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Summary. - Recombinant  plasmid D N A  w a s  u s e d  a s  a p r o b e  t o  
detect t ick-borne encephali t is  (TBE) v i r u s  R N A  dur ing  incubation 
period, acute  d i sease  a n d  pers i s tent  infect ion o f  Syrian hamsters .  
Wi th in  t h e  first t h r e e  w e e k s  post-infection t h e  resul ts  o f  direct v i r u s  
isolation a n d  R N A  detection in t h e  brain agreed  b y  a rate o f  100 %, 
the  v i r u s  t itre ranging  b e t w e e n  101 , 9  t o  lO1 0  5 LD 5 0 /ml  a n d  viral R N A  
concentration at 1-1000 pg.  A t  t h e  s a m e  t i m e  Ť B E  v i r u s  R N A  w a s  
detected in t h e  sp leen  w h e n  t h e  v i r u s  titre w a s  =S1065 LD 5 0 /ml.  By 8 
m o n t h s  post  infect ion (p. i.) viral R N A  w a s  f o u n d  in t h e  brain, l iver, 
and sp leen  in t h e  a b s e n c e  o f  infect ious  T B E  v i rus .  N o  viral R N A  
w a s  present  in t h e  t h y m u s .  In addition, electron microscopic 
f indings  in h a m s t e r  brain c o n f i r m e d  t h e  hypothes i s  that  T B E  v i r u s  
pers is tence w a s  accompanied b y  format ion  o f  virus-specif ic  struc­
t u r e s  b u t  impa i r ed  vi r ion m a t u r a t i o n .  
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Introduction 

It ha s  b e e n  previous ly  s h o w n  t h a t  T B E  v i rus  R N A  can  b e  d e t e c t e d  u s i n g  
cloned D N A s  a s  p r o b e s  in  b iologic  p r epa red  s a m p l e s  f r o m  t icks,  h u m a n  b lood ,  
and an ima l  o r g a n s  (P le tnev  et ai, 1985). I n  t h e  p r e s e n t  inves t iga t ion  w e  appl ied  
this m e t h o d  a t  ear ly  s t ages  o f  i n fec t ion  a n d  d u r i n g  viral pe r s i s t ence  in Syr ian 
hamsters ,  w h i c h  w e r e  previous ly  s h o w n  t o  r e p r e s e n t  a su i t ab le  m o d e l  o f  n o n a -
cute T B E  v i ru s  i n fec t ion  (F ro lova  et al., 1982; P o g o d i n a  et ai, 1984; 1986). 
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Materials and Methods 

Animals. Four to ľive-weck-old Syrian hamsters were inoculated intracerebrally (0.03 ml) or 
subcutaneously (0.25 ml) with TBE virus in a dose o f  105 5 - 106 L D 5 0  to reproduce acute lethal, 
subacute, or chronic encephalitis, and/or asymptomatic infection; the latter animals were 
followed upto 8 months. 

Virus. TBE virus strains belonging to two serotypes, the Eastern (Far Eastern) and Siberian 
(Aina/1448) were used. The strains were isolated from the brain of the dead patient (Sofjin), from 
a chronic TBE patient (No.41/65), from a patient with the mitigated form of disease (Vasil-
chenko), as  well as  from  Ixodes persulcatus ticks (No.928). The properties o f  the strains and proce­
dures  o f  isolation have been  described previously (Kraminskaya  el al., 1972; Malenko  et al., 1982; 
Pogodina  el al., 1986). T h e  virus was maintained by intracerebral serial passages in whi te  mice 
weighing 6 -7  g. 

Virus infectivity titration. T h e  virus was titrated by inoculating 10-fold dilutions o f  virus-contai­
n ing  material in to  the  brain of white  mice (weighing 5 - 6  g) or  in PEK cells. A t  t h e  late stage the  
presence of viral ant igens was de termined  by complement  fixation and  haemagglutinat ion test 
(CFT ,  H A T )  directly in t he  organ homogenates  a s  well as  in t he  cul ture  fluid o f  tissue explants on 
days 10-15 in culture.  T o  isolate t he  virus f rom explants  t h e  cul ture fluid was passaged in white  
suckling mice as described previously (Levina and Pogodina,  1981; Malenko  et al., 1982; Pogodina 
et al., 1986). 

