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Summary. — A total  of 2922 small terrestrial mammals of 12 
species were collected in six localities of W e s t  Slovakia between 
1981 and 1986. When examined for  the  prevalence of neutral­
izing antibodies (NA) t o  Central European  encephalitis (CEE) 
vi rus  we found  t h a t  14.6% h a d  ant ibody.  Near ly  all (97%) of 
t h e  426 animals wi th  ant ibody were  Clethrionomys glareolus, t h e  
most  a b u n d a n t  species (52.6% of mammals  collected, 15.1% of 
those  wi th  antibody),  Apodemus flavicollis (22.5% of mammals  
collected, 18.1% of those wi th  antibody),  Apodemus sylvaticus 
(14% of mammals  collected, 8 .5% of those  wi th  antibody),  a n d  
Microtus arvalis (5 .5% of mammals  collected, 3 . 3 %  of those  wi th  
antibody).  I n  all locations studies t h e  mos t  a b u n d a n t  t ick found  
on  small mammals  was  Ixodes ricinus (larvae a n d  nymphs) .  Less 
abundan t ,  b u t  present  i n  all s tudied sites, were larvae a n d  
n y m p h s  of Dermacentor reticulatus a n d  Haemaphysalis concinna. 
Six strains of C E E  virus  were isolated f r o m  tissues of animals:  
four  f rom  Clethri/onomys glareolus a n d  one each f r o m  Apodemus 
flavicollis a n d  Sorex araneus. Three of six isolates were f r o m  ani­
mals collected in  Februa ry ;  none  of t h e  six h a d  detectable neu­
tralizing ant ibody t o  C E E  virus.  W e  discuss these observations 
wi th  regard t o  possible mechanisms of persistence of C E E  virus.  

Key words'. Central European encephalitis virus; tick-borne encepha­
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Introduction 

The  clinical en t i ty  t ick-borne encephalitis (TBE) is caused b y  viruses 
belonging t o  t h e  family Flaviviridae, genus  Flavivirus (Westaway  et al., 
1985). I n  t h e  eastern Soviet Union t h e  aetiologic agent  of th is  disease is 
Russian Spring-Summer encephalitis virus, f r o m  t h e  western Soviet Union 
t o  areas of Europe  where T B E  occurs t h e  aetiologic agent  is Central E u ­
ropean encephalitis (CEE) virus (Calisher, 1988). E a c h  year  in  these  areas, 
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thousands  of h u m a n  infections occur, some wi th  severe b u t  most  w i t h  mild 
t o  severe syndromes.  Presence of v i rus  i s  limited b y  t h e  presence of abun ­
d a n t  a n d  c o m p e t e n t  t i ck  vec to r s  a n d  c o m p e t e n t  v e r t e b r a t e  hos ts .  Disease  
foci occu r  in va r ious  na tu ra l ly -occur r ing  o r  m a n - m a d e  ecosystems.  N u m e r ­
o u s  foci  of C E E  in Czechoslovakia a r e  f o u n d  in  t h r e e  geographical ly  d i f fe ren t  
regions:  Herzynic ,  in  N o r t h e r n  Morav ia  a n d  Bohemia ;  C a r p a t h i a n ,  f o r m e d  
b y  C a r p a t h i a n  M o u n t a i n s  a n d  a d j a c e n t  te r r i to r ies  a n d  covering m o s t  of 
S lovak ia ;  a n d  P a n n o n i a n ,  occupy ing  m o s t  of t h e  s o u t h e r n  p a r t  of Slovakia  
(Greáíková a n d  Calisher, 1988). 

The s t u d y  area included contiguous portions of Carpathian and Panno­
n i a n  regions.  These  s t u d y  s i tes  were selected because  C E E  v i ru s  h a d  b e e n  
isola ted f r o m  t h e  b r a i n s  of small  m a m m a l s  a n d  N A  t o  C E E  v i ru s  were  de­
t e c t e d  in s e r u m  samplos  f r o m  small  m a m m a l s  in t h e  D a n u b i a n  L o w l a n d  
(Bárdoš,  1957). Also, NA were detected in serum samples  f rom birds,  g a m e  
a n d  p a s t u r e d  catt le  in Záhorská Nížina lowland (Ernek  et al., 1975, 1977; 
Kožuch  et al., 1970,1) a n d  haemagglutination-inhibit ing (HI) antibodies t o  
CEK v i r u s  were found in serum samples  f rom h u m a n s  (Grešíková  et al., 
I97.'{). Epidemiologic analyses  h a d  been consistent w i t h  these findings (Kraj­
čír, 1972). 

