f a c t o r y  
{ J  I 

i' i .  and c o n s t a n t  (49 ) .  

I 

3. DEVELOPMENT OF FORHULATION&A~J FIELD APPLICATION. 
. Ti  

- B . t .  H14 must be p r o p e r l y  formula ted  to  be  used a g a i n s t  mosqui to  and 

b lack  f l y  larvae. The main role o f  t h e  fo rmula t ion  is to p r e s e n t  t h e  

t o x i n  i n  p a r t i c l e s  r e a d i l y  i n g e s t i b l e  by l a r v a e ,  to  allow sp ray ing  and 

- 23 - 
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then to main ta in  t h e  p a r t i c l e s  i n  (he l a r v a l  f eed ing  zone. Formula t ions  

are o b t a i n e d  from pr imary  ferment  m a t e r i a l  e i t h e r  i n  l i q u i d  form by d i -  

rect c o n c e n t r a t i o n  (water  d i s p e r s i b l e  c o n c e n t r a t e ,  f l owab le )  or spray-  

d r i e d  powders (wettable powders, g r a n u l e s ,  s low- re l ease  b r i q u e t t e s ) .  

Problems involved  i n  t h e  development of s u i t a b l e  fo rmula t ions  va ry  si- 

g n i f i c a n t l y  acco rd ing  to t h e  t a r g e t  and requi rement  for o p e r a t i o n a l  

s p r a y  i ng . 
3.1. Mosquitos. 

F i r s t  series of l a b o r  t 
'I 

r y  expe r imen ta t ions  have cl ar1 demo t r a t e d  

t h a t  t h e  a c t i v i t y  o f  s. H 1 4  p i e p a r a t i o n s  a g a i n s t  mosqui to  l a r v a e  was 

n o t  r e l a t e d  to t h e  c o n c e n t r a t i o n  expressed i n  weight/volume (e .g. mg/l) 

a s  u s u a l  w i th  c o n v e n t i o n a l  i n s e c h c i d e s  b u t  i n  we igh t / su r face  (e.g.  

g/m or Kg/Ha) 

and i n  most of conven t iona l  s o l v e n t s .  For t h e  same reason ,  a c t i v i t y  is 

n e g a t i v e l y  correlated w i t h  l a r v a l  d e n s i t y  (32,  50 ,  51).  A c t i v i t y  is 

a l s o  h i g h l y  dependant  on  water  t u r b i d i t y  and n a t u r e  o f  t h e  subs t r a tum 

i n  breeding  s i t e s  or c o n t a i n e r s .  When used i n  t u r b i d  water, G. H 1 4  

looses most o f  its a c t i v i t y .  Tha t  c a n  be  exp la ined  by a t r o p h i c  compe- 

t i t i o n  by l a r v a e  between n a t u r a l  matters and s. H 1 4  p a r t i c l e s  or b in-  

3 ;  
2 '1, 

T h i s  is due to  6he i n s o l u b i l i t y  o f  t h e  t o x i n  i n  water 

3 

* 

t 

d i n g  of c r y s t a l s  w i t h  n a t u r a l  p a r t i c l e s  which a c c e l e r a t e s  s e t t l i n g  rate. 

When c r y s t a l s  have sunk,  they  are no longe r  a v a i l a b l e  to  k i l l  l a r v a e ,  

e i t h e r  they  are degraded by microorganisms or more simply covered by 

sed iment  and o u t  of t h e  l a r v a l  f eed ing  zone (32 ,  3 4 ,  52 ,  5 3 ) .  

These o b s e r v a t i o n s  e x p l a i n  most o f  t h e  r e s u l t s  o b t a i n e d  i n  t h e  f i e l d .  

- B . t .  H 1 4  h a s  been tested i n  a ve ry  wide range o f  mosqui to  h a b i t a t s  : 

i r r i g a t e d  p a s t u r e s  ( 2 8 ,  34,  55,  5 6 ) ,  rice f i e l d s  (57 ,  58,  59,  60, 61 ,  

6 2 ) ,  b r a c k i s h  water a n s  sa l t  marshes (33,  63, 6 4 ,  65, 66,  6 7 ) ,  logoons 

( 6 8 ) ,  wood l a n d  and snow pools (69,  7 0 ) ,  t ree  h o l e s  ( 6 ,  7 1 ) ,  t y r e s  and 

