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PROJECT EVALUATION SUMMARY (PES) PART I1 

13. Summary 

The stated objective of this research project was to investigate the ecology 
and physiology of cattle ticks with the goal of developing environmentally 
sound and economically feasible control technologies for ticks and tick borne 
diseases. The review determined that the project was implemented in a manner 
consistent with the stated objective and also with recognized scientific 
research methodology. 

As a result of successful biological and ecological work on the tick together 
with the use of other research findings on pest generated host resistance, an 
efficient pest control method is in sight. Together with promising vaccines 
and drugs being tested by veterinarians against theileriosis, an integrated 
control of the tick as well as the transmitted disease should now become 
practicable. This multiple component approach makes it very difficult for the 
pest to develop defensive strategies. It can be applied on a large scale in 
the field at relatively low costs. Furthermore, it is ecologically sound and 
can be adapted to many ecological situations. 

The overall quality of the research in the project has been of high standard 
and the evaluation methods has been generally sound. This has been the result 
of excellent leadership of a well qualified and dedicated team of scientific 
and technical staff. The good contacts by the Project Leader can he cited as 
an important aspect in the project. These include ICIPE research support 
units, biochemical and immunological studies on resistance in cooperation with 
the International Laboratory for Research on Animal Diseases (ILRAD) and the 
Chemistry and Bioassay Research Unit, use of field stations with resistance 
Zebu cattle and other breeds in cooperation with veterinarians from the Kenya 
Agricultural Research Institute (KARI) and ILRAD, and farmers. 

14. Evaluation Methodolow 

The evaluation consisted of a review of the project's Final Annual Report and 
Financial Statement from the International Center for Insect Physiology and 
Ecology (ICIPE), and the First Triennial Review carried out on behalf of the 
sponsoring group for ICIPE. Copies of these reports are attached to this PES. 

15. External Factors 

The project was directed towards the integrated management of ticks, which 
reduce livestock production by sucking blood from their hosts and especially 
by transmitting diseases. Livestock in Africa and many other parts of the 
world are severely affected. Control of ticks by acaricides needs expensive 
and frequent applications. Interruption of treatment leads to immediate 
increase in tick infestation which causes enormous losses in livestock. This 
happened recently in Zimbabwe on a very large scale when acaricide control 
broke down as a result of hostilities, and more than 1 million cattle died of 
tick-borne diseases and debility caused by massive tick infestation. Other 
common disadvantages of pesticide treatment are induced resistance of the pest 
to the pesticide, pesticide residues in meat and dairy products, and the 



maintenance of susceptibility to the ticks and diseases because of lack of 
induced resistance in the host. It was in this problem setting that the Tick 
Physiology and Ecology project was designed and impiemented. A major limiting 
factor has been the lack of transportation and sufficient experimental 
animals. Due to insufficient experimental enimals there has been lack of 
quantitative data and there has been little use of biostatistics until 
recently. 

16. Inputs 

The total life of project funding by S&T/AGR was $703,800 U.S. and the 
consolidated expenditures for the period 29 September 1978 to 28 August 1983 
were the following: 

Personnel Costs $427,378 
Travel 23,918 
Consultants 2,000 
Materials, Services, Expenses 182,035 
Equipment 20,433 . 

48 ,ooo ( d z .  : 3 \-<' !c" -,I;c, Funds to Israel -J 

Total $703,764 U.S. 

i7. Outputs 

As a result of successful biological and ecological work on the tick together 
with the use of other research findings on pest generated host resistance, an 
efficient pest control method is in sight. African livessock develop 
resistance to brown ear ticks during infestation, as the result of antibody 
formation in the host induced by antigens from tick saliva. This "type 1 
resistance" leads to considerable reduction in tick vitality and results in 
lessened ability to transmit theileriosis. In pastures with resistant cattle, 
the tick population is significantly reduced and a new balance between host 
and pest is established. In addition, methods were tested to evoke antibody 
formasion in the cattle ("type 2 resistance) by means of antigens from 
different parts of the ticks, to isolate and characterize the antigens, to 
detect the target organs or processes in the tick which are affected by the 
antibodies, and on an increasing scale, to study the resistance of livestock 
in field experiences. More recently, studies were conducted on crossbreeds of 
cattle, combining high productivity and strong natural ability in developing 
"type 1 resistance". This approach provided quantitative data on the impact 
of ticks on native and introduced castle, and on the resulting tick population. 

Together with promising vaccines and drugs being tested by veterinarians 
against theileriosis, an integrated control of the tick as well as the 
transmitted disease should now become practicable. This multiple component 
approach maices it very difficult for the pest to develop defensive 
ssrategies. It can be applied on a large scale in the field at relatively low 
costs. Furthermore, it is ecologically sound and can be adapted to many 
ecological situations. 

The cooperative network with KkRI and ILRAD is a good example of a well 
coordinated project. The output in terms of publications has not been high (9 



in 1980), 5 in 1981, 6 in 1982), but several staff members are preparing 
manuscripts, so a significant increase in the number of published papers is 
expected . 
18. Purpose 

The project purpose was to investigate the ecology and physiology of cattle 
ticks with the goal of developing environmentally sound and economically 
feasible control technologies for ticks and tick borne diseases. In keeping 
with this purpose, the above mentioned physiology, ecology, and immunology 
studies were performed in a coordinated way to produce an immune response in 
cattle which reduce the numbers of feeding ticks and arrest the development of 
those that reach the feeding stages. The outputs described in number 17 above 
are consistent with the approved project purpose and the review was able to 
document significant progress toward the achievement of the purpose. 

As stated in the log frame, the project's goal was to "develop improved 
methods of control of ticks". With a project goal varying only slightly from 
the project purpose, it is fair to conclude that those comments made relevant 
to the achievement of project purpose would also be appropriate to the 
project's goal. 

20. Beneficiaries 

The project ' s direct and immediate beneficiaries were the ICIPE scientists who 
have received support for their scientific endeavors through project funding. 
In a similar way, the project contributed to ICIPE1s institutional building 
process through its support of two of the center's principal research 
components, tick physiology and ecology. The project has provided the center 
and it scientists an opportunity to expand their scientific expertise, 
research an important animal science problem, and enhance the body of 
scientific knowledge relative to it. The scientists in developed countries 
and international centers (ILCA and ILRAD) are also beneficiaries of this 
project. 

As the center develops effective and economical tick control methods, LDC 
farmers especially those of East Africa, will be the beneficiaries. The 
appropriate application of project generated tick contol methods will result 
in increased meat and milk production as tick borne cattle diseases are 
reduced to more tolerable levels. Among other benefits, farmers both large 
and small, will not be so dependent on expensive and labor intensive acaricide 
dips. Not only will there be an increase in farmer incomes as livestock 
production increases, but consumers should also benefit from increased 
supplies and stable prices. 

Unplanned Effects 

The project did not encounter any unanticipated social, health, environmental, 
technical, or economic constraints that necessitated any modification in the 
project's design or implementation plan. 



