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sues, and  t h e y  were no t  s ign i f ican t ly  d i f fe ren t  f rom zero. 
However ,  a t  t he  15 th  p o s t o p e r a t i v e  day,  the  P V I  c o u n t  
was increased  and  differed s ign i f ican t ly  f rom zero, b u t  
was of t he  same  e x t e n t  wh icheve r  l ympho id  t i ssue  was 
imp lan t ed .  
The  ana lys i s  of t he  d i f fe ren t  p r e t r e a t m e n t  of t he  donors  
d e m o n s t r a t e d  t h a t  A L S  as well as a d u l t  t h y m e c t o m y  de- 
pressed  cons ide rab ly  the  P V I - f o r m i n g  capac i ty  of t he  4 
l y m p h o i d  t i ssues  t e s t ed  in t he  e x p e r i m e n t a l  groups.  A t  
t he  8 th  and  30 th  p o s t o p e r a t i v e  days,  no s igni f icant  dif- 
ference b e t w e e n  the  two k i n d s  of p r e t r e a t m e n t  was  ob-  
served  for each  t i ssue  u n d e r  s tudy.  However ,  i t  m u s t  be 
no t ed  t h a t  a t  t he  15th  d a y  t he  Peyer ' s  pa t ches  as well  as 
the  spleen or l y m p h  nodes  f rom A T x  donors  induced  an  
hepa t i c  p a r a v a s c u l a r  i n f i l t r a t ion  of lesser i m p o r t a n c e  
t h a n  in con t ro l  an ima l s  b u t  s ign i f ican t ly  h igher  t h a n  
a f te r  ALS  t r e a t m e n t  (p < 0.05). Thus ,  based  on  th i s  
cr i ter ion;  i t  is suggested  t h a t  T - l y m p h o c y t e s  p re sen t  in 
the  Peyer ' s  pa t ches  h a v e  a reponse  to A L S  t r e a t m e n t  and  
adu l t  t h y m e c t o m y  closely r e l a t ed  to t h a t  of o the r  peri-  
phe ra l  T - lymphocy te s .  
Discussion. T - l y m p h o c y t e s  s u b p o p u l a t i o n s  h a v e  been  
r ecen t ly  rev iewed b y  C a n t o r  and  "vVeissman is. One class 
of t h e m  (T1) is sens i t ive  to  a d u l t  t h y m e c t o m y ,  re la t ive ly  
insens i t ive  to  A L S  and  homes  p re fe ren t i a l ly  to  the  spleen. 
A second s u b p o p u l a t i o n  (T2) is r e l a t ive ly  insens i t ive  to  
a d u l t  t h y m e c t o m y ,  sens i t ive  to  A L S  t r e a t m e n t  and  is 
found  in h ighes t  c o n c e n t r a t i o n  in l y m p h  nodes,  tho rac ic  
d u c t  and  blood. In  the  G V H  react ion,  the  T1 l ympho-  
cytes  are respons ib le  for c y t o t o x i c i t y  whereas  T2-1ympho-  