I , I 

h 

c o n t a i n e r s  ( 6 ,  71, 72, 731, and p o l l u t e d  environment  : d a i r y  lagoons ,  

storm d r a i n s ,  sceptic t a n k s ,  cess p i t s ,  d r a i n s  ( 3 4 ,  54, 56,  57, 63,  66,  

741 751 76, 77, 78, 7 9 ) .  Dosages ' to l  app ly  vary  from 0.2 to 10 Kg/Ha 

accord ing  to  t h e  n a t u r e  of b reed ing  site and t h e  fo rmula t ion  used. The 

r e s i d u a l  a c t i v i t y  of c o n v e n t i o n a l  fo rmula t ions  ( w e t t a b l e  powders or 

l i q u i d  suspens ions )  is ve ry  s h o r t  (1 to 3 days)  whatever  dosages  ap- 

p l i e d .  Usual ly ,  t r e a t m e n t s  m u s t  be r e p e t e d  weekly. I n  p o l l u t e d  envi ron-  

L' 

ment, dosages  m u s t  be  i n c r e a s e d  2 to  4 times and a tremendous i n c r e a s e  
- 24 - 
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i n  dosages (e .g .  200 times) do no t  ex tend  s i g n i f i c a n t l y  r e s i d u a l  a c t i -  

v i t y .  G. H 1 4  has  some p e r s i s t a n c e  i n  c l e a r  water  b reed ing  s i tes  w i -  

t h o u t  sediment l i k e  t y r e s  and & a l l  c o n t a i n e r s .  

With r e c e n t l y  improved fo rmula t ions  i t  is p o s s i b l e  to  ach ieve  a comple- 

te c o n t r o l ,  a t  l e a s t  i n  clear water  h a b i t a t s ,  us ing  no more than  0.1 
Kg/Ha (80 ) .  Breeding sites c o v e r e d ' b y  a p l a n t  canopy remains d i f f i c u l t  

to t r e a t  with conven t iona l  formula t ions .  They can  be t r e a t e d  from now 

with new g ranu les  fo rmula t ions  wich g i v e  s a t i s f a c t o r y  r e s u l t s  wi th  5 to  

10 Kg/Ha. Adsorpt ion o f  G. H14 powder on  a subs t r a t e  l i k e  sand pro- 

v ides  e x c e l l e n t  resul ts  i n  p o l l u t e d  environment wi th  on ly  0.15 Kg/Ha 

(81 ) .  New slow release b r i q u e t t e s  a r e  p r e s e n t l y  under f i e l d  e v a l u a t i o n .  

With a r a t e  of I b r i q u e t t e  / 70-80 M 

with a s i g n i f i c a n t  i n c r e a s e  in , , r e s idua l  a c t i v i t y .  Briquettes could also 

be very u s e f u l l  to  c o n t r o l  con ta ine r s -b reed ing  mosquitos ( 8 2 ) .  

From a g e n e r a l  p o i n t  o f  view, t h e  improvment o f  st H 1 4  l a r v i c i d e s  for 

mosquito c o n t r o l  r e l a t e s  p r i n c i p a l l y  to t h e  p h y s i c a l  c h a r a c t e r i s t i c s  o f  

formulat ions.  From most of l a b o r a t o r y  b ioassays  i t  appea r s  t h a t  f i e l d  

e f f i c a c y  of fo rmula t ions  is n o t  c o r r e l a t e d  wi th  potency i n  A.aegypt i  

I 2 
a good c o n t r o l  could  be achieved  

I 

~.U./mg determined by s t a n d a r d  t i t r a t i o n  i n  t h e  l a b o r a t o r y .  I t  is com- 

mon to f i n d  a 200 I.U./mg fo rmula t ion  more e f f e c t i v e  i n  t h e  f i e l d . t h a n  

a 5,000 I.U./mg one. The p roduc t ion  o f  ve ry  h igh  potency pr imary pro- 

d u c t s  is now f e a s i b l e  and w i l l  probably r e p r e s e n t  a non n e g l i g i b l e  p a r t  

o f  t h e  improvment o f  fo rmula t ions .  But f i r s t l y  p h y s i c a l  c h a r a c t e r i s t i c s  

o f  fo rmula t ions  must be improved accord ing  to  t h e  f eed ing  b io logy  o f  t h e  

t a r g e t  and p a r t i c u l a r i t i e s  o f  its b reed ing  environment.  A t  t h a t  t i m e  do- 

sages  i n  I .U. /Ha cou ld  be s i g n i f i c a n t l y  reduced,  r e s i d u a l  a c t i v i t y  

extended and t h e n  G. H 1 4  cou+d be used i n  a r e a l l y  cost e f f e c t i v e  

manner. 

