
- 363 - 

BACILLUS THURIiVGZEiVSJS H14 A' EIOCONTRíIL AGENT FOR ONCHOCERCIASIS 
CONTRO< WEST AFRICA 

GUILLET (P.), ESCAFFRE (H.), PRUD'HOM (J.M.) It 

. INTRODUCTION 

Human onchocerciasis  o r  r iver bl indness  cont ro l  i n  Afr ica  i s  actual-  
l y  based on the use of i n sec t i c ides  which k i l l  the  l a r v a l  s tage  of the  vec tor  
of the S - h ~ Z i w n  damnosum complex. Th'e World Health Organization i n  1974 s t a r t e d  
a vas t  cont ro l  programe (O.C.P.) in. seven West African countr ies .  The programme 
covers an area of 764.000 km2 and 18:OOO km of r i v e r  system have t o  be t rea ted  
each week f o r  a period of twenty years .Thesetreatments  cons i s t  of a e r i a l  spraying 
o f  i n sec t i c ides  i n  the breeding sites. During dry season (low water) each bree- 
ding si te m u s t  be t r ea t ed  ind iv idua l ly  whereas a t  high water ( ra iny season) treat- 
ment po in ts  are nuch more spaced. From 1974 to  1980, t he  use of an organophosphate 
compound, temephos, gave very good-resul ts  i n  the  controfofS.danmosumcomp1ex. popu- 
l a t ions  with a to l e rab le  e f f e c t  on the  equi l ibr ium of non-target organisms i n  
t rea ted  r i v e r s .  I n  1980 r e s i s t ance  t o  temephos occurred i n  the  $dimuZiwn soubrense 
SdmuZdm sanckipauZi p a i r ,  vec tor  of 'onchocerciais  i n  f o r e s t  a r ea  (Guil le t  e t  aZ., 
1980). Another organophosphate compound, chlorphoxin, WS used as an a l t e r n a t i v e  
but r e s i s t ance  developped: t o  t h i s  compound a l s o  and spread out  rap id ly  (Kurtak 
e t  aZ., 1982). Recently c ross  r e s i s t ance  t o  severa l  organophosphate compounds 
su i t ab le  i n  the  context  of t h i s  progtamme has been demonstrated (Gui l le t ,  Kurtak, 
unpublished da ta) .  The prospects  or' us ing o ther  chemical i n sec t i c ides  a r e  acrual-  
l y  very l imi ted  because of t h e i r  rel .atlve t o x i c i t y  t o  r i v e r i n e  populations,  nOn- 
t a rge t  organisms o r  t h e i r  low l eve l  of e f f i cacy  f o r  the la rvae  of S. danTnoSm 
complex. I n  t h i s  context,  Bae$ZZus thuringz'ens.2s Hl4 appears t o  be not  as  an ele-  
gant s o l u t i o n f i r  the  fu tu re  but  a s  the only a l t e r n a t i v e  ava i l ab le  a t  present  f o r  
the cont inuat ion of l a rv i c id ing  i n  the zones where r e s i s t ance  has occurred. 