Morphological examination. Hamster  brain and spinal cord specimens were fixed in 10 % 
formal in ,  paraff in-embedded,  cut and stained with haematoxylin and  eosin orcresyl  violet (Nissl). 
F o r  each term and each strain the  specimens were obtained f rom 3 - 5  animals.  Electron micros­
copic examinat ions  were carried ou t  as  reported previously (Roikhel  et al., 1983). 

TBE virus RNA was de termined  by hybridization o n  nitrocellulose filters (NCF) .  3 2 P-cDNAs 
f r o m  recombinant  plasmids pBR-TBEVl ,  pBR-TBEV7, pBR-TBEV10, pBR-TBEV15 were  used 
as  probes.  T h e s e  plasmids contained non-interlacing c D N A  copies of T B E  virus R N A  port ions 
which cover about  50 % of t he  genome .  Restriction maps  and  nucleot ide sequences  of t h e  D N A  of 
these  plasmids have been  described previously (Yamschikov  et al., 1989). T h e  c D N A s  were 
isolated as  described (Maniatis  et al.. 1984) by centr ifugation in CsCl and  e th id ium bromide  
gradients,  labelled with a 3 2 P-TTP  and  a P -dCTP (37 T B g / m m o l )  by nick-translation t o  
a specific activity of 1 - 4 x 108 cpm"1  fx g"1 D N A  (Maniatis  et al., 1984). E. coli D N A  polymerase was 
obtained through the  courtesy of Dr. A.  G .  Romaschenko  (Inst i tute of Cytology and  Genet ics ,  the  
Siberian Branch of t he  AS U.S.S.R.). Total  R N A  was phenol-extracted (60 °C,  p H  5.2) f r o m  tissue 
samples  in t he  presence o f  0.5 % (mass /volume)  sodium dodecylsulphate (Sherrer,  1972). T h e n  
t h e  R N A  was sedimented  with e thanol ,  dissolved in distilled water  and t h e  nucleic acid concentra­
tion was measured  (1 R. U .  D ^ o 1 -  40 / /g  RNA).  T h e  R N A  dissolved in 10 x SSC was put  o n  nitro­
cellulose filters (1 f ig R N A / p e r  point).  T o  evaluate t h e  sensitivity of t h e  m e t h o d  and  t h e  level of  
t h e  intensity of positive signal, t he  following s tandards  were put  o n  the  filters: pBR-TBEV unla­
b e l e d  D N A  (1000, 100, 10, 1 pg) and the  total R N A  f r o m  uninfected hamste r  tissues. T h e  N C F  
with specimens  were dried unde r  vacuum at 80 °C  fo r  2 hr.  

Hybridization procedure was carried ou t  as  described previously (Dobrikova  et al., 1986). T h e  
filters were prcincubated at 65 °C for  1-2 hr  in t he  hybridization mixture  of following composi­
t ion:  6 x SSC (1 x SSC  — 0.15 mol/l NaCI - 0.015 mol/l Na-citrate, pH 7.0), 0.04 % (mass/volume) 
Ficoll 400. 0 .04% (mass-volume) polyvinylpyrrolidon, 0 . 0 4 %  (mass/volume) bovine serum 
albumin, 0.5 % (mass/volume) DSC, ]00//g/ml poly C, 220 fig/m\ yeast RNA. Af ter  prehybridiza-
tion,  3 2P-cDNA from pBR-TBEV (100 ng/ml) was  added to the solution and incubated at 65 ° C f o r  
12 - 18 hr.  Thereaf te r  t he  filters were washed 3 t imes  at 55 °C for  30 min  in lx SSC solut ion,  dried 
and exposed with X-ray film PM-1 for  4 - 4 8  hr. 

T h e  results were evaluated visually comparing the  intensity of signals registered for  t h e  samples 
tested and  for  s tandards  (known quant i t ies  of  unlabelled D N A  pBR-TBEV15 put  o n  t h e  N C F  and 
hybridized with  3 2 P-cDNA pHR-TBEVI5 unde r  t he  s ame  conditions).  Hybridization was  defined 
negative ( - )  when  the  intensity of signal was less than 1 pg D N A  pBR-TBEV15; doub t fu l  ( ± )  when  
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it ranged from 1 to 10 pg DNA pBR-TBEV15; positive (+) when it was  equal or exceeded 10 pg 
DNA pBR-TBEV15. 