d t ha 

3.2. Black f l i e s .  

Cont rary  to  mosqui tos ,  b l ack  f l y  l a r v a e  are  b reed ing  i n  €as t  run ing  wa- 

ter. They s t a y  f i r m l y  a t tached- ion  ( s u p p o r t s  and collect food by f i l t r a -  
t i o n  of suspended p a r t i c l e s  d r i f t i n g  i n  t h e  r i v e r  water by means o f  spe- 

7, 7 .", 
c i a l i z e d  c e p h a l i c  fans .  Larvae , p i n d i s t i n c t l y  )i i n g e s t  a l l  k ind  o f  p a r t i c l e s  

i n  a range from 0 . 1 ~  to 2 0 0 . ~  .* 'y approximat iv ly .  Big p a r t i c l e s  are t r apped  

i n  c e p h a l i c  f a n s  by d i r e c t  i y t e r c e p t i o n  ( a c t i v e  f i l t r a t i o n ) .  I n g e s t i o n  

, 



depends on s i z e  and c o n c i s t e n c e  of p a r t i c l e s  and on t h e  l a r v a l  s t a g e .  

F ine  particles (0.1 to 5 y) a r e  t rapped  by an  o t h e r  mechanism. They are 

s t i c k e d  o n  a muco-substance which coats t h e  i n n e r  p a r t  of  c e p h a l i c  f a n s  

( p a s s i v e  f i l t r a t i o n )  and a r e  more or less r e t a i n e d  acco rd ing  to  t h e i r  

physico-chemical p r o p e r t i e s  l i k e  electro-static cha rge .  

The on ly  p r a c t i c a l  way to  c o n t r o l  b lack  f l i e s ,  almost i n  t r o p i c a l  a r e a ,  

is to suppres s  l a r v a l  popu la t ions .  S u i t a b l e  l a r v i c i d e s  a r e  poured i n  t h e  

r i v e r s  immediately upstream t h e  l a r v a l  b reed ing  sites. Con tac t  between 

l a r v a e  and fo rmula t ion  is u s u a l l y  v e r y  brief. The e f f i c a c y  o f  a b lack  

f l y  l a r v i c i d e  is estimated by t h e  dosage itself ( u s u a l l y  i n  mg/l a p p l i e d  

to  t h e  d i s c h a r g e  OP t h e  r i v e r  duri;l”g lOmn : mg/l / lmn) and t h e  c a r r y ,  a 

very  impor tan t  pa rame te r ,  which is t h e  d i s t a n c e  downstream t h e  t r e a t m e n t  

p o i n t  a long  which t h e  l a r v i c i d e  remains f u l l y  e f f e c t i v e .  Car ry  is usual-  

t 

l y  dependant  on t h e  d i s c h a r g e  of t h e  t r e a t e d  r i v e r  b u t  a great :  deal also 

on  t h e  fo rmula t ion  i t s e l f .  A fo rmula t ion  may p r e s e n t  a s a t i s f a c t o r y  le-  

v e l  of e f f i c a c y  b u t  a very  s h o r t  c a r r y  whatever  d i s c h a r g e  r a t e .  

F i r s t  l a b o r a t o r y  b i o a s s a y s  and f ie‘ld t r i a l s  have demonstrated t h e  h igh  

l e v e l  of t o x i c i t y  o f  s. H 1 4  f o r  b l ack  f l y  l a r v a e  ( 9 ,  lo, 11, 26, 8 3 ) .  

L a t e r  on f o r m u l a t i o n s  have been f i e l d  t e s t e d  i n  tempera te  (84, 85, 86,  

87)  a s  w e l l  a s  i n  t r o p i c a l  (46,  47, 88,  89) a r e a s .  

