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Summary. — Ixodes ricinus f e m a l e  t i cks  w e r e  i n o c u l a t e d  w i t h  
Skal ica (SK) v i r u s  (non-pathogenic  f o r  a d u l t  a l b i n o  m i c e  b y  
s u b c u t a n e o u s  route )  a n d  14 d a y s  later  t h e y  w e r e  c h a l l e n g e d  
w i t h  s t ra in  198 o f  T ick-borne  E n c e p h a l i t i s  ( T B E )  v i r u s  
(h igh ly  p a t h o g e n i c  f o r  a d u l t  a l b i n o  m i c e  b y  s u b c u t a n e o u s  route) .  
A f t e r  a d d i t i o n a l  14 d a y s  o f  i n c u b a t i o n ,  42.9 t o  6 5 . 0 %  o f  t h e  a d u l t  
(10—12 g)  a l b i n o  m i c e  i n f e s t e d  w i t h  t h e s e  d o u b l e  i n f e c t e d  t i c k s  
d e v e l o p e d  a n t i b o d i e s  t o  T B E  w i t h o u t  s igns  o f  s ickness  (trans­
mission o f  S K  virus), while  paralysis or d e a t h  w a s  registered i n  
35.0 t o  57 .1% o f  infested mice (transmission o f  strain 198) 
depending on  t h e  concentration o f  strain 198 used for inoculation 
o f  ticks. However ,  a l ow degree of  interference t o  superinfection 
w i t h  strain 198 w a s  observed, w h e n  t h e  dissected t ick sal ivary 
glands were examined  b y  subcutaneous  inoculation o f  adult  
albino mice (more t h a n  9 0 %  of  examined  sal ivary g lands  contained 
strain 198 virus). 
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Introduction 

Dual  infections o f  vectors  w i t h  various arboviruses became ev ident  w i t h  
the  evidence of  m i x e d  natural foci o f  arbovirus infections.  T h e  m i x e d  foci  
of different tick-borne virus combinations [e.g. t ick-borne encephalit is  a n d  
Uukuniemi  viruses; or tick-borne encephalit is  ( T B E )  a n d  Tribeč v i r u s ]  w e r e  
i n v e s t i g a t e d  i n  S l o v a k i a  (Nosek  et al., 1980; K o ž u c h  et al., 1982; 1987). 

T h e  relat ionship o f  v i r u s e s  in d o u b l e  in fected  v e c t o r s  and/or v e c t o r  t i s sues  
w a s  s tudied  b y  m a n y  inves t iga tors .  I n  cell or  o r g a n  cul tures  f r o m  t i c k s  n o  
interference of a n y  k i n d  w a s  o b s e r v e d  a f t e r  s u b s e q u e n t  infection w i t h  t h e  
unrelated v i r u s e s  (e.g. L i b í k o v á  et al., 1974; Řeháček  a n d  L i b í k o v á ,  1979; 
Chunikhin  et al., 1981; Řeháček,  1987). Similar  resu l t s  h a v e  been  r e p o r t e d  
in mosqui toes  infected  w i t h  a l p h a v i r u s e s  a n d  flaviviruses (Chamberlain a n d  
Sudia,  1957; L a m  a n d  Marshall,  1968). 

Inhibit ion of  t h e  replication of  a l te rnate  California serogroup b u n y a v i r u s e s  
in Aedes triseriatus mosquitoes  h a s  been o b s e r v e d  f o r  mosqui toes  p r e v i o u s l y  
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i n f e c t e d  w i t h  t h e  L a  Crosse v i r u s .  B y  contrast,  pr ior  t o  in fec t ion  o f  m o s q u i ­
toe s  with  La Crosse virus i t  d id  n o t  interfere significantly wi th  the  subsequent 
infection and replication o f  Guaroa hunyavirus  (Bunyamwera  serogroup), 
or heterologous viruses such a s  W e s t  Ni le  flavivirus, or vesicular s tomat i t i s  
rhabdovirus (Bea ty  d al., 1983). The  onset  o f  interference was  t ime  dependent .  
T h e  majority o f  mosquitoes  infected with the  temperature-sensitive m u t a n t  
o f  L a  Crosse virus were resistant t o  superinfection with  wild t y p e  at  72 hr 
post-infection (p.i.) b u t  n o t  within 24  hr p.i. (Sundin and Beaty ,  J988). 

