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Project: Control of t i c k s  and tick-transmitted diseasas: 
by vaccinat ion of the  host 

J u l y  1986 . 
by Omar 0. Barriga, Principal ,  Investigator 

This p ro jec t  had two major objectives:  1. To initiate s t u d i e s  toward 
- t h e  production of an anti-tick vacc ine  f o r  use i n  ruminants (Research 
component), and, 2. To t r a in  a Dominican sc i en t i s t  in the  corresponding 
bio-technology (Training component). 

W e  a r e  happy t o  report  t h a t  w e  have made very s a t i s f ac to ry  progress  
t S i n  both areas.  

W O R K  ACCOMPLISHED. 

1. RESEARCH COMPONENT. 

1.1. Establishment of a valid - l abora tory  model. 

Our pro jec t  was impaired from t h e  beginning by t h e  v i r t u a l  absence  of 
sy s t ema t i c  knowledge about immunity to  t i cks  in ruminants. Increasing 
ev idence  indicated that  the  immunological phenomena de tec ted  i n  t r ad i t i ona l  
l abora tory  animals did not represen t  f a i t h fu l ly  the  immune responses of 
ruminants  against  ticks. Our f i r s t  goal, then, was t o  develop a val id  model 
of an t i - t i ck  immune resistancein ruminants tha t  could be used i n  t h e  
laboratory,  and a regimen of i n f e s t a t i ons  tha t  produced pro tec t ive  immunity 
consistently. ,  

I t  took us two attempts but  f i n a l l y  w e  found a model t h a t  produces 
cons i s t en t  and increasing res i s tance  a t  a n  excel lent  l e v e l  f o r  exper imental  
work. This model is the  in fes ta t ion  of a two year  old Suffolk f ema le  sheep 
with 50 pa i r s ,  of t icks  (50 males and  50 females) a t  0, 22, 78, and  105 days. 

Determination of t he  tic!; parameters  a f fec ted  by host's immunity. 

Ticks have a rather.  complex l i f e  cyc l e  consti tuted by a number of  
d i f f e r e n t  phases t ha t  can  be po ten t i a l l y  a f f ec t ed  by host's immunity. Since 
o u r  model was of our own creat ion,  t h e r e  was no prior information abou t  
which phase  was a f  fec ted  by host's immunity, o r  how it ' was a f f ec t ed .  
Since t h i s  information is fundamental  f o r  ver i f icat ion of immunity and  f o r  
its l a t e r  monitoring, w e  had t o  produce it by ourselves. Because t h e  l ack  . 
of prev ious  work with this model prevented us  from predicting which phases 
of the t i c k  l i f e  cycle would be a f f e c t e d  by immunity, w e  had to  s tudy  a l l  
r ea sonab le  possibilities. We s e l e c t e d  t h e  following t i ck  paxameters: time of 
detachment,  t i cks  existing a t  detachment,  weight of the  t i c k s  at  
detachment,  number of t i cks  t h a t  r e a c h  oviposition stage,  t i m e  to beginning 



of oviposition, weight of egg mass, weight of ticks after  oviposition, time 
t o  hatch, and percentage of eggs that  hatched. These values were recorded 
f o r  e ~ c h  t i c k ,  analyzed stat is t ical ly f o r  the ticks of each infestation, and 
compared with those for the t i c k s  of other infestations. The results i n  our 
preferred model appear i n  Table 1. ,b P! 

I 

Table 1. Parameters of t icks  during four succ%ssive infestat ions 
on a two-year old Suffolk ferirale sheep. 

1st 2nd P* - 3rd P* - 4 th P* - 
in£ inf in£ in£ 

. Tick - 
parameters 

Engorged 
im. wt .  

Fern. w t .  
af t .  ovip. 

Egg w t .  

Detachment 
day 

Oviposition 
day 

Percentage 
egg hatched 

% mortality 
t o  detachment 

3 mortality 
detach t o  ovip 3 6 .262 7 .183 

(*) As compared with the f i r s t  . infestation. 

From this table, it can be seen t ha t  a l l  the parameters studied are 
a f f ec t ed  by host's immunity sooner or  later. The weight of females a f t e r  
oviposition, the time to  complete engorgement, and the time t o  oviposition 
are 'significantly affected already by the second infestation. The weight of 
the engorged females, t h e  weight of the egg mass, the percentage of eggs 
hatched, and the mortality of t i c k s  from gpplication to  detachment are 
significantly affected by the third infestation. The mortality of t i cks  from 
detachment to oviposition is reduced only by the fourth infestation. w 

It  is also clear that t i m e  of detachment and time of oviposition are  
the easies t  and earliest parameters t c  determine t o  verify immunity. 