22. Lessons Learned 

The overall quality of the research in the project was of a high standard 
which was the result of excellent leadership of a well qualified and dedicated 
team of scientific and technical staff. The ability of project management to 
collaborate effectively with scientists from other institutions was an 
important aspect of the project. Collaboration included ICIPE research 
support units, biochemical and immunological studies on resistance in 
cooperation with ILRAD and the chemistry and bioassay research unit, use of 
field stations with resistant Zebu cattle and o~her breeds in cooperation with 
veterinarians from KARI and ILRAD, and farmers. Cooperation which included 
sharing of equipment, knowledge, and facilities was responsible for much of 
the progress made under this project. 

23. Special Comments 

As is indicated in the Project Evaluation Summary (PES) - Part 11, ( numbers 
13-22), ICIPE has made a definite commitment to the research and development 
of an immunological tick control methodology. Because of the commitment, 
S&T/AGR has funded a five-year project "Host Resistance/Integrated Tick 
Control Resercht' (project number 936-4083) which began on September 1, 1983. 
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Ticks a r e  found i n  a l l  a reas  of Africa which a r e  s u i t a b l e  f o r  
l i v e s t o c k  inc lud ing  approximately 1 0  mi l l i on  Ian2 presen t ly  i n f e s t ed  wi th  
t s e t s e ,  and l i v e s t o c k  production i s  s e r i ous ly  a f f ec t ed  because of d i sease  
t ransmiss ion  and d e b i l i t y  caused by t i c k  i n f e s t a t  ion. 

The most important  d i s ea se s  t ransmit ted '  t o  c a t t l e  by t i c k s  a r e  
t h e i l e r i o s i s  , anaplasmosis, babes io s i s  and r i c .ke t s ios i s  a l l  of which occur 
throughout t h e  coh t inen t  . T h e i l e r i o s i s  caused by The i l e r i a  annula ta  occurs 
i n  North Afr ica  and extends i n t o  Sudan. T h e i l e r i o s i s  caused by T. p a m a  and 
T. lawrencei  occurs i n  East ,  Centra l  and p a r t s  of Southern Afri&. Drugs - 
and methods of vacc ina t ion  have been ava i l ab l e  f o r  sometime f o r  t h e  con t ro l  
of anaplasmosis,  babes io s i s  and r i c k e t s i o s i s .  Work c a r r i e d  out  by the  
UNDPIFAO Regional Pro jec t  (Research on tick-borne d i s ea se s  and t i c k  con t ro l )  
RAF167 1077 from 1967 t o  1977 a t  Muguga i n  Kenya, and s i n c e  then continued a t  
t h e  Veterinary Research Department of t h e  Kenya Agr i cu l t u r a l  Research 
I n s t i t u t e  (KARI) and a t  ILRAI. Nairobi. As a result, cu r a t i ve  drugs and 
experimental  vaccine aga in s t  East  coas t  Fever (ECF) have been produced. 
Successful  f i e l d  trials with  the  experimental  vaccine have been c a r r i e d  out  
i n  Kenya and Tanzania, and more r ecen t l y  i n  Western Kenya and i n  c o a s t a l  
province. I n  add i t i on ,  a DANIDA/FAO p ro j ec t  has  been e s t ab l i shed  i n  Malawi 
which i s  expected t o  produce ECF vaccine f o r  Malawi and neighbouring 
coun t r i e s .  A succe s s fu l  f i e l d  tr ial  has r e c e n t l y  been ca r r i ed  out  by t h e  
s t a f f  of t he  Veterinary Research Department, Muguga, i n  western Kenya us ing 
two c u r a t i v e  drugs a g a i n s t  ECF, one of which has  been r e g i s t e r e d  f o r  use  by 
v e t e r i n a r i a n s  . 

The t r a d i t i o n a l  method f o r  c o n t r o l l i n g  t i c k s  and t he  d i s ea se s  they 
t r an smi t  i s  t h e  c l o s e  i n t e r v a l  app l i c a t i on  of a ca r i c i de s  i n  d ip s  o r  sprays  
t o  l i ve s tock .  To c o n t r o l  ECF, two weekly app l i c a t i ons  are necessary. This 
p r o c e d u r e  has many disadvantages:  t h e  high c o s t  of i n s t a l l i n g ,  m a i n t a i d n g  
and s t a f f i n g  d i p s  and spray races ,  t h e  high c o s t  of a ca r i c i de s ,  t h e  
development by t h e  t i c k s  of r e s i s t ance  t o  a c a r i c i d e s ,  high l e v e l s  of 
a c a r i c i d e  r e s idues  i n  beef and da i ry  produce. But perhaps t he  g r e a t e s t  
disadvantage of us ing a c a r i c i d e s  f o r  t he  c o n t r o l  of t i c k s  i s  t h e  f a c t  t h a t  
an i nhe ren t l y  uns tab le  s i t u a t i o n  r e s u l t s  where r egu l a r l y  dipped c a t t l e  are 
completely su scep t i b l e  t o  disease and naive  t o  t i c k  i n f e s t a t i o n .  I f  f o r  any 
reason a c a r i c i d e  a p p l i c a t i o n  f a i l s ,  c a t a s t roph i e s  can occur. This happened 
r ecen t l y  i n  Zimbabwe on a very  l a rge  s c a l e  when a c a r i c i d e  con t ro l  broke down 
a s  a r e s u l t  of h o s t i l i t i e s ,  and more than 1 m i l l i o n  c a t t l e  d ied  of 
tick-borne d i s ea se s  and d e b i l i t y  caused by massive t i c k  i n f e s t a t i o n .  

What a r e  t h e  prospects?  As s t a t e d  above, c u r a t i v e  drugs and vaccines  
a r e  now a v a i l a b l e  f o r  t h e  c o n t r o l  of t h e  d i s ea se s  of c a t t l e  t ransmit ted  by 
t i c k s .  I n  a d d i t i o n ,  it has been known f o r  many years  t h a t  c a t t l e  can be 
made r e s i s t a n t  t o  t i c k s ,  and t h e  technique i s  now being used Ln 'Austra l ia  t o  
con t ro l  Boophilus microplus,  t h e  vec to r  of babesios is .  



Bovine r e s i s t ance  t o  t i c k  i n f e s t a t i o n  was reported i n  the  e a r l y  p a r t  
of t h i s  century  and i t  was found t h a t  c a t t l e  i n  Queensland, Aus t ra l i a  
developed r e s i s t a n c e  t o  B. microplus fol lowing i n f e s t a t i on ,  However, i t  i s  
only  w i th in  t he  l a s t  1 0  years  t h a t  t h i s  f ind ing  has been appl ied  i n  t h e  
f i e l d ,  necess i t a ted  by t he  widespread development of r e s i s t a n c e  t o  
a c a r i c i d e s  by B. microplus and made poss ib le  by the  a v a i l a b i l i t y  of cu r a t i ve  
drugs and a vaFcine f o r  the  con t ro l  of babesios is .  Over t he  years ,  a  g r ea t  
d e a l  of work has been ca r r i ed  out  on t h i s  sub jec t  bu t  very  l i t t l e  i n  Africa.  