Six s t u d y  sites  s i tuated in W e s t  Slovakia  were  selected for  long t e r m  
studies  of CIO K v i r u s  ac t iv i ty  because antibodies t o  th i s  v i rus  h a v e  been 
found there  previously  and because t h e y  h a v e  ecologies typica l  of those in 
which CEK v i r u s  h a s  been found.  T w o  localities (Saštínske Stráže  a n d  
Kuklov)  a r e  s i tuated  in Záhorská Nížina (Carpathian region), one (Plaveckv  
Mikul áš) is in t h e  Litt le  Carpathian mountains  (Carpathian region), a n d  
three  (Gabčíkovo, J a h o d n á ,  and  Gbelce) in Danubian  Lowland (Pannonian 
region). 

Materials and Methods 

Small terrestrial mammals were  l ive-trapped in Swedish  b r i d g e  m e t a l  t r a p s ,  u s i n g  oat  flakes 
a s  b a i t .  A f t e r  t ranspor ta t ion  t o  t h e  l a b o r a t o r y  in B r a t i s l a v a ,  blood f o r  serological examinat ion  
w a s  t a k e n  f r o m  t h e  orbi ta l  s inus  u s i n g  capi l lary  p ipet tes  a n d  serum samples  were  separated  
f r o m  t h e  clotted blood a n d  stored a t  — 2 0  °C. Sacrif iced a n i m a l s  w e r e  necrops ied  a n d  t h e i r  
o r g a n s  (bra ins ,  lungs ,  l ivers  a n d  spleens)  w e r e  collected asep t iea l ly .  W h e n  in fe s t a t ion  b y  t i cks  
w a s  obse rved ,  t i c k  species  were  ident i f ied  a n d  t h e  p reva lence  a n d  i n t e n s i t y  of  i n f e s t a t i on  
w a s  ca lcu la ted .  

Serum samples were  t e s t ed  f o r  t h e  presence  of  N A  b y  m i x i n g  e q u a l  0 .1  m l  v o l u m e s  of  d i l u t e d  
s e r u m  a n d  v i r u s  c o n t a i n i n g  200 T i s sue  C u l t u r e  I n f e c t i o u s  Dosesso (TCID50) of C E E  v i r u s  ( s t ra in  
H y p r ) ,  i n c u b a t i n g  t h e  m i x t u r e s  a t  37 °C f o r  1 h r  a n d  a s s a y i n g  f o r  non -neu t r a l i z ed  v i r u s  b y  
inocu la t ing  P K  (porcine  k idney)  cells (Kožuch a n d  Mayer,  1975) w i t h  0.1 ml of each m i x t u r e ,  
such t h a t  t h e  final se rum dilution w a s  1 : 4 or  g r e a t e r  a n d  t h e  final v i r u s  dose w a s  100 TCID50. 

Ten per cent suspensions of  bra ins  a n d  lungs/organs pools w e r e  m a d e  i n  2 m l  of Minimal 
Essent ia l  Modium (MEM) containing  1 0 %  heat-inact ivated newborn  b o v i n e  serum.  Suspensions 
w e r e  clarified b y  low-speed centr i fugat ion  (3,000 rov/min) f o r  15 m i n  a n d  t h e  supernatant  fluids 
were  inoculated w i t h o u t  f u r t h e r  dilution. E a c h  suspension w a s  inoculated intracranial ly  (i.e.) 
into  five I - t o  4-day-old mice, 0.01 ml per  mouse.  V i r u s e s  w e r e  identified b y  a constant  serum-
v i r u s  dilut ion technique.  Three-week-old a lbino mice inoculated intracranial ly  w i t h  v i rus-serum 
m i x t u r e s  were used a s  t h e  indicator s y s t e m .  Hyper immune  g o a t  s e r u m  prepared  w i t h  H y p r  
s t ra in  of C E10 v i r u s  w a s  used f o r  all identification t e s t s ;  t h i s  se rum h a s  a log Neutral ization 
Index of 4.0 (i.e. neutral izes  10 0 0 0  3-week-old mouse  5 0 %  lethal  doses). 
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Virus isolates recovered from organ tissues were identified b y  v irus  neutralization tests  using 
adult albino mice inoculated intracranially with mixtures of v i rus  (tenfold dilutions) and  hyper­
immune  goa t  serum (undiluted). 