1.3. Determination of potential salivary antigens. 
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I t  is known tha t  t ick sa l ivary  glands enlarge and a c q u i r e  secre t ion  
granules  during the  f i r s t  t h r ee  days  of feeding. Since these  s ec re t i ons  may 
have  an important par t ic ipat ion i n  the  induction of host's immunity, our 
n e x t  task was t o  inves t iga te  whether th i s  histological change had a 
func t iona l  expression in t h e  po ten t ia l ly  ant igenic  components o f  t i c k  
s a l i va ry  materials. For th i s  purpose, w e  col lectea  sa l ivary  g l ands  from 
unfed  ticks and from t i c k s  t h a t  had been fed f o r  three  days. Ex t r ac t s  of 
t h e  respective glands were subjected t o  polyacrylamide g e l  e lect rophoresis  
i n  g rad ien t  gels, s ta ined with s i lver ,  and compared f o r  p ro t e in  components. 

W e  found t h a t  the  unfed s a l i va ry  gland demonstrated t o  posses  45 
. proteirl species whereas t h e  f e d  o n e  had only 42, Seven of  t h e  pro te in  

- b a n d s  in the unfed gland were no t  present  in t he  f ed  one, a n d  f i v e  protein 
bands in the  fed  sal ivary gland were no t  present in t he  unfed one. These 
f ind ings  demonstrate t h a t  t h e r e  is protein transformation dur ing  t he  ear ly  
f eed ing  of the t i ck  but  w e  still d o  no t  know whether t h i s  t ransformat ion is 
r e l e v a n t  to the production of p ro t ec t i ve  immunity in t h e  host. 

1-4. Determination of a c t i v e  an t iqens  in normal o r  immune sheep. 

Our basic postula te  was t h a t  t he  evidence of p ro t ec t i ve  ant i - t ick 
immunity (as drctermincd by t h e  parameters explained under 2, above) should 
co inc ide  with the appearance of ant ibodies  t o  t he  an t igens  responsible  fo r  
t h e  protection. In order to  iden t i fy  these  antigens, w e  performed Western 
b l o t s  of extracts  of f ed  o r  unfed sal ivary glands with t h e  serum obtained 
f rom t h e  sheep before t h e  f i r s t  infestation,  a f t e r  the second in fes ta t ion ,  
and  a f t e r  the  four th  infes ta t ion.  

W e  found tha t  the  pre-infestation serum reacted with 27 an t igens  in 
t h e  f e d  gland and with 13 in t he  unfed one. The post-second in f e s t a t i on  
serum revealed 31 ant igens  in t h e  fed  gland and 18 in t h e  unfed  one. The 
post-fourth infestation serum showed 31 antigens in the  f e d  g l and  and 17 i n  
t h e  unfed one. Comparison of t h e  pa t te rns  of f ed  o r  unfed g l and  ex t r ac t s  
with the dif ferent  se ra  revea led  sub t l e  d i f fe rences  in t h e  a n t i g e n s  react ive  
on each  occasion the  in te rpre ta t ion  of which w i l l  demand f u r t h e r  work. In 
a n y  case, we could iden t i fy  s i x  ant igens  in the  fed glands and  th r ee  in the 
unfed  glands that  were r e a c t i v e  with the  post-fourth i n f e s t a t i o n  serum but 
nor  w i t h  the pre-infestation serum. In  all  probability, t h e  p r o t e c t i v e  
an t igen  (or antigens) is one  of these. 

Summarv of the cur ren t  achievements in research. 

To th i s  moment, w e  have c r ea t ed  a valid laboratory model o f  anti-tick 
immunity in ruminants,. have def ined  the  parameters ind ica t ive  of immune 
r e s i s t ance  t o  t i c k s  in ou r  model, have identif ied the  an t igens  i n  f ed  and 
unfed  t i c k  salivary glands, and have determined the  an t igens  t h a t  react only 
i n  immunoprotected sheep. 