cytes  ac t  as ' ampl i f ie r '  cells respons ib le  for the  cell pro-  
l i fe ra t ion  12. The  resul t s  r epo r t ed  above  conf i rm the  sen- 
s i t i v i t y  of t he  T-cell  s u b p o p u l a t i o n s  of the  pe r iphe ra l  
l y m p h o i d  t i ssues  to  ALS  t r e a t m e n t  and  adu l t  t h y m e c -  
t omy .  However ,  t he  r e l a t ive  p r o p o r t i o n  of these  2 l ympho-  
cytes  subse t s  c a n n o t  be e v a l u a t e d  a d e q u a t e l y  wi th  t he  
e x p e r i m e n t a l  model  used in th i s  s tudy .  In  fact,  t h e  G V H  
reac t ion  obse rved  a f te r  i n t r a h e p a t i c  l y m p h o i d  t issue im- 
p l a n t a t i o n  is m o d u l a t e d  b y  t he  i n t e r a c t i o n  of a suppressor  
factor ,  p r o b a b l y  the  T-suppressor  cell, to  which  the  h igh  
va lues  of P V I  in n o n - t r e a t e d  F1 H y b r i d  rec ip ien ts  
(group b) m i g h t  be r e l a t ed  19, 2o. The  de layed  increase  (on 
t he  15 th  day) of t he  P V I  f o r m a t i o n  in the  rec ip ien ts  of 
A T x  l y m p h  nodes  spleen a n d  Peye r ' s  pa t ches  is in keeping  
w i t h  t he  p rev ious  f ind ing  t h a t  t h y m e c t o m y  in t he  a d u l t  
life caused  on ly  a pa r t i a l  loss of c apac i t y  to  deve lop  sup-  
press ive  a c t i v i t y  21. The  d a t a  r epor t ed  in th i s  s t u d y  dem-  
o n s t r a t e d  t h a t  the  T - l y m p h o c y t e s  of t he  Peyer ' s  pa t ches  
exh ib i t ed  the  same sens i t i v i ty  to A L S  or ATx  t r e a t m e n t  
as those  p r e sen t  in o the r  pe r iphe ra l  l ympho id  tissues.  
T h u s  i t  is conc luded  t h a t  all t he  k n o w n  subpopu l a t i ons  
of T - l y m p h o c y t e s  ac t ing  in t he  G V H  reac t ion  are p r e sen t  
in Peye r ' s  pa tches .  

18 H. Cantor and I. Weissman, Prog. Allergy 20, 1 (1976). 
19 R. Eloy, D. Vuitton, J. P. Vaultier, A. Pousse and .l.F. Grenier, 

Cell hnmun. 21, 236 (1975). 
20 D. Vuitton, R. Eloy, G. Coumaros and J. F. Grenier, Cell 

Immun., 28, 51 (1977). 
21 R.B. Taylor and A. Basten, Br. med. Bull. 32, 152 (1976). 

Effects and durat ion of res is tance  acquired by rabbits  on feeding and egg  laying in Ixodes  ricinus L. 1 

j .  Bowess id jaou,  M. Brossa rd  and  A. A e s c h l i m a n n  

l~stitut de Zoologie, Universitd de Neuchdtel, CH 2000 Neuchdtel (Switzerland), 23 September 1976 

Summary. R a b b i t s  g r adua l l y  deve loped  a res i s tance  aga ins t  Ixodes  r ic inus  t icks  as a resu l t  of sequen t i a l  e x p e r i m e n t a l  
infes ta t ions .  The  res i s tance  was cha rac t e r i zed  b y  an  increased  d u r a t i o n  of feeding, b y  t icks  engorg ing  to a smal ler  
e x t e n t  and  b y  reduced  egg p roduc t ion .  Once es tab l i shed ,  the  i m m u n i t y  pers i s ted  for a t  leas t  9 m o n t h s .  Changes  in the  
t i t r e  of c i rcu la t ing  an t i - I ,  r ic inus  an t ibod ies  was m e a s u r e d  b y  ind i rec t  immunof luorescence .  