Inves t iga t ions  were s t a r t e d  a t  t h e  ICIPE i n  an at tempt t o  produce 
r e s i s t a n c e  i n  c a t t l e  t o  t i ck s .  A l l  of t h e  work s o  f a r  has been done on R. . .  

appendicula tus  because of i t s  importance a s  a vector  of T. parva and because 
of i t s  widespread d i s t r i b u t i o n  i n  East ,  Centra l  and ~ o u t K e r n  Africa.  

Following t h e  Aus t ra l i anwork ,  i t  was quickly  found t h a t  c a t t l e  become 
r e s i s t a n t  t o  R. appendtculatus when approximately 500 a d u l t  t i c k s  a r e  
allowed t o  fegd on them. Resis tance  a l c o  develops when c a t t l e  a r e  exposed 
t o  t i c k s  i n  paddocks. Resistance has been produced i n  Bos t au ru s  as we l l  as - 
i n  B. ind icus  c a t t l e ,  and i s  long l a s t i n g  - a t  l e a s t  2 years.  - 

Resis tance  appears t o  be s t imulated i n  c a t t l e  i n  response t o  ant igens  
inocula ted i n  the  s a l i v a  of the  feeding t i c k .  When t i c k s  feed on a 
r e s i s t a n t  animal, they exc re t e  an t igens  i n  t h e  s a l i va .  These an t igens  
s t i m u l a t e  an  immediate type hype r sens i t i v i t y  r e ac t i on ,  and marked swel l ing 
occurs  a t  t h e  s i t e  of attachment of t h e  t i c k ,  wi th in  20 minutes of 
at tachment.  This r e ac t i on  i n t e r f e r e s  wi th  the  a b i l i t y  of t he  t i c k  t o  feed 
proper ly .  The e f f e c t  i s  most marked aga in s t  larvae ,  less aga in s t  nymphs and 
l e a s t  aga in s t  adu l t  t i c k s .  I n  h igh ly  r e s i s t a n t  c a t t l e ,  very few l a rvae ,  
l e s s  than 25% of nymphs and l e s s  than 50% of a d u l t  t i c k s  a r e  a b l e  t o  
c anp l e t e  feeding,  and t he  engorged weight i s  a l s o  reduced. The smal le r  
t i c k s  which a r e  produced a f t e r  moulting have a reduced su rv iva l  p o t e n t i a l  
when exposed t o  temperature and humidity s t r e s s  and the  females produce 
smaller egg batches.  

Work Carried Out 

1. Ef f ec t  of Host Resistance on R. 
appendt c u b  t u s  Population ~ e v ~ l o ~ r n e n t  

The experimental design (Figure 1 )  included 3 p l o t s  of equal  s i z e  and 
i n f e s t e d  wi th  i d e n t i c a l  numbers of t i c k s .  Tick-susceptible animals were 
placed on p l o t  1 and l e f t  there '  f o r  t h e  dura t ion  of the  experiment. 
Tick-susceptible animals were placed on p l o t  2 and replaced a t  i n t e r v a l s  by 
o t h e r  t ick-suscept ib le  c a t t l e .  Res i s tan t  animals were kept  on p l o t  3 
throughout t h e  experiment. The hypotheses were: 
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Figure 1 :  Experimental des ign  f o r  e f f e c t  
o f  h o s t  r e s i s t a n c e o n  R. appendiculatus 

Each p l o t  approximately 0 . 6 .  hec tares  

Unfed Larvae introduced,, .+pproxinately 20/m 2 

2 C a t t l e  per p l o t  introduced t e n  days l a t e r  



( a )  There would be l i t t l e  o r  no production of nynphs o r  a d u l t s  i n  p lo t  3, 
but  t h e  numbers of nymphs and a d u l t s  i n  p l o t s  1 and 2 would inc rease  

(b )  Breeding success  of any t i c k  a d u l t s  produced i n  p l o t  3 would be lower 
than i n  p l o t s  1 and 2 

( c )  Suscept ib le  c a t t l e  i n  p l o t  1 would develop r e s i s t a n c e  t o  t i c k s  a s  a  
r e s u l t  of exposure t o  t i c k  feeding,  and reduct ion i n  t i c k  populat ions 
would appear 

(d )  Replacing t h e  hos t s  i n  p l o t  2 with o the r  t ick-suscept ib le  c a t t l e  ( t h i s  
was done 3 t imes) would minimize e f f e c t s  on t h e  t i c k  populat ion of 
feeding on t i ck - r e s i s t an t  c a t t l e  and would result i n  a  sus ta ined 
i n c r e a s e  i n  t i c k  numbers. 

Before the  experiment s t a r t e d ,  we demonstrated i n  t he  l abora to ry  t h a t  
nymphs which engorged on r e s i s t a n t  hos t s  (and were t he r e fo r e  underweigh t )  
moulted i n t o  undersized adu l t s .  It was a l s o  found t h a t  the  s i z e  of the  
scutum i s  d i r e c t l y  r e l a t e d  t o  t h e  s i z e  of t h e  unfed t i c k  and the re fore  could 
be used t o  determine t h e  o r i g i n a l  s i z e  of p a r t i a l l y  fed  t i c k s  obtained from 
oxen. Change i n  s i z e  of t h e  r i g i d  scutum i n  mymphs, and a d u l t  males and 
females fed i n  t h e  f i e l d  on t i ck - r e s i s t an t  c a t t l e  a l s o  was inves t iga ted .  
Experimental c a t t l e  were removed from the  p l o t s  one year  later; and, one 
p a i r  of su scep t i b l e  b a i t  c a t t l e  was exposed f o r  9 days i n  each p l o t  t o  
a s s e s s  t i c k  numbers. Counts of the  numbers of t i c k s  a t tached t o  each of t h e  
b a i t  animals provided an index of t he  s i z e  of t he  r e s idua l  t i c k  populat ion 
i n  each of t h e  3 p l o t s  (Table 1 ) .  

Table 1 Number of t i c k s  i n  p l o t s  a f t e r  one year  
counted on two hos t  c a t t l e  pe r  p l o t  a f t e r  
9 days exposure and a l s o  by ground sampling 

Host - 
Whole Body Counts 

Adul ts A 
B 

S u n  Scrapes 
p e r  c m  2 

Nymphs A 
B 

Larvae A 
B 

Ground Sampling 
per  l O O m  2 

Nymphs 
Larvae 

Paddock 1 Paddock 2 Paddock 3 



I n  es t imat ing  the  number of t i c k s  feeding on t h e  c a t t l e ,  the  a d u l t  
t i c k s  were counted d i r e c t l y ,  while t h e  nymphs and l a rvae  which a t t a ch  and 
feed on t h e  lower p a r t s  of t he  body were es t imated by counting the  t i c k s  
obtained from a  measured a rea  of the  b r i s k e t ,  us ing a  s c a l p e l  t o  scrape off 
t he  s u p e r f i c i a l  l ayer  of skin .  The sk in  scrapes  were examined 
microscopical ly  and numbers were expressed per  square  cent imeter  of skin .  