The two localities i n  Záhorská Nížina, Šaštínske Stráže, and  Kuklov  are situated Northeast 
and Northwest, respectively, of the town of Šaštín-Stráže. The former is a n  abandoned brick­
field wi th  underlying loess, b rown ear th ,  a n d  growth  of un tended  f ru i t  t rees,  shrubs,  a n d  weeds. 
K u k l o v  lies i n  a depression wi th in  a pine (Pinus  nigra) forest ,  wi th  underlying sands  blown o n  
Neogene clays, b rown ear th ,  a n d  a s t a n d  of alder (Alnus  glutinosa) a n d  isolated pines. B o t h  
localities have  a warm,  moderately  d r y  climate w i t h  modera te  winters  (mean annua l  tempera­
t u r e  9.6 °C, t o t a l  annua l  moisture 610 m m ) .  

P lavecký  Mikuláš is  situated in a val ley leading North from the Small Carpathian mountains. 
The underlying foundation is formed of Triassic limestone covered with brown earth and stands 
of typical Small Carpathian beech ( F a g u s  sylvatica) trees. The climate is  moderately warm a n d  
humid, with moderate winters (mean annual temperature 8.6 °C, t o t a l  annua l  moisture 760 mm) .  

Gabčíkovo and  Jahodná (Donube Lowland) are  situated near communities of the same 
names, respectively, on recently formed, sandy clay sediments of the Danube River,  with al­
luvial soils a n d  mixed poplar-willow (Populus  a n d  Salix species) woods. B o t h  localities lie o n  
t h e  b a n k s  of branches of t h e  river.  The  cl imate is w a r m  a n d  d ry ,  wi th  modera te  winter  (mean 
annua l  t empera ture  9.7 °C, t o t a l  mois ture  570 mm) .  Gbelce, s i tuated n o r t h  of t h e  communi ty  
of t h e  same name ,  is hilly land,  wi th  underlying Neogene, b rown ear th ,  a n d  oak  (Quercus species) 
s tands .  T h e  climate is w a r m  a n d  d ry ,  wi th  modera te  winter  (mean annua l  t empera tu re  10.4 °C, 
t o t a l  annua l  moisture 566 mm) .  

Results 

Neutralizing (N) antibodies 

A to ta l  of 2922 small terrestrial  mammals  of 12 species were collected 
during 1981—1986; 14.6% of t h e m  h a d  neutralizing ant ibody t o  C E E  virus 
(Tables 1 a n d  2). Ant ibody prevalence i n  small mammals  was  as follows 
( inparenthesis  are t h e  lowest a n d  highest ra tes  i n  individual years):  Šaštínske 
Stráže — 11-9% (6.6—18.1%), Kuklov  — 15.6% (10.9—19.3%), Plavecký 

Table 1. Neutralizing antibody to Central European encephalitis virus in terrestrial mammals,  
b y  location, West Slovakia, 1981—iíí8í» 

Location Number with antibody/ Percent 
Number tested 

Záhorská Nížina 
Saštínske Stráže 
Kuklov 

Little Carpathians 
Plavecký Mikuláš 

Danubian Lowland 
Gabčíkovo 
Jahodná 
Gbelce 

Total 

77/648 11.9 
63/404 15.6 

43/263 16.3 

125/768 16.3 
80/569 14.1 
38/270 14.1 

426/2922 14.6 



540 KOŽUCH, O. el al. 

Tuhle 2. untihody t »  Ontrnl  European encephalitis virus in terrestrial mammals 
by species, West Slovakia, 1981—l!)8fi 