Results 

Detection of TBE virus RNA in the course of infection 
A t  early intervals  ( 1 - 7 ,  14, a n d  21  days)  a n d  late s t a g e s  (8 m o n t h s )  post ­

infect ion (p.  i.) d e t e c t i o n  o f  i n f ec t i ous  v i r u s  a n d  viral  a n t i g e n  w e r e  car r ied  o u t  
in 122 o rgan  s p e c i m e n s  a n d  o f  viral  R N A  i n  92  s p e c i m e n s  ( T a b l e  1). C o i n c i d e n t  
results  w e r e  o b t a i n e d  i n  t h e  h a m s t e r  b r a i n  i n d e p e n d e n t l y  o f  t h e  T B E  v i ru s  
strain u s e d  a n d  o f  t h e  r o u t e  o f  i n o c u l a t i o n  ( in t racerebra l ,  s u b c u t a n e o u s ) .  
Dur ing  t h e  f i rs t  3 w e e k s  t h e  r e su l t s  o f  v i r u s  i so la t ion  a n d  viral  R N A  d e t e c t i o n  
coincided a t  100 % r a t e  (Tab l e  2) ,  s imi lar  co r re la t ion  w a s  n o t e d  b e t w e e n  t h e  
virus t i t re  i n  t h e  b ra in  t i s s u e  a n d  t h e  a m o u n t  o f  viral  R N A  d e t e c t e d  ( T a b l e  3). 
Eight m o n t h s  a f t e r  s u b c u t a n e o u s  i n f ec t i on  w i t h  t h e  V a s i l c h e n k o  s t ra in  6 
hamste rs  w e r e  e x a m i n e d  individual ly .  A l l  t h e  a n i m a l  e x h i b i t e d  a r a t h e r  l ow 
titre of  viral a n t i g e n :  1 : 8 - 1 : 16 i n  C F T ,  1 : 2 0  - 1 : 160 i n  H A T .  F i v e  o f  6 
animals  h a d  viral R N A  i n  t h e i r  b ra in  a t  a c o n c e n t r a t i o n  o f  1, 10 p g / 1  ̂ g  to ta l  
R N A  (2 h a m s t e r s )  a n d  10 p g  (3 b i o s p e c i m e n s ) .  I n  n o n e  o f  t h e  ca ses  t h e  in fec ­
t ious  v i rus  c o u l d  b e  i so la ted  f r o m  t h e  b ra in .  T h e  nega t ive  r e su l t s  o f  i n f e c t i o u s  
virus isolat ion w e r e  c o n f i r m e d  morpho log ica l ly .  T h e  b r a i n  o f  suck l ing  m i c e  

Table 1. Comparative results of TBEV indication and viral RNA detection in the course of the 
infectious process 

' T ime  points  a n d  results  of  studies* 

Organ days 1 - 7 days 1 4 - 2 1  8 m o n t h s  

virus R N A  virus R N A  virus antigen4* R N A  

e 

Brain 25/25 25/25 8 /8  8 /8  0 / 6  6 / 6  5 / 6  

Spleen 24/25 6/25 4 / 6  1/6 0 / 6  3 / 6  2 / 6  

Thymus 12/30 n.t.*** 0 /2  0 /2  0 / 6  0 / 6  0 / 6  

Liver n.t .  n.t .  2 / 2  2 /2  0 / 6  4 / 5  5 / 6  

d 
* the  numera to r  designates t h e  n u m b e r  of positive results,  t h e  denomina to r  - t h e  total n u m b e r  

s of samples tes ted;  
d ** at 8 m o n t h s  t h e  viral antigen was detected directly o n  organ homogena tes  and  in t h e  cul ture 
d fluid of explants  by C F T ,  H A T ,  and immunof luorescence  assay (Frolova  ei a/., 1982); 
n *** not tested 
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Table 2. THE virus isolation and detection of viral RNA in the brain of infected hamsters 

