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Summary. - A total o f  14 250 haematophagous  bit ing m i d g e s  (genus 
Culicoides, Diptera: Ceratopogonidae) were  collected i n  June  1986 
i n  the  mounta ins  Českomoravská vysočina (about 600 m above  sea 
level);  f r o m  these 2 strains o f  Ťahyňa  v irus  (serogroup California, 
Bunyaviridae) w e r e  isolated. T o  o u r  k n o w l e d g e  this is the  first isola­
tion o f  a California serogroup virus from the species o f  family Cera­
topogonidae as well as the first report o f  arbovirus isolation from 
biting midges in Europe. 
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Introduction 

Bloodsucking representatives o f  the  fami ly  Ceratopogonidae (Diptera) are 
since m a n y  years k n o w n  as undes ired  ectoparasites attacking w i l d  l iv ing  a n d  
domest ic  animals, birds, as w e l l  as man.  In w a r m  regions they  contribute to 
transmission o f  pathogens s u c h  as haemosporidia, microfilariae, a n d  last b u t  
n o t  least o f  viruses. 

More than 60 arboviruses can b e  transmitted b y  b it ing m i d g e s  largely f r o m  
g e n u s  Culicoides, inc luding agents s u c h  as b luetongue,  Afr ican  horsesickness, 
Eastern e q u i n e  encephalitis, Nairobi  s h e e p  disease, C o n g o  haemorrhagic 
fever, Oropouche fever,  a n d  others. W i t h  m a n y  other viruses their association 
to clinical disease has  b e e n  anticipated. Because o f  the  lack o f  investigation o f  
b loodsucking bit ing m i d g e s  as viral vectors i n  Czechoslovakia, w e  dec ided  t o  
evaluate the  role o f  Diptera in  arbovirus transmission. 

Materials and Methods 

Specimens were  collected in sites surrounding the town Telč (Jihlava district, South Moravia). 
The investigated locality is  situated in the mountains Brtnické vrchy, 470 - 712 meters  above  sea 
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level .  T h e  m e a n  t e m p e r a t u r e  t h e r e  i s  6.5  ° C ,  t h e  to t a l  ave rage  p rec ip i t a t i on  617 m m ,  t h e  g rowing  
s e a s o n  las ts  f o r  143 d a y s  (Vesecký ,  1961). Geological ly  t h e  a r e a  b e l o n g s  t o  m o l d a n u b i c u m ;  it i s  
c o v e r e d  w i t h  m e s o p h y t i c  vegeta t ion  o f  s u b m o u n t a i n  leve l  (Fagion).  T h e  smal l  r o d e n t s  are  
f r e q u e n t  (Sorex araneus, Neomys fodiens, Mus musculus, Apodemus flavicollis, Apodemus sylva-
tlcus, Microtus arvalts, Clethrionomys glareolus; H o m o l k a ,  personal  communicat ion) .  F r o m  larger  
m a m m a l s  Lepus europeus, Vulpes vulpes, Meles meles, Sus scrofa can b e  f o u n d ,  l e s s  f r e q u e n t l y  
Oryctolagus cuniculus can occur.  F r o m  large  m a m m a l s  Capreolus capreolus, Dama dama, a n d  
Cervus elaphus a re  w o r t h  m e n t i o n i n g  (Zima, personal  communicat ion) .  T h e  land i s  covered  w i t h  
f o r e s t s  o r  f ie lds ,  p o n d s  are  f r e q u e n t .  G r a z i n g  o f  cattle i s  regular,  occasionally g o a t s  m a y  b e  seen.  
T h e  a r e a s  o f  spec imen collection w e r e  close  t o  w a t e r  s u r f a c e  w i t h  except ion o f  locality II (Lipky).  
Material  w a s  col lected in 5 localities,  m o s t l y  in locality I. 

Locality  I ("Stará Říše  - Pi lka")  is a c learing 605 - 610 a b o v e  s e a  level  a b o u t  3 0 0  m f r o m  a larger  
f o r e s t  e d g e  (spruce w i t h  occasional  p ines  a n d  a f e w  d e c i d u o u s  trees) .  N e a r b y  (50 m )  i s  a p o n d  
( " V o d n a t ý " ) .  Locality II i s  cal led " L i p k y " .  Locality III is cal led " L h o t k a "  a t  t h e  p o n d  "Svato­
j á n s k ý " .  Locality IV " Ř á s n á "  i s  a t  p o n d  " V e l k o p a ř e z i t ý "  a n d  locality " Ř í d e l o v "  at  t h e  p o n d  "Pi lný" .  