Spucio^ Number with antibody/ Percent 
Number tented 

Apodemus flavicollis 130/717 18.1 
Apodemus sylvaticus 36/408 8.8 
Apodemus microps 0/9 0 
M us musculus 2/7 28.6 
Micromys minulus 2/21 9.5 
Clethrionomys glareolus 233/1538 15.1 
Pitymys subterraneua 4/28 14.3 
Microtus arvalis 14/101 8.7 
Microtus oecouomus 0/2 
(His (jlis 1/1 
Sorer, araneus 4/29 13.8 
Crocidura leucodon 0/1 

Total 426/2922 14.6 

Mikuláš — 1 6 . 3 %  23.0%),  Gabčíkovo — 1 6 . 3 %  (4.1—23.9%),  J a h o d -
n á  - 1 4 . 1 %  ( 6 . 9 - 1 9 . 3 % ) ,  a n d  Gbelce - 14 .1% ( 8 . 3 - 2 5 . 0 % ) .  

T h e  most  a b u n d a n t  rodent  species were :  Apodemus flavicollis ( 2 2 . 5 %  of 
2 922 mammals),  A. sylvaticus (14.0%),  Clethrionomys glareolus (52.9%), a n d  
Microtus arvalis (5.5%). These f o u r  species represent  9 4 . 9 %  of all m a m m a l s  
collected. Nearly  all (97.0%) of 426 animals  w i t h  a n t i b o d y  t o  C E E  v i r u s  
were  of t h e  aforementioned species (30 .5% of .4. flavicollis, 8 . 5 %  of A. syl­
vaticus, 5 4 . 7 %  of C. glareolus, a n d  3 . 3 %  of M. arvalis). P reva l ence  of neu­
t ra l iz ing  a n t i b o d y  t o  C E E  v i r u s  w a s  18 .1% i n  .4.  flavicollis ( range  9.1 t o  
19 .6% i n  d i f f e ren t  yoars) ,  8 . 8 %  in  A. sylvaticus ( range f r o m  5 .5  t o  23 .8%) ,  
1 5 . 1 %  i n  C. glareolus ( range  10.8—20.8%),  a n d  1 4 . 3 %  i n  .1/. arvalis (range 
0 — 2 5 . 0 % ) .  For  t h e  t w o  most  a b u n d a n t  species. .4. flavicollis and  C. glareo-

Tabic 3. Prevalence of nentralizlnfl antibody to Central European encephalitis virus 
in Apodemus flavicollis and Cletlirfonomys (jlarfclus by ibice-irontli period, six West 

Slovakian study sites, 1981—1 l)8Ga 

Mont lis A poilemtis flavicollis Clethrionomys glareolus Mont lis 

Adult  Snbudult Adult  Subadult 

March-May 20.8 25.0 18.2 14.4 
June-August 24.5 19.8 17.0 18.0 
Hoptetnbor-Novombur 11.0 18.0 15.1 9.8 
Dnoombor Kobruftry 10.8 9.1 8.3 13.7 

n Numbors signify percentages of animals with antibody to virus.  
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Table 4. Central European encephalitis virus Isolates Krom mammals collected 
in Slovakia, 1981—1Í18G 

Isolate Species Locality Month, year Tissue 

3571 C. glareolus P.  Mikuláš February, 1981 brain 
3573 A. flavicollis P.  Mikuláš February,  1981 brain 
3843 C. glareolus P.  Mikuláš June,  1981 brain 
3892 G. glareolus Gabčíkovo J u l y ,  1981 brain  
4387 C. glareolus Gbelce February,  1982 lung-liver 
5590 S. araneus Jahodná June,  1984 brain 

lus antibody prevalence differed according t o  different seasons of the year 
and relative age of the animal. Nearly half (47.7%) of A. flavicollis wi th  
antibody to CEE virus  (24.5% adults, 19.8% subadults  and juveniles) and 
more than one third (36.8%) of C. glareolus with antibody t o  this  v i rus  
(17.6% adults, 18.0% subadults and juveniles) were collected in t h e  summer 
(Table 3). Titres of neutralizing antibodies ranged from 1 : 4 t o  1 : 32. 