A l t h o u g h  the  ecology, b e h a v i o u r  and  ep idemiology  of 
I. r i c inus  h a v e  been  ex t ens ive ly  s tudied,  t he  i m m u n o -  
logical r eac t ions  of the  hos t  to  the  b i te  of th i s  t i ck  are 
ve ry  poor ly  unde r s tood .  I n  t h i s  work,  t he  deve lopmen t ,  
effects and  d u r a t i o n  of r es i s t ance  acqu i red  b y  t he  r a b b i t  
on  feeding, egg p r o d u c t i o n  and  hence  f ecund i ty  are de- 
scribed.  The  occurrence  of specific an t i - I ,  r ic inus  sa l iva  
an t ibod ie s  was also examined .  
Materials and methods. To s t u d y  t he  d e v e l o p m e n t  of 
acqu i red  res is tance ,  5 male  r a b b i t s  ( H i m a l a y a n  breed,  
geno type  aacnc~) ,  weighing  2 kg, were infes ted  4 t imes,  
each  w i t h  10 22 I. r ic inus  on  days  0, 21, 49 and  84 of t he  
expe r imen t .  The  d u r a t i o n  of i m m u n i t y  was i nves t i ga t ed  
b y  re - infes t ing  2 of these  an i m a l s  56 days  a f te r  t he  4 th  
in fes ta t ion ,  2 o the r s  183 days  and  t he  las t  r a b b i t  269 days  
af ter .  The  29 t icks,  c a p t u r e d  in t he  field on a ' b l a n k e t ' ,  
were  he ld  a t  h igh  h u m i d i t y  ( R H  > 9 0 % )  and  a l lowed to 
engorge a long w i t h  c?d~. I t  is k n o w n  t h a t  fe r t i l i za t ion  is 
necessa ry  for t he  f inal  phase  of feeding in 992 . I n  order  to  
avo id  local c u t a n e o u s  lesions imped ing  a t t a c h m e n t ,  t he  
ears were in fes ted  in t u rn ,  some t imes  a l so  the  an ima l s  
backs  were used. 
The  t icks  were p ro t ec t ed  b y  a ny lon  shea th ,  f ixed a t  i ts  ex-  
t r emi t i e s  w i th  a n  adhes ive  b a n d  ; a col lar  p r e v e n t e d  t he  r ab -  

b i t  f rom scra tch ing .  A t  t he  end  of feeding, the  ~9 I r icinus.  
( the male  does no t  feed) d e t a c h e d  f rom the  hos t  a n d  were 
col lected b y  open ing  t he  shea th .  T h e y  were weighed a n d  
p laced  in a h u m i d  e n v i r o n m e n t  (RH > 9 0 0 )  for egg lay- 
ing and  ha t ch ing .  The  presence  of c i rcula t ing,  specific 
an t i - I ,  r ic inus  sa l iva  an t ibod ie s  were examined  b y  in- 
d i rec t  immunof luorescence ,  accord ing  to the  t echn iques  
descr ibed  elsewhere a. Sa l iva ry  g lands  of 2~ ixodids,  t a k e n  
on  t he  4 th  day  of feeding,  were used as ant igen .  At  th i s  
s tage  of e n g o r g e m e n t  of t he  t icks,  t he  sa l iva ry  g lands  
c o n t a i n  a large n u m b e r  of an t igen ic  acini.  The  t h r e sho ld  
of specif ici ty  of the  r eac t ion  was f ixed expe r imen t a l l y  
a t  1/20 . 
Results. 1. Effec ts  of acqu i red  res i s tance  in r a b b i t s  on  t h e  
n u t r i t i o n  of ~;~ I. r icinus.  P r e l i m i n a r y  note.  Dur ing  t he  
4 e x p e r i m e n t a l  in fes ta t ions ,  all t he  ~ I. r ic inus a t t a c h e d  ; 
also m o s t  fed. However ,  on  t he  4 th  in fes t a t ion  36.0~o died  
on t he  hos t  w i t h o u t  engorging.  In  t he  tex t ,  t h e  we igh t  
of fas t ing  99 I. r ic inus  (which t he  m e a n  weigh t  is 

1 The present work was supported by the Swiss National Fund for 
Scientific Research, grant No. 3.558 0.75. 

2 J.-F. Graf, dissertation (in press). 
3 M. Brossard; Acta trop. 33, 15 (1976). 
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Table 1. Effect of resistance on feeding in 99 I. ricinus 
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Infestation number 
1 2 3 4 

Mean weight of fed 99 (rag) 254.8 4- 75.8 175.7" • 114.1 183.0" 4- 104.7 81.1" 4- 68.8 
Coefficient of dispersion (%) 29.7 65.0 57.2 78.7 
Percent 99 normally engorged (>~ 120 mg) 100.0 60.5 68.2 25.0 
Mean feeding time (h) 172 4- 36 182 ~_ 30 194"* ~- 50 220* 4- 57 

*p < 0.00I; ** 0.01 < p <0.05. Significance of results was tested with Student's t-test. 
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Fig. 1. Frequency distributions of weights of 99 I. ricinus from 4 
successive infestations on 5 rabbits. Class intervaIs are 60 rag. 