I n  2980 a s t r o n g  r e s i s t a n c e  to ‘kemephos (Abate ) ,  a n  organo-phospharous 

compound, have been recorded  i n  2 f o r e s t s  s p e c i e s  o f  t h e  S.damnosum 

complex, v e c t o r s  of o n c h o c e r c i a s i s ,  i n  t h e  OCP area ( 9 0 ) .  Th i s  resis- 

t ance  was r a p i d e l y  fol lowed by a r e s i s t a n c e  to chlorphoxim, an  o t h e r  

O.P. comp’ound ( 9 1 ) ,  and f i n a l l y  a cross r e s i s t a n c e  to most o f  t h e  O.P. 

compounds usab le  i n  p u b l i c  h e a l t h .  I n  1982 G. H 1 4  was t h e  on ly  a l ter-  

n a t i v e  for t h e  c o n t i n u a t i o n  o f  l a r v i c i d i n g  i n  t h e  zones where r e s i s t a n c e  

has  occured.  A water d i s p e r s i b l e  c o n c e n t r a t e  is used a t  a dosage o f  1.6 

mg/l/lOmn. Its c a r r y  d u r i n g  ra, iny season  is limited i n  p r a c t i c e  to  8-10 

km. Even us ing  ve ry  b i g  h e 1 i c o g t e r s : f o r  s p r a y i n g ,  it is imposs ib le  to  

treat r o u t i n e l y  r i v e r s  w i th  d i s c h a r g e  h i g h e r  t h a n  50 M / s .  I n  a d d i t i o n  

the h igh  v i s c o s i t y  o f  t h e  fo rmula t ion  much c o m p l i c a t e s  sp ray ing  opera-  

t i o n s .  Consequent ly  r e s e a r c h s  have .been  carried o u t  i n  a r d e r  to  improve 

fo rmula t ions .  

R 
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The f i r s t  expe r imen ta t ions  c l e a r l y  demonstrated t h a t  t h e  eEfiCacy o f  

formula t ions  is  much more dependant  on t h e  fo rmula t ion  i t s e l f  t h a t  on  

t h e  a c t i v e  i n g r e d i e n t  ( t o x i n )  c o n t e n t  i n  A.aegypt i  I.U./mg (27, 92, 93). 

Taking i n t o  account  t h e  impor tan t  role o f  t h e  fo rmula t ion ,  s t u d i e s  have 

been c a r r i e d  o u t  o t  de te rmine  t h e  best type  o f  fo rmula t ion  t o  develop .  

There a r e  g e n e r a l l y  2 types  o f  fo rmula t ions  : e i t h e r  t h e  p a r t i c l e s  are 

b ig  aggrega te s  of G. H14 (mean s i ze  10 to 30  

s i o n s  of d i s p e r s e d  s p o r e s  and c r y s t a l s .  The e f f i c a c y  of t h e  former 

which a r e  u s u a l l y  w e t t a b l e  porJders i n c r e a s e s  wi th  i n c r e a s i n g  s i z e  o€ 

clumps up to  an  optimum (40 to  70 p) vary ing  from one fo rmula t ion  to 

the  o t h e r  and acco rd ing  to l a r v a l  i n s t a r .  The a d d i t i o n  of a cement to  

aggrega te  s p o r e s  and c r y s t a l s  d e c r e a s e s  t h e  e f f i c a c y  cons ide rab ly .  T h i s  

) or they  a r e  suspen- r 

e f f i c a c y ,  i n  most c a s e s ,  v a r i e s  p r o p o r t i o n a l l y  wi th  t h e  exposure period, 

long  exposure a t  l o w  c o n c e n t r a t t o n s  g i v i n g  b e t t e r  r e s u l t s .  Under na tu-  

r a l  c o n d i t i o n s  t h e s e  formulaf ions  d e c r e a s e  t h e  e f f i c a c y  s i g n i f i c a n t l y  
y 'I 

with water t u r b i d i t y  by a compe t i t i ve  s e l e c t i o n  between G. H14 par-  , t  
t icles and t h e  uptake o f  na tÚra l  p a r t i c l e s  by b l a c k f l y  l a r v a e  (47). 