Virus isolation 
Six strains of CEE virus  were isolated and reisolated, four f rom  G. gla­

reolus, a n d  one each f r o m  A. flavicollis, a n d  Sorex araneus; five were f r o m  
brains a n d  one was  f r o m  a lung-spleen pool. Three f r o m  t h e  six isolates were 
f r o m  animals collected i n  Februa ry  (Table 4). None  of these animals h a d  
neutralizing ant ibody when virus was  isolated f rom them.  

Table 5.  Re la t ionsh ip  between prevalence and intensity of tick infestations o£ small 
mammals ,  numbers of m a m m a l s  captured, and antibody prevalence i n  these m a m m a l s  

I n d e x  Year  of collection 
1981 1982 1983 1984 1985 1986 

Prevalence11 24.1 20.7 25.9 50.0 46.4 46.7 
Intensi ty^ 3.9 3.2 3.9 6.1 8.1 10.4 
T r a p  r a t e c  32.3 13.1 39.4 22.3 20.1 28.6 
A100 a  30.4 8.7 39.8 68.0 75.5 138.9 

Ant ibody prevalence 9.3 10.3 13.7 16.8 19.0 16.3 

a Prevalence of infestat ion (percent of mammals  wi th  ticks). 
b In tens i ty  of infestat ion (mean number  of ticks/infested mammal) .  
c Mean n u m b e r  of mammals  t r apped  per  100 trap-nights .  
d Mean r a t e  of infestat ion on mammals  t r apped  per  100 t rap-nights  (calculated b y  Prevalence X 

In tens i ty  X T r a p  rate) .  
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Ti cic infestation 

In all localities t h e  most  a b u n d a n t  t ick on small m a m m a l s  w a s  Ixodes 
ricinus, l a rvae  a n d  n y m p h s .  Less  a b u n d a n t  or rare, b u t  present in e v e r y  
locality, were  la rvae  and n y m p h s  of  Dermacentor reticulatus and  Haema-
phyaalis concinna. From m a m m a l s  a t  P lavecký  Mikuláš, several n y m p h s  
and females  of Ixodes trianguliceps were  collected. The  prevalence of in­
f e s t a t i on  w a s  20.7  — 5 0 . 0 % ;  intensi ty  of infestation ranged f rom 3.2 t o  10.4 
t icks  per animal.  T h e  mean numbers  of t icks  (of all species) on m a m m a l s  
collected in  100 t r a p s  dur ing  1 n ight  w a s  8.7—138.9 (Table 5). 

DÍ8CU88ÍC1I 

A longitudinal s t u d y  of small,  short-lived mammals,  t icks,  and v i ruses  a t  
s ix selected localities of W e s t  S lovakia  confirmed t h e  extens ive  distr ibution 
a n d  persistence of C E E  v i rus  in  th i s  region. The  mean prevalence of neu­
t ra l iz ing  an t ibod ies  i n  small  m a m m a l s  w a s  14.0%, differences d u r i n g  t h e  
y e a r s  1981—108(5 be ing  no more t h a n  1 0 %  (9.3 t o  19.0%);  differences 
a m o n g  localities were  even  smaller (11.9 t o  16.3%). Similar results  h a v e  
been obtained b y  others  s t u d y i n g  n e a r b y  areas :  in a short  t e r m  s t u d y  of 
di f ferent  localities in Záhorská Nížina lowland, prevalence of neutralizing 
ant ibody  t o  CEK v i r u s  in small m immals  w a s  2.2 — 2 0 . 4 %  (Kožuch  et al.. 
1983); in Middle Považie  (Central Slovakia), another  focus  of C E E  v i r u s  
ac t iv i ty ,  1 5 %  of small  m a m m a l s  had  neutralizing antibodies  t o  th i s  v i r u s  
(Nosek et al., 1982a); in  a reas  surrounding vil lages in Tribeč mountains re­
g ion a n t i b o d y  preva lence  w a s  14 .6% (Kožuch  et <d.. 1969); in  a mountainous 
focus  (Low Tatras)  10 .7% of small  rodents  h a d  neutralizing ant ibody  t o  
C E E  v i r u s  (significantly, 18 .2% of A. flavicollis nad  ant ibody  in th i s  s t u d y )  
(Nosek et al., 1982/;); in distr ict  (northern Moravia) ant ibody  prevalence 
w a s  1 5 . 8 %  (Kožuch  et al., 1976';); f inally,  a n d  in northern A u s t r i a  13 .3% of 
small m a m m a l s  h a d  neutralizing ant ibodv t o  C E E  v i r u s  (Kožuch  et al., 
1969). 