1.695 m g  2) is neglected.  --  D u r i n g  the  f i rs t  feeding,  t i cks  
took  120.0 to 399.7 m g  of blood, wi th  a m e a n  of 254.8 mg.  
T h u s  in re in fes ta t ions ,  t i cks  we igh ing  120.0 m g  or more  
were cons idered  ful ly  engorged  (table 1). In  the  2nd, 3rd 
a nd  4 th  in fes ta t ions ,  the  m e a n  we igh t  of fed t icks  fell 
r e spec t ive ly  by  79.1, 71.8 a nd  173.7 m g  (p<0 .001) .  O n ly  
60.5, 68.2 a nd  25.8% of the  t icks  were ful ly  engorged.  
Thus ,  f rom the  we igh t  of blood inges ted ,  the  p o p u l a t i o n s  
of t icks  in t he  2rid a nd  3rd i n f e s t a t i on  were d iv ided  in to  
2 g roups  on e i ther  side of the  l imit ,  earl ier  se t  a t  120.0 m g  
(figure 1). Th i s  pa r t i cu l a r  d ivis ion was  cha rac te r i zed  by  an  
e x t e n t i o n  of the  bases  of t he  2 h i s t o g r a m s  t o w a r d s  t he  
left  (i.e. lower weights) .  For  t he  2nd in f e s t a t i on  par t i c -  
u lar ly ,  t he re  were 2 pe a ks ;  for t he  4 th  in fes ta t ion ,  t he  
on ly  pe a k  of t he  h i s t o g r a m  was  s i t u a t e d  below 120.0 mg.  
For  t he  3 re in fes ta t ions ,  the  coeff ic ients  of d i spers ion  were 
above  30.0%, being 65.0, 57.2 and  78.7 r e spe c t i ve ly  
(table 2). Th i s  u n d o u b t e d l y  ind ica ted  an  a l i m e n t a r y  
d i s t u r b a n c e  due  to the  i m m u n e  response  of the  rabb i t s .  
On r e s i s t a n t  an imals ,  a t t a c h m e n t  t ime  was  p ro longed  b y  
48 h (p< 0 .001 )  ; f rom 172 h in the  f i rs t  in fes ta t ion ,  it  rose 
to 220 h in t he  last.  
2. Ef fec t  of acqu i red  res i s tance  in r a bb i t s  to egg l ay ing  
in I. r ic inus.  All the  ~9 I. r ic inus  f rom the  f i rs t  i n f e s t a t i on  
of the  r a bb i t s  laid eggs no rma l ly ,  t he  n u m b e r  of eggs laid 
be ing  p ropor t iona l  to the  we igh t  a t t a i n e d  by  the  females  
du r ing  feeding 2. In the  3 following . in fes ta t ions ,  23.3, 
29.5 and  84.4% respec t ive ly  of t he  f emales  did no t  lay  
eggs. i n  the  ma in ,  these  %males  were no t  ful ly  engorged ,  
i.e. 90.0, 69.2 and  77.8% respec t ive ly .  T h u s  acqui red  
res i s tance  in the  r a bb i t s  impe de d  n o r m a l  n u t r i t i o n  in t he  
t icks  and  poss ib ly  p r e m a t u r e l y  b locked the  onse t  of vi- 
tel logenesis .  
3. Acqu i red  res i s t ance  a nd  f e c u n d i t y  of 99 I. r ic inus.  F r o m  
the  f i rs t  in fes ta t ion ,  t he  eggs laid by  22.2% of the  females  
did no t  h a t c h ;  t h e y  all c a me  f rom t icks  fed on a single 
r a bb i t  ( table 2). The  fai lure pe r c e n t a ge s  f rom the  fol- 
lowing 2 i n f e s t a t i ons  were s imilar ,  21.2 a n d  29.0%, b u t  
f rom the  4 th  in fes ta t ion ,  eggs laid b y  80.0% of t he  t icks  
did no t  develop.  However ,  because  of the  resu l t s  of the  