To determine the  concentra t ion of t i c k s  on t h e  vege ta t ion ,  a  one meter 
square  p i ece  of rough towel l ing c l o t h  was dragged f o r  100 metres across the  
vege ta t ion  i n  a  p l o t .  Only l a rvae  and nymphs which a r e  a c t i v e l y  questing 
a r e  a v a i l a b l e  t o  be picked up. Addst t i c k s  do n o t  a t t a c h  t o  t h e  c lo th .  

A l l  of t h e  hypotheses were confirmed, and reduct ion was demonstrated 
i n  s c u t a l  s i z e  where hos t .  r e s i s t ance  e f f e c t s  were t o  be expected (Table 2), 
namely i n  paddocks 1 and 3  whi le  no reduct ion i n  s c u t a l  s i z e  was seen i n  
paddock 2. 

Table 2: 

Changes i n  s c u t a l  s i z e  ( i n  mu) i n  experimental 
t i c k  populat ions a f t e r  one year  (Mean + SD) . - 

Scuta l  s i z e  i n  mm 

Paddock 1 Paddock 2  Paddock 3 

NYMPHS 

1s t generat ion 0.49* 0.02(204) 0.48 a 0.03(215) 0.45 a 0.03(25) 
1 yea r  later 0.46 +, 0.02( 13)  0.48 k 0.02( 32) 0.44 k ( 1 )  

1s t genera t ion  1.31 i 0.08( 99) 1.28 * O.lO(158) 1.14+*1.13(18) 
1 year  later 1.26 + 0.07(175) 1.29 + 0.07( 93) 1.22 +0.11(31) 

Female 

Is t genera t ion  2.8320.33(185) 2.75+0.30(375) 2.29?0.15(30) 
1 year  later 2.57 + 0.24(148) 2.94 rt 0.29( 55) 2.38 + 0.40(14) 

(No. i n  sample i n  b racke t s )  

The s c u t a l  s i z e  i s  d i r e c t l y  r e l a t e d  t o  t he  s i z e  of t h e  t i c k  before  
feeding,  which i n  t u r n  i s  a f f ec t ed  by t h e  r e s i s t ance  s t a t e  of t he  host  on 
which t h e  previous i n s t a r  has fed. All of t he  a d u l t  t i c k s  were of necess i ty  
obta ined f;om c a t t l e  because a d u l t  R. appendiculatus cannot be co l l e c t ed  b y  
dragging,  theref  o r e ,  they had fed f g r  an  indef i n 1  t e  period before  
c o l l e c t i o n .  Thus, s c u t a l  s i z e  was t h e  only method a v a i l a b l e  t o  determine 
t h e  s i z e  of t he  unfed a d u l t  t i c k s  and did r e f l e c t  s t a t i s t i c a l l y  s i g n i f i c a n t  
decreases  i n  s i z e  among t h e  t i c k s  t h a t  fed on r e s i s t a n t  c a t t l e .  



2. Induced Type 2 r e s i s t ance  i n  host  animals following 
inocula t ion  of t s r g e t  antigens from t i c k s  

( I t  should be noted t h a t  t h i s  pa r t  of the  pro jec t  i s  no t  funded by 
A I D ,  bu t  i s  b r i e f l y  described here t o  provide background information 
concerning the  ove ra l l  t i c k  research e f f o r t  a t  ICIPE). 

Using the  complement f i x a t i o n  t e s t ,  bovine immunoglobulins have been 
demonstrated i n  t h e  haemolymph of R. appendiculatus a d u l t s  previously fed on 
c a t t l e .  When Ornithodoros porcinuF a r e  fed on rabbi t  blood containing high 
t i t e r  agg lu t in ins  aga ins t  - T. brucei ,  agg lu t in ins  could be demonstrated i n  
t he  t i c k  haernolymph. 

Homogenates of R. a m  eggs,  unfed la rvae ,  unfed nymphs and 
unfed a d u l t  t i c k s  wet; emulsified with Freunds complete adjuvant and 
inoculated i n t o  r abb i t s .  High t i t e r  an t ibodies  were detected aga ins t  the  1 

! r e l evan t  ant igens  using agar ge l  double d i f fu s ion  and i n d i r e c t  
haemagglutination t e s t s .  When la rvae ,  nymphs and a d u l t  t i c k s  were fed on 
these  r a b b i t s ,  t he  t i c k s  fed normally and no adverse e f f e c t s  were noted. 

Ful ly  engorged R. appendiculatus females were used t o  produce a 
homogenate which was then  inoculated i n t o  r a b b i t s  with adjuvant. The 
r a b b i t s  were boosted 3 weeks l a t e r  with t h e  same preparat ion and high t i t e r  
an t ibodies  were produced. When a d u l t  t i c k s  were appl ied t o  these  innnunized 
r a b b i t s ,  the  t i c k s  were unable t o  feed properly and t h e  majori ty of the  
t i cks  died before eggs were produced. Very s m a l l  number of l a rvae  hatched 
from the  egg batches produced by t h e  sumiv ing  t i cks .  

Serum from r a b b i t s  which had demonstrated t he  most marked adverse 
e f f e c t s  aga ins t  feeding t i c k s  was then used i n  an agar  g e l  double d i f fus ion  
t e s t  and the  prec ip i ta ted  antibody ant igen complexes were co l lec ted .  These 
complexes were emulsified i n  Freund's complete adjuvant and inoculated 
in t radenna l ly  i n t o  rabbi t s .  The rabbis  were boosted twice with t he  same 
preparat ion.  When adu l t  t i c k s  fed  on the se  r a b b i t s ,  t h e  female t i c k s  
engorged normally and l a i d  eggs, but  t he  ha t chab i l i t y  of t he  eggs was 
reduced by 80-90%. 

3. Transmission of 2. parva t o  and from 
c a t t l e  Res i s tan t  t o  R. appendiculatus 

A group of s i x  indigenous Zebu c a t t l e  (1-2 years  o ld)  were purchased 
a t  Sindo Market, which i s  c lo se  t o  t he  ICIPE Field  S t a t i on  a t  Mbita, and 
where ECF i s  enzootic.  The c a t t l e  were brought t o  t h e  Veterinary Research 
Department a t  Muguga. Blood smear examination confirmed t h a t  a l l  of the  
c a t t l e  were in fec ted  with t h e i l e r i a l  piroplasma, species  unknown. 