Ticks  w e r e  n o t  found  on mammals  collected in mid-winter, y e t  three iso­
la tes  of C E E  v i r u s  were  ob t a ined  f r o m  a n i m a l s  collected a t  t h a t  t i m e  
(1981  —1982), sugges t ing  t h e  possibil i ty t h a t  v i r u s  persists  t h i o u g h o u t  t h e  
year .  Previously,  Ernek  et al. (1963) i solated-CEE v i r u s  f rom t issues  of 

exper imental ly  infected  C. glareolvs 21 and 28 d a y s  a f t e r  infection. In t h i s  
w a y ,  small mammals  m a y  s e r v e  a s  reservoirs  f o r  t i cks  feeding in t h e  spr ing  
and  subsequent ly  a m p l i f y i n g  t h e  v i rus .  A l though  C E E  v i r u s  h a s  not  been 
isolated f rom t h e  blood of small m a m m a l s  collected in  mid-winter, C E E  
v i r u s  isolated f rom t i ssues  h a v e  lower pathogenicity  (longer incubation 
periods in laboratory  hosts)  t h a n  those  isolated f rom t icks  collected in  t h e  
spr ing  (Kožuch and Labuda,  unpublished observations).  W h e r e a s  t h i s  a p ­
p a r e n t  decreased pa thogen ic i ty  of isolates f r o m  m a m m a l s  m a y  b e  d u e  t o  
lower  l i t r e s  t h a n  t h o s e  developing  in t icks ,  i t  m a y  also b e  t h a t  h o r m o n a l  
o r  env i ronmen ta l  e f fec ts  in t h e  spr ing  allow v i r u s  t o  t r a v e r s e  biological b a r ­
r iers  a n d  in i t ia te  vi raemias .  N o n e  of t h e  an ima l s  f r o m  which  C E E  v i rus  w a s  
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isolated had antibody to that  virus. During the years 1954—1975, 33 strains 
of CEE virus were isolated from tissues of small mammals^throughout 
Slovakia, 12 of these were from  C. glareolus (Nosek et al., 1978). 

In our study, the highest prevalence of neutralizing antibody to CEE 
virus was found in sera of A. flavicollis (18.1%). This species is preferred 
for feeding b y  larvae of I. ricinus ticks (Labuda et al., 1989), the principial 
vector of CEE virus.  I. ricinus is the most abundant tick species in all six 
localities, forming synusia with I), reticulalus and H. concinna ticks, as was 
shown for West Slovakia b y  Nosek and Krippel (1974). Antibody prevalence 
rates were higher in the period 1984—1986 (16.3—19.0%) than in 1981 —1983 
(9.3 — 13.7%). These rates correlated with higher tick infestation of small 
mammals (Table 5). Abundance of ticks on hosts (trapped in 100 trapa in 
one night, which allows calculation of the abundance of both ticks and 
their hosts) seems to correspond with antibody prevalence in these small 
mammals. Our results emphasize the importance of the most abundant 
rodent species. C. glareolus and A. flavicollis. in the circulation of CEE virus 
in central Europe. Alternatively, the population density of insectivores was 
very low, therefore the relatively high antibody prevalence among these 
mammals (13.8%) can be disregarded in terms of their importance in the 
circulation of CEE virus in these localities. All foci of CEE virus in West 
Slovakia are of potential importance from the point of view of human in­
fections, particularly in years when  I. ricinus ticks are abundant  and high 
populations of C. glareolus and  A. flavicollis occur. Surveys of small rodents 
for t he  presence of neutralizing antibodies can be  used t o  monitor t h e  
epidemic potential in a given focus so t h a t  human  infections can be pre­
vented. 
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