T h e  i m a g o e s  w e r e  captured b y  t h e  h e l p  o f  an  e n t o m o l o g i e  n e t  at  attacking m e n  (about  90% o f  
b i t ing  m i d g e s )  o r  t h e y  w e r e  col lected f r o m  sent ine l  rabbi t s  o r  b y  a l ight  trap.  F r o m  J u n e  2 3  t o  J u n e  
26, 1986 a l together  14 250 i m a g o e s  a n d  f e m a l e s  f r o m  g e n u s  Culicoides w e r e  captured.  S e v e n  
spec ies  w e r e  ident i f ied  (l isted according t o  their  f r e q u e n c y ) :  Culicoides obsoletus (IVleigen, 1918), 
C. impunctatus ( G o e t g h e b u e r ,  1920), C. achrayi (Kett le  a n d  L a w s o n ,  1955), C. pallidicornis 
(Kie f fer ,  1919), C. pulicaris (Linne,  1758), C. heliophilus (Edwards,  1921), a n d  C. grisescens 
(Edwards ,  1939). T h e  s p e c t r u m  o f  species  w a s  e s t imated  b y  identi f icat ion o f  1505 bi t ing  m i d g e s ,  a 
s a m p l e  regarded  f o r  representat ive .  

S a m p l e s  des t ined  f o r  v i r u s  isolation w e r e  sh ipped  in g l a s  t u b e s  o n  dry  ice a n d  t h e n  s tored  a t  
- 7 0  ° C  u n t i l  e x a m i n e d .  S P F  o u t b r e d  suck l ing  m i c e  ( 1 - 3  d a y s  o l d )  f r o m  b r e e d  V e l a z  (P rague )  w e r e  
i n o c u l a t e d  b y  in t r ace reb ra l  (i.e.) r o u t e .  T h e  s u s p e n s i o n s  f r o m  250 i m a g o e s  w e r e  p r e p a r e d  i n  1.5 m l  
L-15 m e d i u m  c o n t a i n i n g  3 %  f o e t a l  calf  s e r u m  a n d  an t ib io t i c s ;  t h e y  w e r e  clar i f ied b y  c e n t r i f u g a t i o n  
(1500 r e v / m i n ,  15 m i n )  a n d  t h e i r  s ter i l i ty  w a s  c h e c k e d  o n  m e a t - p e p t o n e  a n d  th ioglycol la te  b r o t h  
i n c u b a t e d  f o r  5 d a y s  a t  37  ° C .  T h e  i n f e c t e d  m i c e  w e r e  o b s e r v e d  f o r  2 0  days .  

T h e  b r a i n s  f r o m  d e a d  a n d  sick m i c e  w e r e  h o m o g e n i z e d  a n d  i n o c u l a t e d  i n t o  suck l ing  m i c e  u n t i l  
100% le tha l i ty  w a s  ach i e ve d .  T h e  pas saged  i so la tes  w e r e  e x a m i n e d  f o r  t h e i r  phys i cochemica l  a n d  
biologica l  p rope r t i e s .  T h e  t e s t s  i n c l u d e d :  1. m e m b r a n e  f i l t r a t ion  a t  100 n m  a n d  220 n m  (Mi l l ipore  
filtres) a s  de sc r i bed  b y  H s i u n g  (1965) a n d  Casa l s  (1968);  2.  d e t e r m i n a t i o n  o f  sensi t ivi ty  t o  d ie thy-
l e t h e r  ( A n d r e w s  a n d  H o r s t m a n n ,  1949), a n d / o r  t o  s o d i u m  d e o x y c h o l a t e  ( L e n e t t e  et al., 1969); 3 .  
pa thogen i c i t y  f o r  suck l ing  a n d  a d u l t  m i c e  b y  i.e., i n t r a pe r i t onea l  (i .  p.) ,  a n d  s u b c u t a n e o u s  (s.c.) 
r o u t e s .  C P E  a n d  p l a q u e  f o r m a t i o n  w e r e  t e s t e d  i n  V e r o  a n d  P S  cel ls ;  infec t iv i ty  t i t r a t i ons  w e r e  
m a d e  i n  suck l ing  m i c e  a n d  i n  V e r o  cel ls  t h e  LD50 a n d  T C I D 5 0  v a l u e s  b e i n g  ca lcu la ted  a c c o r d i n g  t o  
R e e d  a n d  M u e n c h  (1938).  

T h e  v i r u s  i so la tes  w e r e  i d e n t i f i e d  i n  v i ru s -neu t r a l i za t i on  t e s t s  b y  m i c r o m o d i f i c a t i o n  o f  p l a q u e  
r e d u c t i o n  t e s t  ( d e  M a d r i d  a n d  Po r t e r f i e ld ,  1969) i n  V e r o  cells  w i t h  i m m u n e  s e r a  t o  f o l l owi ng  
v i ruses :  L ipovn í k ,  Ťahyf ta,  T r i b e č  a n d  s u b t y p e  B r e z o v á  (Hubálek  et al., 1988), U u k u n i e m i ,  
B h a n j a ,  Eyach,  Čalovo,  S indbis ,  W e s t  Nile,  tick b o r n e  encephal i t i s  v i rus ,  and ves icular  s tomati t i s  
v i r u s .  Several  Ť a h y ň a  v i r u s  s t ra ins  isolated in t h e  Č S F R  w e r e  u s e d :  t h e  prototype  strain " 9 2 "  
(Bárdoš  a n d  Danielová,  1959) s train " 2 3 6 "  (Bárdoš  et al., 1961), strain " L a 6 5 "  (Bárdoš  etal., 19756), 
s t ra ins  " T 1 6 "  and " P 6 b "  (Bárdoš  et al., 1975a). 
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Results 