To i n v e s t i g a t e  t h e i r  r e s i s t ance  s t a t u s  t o  R. appendiculatus,  a 100 
nymphal t e s t ,  and an intradermal hypersens i t iv i  t: t e s t  were applied t o  each 
animal. Approximately 604 of nymphs engorged, and the  engorged weight w a s  
approximately 75% of con t ro l  nymphs. The in t radenna l  t e s t  gave a pos i t i ve  
r eac t i on  i n  a l l  c a t t l e .  These r e s u l t s  confirmed t h a t  t he  c a t t l e  had 
na tu ra l l y  acquired r e s i s t ance  t o  - R. appendiculatus. 



I n  an a t tempt  t o  i d e n t i f y  t h e  t h e i l e r i a l  p a r a s i t e  seen on blood smear 
examination,  t ransmiss ion w a s  at tempted by applying 2,000 R. appendiculatus 
nymphs t o  t h e  e a r s  of each animal. The h o s t  r e a c t i o n  t o  t h e  l a r g e  number of - 
t i c k s  a p p l i e d  was severe  and l e s s  than 200 t i c k s  fed  t o  engorgement on each 
animal. The average engorged weight was approximately 4  mg. On d i s s e c t i o n ,  
Zi of t h e  t i c k s  were found t o  be i n f e c t e d  wi th  a  t h e i l e r i a l  p a r a s i t e  which 
on t r ansmiss ion  t o  c a t t l e  proved t o  be T. parva. F i e l d  c o l l e c t i o n s  of a d u l t  
t i c k s  from Mbita and Sindo were found tz have an i n f e c t i o n  r a t e  of less than 
2% with  TO parva. Thus, t i c k - r e s i s t a n t  c a t t l e  appear t o  l i m i t  t h e  T. p a w a  - 
i n f  e c t i o g  r a t e  i n  t i c k s .  

To i n v e s t i g a t e  t h i s  matter f u r t h e r ,  t h e  fol lowing p i l o t  experiment was 
c s r r i e d  out.  Four ECF s u s c e p t i b l e  Bos t a u r u s  type c a t t l e  were used, two of - 
them t i c k - n a i v e ,  and two r e s i s t a n t  t o  R. appendicula tus  fol lowing 
i n f e s t a t i o n .  One hundred R. appendicuia tus  nymphs which had engorged as 
l a r v a e  on a n  animal in fec tFd  wi th  ECF, and having an i n f e c t i o n  r a t e  of 1Z 
were a p p l i e d  t o  each of the  four  c a t t l e  i n  ear bags. Sixty-f ive  and s i x t y  
of t h e  nymphs, r e s p e c t i v e l y ,  f ed  t o  engorgement on t h e  t i c k - n a i v e  c a t t l e ,  
both  of which became i n f e c t e d  and died of ECF. Thirty-four of t h e  nymphs 
fed  on one of t h e  r e s i s t a n t  c a t t l e ,  which a f t e r  an  extended p repa ten t  per iod 
became i n f e c t e d  wi th  ECF and died.  Twenty-eight fed  t o  engorgement on t h e  
remaining r e s i s t a n t  anlmal, which d i d  no t  become i n f e c t e d  wi th  ECF. 

I n  an a t tempt  t o  t r ansmi t  t h e  d i s e a s e  four-thousand uninfected  R_. 
appendicula tus  nymphs were app l ied  t o  each of the  c a t t l e  which event&lly  
d ied  from ECF, a t  a  t i m e  c a l c u l a t e d  t o  a l low engorgement t o  co inc ide  wi th  a  
h i g h  piroplasm paras is taemia  i n  t h e  i n f e c t e d  c a t t l e ,  thus  a s s u r i n g  maximum 
i n f e c t i o n  r a t e  i n  t h e  t i c k s .  On t h e  two na ive  c a t t l e ,  95% of t h e  nymphs 
engorged and t h e  average weight was 9 - 2  and 8.2mg. On t h e  i n f e c t e d  
r e s i s t a n t  animal 50% of t h e  nymphs engorged and t h e  average weight was 
6.7mg. Of t h e  nymphs which engorged on t h e  t i c k  na ive  c a t t l e  60% were 
i n f e c t e d  w i t h  T. parva w i t h  an average of 17 a c i n a r  cel ls  i n f e c t e d  per t i c k  
(each i n f  ected-acinar c e l l  con ta ins  approximately 30,000 sporozoo i tes ,  t h e  
i n f e c t i v e  s t a g e  f o r  c a t t l e ) .  Of t h e  t i c k s  which engorged on t h e  i n f e c t e d  
r e s i s t a n t  s t e e r ,  14% were i n f e c t e d  wi th  - T. parva wi th  a n  average  of 1.3 
a c i n a r  c e l l s  i n f e c t e d  pe r  t i c k .  

It i s  p o s s i b l e  t h e r e f o r e  t h a t  c a t t l e  r e s i s t a n t  t o  R. appendicula tus  
w i l l  g r e a t l y  reduce t h e  r a t e  of t ransmiss ion of - -  T. pama: t h u s  enhancing t h e  
e f f i c a c y  of vacc ina t ion  a g a i n s t  t h e  d i s e a s e  by reducing cha l l enge ,  and 
c o n t r i b u t i n g  t o  t h e  development of an i n t e g r a t e d  method of c o n t r o l l i n g  ECF, 
and t i c k s  w i t h  minimal r e l i a n c e  on a c a r i c i d e s .  

F i n a l l y ,  fo l lowing t h e  success  i n  c o n t r o l l i n g  t i c k  popula t ions  
repor ted  above, a l a r g e  . s c a l e  t r i a l  i s  being planned a t  Intona Ranch, 
Migori,  where many wild animals suppor t  t h e  t i c k  popula t ion and where East 
Coast Fever i s  enzoot ic .  A t  Intona Ranch, a  50 a c r e  paddock i s  being 
prepared from which wild animals have been eliminated. Exclusion of game 
w i l l  be achieved by a  s o l a r  energised e l e c t r i c  fence. 30 improved Boran 
s t e e r s  w i l l  be in t roduced i n t o  t h e  paddock, which have been immunised 
a g a i n s t  +st Coast Fever, and which have n a t u r a l l y  acquired  r e s i s t a n c e  t o  
t i c k  i n f e s t a t i o n .  The a b i l i t y  of t h e s e  c a t t l e  t o  c o n t r o l  t h e  t i c k  
popu la t ion  i n  t h e  paddock, and t h e  t ransmiss ion of Eas t  Coast Fever w i l l  be 
i n v e s t i g a t e d .  
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SECTION 4  : LIVESTOCK TICKS 

G e n e r a l  I n f o r m a t i o n  

1 2 0 .  The programme was s t a r t e d  i n  1972 a s  a  ma jor  and c o r e  programme o f  
I C I P E ,  and  r e c e i v e d  r e l a t i v e l y  s t r o n g  f i n a n c i a l  s u p p d r t  , e s p e c i a l l y  
th rough  d o n o r s  such  USAIG, EEC , and DDA ( S w i t z e r l a n d )  . The p r e s e n t  
Programme Leader  was a p p o i n t e d  i n  1 9 7 7 .  I n  t h e  c u r r e n t  programme t h e r e  
a r e  4  s e n i o r  s t a f f  , 3 o t h e r  s c i e n t i f i c  s t a f f  and 7  t e c h n i c a l  s t a f f  . The 
t o t a l  budge t  f o r  1983 amounts t o  U .S A357 ,000.  (Annex 4) . 