Route of 
inoculation, 
TBE virus 
strains* 

Time after 
inoculation, 

days 
TBE virus 

isolation 

Results 

TBE virus 
RNA detection 

RNA con­
centrat ion 

Intracerebral 1 
Sofjin strain 2 

No.  41/65 3 
No.  928 4 

5 

7 
Subcu taneous  7 

Sofjin strain 14 
No.  41/65 21 
No.  928 
Subcu taneous  

Vasilchcnko strain 14 
8 m o n t h s  

3 /3  3 / 3  ± ,  + 
3 /3  3 /3  + 
3 /3  3 /3  + 
3 /3  3 /3  + 
3 / 3  3 /3  + 
4 / 4  4 / 4  + ,  + +  
3 /3  3 /3  + +  
3 /3  3 /3  + ,  + +  
3 /3  3 /3  ± ,  + 
3 /3  3 /3  + 

2 /3  2 /2  + 
0 / 6  5 / 6  + + 

* At each interval (1-5,  7, 14, 21 days p. i.) brain samples f rom 18 hamsters  collected in 3 speci­
m e n s  were examined (each of them included 6 brain samples f rom hamsters  infected with 
No. 41/65, 928, and Soljin strains). At 6 day p. i. 24 brain samples were examined (4 biospeci-
m e n s  were prepared: o n e  for  each of 41/65 and 928 strains, and 2 for  Sofj in strain; each of 
t hem  had brain samples  derived f rom 6 hamsters) .  

** T h e  numera to r  designates t he  n u m b e r  o f  positive specimens exibiting the  presence of viral 
RNA.  T h e  denomina tor  - the  total n u m b e r  of specimens examined.  T B E  virus R N A  concen­
tration is shown according t o  the  conventional  system: ( - )  for  t he  intensity o f  signal lower 
than 1 pg of pBR-TBE virus 15 D N A ;  ( ± )  for  t he  intensity of signal ranging f rom 1 t o  10 pg 
pBR-TBE virus 15 D N A ;  ( + ,  -H-) for  t he  intensity o f  signal equal  o r  higher than  10 pg 
pBR-TBE virus 15 D N A .  See also Fig. 1. 

u s e d  Tor bl ind passages o f  s amples  f r o m  t h e  cu l tu re  f luid of  explants  revealed 
n o  pathological changes  typical fo r  T B E .  

At  early s tages  o f  infect ion t h e  vi rus  was  cons tant ly  isolated f r o m  h a m s t e r  
sp l eens  (24 o u t  o f  25 samples )  in a t i t re o f  103,5 - 1073  L D 5 0 / m l .  Viral R N A  was  
de tec ted  in 6 o u t  of  25 spec imens .  O n  days  14 a n d  21 viral R N A  was  de tec ted  in 
1 o u t  o f  6 sp leen  samples  taken f o r  each t e r m .  A s  a rule ,  viral R N A  could  b e  
de tec ted  if t h e  T B E  virus t i t re  in t h e  sp leen  was 106 5 LD5 ( l /ml o r  h igher .  T B E V  
R N A  concen t ra t ion  in t h e s e  samples  was  n o t  over  10 pg. Eight  m o n t h s  a f t e r  
infec t ion viral an t igens  were  de tec ted  in 3 o u t  o f  6, a n d  viral R N A  in 2 o f  6 
sp leen  samples ,  t h e  in fec t ious  vi rus  was isolated in n o n e  of  t h e  cases.  T h e  
concen t ra t ion  o f  viral R N A  in t h e  sp leen  a t  th i s  t e r m  ranged f r o m  10 t o  100 p g /  
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Fig. 1 
TBE virus R N A  detect ion by hybridization in t h e  t issues of hamsters  infected by i. c. and  s. c. 

routes  
- As standards, unlabelled D N A  o f  pBR-TBEV in t h e  a m o u n t  o f  1000, 100,10, and  1 pg was dot ted  

on a filter "A". F o r  negative control ,  R N A  derived f r o m  uninfected  hamsters  spleen (point  97) was  
:i" dotted o n  filter "B". Samples:  hamster  t issue extracts, Vasi lchenko strain, subcu taneous  inocula-
; h  tion: liver - 8 m o n t h s  (points  1-6), 14 days (point 7); t hymus  - 8 m o n t h s  (points 8-13);  14 days 
:i" (point 14); spleen - 8 m o n t h s  (points  15-20), 14 days (points  21,22); brain - 8 m o n t h s  (points  2 3 -
3 f 28), 14 days (points  29,30). 