Consequently t h e s e  formulaFions are much less e f f e c t i v e  d u r i n g  t h e  rai-  
ny season  than  d u r i n g  t h e  d r y  season  wi th  t h e  lower t u r b i d i t y  i n  t h e  

r i v e r s .  O n  t h e  c o n t r a r y ,  t h e  e f f i c a c y  o f  fo rmula t ions  wi th  i s o l a t e d  

s p o r e s  and c r y s t a l s  remains $he same whatever t u r b i d i t y  i n  t h e  r i v e r s .  
Thei r  e f f i c a c y  is n o t  dependant  on t h e  exposure time ( a  one minute expo- 

s u r e  is s u f f i c i e n t )  and f i n a l y  t h e  h igh  number o f  a c t i v e  p a r t i c l e s  

( c r y s t a l s )  c o n f e r s  to  t h i s  type  of fo rmula t ions  a b e t t e r  c a r r y  t h a n  

wi th  t h e  p rev ious  one i n  which t h e  number of p a r t i c l e s  is much lower. 

These o b s e r v a t i o n s  as w e l l  a s  o p e r a t i o n a l  requi rements  have demonstra- 

t e d  t h a t  t h e  b e s t  type  o f  fo rmula t ion ,  to develop  for use ( a e r i a l  sp ra -  

y ing )  i n  o n c h o c e r c i a s i s  c o n t r o l  a r e  l i q u i d  suspens ions  of  d i s p e r s e d  

c r y s t a l s .  Improvment o f  sucp fo rmula t ions  r e l a t e s  mainly t o  t h e  inc rea -  

se  i n  endo-toxin c o n t e n t  o f  s e l f - d i s p e r s i v e  p r e p a r a t i o n s .  

A s c r e e n i n g  programme h a s  been d e v e l o p e d .  i n  West A f r i c a  ( I v o r y  Coast) 

f o r  t h e  e v a l u a t i o n  o f  expe r imen ta l  fo rmula t ions .  P r e s e n t l y  more t h a n  2 0 0  

fo rmula t ions  produced by 4,; companies have been tested under simulated 
f i e l d  c o n d i t i o n s .  6 of t h  

A t  p r e s e n t  2 fo rmula t ions .  on  

From r e c e n t  b i o a s s a y s  aqd * f i e l d  e v a l u a t i o n s  ,it appea r s  t h a t  i n  t h e  near  

": 

f 

ve reached t h e  s t a g e  of f i e l d  e v a l u a t i o n .  

.$ 
L 
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f u t u r e ,  wi th  normal or a sporogen ic  s t r a i n ,  i t  should  be p o s s i b l e  to ob- 

t a i n  =. H 1 4  fo rmula t ions  g i v i n g  100% m o r t a l i t y  a t  0.8 mg/l/l0mn wi th  

s u i t a b l e  p h y s i c a l  c h a r a c t e r i s t i c s .  Neve r the l e s s  t h e  p r o b a b i l i t y  is l o w ,  

even wi th  improved Pormula t ions ,  to ach ieve  a s a t i s f a c t o r y  c a r r y  (e .g .  

20 Km or more). On t h a t  p o i n t ,  G. H 1 4  p robably  w i l l  never  be  competi-  

t i v e  wi th  good fo rmula t ions  of chemical  i n s e c t i c i d e s  l i k e  Abate and 

Chlorphoxim of which t h e  c a r r y  is 4 0  to  6 0  km d u r i n g  r a i n y  season  

(h igh  d i s c h a r g e  r a t e  i n  t h e  r i v e r s ) .  On t h e  c o n t r a r y  Q. H 1 4  w i l l  be 

c o m p e t i t i v e  for t h e  d r y  s e a s o n  ' t r e i t d e n t s  (low d i s c h a r g e s )  where c a r r y  

is always ve ry  l i m i t e d  whatever '  ' t h e '  i n s e c t i c i d e  and t h e  fo rmula t ion  
c 4: 

used. 

'1 

E 

CONCLUSION. 

The development o f  E. H 1 4  for mosquito and black fly c o n t r o l  h a s  been 

ex t remely  r a p i d  and probably  sometimes too much. T h i s  b io -con t ro l  a g e n t  

p r e s e n t s  s e v e r a l  very  i n t e r e s t i n g  c h a r a c t e r i s t i c s  b u t  i ts  use must be  

l i m i t e d  to s i t u a t i o n s  where i t  is or it w i l l  be c o s t - e f f e c t i v e  and when 

it p rov ides  s i g n i f i c a n t  b e n e f i t s  i n  terms of envi ronmenta l  s a f e t y  and 

r e s i s t a n c e  to  i n s e c t i c i d e s  

I n  t h e  f i e l d  o f  mosquito c o n t r o l  i t  was noted t h a t  po tency  o f  pr imary 