Table 2. Effect of resistance on egg laying and hatching 

Infestation nmnber 
1 2 3 4 

Failure to lay eggs 0 23.3 29.5 84.4 
(as percent of 99 which fed) 

Failures due to 
abnormal feeding 0 90.0 69.2 77.8 
(< 120 rag; %) 

Failure of egg hatching 22.2 21.2 29.0 80.0 
(percent ot 99 laying eggs) 

Fecund ~9 (%) 77.8 60.5 50.0 3.1 
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Table 3. Duration of acquired resistance 

Speeialia E X P E R I E N T I A  3 3 / 4  

Rabbit number 
1 2 3 4 5 

Time elapsed since 4th infestation (days) 56 
Mean weight of fed 99 (mg) 139.6 -L 79.2 
~29 normally engorged (/> 120 mg; %) 66.7 
Mean feeding time (h) 219 
Failure to lay eggs (as percent of ~9 which fed) 55.5 
Failure of egg hatching (percent of 99 laying eggs) 75.0 
Fecund ~9 (%) 11.1 

56 183 183 269 
93.9 • 86.7 83.8 ~ 38.7 80.2 • 56.6 57.3 i 34.3 
30.0 22.2 20.0 0 

215 200 217 209 
70.0 55.5 30.0 50.0 
66.7 100.0 85.7 100.0 
10.0 0 10.0 0 

first  infes ta t ion,  we canno t  conclude t h a t  one of t he  in- 
f luences of acquired res is tance is to affect  embryogenes is  
in the  egg. 
Fed  on rabb i t s  which  had  had  no previous  con tac t  wi th  
the  ticks, 77.8% of the  95 I. r icinus were fertile (table 2). 
F r o m  the  2nd and  3rd infestat ions,  60.5 and 50.0% 
respec t ive ly  laid eggs which ha tched .  F r o m  the  4th in- 
fes tat ion,  t he  pe rcen tage  became very  low, 3.1%. In  th is  
case, the  cycle of I. r icinus was near ly  comple te ly  s topped  
by  i m m u n i t y  in the  rabbi ts .  
4. Acquired res is tance in rabb i t s  and circulat ing ant i -I .  
r icinus ant ibodies .  Circulat ing ant i -I ,  r icinus saliva ant i -  
bodies were  de tec ted  7 days  af ter  the  f i rs t  infes ta t ion.  The 
t i t re  rose rap id ly  and 18 days  af ter  the  beginning  of the  
expe r imen t  was 1/320 in all bu t  one case (figure 2). Several  
days  before each of the  o ther  3 infestat ions,  the  t i t re  of 
ant ibodies  was high (geometric mean:  1/242, 1/367,, 1/367 
respectively)  and general ly  var ied li t t le be tween  animals.  
Thus,  the  ex t r emely  s t rong i m m u n i t y  observed a t  the  
4th infes ta t ion  was no t  due to a h igher  level of c irculat ing 
ant ibodies  (see discussion). 
5. Dura t ion  of res is tance in rabbi ts .  Each  r abb i t  (No. 
1-5), re infes ted 56, 183 or 269 days  af ter  the  4th in- 
fes ta t ion  wi th  10 ~ I. r icinus showed res is tance (table 3). 
The i m m u n i t y  var ied f rom rabb i t  to rabbi t ,  b u t  a lways 
led, w i th  the  failure of egg laying or ha tching ,  to a low 
percen tage  of fecund females (too 11.1%). In  fact, t he  
mean  weights  of blood ingested were be tween  57.3 and  
139,6 mg;  t h e y  were therefore  less t h a n  a t  the  first  in- 
fes ta t ion  (254,8 mg) and only 0 to  66.7% of the  t icks were 
normal ly  engorged.  Mean feeding t imes  were be tween  
200 and 219 h, figures exceeding the  a t t a c h m e n t  t ime ob- 
served in normal  r abb i t s  (172 h). Fed on res i s tan t  rabbi ts ,  
30.0 to  70.0% of ~ I. r icinus did no t  lay eggs and 66.7 to 
100% of egg ba tches  laid did no t  h a t c h  (see tables  1 
and 2). 
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Fig. 2. Changes in titre of circulating anti-I, ricinus saliva antibodies. 
-- - - . - -  Geometric mean of antibody titre. - -  �9 O Ex- 
treme values (lowest and highest) on particular day. 