The  importance o f  t h e  s t u d y  o f  dual infection o f  t icks  with  the  closely 
related viruses o f  T B E  complex raised again after isolation o f  peripherally 
non-pathogenic  Skalica (SK) virus belonging t o  this  complex (Greš íková 
ft al., 1976) in  t h e  area w h e r e  n a t u r a l  foci  o f  T B E  v i r u s  o f  wes tern  t y p e  
(-Central E u r o p e a n  Encephal i t i s-CEE)  are present  ( K o ž u c h  et al., 1983). 

Materials and Methods 

Viruses. T w o  viruses of tho tick-borne encephalit is  complex di f fer ing i n  their  neurovirulence 
for  a d u l t  a lb ino  mice  a f ter  peripheral inoculation were used throughout  the  s t u d y .  Skalica (SK) 
v i rus  isolated f r o m  the  blood o f  bank-vole  (Clethrionomys (jlareolus) caught i n  tho locality Radi-
rnov near  Skalica t o w n  i n  western Slovakia (Grešíková  et al., 1976) w a s  used i n  its four th  mouse 
intracranial (i.e.) passage; this  v i rus  is non-pathogenic for  a d u l t  a lb ino  mice (SPF, f a r m  Černý 
Vul )  fo l lowing  subcutaneous (s.e.) inoculation (Grešíková and  Sekeyová, 1980; Rajěáni  anil Gre­
šíková,  1982). T h e  strain 198 isolated f r o m  Ixodes ricinvs n y m p h s  in t h e  local ity Gbolce in south­
ern Slovakia (Kožuch  et al., 1982) h igh ly  pathogenic for  adult  a lb ino mice  fo l lowing t h e  s.c. 
inoculation was  used in its t w e n t y  second mouse  i.e. possago. 

Ticks. For  tho experimental  purposes  Ixodes ricinvs adu l t s  were  collected b y  flagging the  
vegetat ion in t h e  locality Kusovce near Bratislava, where CEE v irus  w a s  never  isolated. T h e  
collected ticks were k e p t  in tho tost tubes  at 4 °C until used (up t o  14 days). Infected tick females 
were kept in the test tubes a t  the ambient temperature. A few leaves of the fresh grass were 
added t o  the each tube and were changed in a few days intervals t o  keep the humid environment 
inside tho tost tubes. 

Infection of ticks and transmission experiments. Tick females were infected paren*erally int^ 
tho membrane between the  coxa and trochanter of tho second loft leg by the means of the micro-
capilary. All ticks (with the exception o f  control groups) were inoculated with 0.2 (xl of 20,000 
suckling mouse (SM) i.e. LD50 o f  SK virus. After 14 days ineubation at ambien* temperature the 
ticks were challenged with 0.2 [zl of 2, 20, and 200 SMic LD50 o f  strain 198. One control group of 
t icks was inoculated with 0.2 (xl of P B S  only and after 14 days of incubation was infected with 
2, 20, and 200 SM i. c.  LD50 of 198 virus. The other control group of ticks was inoculated with 
20,000 L D  50 of SK virus and then with PBS only. After additional 14 days of incubation infected 
ticks were allowed t o  food on adult (10—12 g) a lb ino  mice. Infected females  were accompanied 
w i t h  uninfected males  a n d  each pair  was  placod ind iv idua l ly  into a transparent capsule fixed 
o n  tho back  o f  tho mouse  (Nosek, 1965). T ick  females  were a l lowed t o  feed t o  repletion. The 
mice  exposed t o  tho tick b i te  wore observed for tho s y m p t o m s  o f  illness or death  a n d  af ter  21 and 
28 d a y s  t w o  samples  o f  t h e  blood woro taken  f r o m  sinus orbital is  of surv i v ing  mice for  tho de­
tection of neutralizing (N) antibodies t o  CEE virus. 

Sera from tho blood of mice were assayed against 100 CPD50 of CEE virus in the cloned PS 
porcine epithelial colls, in which this virus exert a cytopathic effect (Kožuch a n d  Mayer, 1975). 