S ince  none of this information was known previously, w e  feel qu i t e  
s e t i s f i ed  with the achievements of t he  project  un t i l  now. The Dominican 
t ra inee ,  Dr. Andujar, l?resented o u r  resu l t s  a t  the  Midwest 'Conference of 
Parasitologists  in Jure ,  1986 (see annexed photograph), and s t i r r e d  a 
tremendous interes t  i'mong ou r  colleagues. During Ju ly  and  August, 1986, 1 
wi l l  ;?resent our resul ts  to co l leagues  a t  the  Internat ional  Congress of 



Infectious and Paras i t i c  Diseases in Munich, Germany, and a t  Universities in 
Heilderberg, Germany; Zaragoza, Spain; Alfort, France; and, Lille, France. 

2. ?!RAINING COMPONENT 

Dr. Francisco Andujar was se lec ted  by the  Dominican author i t ies  f o r  
training because he is a veterinarian,  he has f i e l d  exper ience  and a vast  
knowledge of t he  t i c k  problems i n  the  Dominican Republic, and he  has t he  
responsibility of applied t i c k  researqh a t  t he  major ve te r inary  laboratory of 
the Dominican Secre ta ry  of Agriculture. 

Because upon his  a r r i v a l  to the  United S t a t e s  he did no t  have the  
' mastery of English regarded as essen t ia l  f o r  adequa te  training,  he spent  the 
f i r s t  months of t h e  p ro j ec t  becoming prof ic ien t  i n  t h e  language. 

H e  gained admission to t h e  Ohio S t a t e  Uniyersity Graduate  School 
later, and in i t i a ted  academic s tud ies  and laboratory research  i n  t he  subject  
of the project. 

His courses were s e l e c t e d  t o  give him a so l id  'understanding of t i ck  
binlogy, pathology and epidemiology, of t h e  immunological phenomena tha t  
occur i n  higher mammals, and of t he  basic  sc iences  t h a t  support  t h e  modern 
knowledge in  parasitology and  immunology. 

His laboratory work was designed t o  f i t  the  needs  of t he  pro jec t  and, 
very particularly, t h e  perceived needs of research i n  t i c k s  and in  general  
animal health in t he  Dominican Republic. In the  s p e c i f i c  a r e a  of t ick 
research, he Ras learned how t o  ident i fy  ticks, how t o  reproduce their  
complete l i f e  c y c l e  i n  t h e  laboratory, how to  i n f e s t s  d i f f e r e n t  host, and 
how t o  verify t he  production of immune resistance. I n  t h e  a r e a  of general  

. research, he has learned immunological techniques, p ro te in  analysis  of 
biological  extracts,  ant igen analysis  of complex an t igen i c  mixtures, and is 
ini t ia t ing work on ant igen separat ion and character izat ion.  

The emphasis of a l l  t h i s  work has been on t h e  understanding of the  
underlying biological  phenomena, and on the  meaningful ana lys i s  and 
interpretation of the  information collected.  The overr iding consideration is 
t o  provide him with the  kind of understanding t h a t  wi l l  al low him t o  do 
re l iab le  research on his  own, and t o  d i r e c t  a research  group upon his 
re turn t o  t h e  Dominican Republic. 

I n  our jxdgement, Dr. Andujar's progress during h i s  t r a in ing  period has 
been outstanding. W e  be l ieve  t h a t  th i s  p a r t  of t h e  p ro j ec t  has  been 
extremely successful  so far.  

FURTHER WORK TO BE ACCOMPLISHED 

1, Verification of t he  previous f i n d i n s .  

~ l t h o u g h '  our f indings  t o  this moment seem very so l id  (see Table 
l), w e  would l ike  to repeat the  multiple in fes ta t ions  i n  another  sheep t o  
ver i fy  the  consistence of our  model. W e  ahead?  secured  a half-sister  of . 
our  original  sheep f o r  t h i s  purpose. Since we must f e e d  t i c k s  on  a sheep 
to obta ' 3 the  sal ivary e x t r a c t s  necessary to cont inue  the project ,  it w i l l  
t a k e  little extra  work t o  r e p e a t  new infes ta t ions  according to  t h e  schedule 
used in  our model. The repe t i t ion  of the 'experiment,  however, w i l l  make 
our work much more solid. I n  recognit ion of t h e  advantages  of confirming 



results in repeated experiments, the original  p r o j e c t  included the study of 
more than a n  i nd iv idua l  sheep for  t h e  def ini t ion o f  t h e  model. 