" 1  

I. THE OPERATIONNAL USE OF 8'; THdTNGIENSIS H14 IN WEST AFRICA 

The formulation p resen t ly  used i s  TeknarB SAN 402 1 (Sandoz). Among 
the  d i f f e r e n t  B.t. H I 4  formulations t e s t ed  i n  r i v e r s ,  Teknar represents  the 
bes t  compromise between the l e v e l  of e f f i cacy  f o r  $. dmoswq complex la rvae  and 
the physical  c h a r a c t e r i s t i c s  which enable i t s  use i n  a e r i a l  operat ionnal  t r ea t -  
ments:The modal i t ies  of i t s  use have already been descr ibed (dosage : 1.6 mg!.. 
1/10 mn, p r i o r  d i l u t i o n  of the ' formulat ion with 20 1: water, appl ica t ion  by helicop- 
t e r  equiped wi th  nozzles o r  rap id  release system, G u i l l e t  e t  al;, 1982 A, Cheke 
1981 unpublished da ta) .  The s t a b i l i t y  of the  p u r e  o r  d i lu t ed  formulation i s  remar- 
kable  s ince  no l o s s  of a c t i v i t y  i s  7ot iceable  a f t e r  16 months s torage  of the  drums 
i n  the  open sun i n  West Afr ica  (Gui l le t  e t  az., 1982 B ) .  The use of Teknar has  
however a ser ious  l o g i s t i c  drawback'because the  quan t i t i e s  t o  be applied a r e  4 t o  
8 t i m e s  more important than t h a t  of temephos and i t s  e f f e c t i v e  "carry" i s  much 
l e s s  i n f e r i o r .  In  a prel iminary t r i a l  by O.C.P,"in the  Ivory Coast on a r i v e r  
with a very l a rge  discharge (457 m3/s) a carry.'df about 20 km w a s  recorded (Lacey 
e t  a$., 1981) as compared t o  50 t o  60 km wi th  temephos. Howeyer t r ia l s  c a r r i e d .  
ou t  subsequently i n  the  O.C.P. have,shown t h a t  t h i s  "carry" of 20 km i s  the  maxi- 
mum t h a t  can be expected with t h i s  $ormulation. Teknar i s  thus s u i t a b l e  f o r  t r ea t -  
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ments during dry season when the dischargesare  low and the  car ry  i s  consequently 
very l imi ted  whatever the  formulat ion o f  i n s e c t i c i d e  used. On the  contrary,  i t s  
use i n  the  ra iny  season because of the  +arger  q u a n t i t i e s  which have t o  be applied 
and the  number of treatment poinei  i s  n o t  rea l i s t ic  a t  p resent  from p rac t i ca l  and 
economical po in t  of  view. New batches of  Teknar having an increased d e l t a  endo- 
toxin content  have been r ecen t ly  FestTd and found t o  be 2 t o  4 times more effec- 
t i v e  (Gu i l l e t  e t  a l . ,  1982 C, Ocran and Agoua, pers .  com. ) .  When these formula- 
t ions  become commercially ava i lab le ,  i t  should be poss ib le  t o  use B.t. Hl4 i n  
the  ra iny  season and eventual ly  to  extend i t s  use  i n  the  savannah zones a s  an 
a l t e r n a t i v e  t o  temephos t o  l i m i t  t he  poss ib le  spread of r e s i s t ance  t o  organophos- 
phates i n t o  savannah populations of S. d m o s m  complex. 

I f .  PROBLEMS ASSOCIATED WITH IMPROVEMENT OF 'B. 'T~URI~VGIENSIS H14 BLACKFLY . 
ES 

Generally the  e f f icacy  of blackf ly  l a r v i c i d e s  i s  c lose ly  r e l a t e d  to  
the  formulation (Jamnback and Means, 1968 ; Gui l l e t  and Escaffre ,  1979).  It i s  
the same f o r  8.t. H I 4  formulations o f  which the e f f i cacy  vis-à-vis S. damnoSm 
complex l a rvae  does n o t  necessa r i ly  depend on the d e l t a  endotoxin content  ex- 
pressed i n  terms of I.T.U. A. aegyptifmg. For a given formulation e f f i cacy  varies 
proport ionnal ly  wi th  the d e l t a  endotoxin content  (Table I).  On the  o the r  hand 
from one formulation t o  another ,  t he  rati0.A. aegyp$i b io log ica l  t i t re fLC 50 
S. danmoswn can vary considerably (up t o  200 tintes) i nd ica t ing  t h a t  f o r  ce r t a in  
formulations the re  is  no r e l a t i o n  a t  a l l  between A .  a e g y p t i  t i t re  and tox ic i ty  
t o  b lackf ly  l a rvae  ( t a b l e  11 ) .  This d i s p a r i t y  can be explained genera l ly  by . 
th ree  main f a c t o r s  : th,e ac t ive  ingredien t  i t s e l f  (parasporal  c r y s t a l s ) ,  black- 
f l y  la rvae  and t h e i r  feeding behaviour and l a s t l y  the  fpmula t ions .  

II; *l. ----- t o  bl  a c k f l l  lary-e-: 

When B . t .  NI4 is  tes ted  on mosquito and b l ack f ly  l a rvae  under compa- 
r a b l e  condi t ions (contac t  24 h i n  the  l a b  wi th  d i s t i l l e d  water) one can note  a .  
very s a t i s f a c t o r y  concordance between the  A.  a e g y p t i  and $. d m o s m  t i t r e s  
( t ab le  111). Rowever when the  same products are t e s t ed  in troughs under more 
n a t u r a l  condi t ions t h i s  concordance no longer  e x i s t s  ( t a b l e  III). I n  these con- 
d i t i o n s ,  with an exposure period o f  10 mn and a n .  i n t e s t i n a l  t r a n s i t  of 2 t o  
15 mn t he  l a r v a l  mor t a l i t y  of b lackf ly  larvae nu longer  v a r i e s  proport ionnal ly  
wi th  the  endotoxin content .  It i s  probable t h a t  a proport ion of toxin i s  not  
digested.  I f  the  r e t e n t i o n  t i m e  of the  B . t .  H 14 i n  the  gut: i s  a r t i f i c i a l l y  
increased by i n h i b i t i n g  feeding immediately a f t e r  t reatment  (Gaugler and Molloy, 
1980) o r  by paralyzing the  l a rvae  with suble tha l  doses of pyrethroids  i t s  toxi- 
c i t y  i s  considerably increased.  The r e t e n t i o n  t i m e  of B.D. HI4 c r y s t a l s  i n  the 
gut  of A .  aegypt i  l a rvae  during bioassays where no food i s  provided i s  conside- 
rab ly  longer  than i n  b lackf ly  la rvae  under na tu ra l  condi t ions.  It is  not  exclu- 
ded t h a t  a t  d i f f e r e n t  stages of t he  growth of c r y s t a l s  o r  t he  preparat ion of the 
products the  tox in  can be more o r  less d i g e s t i b l e  (membrane formation, presence 
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of proteases . . .). This could be manife2tFd by a v a r i a t i o n  i n  t o x i c i t y  to  
blackfly l a r v a e  which may not be detected'  i n  the bioassay with A. a e g p p t i .  
The growth medium o f  the BaciZZus 'can equal ly  condi t ion i t s  t o x i c i t y .  With 
S. danmoswn l a rvae  the LC 50 of pGeparations can vary from 0.35 t o  5 mgI l (  
10 mn (about 15 times) due only to  the changes i n  the growth medium. The 
t o x i c i t y  v a r i e s  f i n a l l y  on the type of  primary products used, the f r eeze  d r i ed  
powders being always more tox ic  than the a i r  d r i ed  ones f o r  example. 