Tick salivary glands. T h o  sal ivary g lands  of engorged a n d  b y  mice  not removed t icks in the 
second o f  t w o  performed oxporimonts woro disseeted and  processed for v i rus  isolation. Suspensions 
o f  sal ivary g lands  o f  indiv idual  ticks woro prepared in 0.5 m l  of MEM supp lemented  w i t h  10% 
heat-inactivated calf  serum a w l  antibiotics. W i t h  0.01 m l  of 10-fold d i luted  suspension 1—3 
d a y s  old a lb ino  mice woro i.e. inoculated and  0.1 m l  o f  tho samo di luted suspension was  paralolly 
s.c. inoculated into 10—12 g a lb ino  mice. Tho  suckl ing a n d  adu l t  mice wore obsorvod for  the 
s y m p t o m s  of illness for  14 and  21 days,  respectively. 
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Table I.  Transmission of virus to adult albino mice by Ixodes rit-inus females inoculated 
with (a) 20.000 suckliug mouse (SM) i.e. L D 5 0  of Skalica virus 

(non-pathogenic for adult micc inoculated peripherally), (b) 20,000 
SMic L D 5 0  of Skalica virus and, subsequently, 2, 20, or 200 SMic L D 5 0  

of the pathogenic strain 198, (c) 2 or 2 0  SMic L D 5 0  of strain 198 

Apparent/inapparent  Per  cent transmission 
infections 

Skalica 198 

(a) 0/17 100 — 

(b) o 7/13 65.0 35.0" 
20 9/12 57.1 42.9" 

200 8/6 42.9 5 7 . l b  

(c) 9 10/0 100 
20 10/0 — 100 

' T w o  ticks f r o m  this  port ion o f  t h e  s t u d y  d i d  n o t  t ransmit  v irus,  based  o n  absence o f  neutra l iz ing  
ant ibody  i n  mice  o n  which  these t icks were fed .  

''One t ick  f r o m  th is  port ion o f  t h e  s t u d y  d i d  n o t  transmit  virus,  based  on absence o f  neutral iz ing 
ant ibody  i n  the  mouse  o n  w h i c h  th is  t ick w a s  f e d .  

Results 

Transmission experiments 

O u t  of  17 t icks  inoculated w i t h  S K  v i r u s  only, all  t ransmit ted  t h e  v i r u s  t o  
mice in t w o  feeding  exper iments  a s  confirmed b y  N-antibodies. N o  mouse 
died, neither developed s y m p t o m s  of illness. 

Three  d i f f e r e n t  v i r u s  concentrat ions w e r e  u s e d  t o  inoculate  t h e  t icks  w i t h  
strain 198 o n l y .  A l l  10 mice  b i t e n  b y  t icks  inocu lated  w i t h  20 SMic L D 5 0  d i e d  
10 t o  15 d a y s  f r o m  t h e  b e g i n n i n g  o f  t h e  t ick  feed ing.  O u t  o f  11 mice  b i t e n  b y  
ticks inocu lated  w i t h  2 SMic LD50 d i e d  9, 1 d e v e l o p e d  paralys is  o f  t h e  h i n d  
legs b u t  s u r v i v e d  a n d  t h e  s e r u m  o f  t h e  last  o n e  w a s  n e g a t i v e  i n  V N  test.  

T h e  t h i r d  g r o u p  consisted o f  t icks  inoculated  w i t h  S K  v i r u s  a n d  subse ­
quently challenged wi th  the  198 strain. Together 60  Ixodes ricinus females 
inoculated wi th  20,000 SMic LD50 o f  S K  virus and  wi th  three different con­
centrations of  198 strain were used in  t h e  t w o  transmission experiments.  
Out of  15 mice fed upon b y  t icks inoculated with  200 SMic L D 5 0  o f  198 strain 
three died, 5 became paralysed, 6 developed N-antibodies and 1 wa s  negative.  
Out of  2 3  mice o n  which t icks inoculated with  20 SMic L D 5 0  o f  198 strain 
were fed, 6 died, 3 became paralysed, 12 developed antibodies, and  2 were 
negative. Out o f  22 mice in  contact  wi th  ticks inoculated with  2 SMic LD50 
of 198 strain died 3, 4 were paralysed, 13 developed antibodies and t w o  were 
negative. 

Control  mice  in  c o n t a c t  w i t h  t i cks  inocu la ted  w i t h  S K  v i ru s  deve loped  
N-ant ibodies  on ly .  T h e  o t h e r  cont ro l  g r o u p  of mice i n  c o n t a c t  w i t h  t i c k s  
inoculated w i t h  198 s t r a i n  only ,  d ied o r  were  pa ra lysed  i n  100%.  Mice i n ­
fested w i t h  doub le  in fec ted  t i cks  developed an t ibod ies  w i t h o u t  s igns of i l lness 
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in 42.9 t o  05.0%.  Para lys i s  or dea th  w a s  registered in 35.0 t o  5 7 . 1 %  aecordin: 
t o  the  eoncentration of  198 strain used for  inoculation of t icks.  O u t  of  2 
apparent ly  infected mice wi th  t icks  dual ly  inoculated  12 (50%)  survived 
O u t  of 20 apparent ly  infected mice with  t icks  inoculated only wi th  19 
strain 1 mouse  (5.0%j) s u r v i v e d .  