Discussion and conclusions. Acquired  resis tance in rab-  
bi ts  d i s turbs  the  feeding of $$ I. ricinus, by  increasing 
the  m e a n  feeding t ime f rom 172 h on the  f irs t  infes ta t ion  
to 220 h a t  the  4th. In  fact,  dur ing  the  2nd and 3rd in- 
fes ta t ions  only abou t  2/3 of the  t icks fed normal ly ;  the  
others  inges ted  less t h a n  120 mg of blood, the lowest  
weight  a t t a ined  on rabbi t s  previous ly  unexposed  to in- 
fes ta t ion  (table 1)2. Adul t  Rhipicephalus bursa 4 or R. ap- 
pendiculalus ~ engorge equal ly  poor ly  on res i s tan t  rabbi ts .  
This is also the  case of larval Dermacentor andersoni fed 
on i mmu n e  guinea-pigs  6. 
Using the  t echn ique  of indi rec t  immunofluorescence,  cir- 
culat ing ant i -I ,  r icinus sal iva ant ibodies  were de tec ted  
f rom the  end  of the  first  infes ta t ion.  T h e y  are p robab ly  
involved in t he  deve lopmen t  of res is tance  as i m m u n i t y  
has been pa r t l y  t ransfer red  by  i.v. inject ion of immune  
serum into non- res i s tan t  animals  7. The specific ant ibodies  
may  neutra l ize  the  digest ive or sal ivary enzymes  of the  
ticks, an hypo thes i s  a l ready suggested to explain the  
resis tance of ca t t le  to Boophilus  microplus  3,8. However ,  
ano ther  exp lana t ion  is Ipossible. In  res i s tan t  animals, an 
intense  in f l ammat ion  of the  skin develops a t  the  a t t ach-  
men t  po in t  of the  t icks s. A normal  flow of blood is thus  
p robab ly  impeded.  
Res is tance  dur ing the  4th infes ta t ion  was much s t ronger  
and only 1/4 of the  t icks fed normal ly  (table 1). However ,  
the  an t ibody  t i t re  was no t  e levated  above t h a t  of the  pre- 
ceding infes ta t ion.  A cel l -mediated immuni ty ,  a l ready  
d e m o n s t r a t e d  in the  larval  D. andersoni-guinea-pig  
sys tem 1~ could re-inforce the  pro tec t ive  act ion of ant i -  
bodies. On i mmu n e  rabbi ts ,  an increase in the failure of 
egg laying by  2~ I. ricinus was no ted  f rom the  first  to  the  
4th in fes ta t ion  (0 to 84.4%, tab le  2). Ticks exper imen-  
tal ly de tached  before the  end of feeding on non - immune  
rabbi t s  only fail to lay eggs if t h e y  weigh l ess  t h a n  
22.3 mg 2. In  our case, mos t  failures occurred in incom- 
pletely engorged females ( < 1 2 0  mg), bu t  86% of these  
weighed more  t h a n  22.3 rag. This  suggests  t h a t  the  in- 
gested blood, t hough  suff icient  in q u a n t i t y  to assure egg 
laying, even if s o mew h a t  reduced,  con ta ined  factors det r i -  
men ta l  to  the  fo rmat ion  of eggs and pe rhaps  also to em- 
bryogenesis .  
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