I I .  I I .  -----------_-_-- Blackfly larvae and the i r  feeding -_---  behaviour : 

The feeding modal i t ies  of b l ack f ly  l a rvae  have been extensively 
studied. Concerning the inges t ion  of B,$. H14, i t  i s  important to  remember 
t h a t  the l a rvae  can inges t  l a r g e  p a r t i c l e s  (in the oder of 100,~) as  wel l  as 
f i n e  c o l l o i d a l  p a r t i c l e s  less than ],u. The f i n e  p a r t i c l e s  
t i t u t e  an important p a r t  of t he  mater ia l  ingested by the l a rvae  (Votton J977) 
a re  trapped by an adhesive mucus which coats  t h e i r  f i l t r e r i n g  organs (Ross and 
Craig, 1980) ; i t  c o n s i s t s  e s s e n t i a l l y  of passive f i l t r a t i o n .  The big p a r t i c l e s  
a r e  f i l t e r e d  by s i ev ing  ac t ion  of the f a n  rays and ingested more o r  less r ap id ly  
according t o  t h e i r  s i ze  and consistence.  The i n t e s t i n a l  t r a n s i t  time i n  S. &-, 
nosum i s  usual ly  very s h o r t ,  I n  n a t u r a l  conditions a time of 2 t o  15 mn i s  l a r -  
gely s u f f i c i e n t  f o r  most of the  larvae.  

( G 2 p )  which cons- 

r I. I I I. i~pt~a-ti-~t~~-: 
. There a r e  general ly  two types of formulations,  e i t h e r  the p a r t i c l e s  

a r e  b i g  clumps o r  they a r e  i s o l a t e d  spores and c r y s t a l s .  The efff icacy of the 
former 
clumps up to  an optimum (40 to  70,~) varying from one formulation to  another 
and accordingtn the  l a r v a l  i n s t a r .  The add i t ion  of a cement t o  aggregate spores 
and c r y s t a l s  decreases the  e f f i cacy  considerably. The e f f i cacy ,  i n  most cases, 
v a r i e s  proport ionnal ly  with the exposure period, long exposures a t  low concen- 
t r a t i o n s  giving better r e s u l t s .  By adding c e r t a i n .  s u r f a c t a n t s  t o  primary powder 
aqueous suspensions.one can not iceably increase o r  decrease t h e i r  e f f i cacy .  The 
f i n e  p a r t i c l e  formulations.which a r e  general ly  water d i s p e r s i b l e  concentrates 
a r e  b e t t e r  adapted to  operat ionnal  requirements. Their e f f i cacy  i s  usual ly  no t  
dependent on exposure t i m e .  The irige'sted mass of such f i n e  p a r t i c l e .  formulations 
taken i n  by b l ack f ly  l a r v a e  i s  sm l e r  cbmpared with the  b i g  p a r t i c l e  suspensions 
bu t  t h e i r  e f f ec t iveness  can be a s  obd because of a b e t t e r  contact  c r y s t a l s -  
d i g e s t i v e  enzymes and a considerab'ld' increase i n  the number of a c t i v e  p a r t i c l e s .  
This higher number of a c t i v e  p a r t f c l e s  moreover confers  a b e t t e r  "carry" to  t h i s  
type of formulations than with the. wettable powders where the  number of p a r t i c l e s  
i s  much more l imi t ed .  Under n a t u r a l  conditions the t u r b i d i t y  of the water does 
not  a f f e c t  t h e i r  e f f i c a c y  contrary t o  formulations with b i g  p a r t i c l e s  of which 
the e f f i cacy  decreases considerably with t u r b i d i t y .  It i s  very l i k e l y  t h a t  i n  
t h i s  case higher t u r b i d i t y  a c t s  not  by feeding i n h i b i t i o n  but  r a t h e r  by increasing 
the  speed of i n t e s t ina l  t r a n s i t  o r  by a competit ive s e l e c t i o n  between B . t .  Hl4 
p a r t i c l e s  and n a t u r a l  p a r t i c l e s  uptake. 