T a b l e  1 s u m m a r i z e s  t h e  results o f  b o t h  transmission exper iments  accordin: 
t o  t h e  a p p a r e n t  a n d  i n a p p a r e n t  infect ions  o f  mice a n d  mice  w i t h  n e g a t i v  
N-antibodies,  w h i c h  w a s  regarded  as  n e g a t i v e  transmission.  

Examination of tide salivary glands 

O u t  o f  6 tested sa l i vary  g l a n d  suspensions  o f  d o u b l e  in fected  t icks  whicl  
t r a n s m i t t e d  v i r u s  t o  t h e  m i c e  d e v e l o p i n g  s u b s e q u e n t  inapparent  infectioi 
(SK v i r u s  transmission),  all were  v irus-posi t ive  as expected  (all i.e. inoculate* 
suck l ing  mice  d ied ) .  Out  o f  these however,  3 were  negat i ve  w h e n  tested h 
s.c. inoculat ion  o f  a d u l t  a l b i n o  mice (only 8 K  v i r u s  w a s  present);  2 s a m p l e  
c a m e  f r o m  t icks  chal lenged w i t h  2 SMic L D 5 0 ,  a n d  1 f r o m  a t ick  challenge! 
w i t h  200 SMic LD50 o f  198 strain.  In t h e  other  sa l i vary  g l a n d  suspensions 19 
strain  w a s  present, as  conf irmed b y  t h e  d e a t h  o f  a d u l t  mice  inoculated b y  s.c 
route.  E v e n  w h e n  present, 198 strain  w a s  n o t  t r a n s m i t t e d  b y  these ticks 

Discussion 

Interference b e t w e e n  mosquito-borne  arbov iruses  is a wel l  d o c u m e n t e d  
b u t  i n c o m p l e t e l y  unders tood  p h e n o m e n o n .  Infect ion  o f  mosqui toes  w i t h  
m u t a n t  S indb is  v i r u s  h a s  been  s h o w n  t o  i n h i b i t  replication o f  a superinfectin; 
w i ld-type  S indb is  v i r u s  (Peleg, J975). Prior t o  infect ion o f  Culex annulirostri 
mosqu i toes  w i t h  a ts m u t a n t  o f  Semliki  Forest  v i r u s  also complete ly  s u p  
pressed s u b s e q u e n t  infect ion b y  w i l d - t y p e  parenta l  v i r u s  ( D a v e y  et al., 1979] 
I t  has  also been  s h o w n  t h a t  infect ion o f  mosqui toes  w i t h  m u t a n t  flaviviruse 
interfered w i t h  super infect ion  b y  w i l d - t y p e  strains  o f  flaviviruses (Al tman 
1963; R o z e m b o o m  a n d  Kassira, 1969). 

Our  results  d e m o n s t r a t e d  t h a t  Ixodes ricinus t icks  in fected  parenteral; 
w i t h  per iphera ly  non-pathogenic  S K  v i r u s  are less suscept ib le  t o  infectioi 
w i t h ,  a n d  are less capable  o f  t r a n s m i t t i n g  the  h i g h l y  pathogen ic  198 T B I  
v i r u s  strain.  

T h e  reduct ion  in t h e  transmiss ion rate  o f  t h e  s u b s e q u e n t l y  inoculated  v i r u  
w a s  h i g h  (42.9 t o  05.0%),  b u t  t h e  reduct ion  in t h e  infect ion rate  o f  s a l i v a r  
g l a n d s  b y  t h e  second v i r u s  w a s  low (less t h a n  10%).  

T h e  role of observed interference in t icks  remains  t o  b e  demonstrated a f t e  
oral infection b y  feeding on viremic hosts  in the  s t a g e  of l a r v a  a n d  nymph 
or n y m p h  and imago.  T h e  molecular basis  of  such k ind  of interference  i 
unknown.  In v i e w  of t he specificity of t h e  interference i t  is possible t h a t  th  
initial infection induce defect ive  interfering particles  (Huang  et al., 1980] 
A l t e r n a t e  explanat ions  could include alteration of v i ra l  receptors on t a r g e  
cells or induction of ant iv i ra l  a c t i v i t y  in the  infected ticks,  or mosquitoe 
respectively (Riedel and Brown,  1979). 
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