T w o  viruses designated C/T38 a n d  C/T39 w e r e  isolated f r o m  unengorged  
females  collected i n  t h e  locality I f r o m  the  pools  containing  C. obsoletus, C. 
impunctatus, C. achrayi, C. pallidicornis, C. pulicaris, C. heliophilus, and  C. 
grisescens, the  first species dominat ing  at 71.2%. Both  agents passed the  220 n m  
filters b u t  n o t  t h e  100 n m  ones.  Diethylether a n d  SDC decreased the  titre o f  
isolates b y  5 log  as measured  i n  V e r o  cells. T h e  isolated v iruses  deve loped  CPE 
in  V e r o  as w e l l  as i n  PS cells. Their  titre i n  V e r o  cells reached 10"9 a n d  clearcut 
p laques were  f o r m e d  i n  these cells. Both isolates w e r e  pathogenic  f o r  suckling 
and  adult  m i c e  b y  i. c. inoculation a n d  f o r  suckling m i c e  b y  s. c. a n d  i. p. inocula­
tions. Peripheral inoculation was not  lethal for adult mice. T h e  infectious titre 
in suckling mice has reached 10"101 LD5 0 /ml. 

Plaque reduction neutralization o n  microplates with a panel o f  antisera 
(Materials and Methods) showed that the isolates are identical with  Ťahyňa  
virus. Basic estimations w e r e  m a d e  b y  80% plaque  reduction. F o r  calculations 
the  C 7  coeff ic ient  m e t h o d  was  u s e d  (Table 1) (Hubálek, 1982). Cluster analysis 
expressed i n  the  dendrogram (Fig. 1) s h o w s  the  h igher  antigenic relatedness o f  
our  isolate to  strains La65, T 236 a n d  P6b than to T16 a n d  92. 

Discussion 

Isolation o f  bunyav irus  Ťahyňa  {Bunyaviridae, g e n u s  Bunyavirus,  group 
Bunyamwera,  serogroup California) k n o w n  i n  Europe.  Asia,  a n d  Afr ica  
(Bárdoš, 1974) is i n  Europe  first reported f r o m  bit ing midges,  m e m b e r s  o f  

Table 1. Crosstitration b y  plaque reduction of the 6 Ťahyňa virus strains with corresponding 
antisera* 

V i r u s  
C/T38 P6b T16 

Serum 
La65 236 92 

C/T38 10.5** 9 8 9 9 7.5 
P6b 9 8.5 7.5 8.5 8.5 5.5 
T16 7 7 7.5 7 7 4.5 
La65 8 7 6.5 7.5 7 5 
236 7.5 6.5 5.5 7 6.5 4.5 
92 8.5 8.5 7 8.5 9 8 

* three  immunization doses  in mice 
** log2 of  titre reciprocals 
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Fig. 1 
Dendrogram depicting the  antigenic relatedness among  6 Ťahyňa virus  strains (based on 

the  data f r o m  Table  1) us ing  the C7 coefficient and cluster analysis (UPGMA) 

g e n u s  Culicoides and  probably represents the  first arbovirus isolation f r o m  
diptera. T h i s  isolation was  conf i rmed  b y  successful  serial passages and  b y  sero­
logical tests. During the working period Ťahyňa  virus was  n o t  h a n d l e d  i n  the  
laboratory. Furthermore antibodies to C/T38 w e r e  tested i n  the  focus  area in  
600 domest ic  ducks, 52 cows and  8 sheep. Neutralizing antibodies in  the  titre 
ž 16 w e r e  f o u n d  in 12 ducks  (2%), 4 cows (7.7%), and  3 sheep. 

Mosquitoes o f  genera  Aedes, Culex, Culiseta and  Anopheles are the  best  
d o c u m e n t e d  vectors o f  Ťahyňa  virus (Bárdoš and  Danielová, 1959; Bárdoš 
et al., 1975a; Bárdoš et al., 19756; Lvov,  1972; Rosický and  Málková, 1980). T h e  
interest o f  arbovirologists has focussed  o n  the  mass-occurring mosqui toes  a n d  
the  possible invo lvement  o f  other vectors has b e e n  nearly neglected. Because 
Ťahyňa  virus was several t imes  isolated f r o m  the b l o o d  o f  patients (Bárdoš et 
al., 1975; Sluka, 1972; Šimková, 1973; Lvov,  1977) and  clinical infection has 
b e e n  d o c u m e n t e d  b y  serological methods,  its medical  importance is evident.  
Therefore,  the  peculiarities o f  the  natural foci  o f  Ťahyňa virus s h o u l d  b e  
further investigated b y  serological studies in u p  to n o w  not monitored  areas i. e. 
in those wi th  an altitude 500 m or higher. 
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