unformulated p roduc t s  w a s  s a t i s f a t o r y  b u t  they  m u s t  be  p r o p e r l y  formu- 

l a t e d  i n  o r d e r  to  reduce  a p p l i e d  dosages and to i n c r e a s e  t h e  r e s i d u a l  

e f f i c a c y .  G. H 1 4  s t i l l  remains r e l a t i v e l y  expens ive  compared wi th  

chemica l  l a r v i c i d e s .  I n  a d d i t i o n  to s i t u a t i o n s  w h e r e  environment  pro- 

t e c t i o n  is a p r i o r i t y ,  its use  is undoubt ly  p r o f i t a b l e  i n  r o t a t i o n a l  

U s e  w i th  chemica l  insecticides i n  mosqui to  c o n t r o l  programmes. Thus i t  

cou ld  p rov ide  a s i g n i f i c a n t  d e c r e a s e  i n  t h e  s e l e c t i o n  p r e s s u r e  by che- 

micals and d e l a y  t h e  appearance  o f  ' r e s i s t a n c e .  =. H 1 4  h a s  been suces-  

s f u l l y  used i n  a ve ry  wide rang,e of mosqui to  h a b i t s  b u t  one  m u s t  keep 

i n  mind that ,  i f  i t  is a ve ry  a t t r a c t i v e  b io -con t ro l  a g e n t ,  i t  canno t  
.# 

be used i n  s i t u a t i o n s  where l a r v i c i d i n g  wi th  chemica l  i n s e c t i c i d e s  is u 

n o t  f e a s i b l e .  

- 28 - 
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- B o t .  H14 was e a r l y  in t roduced  i n  o p e r a t i o n a l  b lack  f l y  c o n t r o l  immedia- 

t e l y  a f t e r  r e s i s t a n c e  to i n s e c t i c i d e s  has  occured. Researchs t o  f i n d  

o u t  t h e  best type  of fo rmula t ion  and then  t o  improve i t  have s t a r t e d  

j o i n t l y .  2 y e a r s  l a t t e r  p r o g r e s s  r e l a t e s  to  a doubled l e v e l  of e f f i c a c y  

of  fo rmula t ions  and improvment i n  t h e i r  p h y s i c a l  c h a r a c t e r i s t i c s .  The 

u s e  of a n  asporogenic  s t r a i n  do n o t  p r e s e n t  p r a c t i c a l  s i g n i f i c a n t  ad- 

vantages e x e p t  

seems to  produce h igh  potency  p roduc t s ,  and could  r e p l a c e  i n  t h e  nea r  

f u t u r  t h e  normal s t r a i n s .  

The u s e  o f  s. H14 i n  Onchocerc ias i s  Con t ro l  Programme i n  West A f r i c a  

proves  t h a t  t h i s  a g e n t  can  be r o u t i n e l y  used i n  a very l a r g e  scale vec- 

tor c o n t r o l  o p e r a t i o n  i n  t r o p i c a l  a r e a .  Up t o  t h e  p r e s e n t  its u s e  i n  an  

emergency s i t u a t i o n  due to  r e s i s t a n c e  to  i n s e c t i c i d e s  was very  c o s t l y .  

This  s i t u a t i o n  w i l l  change when t h e  new improved fo rmula t ions  w i l l  b e  

commercially a v a i l a b l e .  A t  t h a t  time t h e  u s e  o f  E. H14 could  be res- 

t r i c t e d  to t h e  d r y  season  t reakments  where it is c o m p e t i t i v e  wi th  chemi- 

c a l  l a r v i c i d e s .  I n  r e t u r n  

most of t h e  OCP a r e a .  Th i s  t r ea tmen t  scheme should  r e p r e s e n t ,  as a l r e a -  

dy mentioned, a s i g n i f i c a n t  decrease i n  t h e  p r o c e s s  of s e l e c t i o n  p res su -  

re by chemica l  i n s e c t i c i d e s  as w e l l  as  i n  t h e  p r e s s u r e  on environment 

i n  very  s e n s i t i v e  e c o l o g i c a l  s i t u a t i o n s .  

when d r i n k i n g  water  must be  t r e a t e d .  But a such s t r a i n  

it should  be extended t o  t h e  t r ea tmen t  of 

3 
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