Ob i e c t i v e s  and Backnround 

1 2 1 .  Tl?e progrmame i s  e n t i r e l y  d i r e c t e d  towards  i n t e g r a t e d  management o f  
t i c k s  : which g e n e r a l l y  i n h i b i t  l i v e s t o c k  p f o d u c t i o n  by s u c k i n g  blood from 
t h e i r  h o s t s  and e s p e c i a l l y  by t r a n s m i t t i n g  d i s e a s e s .  L i v e s t o c k  i n  A f r i c a  
and many o t h e r  p a r t s  of  t h e  wor ld  a r e  s e v e r e l y  a f f e c t e d .  C o n t r o l  o f  
t i c k s  by a c a r i c i d e s  needs  e x p e n s i v e  and  f r e q u e n t  a p p l i c a t i o n s .  
I n t e r r u p t i o n  o f  t r e a t m e n t  l e a d s  t o  a n  immediate i n c r e a s e  i n  t i c k  
i n f e s t a t i o n  which c a u s e s  enormous l o s s e s  i n  l i v e s t o c k  a s  h a p p e n e d ,  f o r  
example , when t h e  d i p p i n g  programme broke  down i n  Zimbabwe and a b o u t  one  
m i l l i o n  c a t t l e  d i e d  . Other  common d i s a d v a n t a g e s  of p e s t i c i d e  t r e a t m e n t  
a r e  induced  r e s i s t a n c e  o f  t h e  pest t o  t h e  p e s t i c i d e  , p e s t i c i d e  r e s i d u e s  
i n  mea t  and d a i r y  p r o d u c t s .  and t h e  maintenance o f  s u s c e p t i b i l i t y  t o  the 
t i c k s  (and the  d i s e a s e s )  b e c a u s e  o f  l a c k  of induced r e s i s t a n c e  i n  t h e  
h o s t .  

1 2 2 .  The g o a l  o f  t h e  programme i s  t o  d e v e l o p . ' a l e r n a t i v e  c o n t r o l  
mechanisms f o r  o n e  o f  t h e  major  pe's t t i c k s  i n  Kenya and E a s t e r n  I l f r i c a  , 
t h e  brown e a r  t i c k  - (R. a p p e n d i c u l a t u s )  , which t r a n s m i t s  a  s e v e r e  d i s e a s e  , , 
t h e  E a s t  Coast  Fever ( T h e i l e r i o s i s )  . The s t u d y  i n c l u d e s  work on 
p o p u l a t i o n  dynamics ( s u r v i v a l  , developtien t and r e p r o d u c t i o n  u n d e r  i 
d i f f e r e n t  e x t e r n a l  f a c t o r s  , i n c l u d i n g  t o l e r a n t  and r e s i s t a n t  h o s t s )  , i 
hos  t -pes  t r e l a  t i o n s h i p s  , phys io logy  , and b e h a v i o u r  o f  t h e  p e s t  , aimed a t  i 
demons t r a  t i n s  promis ing method o f  i n t e r f e r i n g  w i t h  t h e  pest' s a c t i v i t i e s  
and v i t a l i t y .  The f i n a l  g o a l  i s  t o  d e v e l o p ,  t e s t  and a p p l y  a  rcnthod of j 
i n t e g r a t e d  pest management. Th i s  w i l l  i n c l u d e  v a c c i n a t i o n  a g a i n s t  E a s t  I 
C o a s t  Fever  (ECF) , chemotherapy t o g e t h e r  w i t h  b i o l o g i c a l  c o n t r o l  of t h e  
t i c k  , and minimal  u s e  o f  a c a r i c i d e s  where n e c e s s z r y  . Such a  programme is 
w e l l  s u i t e d  t o  ICIPE's  manda te .  One p o s s i b l e  approach  is  a n  a c q u i r e d  

h o s t  a n i m a l  a g a i n s t  ECF by v a c c i n a t i o n  a n d / o r  a p p I i c a t i o n  of  c u r a t i v e  

1 
r e s i s t a n c e  o f  c a t t l e  t o  t i c k  i n f e s t a t i o n ,  combined w i t h  p r o t e c t i o n  o f  t h e  3 



d r u g s .  Th is  would provide e c o l o g i c a l l y  s a f e  c o n t r o l  methods l e s s  h z m f u l  
t o  t h e  consumer o f  l i v e s t o c k  p r o d u c t s ,  and l e s s  e x p e n s i v e  p e s t  c o n t r o l .  
?he o b j e c t i v e s  o f  t h e  pfogramme were w e l l  d e f i n e d  when i t  f i r s t  s t a r t e d  
and t h o s e  o b j e c t i v e s  have n o t  been changed .  

1 2 3 .  The Programme Leader and  h i s  c o l l e a g u e s  have a  s t r o n g  d e g r e e  of 
c o n t r o l  o v e r  r e s e a r c h  p r o j e c t s  and have had a c o n s i d e r a b l e  i n p u t  i n t o  t h e  
budge t ing  p r o c e s s  , though i t  was f e l t  t h a t  t h e r e  w a s  perhaps  i n s u f f i c i e n t  
c o n s u l t a t i o n  a b o u t  t h e  f i n a l  d e c i s i o n s .  

1 2 4 .  The programme h a s  enjoyed s t r o n g  l e a d e r s h i p . ,  a  s a t i s f a c t o r y  f low o f  
i n f o r m a t i o n  between t h e  pfo jects  , and a  good i n t e r d i s c i p F i n a r y  
c o o p e r a t i o n  w i t h i n  and o u t s i d e  ICIPE . Kbc t o r a l  and pos t d o c t o r a l  t r a i n i n g  
h a s  been s a t i s f a c t o r y  and h a s  i n v o l v e d  3a t i o n a l  and  i n t e r n a t i o n a l  
c o n t a c t s  f o r  t r a i n i n g  i n  d i f f e r e n t  approaches  . O p p o r t u n i t i e s  f o r  
o v e r s e a s  v i s i t s  and a t t e n d a n c e  a t  i n t e r n a t i o n a l  c o n f e r e n c e s  have been 
very  l i m i t e d  . A ' s e r i o u s  g a p  i n  t h e  programme was caused by t h e  e n f o r c e d  
r e s i g n a t i o n  o f  one  o f  i t s  mos t promising s c i e n t i s t s  . m 

1 2 5 .  By u s i n g  f a c i l i t i e s  a t  c o o p e r a t i n g  i n s t i t u t i o n s  , b u t  more 
i m p o r t a n t l y  through t h e  s t rong  l o y a l t y  of t h e  s t a f f  , i n  s p i t e  o f  t h e  
s e v e r e  f i n a n c i a l  p rob lems ,  t h e  programme h a s  managed t o  overcome t h e  
d i f f i c u l t  y e a r s  o f  1981/1982. 