2. Study - of i n t e s t i n a l  antigens.  

We have lea rned  r e c e n t l y  t ha t  a preliminary work done  on ca t t l e  
several years  ago  sugges ted  t ha t  antigens from t i c k  d i g e s t i v e  t r ac t  might 
induce pro tec t ive  immunity in  the host. Despite its re l evance  t o  our goals, 
this finding has n o t  b e e n  confirmed. Since w e  w i l l  have  t i c k  materials and 
sheep sera, w e  would l i k e  to assay proteins of t i c k  d iges t i ve  t r ac t  against  
normal o r  immune serum by Western blot. The r e s u l t s  w i l l  indicate whether 

-digestive tract a b e t t e r  source of protect ive  a n t i g e n s  than salivary glands 
which & very impor tan t  to our  ultimate goal. 

3. Separation of p r o t e c t i v e  antigens. 
I .  

This consis ts  of t h e  purification of the  a n t i g e n s  found  t o  be react ive  
only in sheep immunoprotected against ticks.  his is a p a r t  of the or iginal  
project t h a t  was desc r ibed  i n  the  corresponding t ex t .  

4. Vaccination of sheep  with the  separated antiqens.  

This i s  a l so  a p a r t  of the  original p ro jec t  t h a t  was a l ready  described 
in the original  t e x t -  

5. Initiation of work f o r  t h e  identif ication of a n t i q e n s  of Boophilus sp. and 
vaccination of c a t t l e  i n  t he  Dominican Republic. 

This is a l so  a p a r t  of t he  original project .  

PROBLEMS ENCOUNTERED 

Scientif ically,  t h e  p ro j ec t  has proceeded as expec t ed  and has yielded 
very important: r e s u l t s  already. Logistically, however, w e  had a number of 
set-backs. 

First, w e  rece ived  r,atice of the awarding of t h e  g r a n t  too la te  fo r  Dr. 
Andujar t o  be adequa t e ly  t ra ined in English i n  t h e  Dominican Republic. For 
this reason, w e  missed t h e  f i r s t  four  o r  f i v e  months u n t i l  he  was ready t o  
s t a r t  working on t h e  pro jec t .  Second, a c u t  back  of  a b o u t 4 0 %  in  t he  
funds originally reques ted  prevented us  from acqu i r ing  t h e  supplies and 
personnel t o  run more t han  one experiment a t  t h e  same t i m e .  Since a 
ser ies  of f i v e  i n f e c t i o n s  i n  sheep takes over 10 months, w e  spent almost 
the ent i re  Pirst y e a r  working with a model t h a t  f i n a l l y  proved t o  be 
inadequate. Under t h e s e  conditions, a t ta inment  of on ly  about  40 fed t i c k s  
t o  obtain sal ivary g land  e x t r a c t  takes almost t h r e e  months s o  the work is 
slowed down considerably.  

Third, pa r t i a l l y  d u e  to th i s  delay the  co- invest igator  t h a t  was supposed 
t o  provide the  t i c k s  (Dr. Needham) acquired new compromises and left the  
research team. This change  was eventually b e n e f i c i a l  t o  t h e  project s ince 
it forced m e  t o  move t h e  t i c k  operation t o  my q u a r t e r s  which gives me a 
much bet ter  c o n t r o l  o v e r  t h i s  par t  of t he  project. A slow down of tick 



production f o r  some time before Dr. Needham's f ina l  resignation, and t h e  
establishment of new quar ters  f o r  t i c k s  r e a r i ~ g  consumed other  f e w  months 
of low productivity. 

R E Q U E S T  FOR AN E X T E N S I O N  I N  TI'ME WITHIN T H E  O R I G I N A L  BUDGET 

In  s p i t e  of the  logist ics set-backs, t h e  project  has proceeded ve ry  w e l l  
and w e  have made important advances  toward our original aims. S i n c e  w e  
passed a l r eady  the  learning, curve  necessary  f o r  a n e w  project  of t h i s  
nature,  w e  f e e l  t h a t  w e  a r e  now much closer t o  our ultimate goal,  

Continuation of this work is ex t r eme ly  important now s i n c e  one  of t he  
t h r ee  persons working on anti- t ick immunity in ruminants in t h e  United 
S t a t e s  q u i t  recen t ly  (Dr. Steven Brown, of the, University of I l l inois) .  This 
l e aves  u s  and Dr. Steven Wikel (of t h e  University of North Dakota) as the  
only groups doing research un t h i s  s u b j e c t  in  thy. country. 

For these  reasons, w e  request  an extension foi: an extra  y e a r  (June 1, 
1987, t o  May 31, 1988) t o  complete t h e  work originally planned. W e  have  
administered our budget in such a way t h a t  w e  should be ab le  t o  work t h i s  
e x t r a  y e a r  within the limits of t h e  budge t  originally a ~ m v e d .  