which are usual ly  we t t ab le  powders, i nc reases  with increasing s i z e  of  

i. 
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I I I .  CONCLUS ION 

logical conditions in West Africa and operationnal requirements, the most con- 
venient B.t. H14 formulations for Onchocerciasis control are the water disper- 
sible concentrates. The experience acquired with Teknar shows that the evalua- 
tion of this type of formulation is very similar to that of conventionnal insec- 
ticide formulations. The practical use of Teknar actually limits the use of 
B.t. H14 to dry season treatments in zones where the larvae are resistant to 
insecticides. However, the remarkable stability of the toxin in general and of 
Teknar in particular as well as the level of efffcacy recorded with new experi- 
mental formulations offer very promising prospects. 

Serious difficulties are usually encountered in the improvement of 
the formulations due to the generally poor relation between toxicity vis-luis 
mosquitoes and SimuZCwn larvae. As long as A. aegyptg biological titre is not 
a relevant criterian to estimate blackfly formulations efficacy, the chemical 
companies do not possess a bioassay procedure which can guide them in impro- 
ving their formulations. They must send nkaterial to specialized laboratories 
with all the risks involved, which slows down the process of improving blackfly 
larvicide formulations.. 

Considering the mode of nutrition of S. damnosum larvae, the hydro- 

I 

We have noticed that a certain ntrmber OE factors act separately or 
conjointly to determine the efficacy of B.C. H14 formulations. It is not less 
true that the toxicity of this entomopathogen to blackfly larvae is still a lar- 
gely unexplored field where much more work needs to be done. It is to be recal-. 
led that B. thur$n&ens@ Hl4 remains at present the only available alternative 
to the World Health Organization since the appearance of insecticide resistance 
in certains areas of the Onchocerciasis Control Programe which has been going 
on for six years with coasiderable success. ' 
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; i  

Since the appearance of resistance to insecticides in human oncho- 
cerciasis.vectors in West Africa BaciZZus thuringiensis HI4 is actually the 
only alternative available to the Onchocerciasis Control Programme to continue 
its treatment. operations in the zones where resistance has been detected. The 
best formulations adapted to prevailing conditions in the Programme are the 
water dispersible concentrates. Among these, TeknarR which has given the best 
results is commercially available and used operationnally. Its stability is such 
that drums can be stored in the field in the open sun for more than 16 months 
without any loss of activity. However, the dosages to be applied (1.6 mgIlIl0 mn) 
and the relatively poor "carry" of this formulation limit its use to dry season 
treatments. Its use in rainy season (high water) is unrealistic from pratica1 and 
economical points of view. New formulations 2 to 4 times more effective have al- 
ready been tested and should, when available, be possible to use pratically in the 
same conditions as the best chemical larvicides. 

c 

The effectiveness of blackfly larvicides is usually closely related 
to the formulation. With regard to ?.t. HI4 there is generally no relation from 
one formulation to another between the A.  aegyptz '  titre expressed in international 
units and the toxicity to blackfly larvae. The same applies with primary products 
when tested under natural conditions. In such conditions the time of intestinal 
transit in the larvae of $. darnosum complex is very short and a portion of the 
ingested crystals do not liberate tpeir toxin in the gut. The more or less good 
digestibility of the crystal is a factor which limits the toxicity of B , t .  H14 
to bl~ckfly larvae contrary to the larvae of mosquito which under bioassay con- 
ditions have a much longer intestinal transit time. Other factors condition, to 
varying degrees, the effectiveness of B. t .  H14 formulations on blackfly larvae 
among which are : the growth medium, the size of clumps in the formulation,: the 
presence or absence of surfactants, the exposure period and the turbidity of t.he 
river water. It is pratically actually impossible using bioassay on A .  aegype;. 
larvae to forecast,. the effectiveness of these formulations and even of the pri- 
mary products on blackfly larvae. The chemical companies have to send their mate- 
rial to specialised laboratories Fihich kignificantly slows d o m  the process of 
improving their formulations. 

The use of B.$. HI4 in 6he O.C.P. has already reached an operationnal 
level. The rapid progress in the knowledge of this entomopathogen and the effort 
devoted by the firms into its fulttfier development will make it possible to fully 
integrate B .  thuringiensis H14 ih large scale vector control operations in deve- 
lopping countries as well as in developped countries, 

I 
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toxicity to S. damnosum complex larvae. 
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