S t r e n g t h s  

1 2 6 .  As a  r e s u l t  o f  s u c c e s s f u l  b i o l o g i c a l  and e c o l o g i c a l  work on t h e  
t i c k  t o g e t h e r  w i t h  t h e  u s e  o f  o t h e r  r e s e a r c h  f i n d i n g s  on pes t -genera ted  
h o s t  r e s i s t a n c e  , a n  e f f i c i e n t  p e s t  c o n t r o l  method i s  i n  s i g h t .  A f r i c a n  
l i v e s t o c k  a p p e a r  t o  d e v e l o p  r e s i s t a n c e  t o  brown e a r  t i c k s  d u r i n g  
i n f e s t a t i o n ,  a s  t h e  r e s u l t  o f  a n t i b o d y  f o r m a t i o n  i n  the  h o s t  induced by 
a n t i g e n s  from t i c k  s a l i v a .  Th is  "typ& 1 r e s i s t a n c e "  l e a d s  tc  
c o n s i d e r a b l e  r e d u c t i o n  i n  t i c k  v i t a l i t y  and r e s u l t s  i n  l e s s e n e d  a b i l i t y  
t o  t ransmi  t t h e  d i s e a s e  . I n  @s t u r e s  w i  t h  r e s i s t a n c e  c a t t l e  , t h e  t i c k  
p o p l a t i o n  i s  s i g n i f i c a n t l y  reduced and a  new b a l a n c e  between f e v e r .  I n  
p s t u r e s  w i t h  r e s i s t a n t  c a t t l e ,  t h e  t i c k  p d p d l a t i o n  i s  s i g n i f i c a n t l y  
reduced and a  new b a l a n c e  between h o s t  and p e s t  i s  e s t a b l i s h e d .  A t  
p r e s e n t  , methods a r e  b e i n g  t e s t e d  t o  evoke a n t i b o d y  f o r m a t i o n  i n  t h e  
c a t t l e  ( t y p e  2 r e s i s t a n c e )  by means of a n t i g e n s  from d i f f e r e n t  p a r t s  o f  
t h e  t i c k s  , t o  i s o l a t e  and  c h a r a c t e r i z e  t h e  a n t i g e n s  , t o  d e t e c t  t h e  t a r g e t  
o r g a n s  o r  p r o c e s s e s  i n  t h e  t i c k  which a r e  a f f e c t e d  by t h e  a n t i b o d i e s ,  and 
on a n  i n c r e a s i n g  s c a l e  , t o  s t u d y  t h e  r e s i s t a n c e  o f  l i v e s t o c k  i n  f i e l d  
exper iments  . R e c e n t l y  , s t u d i e s  have s t a r t e d  on c r o s s b r e e d s  of c a t t l e  , 
c o o b i n i n g  h i g h  p r o d u c t i v i t y  and s t r o n g  n a t u r a l  a b i l i t y  i n  d e v e l o p i n g  type 
1 r e s i s t a n c e  . T h i s  approach  w i l l  p rov ide  q u a n t i t a t i v e  d a t a  on t h e  impact  
o f  t i c k s  o n  n a i v e  and i n f e s t e d  r e s i s t a n t  c a t t l e ,  and on t h e  r e s u l t i n g  
t i c k  p o p l a  t i o n .  Toge ther  w i t h  promising v a c c i n e s  and d r u g s  b e i n g  t e s t e d  
by v e t e r i n a r i a n s  a g a i n s t  t h e i l e r i o s i s  , a n  i n t e g r a t e d  c o n t r o l  o f  t h e  t i c k  
a s  w e l l  a s  o f  t h e  t r a n s m i t t e d  d i s e a s e  migh t  becor~c  p r a c t i c a b l e .  T h i s  



m u l t i p l e  component approach shoc ld  make i t  v s r y  d i f f i c u l t  f o r  t h e  pest t o  
d e v e l o p ~ e f e n s i v e  s t r a t e g i e s  . It can be a p p l i e d  on a  l a r g e  s c a l e  i n  t h e  
f i e l d  a t  r e l a t i v e l y  low c o s t s  . Furthermore i t  is  e c o l o g i c a l l y  sound , and 
cou ld  be adap ted  t o  many e c o l o g i c a l  s i  tua  t i o n s  . 
127 .  ' h e  o v e r a l l  q u a l i t y  o f  the  r e s e a r c h  i n  t he  t i c k  p r o j e c t s  i s  of a 
h igh  s t a n d a r d  ; t h e  e v a l u a t i o n  methods a r e  g e n e r a l l y  sound . This  i s  t he  
r e s u l  t o f  e x c e l l e n t  l e a d e r s h i  p-'of a  w e l l - q u a l i f  i e d  and d e d i c a t e d  team of 
s c i e n t i f i c  and  t e c h n i c a l  s t a f f  . The good c o n t a c t s  by t h e  Programme 
Leader were c i t e d  a s  an  i n p d r t a n t  asp5ct  i n  t he  programme. These i n c l u d e  
ICIPE r e s e a r c h  s u p p o r t  u n i t s ,  b iochemica l  and immunological s t u d i e s  on 
r e s i s t a n c e  i n  coope ra t i on  w i t h  ILRAD and t h e  Chemistry and Bioassay  
Research Un i t  , u s e  o f  f i e l d  s t a t i o n s  w i t h  r e s i s t a n t  Zebu cat t le  and o t h e r  
b r eeds  i n  c o o p e r a t i o n  w i t h  v e t e r i n a r i a n s  from W I  and I L W ,  and 
f a r m e r s .  T ra in ing  i n  immunology clf ICIPE s t a f f  is  done a t  ILRAD and 
o v e r s e a s  l a b o r a t o r i e s  ( U t r e c h t  , Holland ; Neucha t e l  , Swi t ze r l and )  . 
Coopera t i o n  w i th  ICIPE' s Sensory Physiology and His to logy  and F ine  
S t r u c t u r e  & s e a r c h  u n i t s  provided v a l u a b l e  infonna t i o n  on s e v e r a l  t i c k  
s e n s e  o rgans  , and on the  s t r u c t u r e  of t h e  r e l e v a n t  r e c e p t o r  c e l l s .  
However: the  s i g n i f i c a n c e  of these  r e s u l t s  f o r  p o s s i b l e  t i c k  c o n t r o l  i s  
l i m i  t ed  a t t h e  moment. 

1 2 8 .  The c o o p e r a t i v e  network i s  a  good exanpIe  of a wel l -coord ina ted  
programme. Cons ider ing  t h e  number o f  c o o p - r a t i v e  p r o j e c t s  , t h e  outcome 1 
i n  terms o f  p u b l i c a t i o n s  ha s  n o t  been h igh  ( 9  i n  1 9 8 0 ,  5 i n  1981 ,  6 i n  
1982) , b u t  s e v e r a l  s t a f f  members a r e  prepziring manusc r ip t s  , s o  a  
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s i g n i f i c a n t  i  crease i n  the  number of publ ished papers i s  expec ted  ; t h i s  
i s  t o  be commended. i 

L i n i  ta t i o n s  s 
1 2 9 .  Due t o  i n s a f  f i c i e n t  expe r imen t a l  an imals  t h e r e  ha s  been l a c k  of 
q u a n t i t a t i v e  d a t a  and t h e r e  h a s  been l i t t l e  u s e  of b i o s t a t i s t i c s  u n t i l  
r e c e n t l y .  k.0 t h e r  more b a s i c  problem i s  t h a t  the  work on t he  immunology 
of  induced r e s i s t a n c e  i s  r e a l l y  beyond t he  scope of  ICIPE's s c i e n t i f i c  
and t e c h n i c a l  r e s o u r c e s .  A major  l i m i t i n g  f a c t o r  ha s  been t h e  g r e a t  l a c k  
o f  t r a n s p o r t a t i o n .  

Fu tu r e  P l ans  1 4 

1 3 0 .  The p lans  f o r  e c o l o g i c a l  work a r e  w e l l  d e f i n e d .  R e s u l t s ,  
e s p e c i a l l y  on i n d u c t i o n  of  type  2 r e s i s t a n c e  , w i l l  be conf i rmed and 
q u a n t i f i e d  u s i n g  i n f e s t e d  n a i v e  and r e s i s t a n t  c a t t l e  . An i n c r e a s e  i n  t h e  
f i e l d  s t u d i e s  u s i n g  r e s i s t a n t  c a t t l e  i s  pIanned , t h e  s e a r c h  f o r  s t r a i n s  
of l i v e s t o c k  t h a t  a r e  h i g h l y  p roduc t ive  y e t  r e s i s t a n t  i s  i n  i t s  i n i t i a l  
s t a g e  . F i e l d  t r i a l s  t o  d e v e l o p  p r a c t i c a l  methods of i n t e g r a t e d  pest 
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c o n t r o l  will be unde r t aken .  This  r e q u i r e s  more f i e l d  f a c i l i t i e s ,  c a t t l e ,  
probably more t e c h n i c a l  s t a f f  and t r a n s p o r t .  
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131 . A na j o r  s t u d y  p r o j e c t  i s  pIanned on  t h e  inimunological b a s i s  o f  
c a t t l e  r e s i s t a n c e  , on t i c k  a n t i g e n s ,  e s p 6 c i a l l y  from t i c k  e g g s ,  and on 



t a r g e t  p r o c e s s e s  and s u b s t a n c e s  ( j u v e n i l e  hormone-binding p r o t e i n s )  i n  
t i c k s  f o r  h o s t  a n t i b o d i e s .  Most o f  t h i s  work w i l l  be done i n  t h e  
Chemist ry  Uni t  o f  ICIPE i n  c l o s e  c o o p e r a t i o n  w i t h  immunologis ts  a t  ILRAD.  

P o t e n t i a l  Users  o f  New Technology and Knowledge 

1 3 2 .  The programme i s  producing a range  o f  u s e f u l  r e s u l t s .  The t i c k  
s t u d y  c o u l d  s e r v e  a s  - t h e  model s t u d y  f o r  o t h e r  t i c k  p r o j e c t s  i n  Kenya and 
o t h e r  t r o  p i c a 1  c o u n t r i e s  . I f  t h e  b i g g e r - s c a l e  f i e l d  e x p e r i n r n t s  a r e  
s u c c e s s f u l  , t h e r e  w i l l  be  promise o f  a c o n t r o l  t e c h n i q u e  f o r  a  major pest 
which a f f e c t s  l i v e s t o c k  i n  many c o u n t r i e s  . Other  s c i e n t i f i c  i n s t i t u t i o n s  
c o u l d  u s e  t h e  model i n  o r d e r  t o  d e s i g n  r e s e a r c h  on t i c k  e c o l o g y  and 
c o n t r o l  . 

Recomenda t i o n s  

1 3 3 .  ( a )  The Team s t r o n g l y  s u p p o r t s  the  m u l t i f a c e t e d  i n t e g r a t e d  
c o n t r o l  programme w i t h  i t s  c o n t i n u a n c e  o f  v a c c i n e  and d r u g  
u s e  , h o s t  r e s i s t a n c e  t o  t i c k  i n f e s t a t i o n  , a c a r i c i d e s  , and 
e x c l u s i o n  o f  game . 

( b  ) The programme needs  more s u p p o r t  f o r  f i e l d  work ,  u s i n g  
l a r g e r  numbers o f  c a t t l e .  Hore  t r a n s p o r t  w i l l  be needed .  

( c  ) A mu1 t i f a c  t o r i a l  model of t i c k  po pala t i o n  dynamics and 
hos  t-pes t r e l a t i o n s h i p s  , e s p e c i a l l y  w i t h  r e s i s t a n t  , 
v a c c i n a t e d  , and d r u g - t r e a  t ed  c a t t l e  s h o u l d  be f o r m u l a t e d  . 
I t  migh t  w e l l  become a model f o r  o t h e r  s y s t e m s  a s  w e l l  as 
posing i m p o r t a n t  q u e s t i o n s  and approaches  f o r  f u r t h e r  
i n v e s t i g a t i o n s  i n  t h e  programme . 

(d Ex t e n s i o n  o f  t h e  immunological  and p r o t e i n  c h e m i s t r y  
s t u d i e s  w i l l  p r e s e n t  problems s i n c e  s u c h  a n  approach  w i l l  
r e q u i r e  t h e  f u l l  range o f  modern b i o c h e m i s t r y  w i t h  
s o  ph i s  t i c a t e d  methods and modern i n s t r u m e n t a t i o n  . I f  t h e  
p lan  i s  t o  be fo l lowed  , a s u b s t a n t i a l  s e c t i o n  o f  t h e  
Chemist ry  and Bioassay  Research U n i t  would have t o  be 
i n v o l v e d .  S t a f f  would need to  be  t r a i n e d  i n  t h e  r e l e v a n t  
t e c h n i q u e s  , and o t h e r  i n s t i t u t i o n s  would need t o  be 
i n v o l v e d  t o  p rov ide  e x p e r t i s e  and t e c h n i c a l  a s s i s t a n c e  . 
The e s s e n t i a l  p r e r e q u i s i t e  w i l l  be  a  c l e a r  d e f i n i t i o n  of 
r e s e a r c h  p r i o r i t i e s  o f  t h e  c o o e r a t i n g  g r o u p s ,  a  r e a l i s t i c  
budge t  p lan  and coopera  t i o n  a t  a n  i n t e r n a t i o n a l  l e v e l  . 
This  s h o u l d  i n c l u d e  t h e  a s s i s t a n c e  o f  a n  exper ienced  
immunologist  . It i s  s t r o n g l y  recommended t h a t  such 
p lann ing  be made b e f o r e  t h e  f u l l - s c a l e  p r o g r a m e  i s  
s t a r t e d  