Hamster brain extracts o n  days 1-7 a f te r  i. c. inoculation with Sofj in strain: points  31-37; with N o .  
a l  41/65 strain: points  41-47; with N o .  928 strain: points  51-58. Hams te r  brain extracts o n  days 7 ,14,  

21 after s. c. inoculation with Sof j in  strain: points  38-40; with N o .  41/65 strain: points 48-50: with 
3 r  No. 928 strain: points  59-61. 
'6  Hamster spleen,  o n  days 1-7 a f te r  i. c. inoculation with Sof j in  strain: points  64-70; with N o .  41-65 
' 8  strain: points 74-80;  with N o .  928 strain: points  84-91. Hams te r  spleen,  o n  days 7, 14,21 af te r  s.c. 

inoculation with Sofj in strain: points  71-73; with N o .  41/65 strain:  points  81-83; with N o .  928 
strain: points 92-94. Points  62, 63, 95, 96 K are  unrelated t o  t h e  given exper iment .  

d l/ugof cel lular  R N A ,  i. e .  it  w a s  h i g h e r  t h a n  i n  t h e  s p l e e n  a t  ear ly  s t ages  o f  i n fec ­
t ion a n d  i n  t h e  b r a i n  b y  8 m o n t h s  la ter .  

: r  T B E  v i ru s  i so la t ion  w a s  n o t  a lways s u c c e s s f u l  f r o m  t h e  t h y m u s  o f  i. c .  
is infected h a m s t e r s  a t  ear ly  s t ages  o f  i n f ec t i on  (12 o u t  o f  30 s a m p l e s ) ;  o n  d a y s  3 -
n 7 t h e  v i rus  t i t r e  w a s  10 4 1  - 10 6 1  C P E 5 0 / m l .  O n  days  14 a n d  2 1  a f t e r  i. c .  i nocu la -
e t ion wi th  S o f j i n  s t r a ins  N o .  4 1 / 6 5  a n d  N o .  928,  a n d  a l so  o n  day  14 a n d  8 m o n t h s  
V af ter  s. c. i nocu la t ion  w i t h  V a s i l c h e n k o  s t ra in  n o n e  o f  t h y m i c  t i s s u e  s p e c i m e n s  
if revealed i n f ec t i ous  v i rus ,  viral a n t i g e n ,  o r  viral  R N A  ( T a b l e  1). Liver  s p e c i m e n s  
6 of t h e  s a m e  h a m s t e r s  c o n t a i n e d  viral R N A  ( t h e  n u m b e r  o f  pos i t ive  s a m p l e s  o n  
e day 14 w a s  2 o u t  o f  2 ,  b y  8 m o n t h s  it  w a s  5 o u t  o f  6). I n  ha l f  o f  t h e  ca ses  viral 
'J R N A  c o n c e n t r a t i o n  w a s  h i g h e r  t h a n  10 pg. A t  t h e  s t age  o f  v i ru s  pe r s i s t ence  (8  
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m o n t h s )  viral RNA and viral ant igens  w e r e  f o u n d  in t h e  liver, brain, a n d  spleen,  
w h e r e a s  n o  infect ious  v i rus  w a s  isolated. Viral  RNA w a s  detected in individual 
o r g a n s  at the  8 m o n t h  pattern, i. e .  in s o m e  animals  in brain a n d  liver samples  
whi le  in o t h e r s  in brain, liver, a n d  sp leen.  

T h e  course  o f  viral RNA accumulation in organs  d e p e n d s  on t h e  properties  
o f  t h e  T B E  v i r u s  strain. Daily comparative examinat ion o f  hamster s  f o r  7 days  
a f t e r  i.e. inoculation s h o w e d  that t h e  h ighes t  rate o f  accumulation had t h e  RNA 
o f  S o f j i n  strain. A f t e r  infection with this  strain t h e  concentration o f  viral RNA 
in t h e  brain on days  4 - 5  e x c e e d e d  10 p g  (Fig. 1, points  No. 34, 35), on day 6 it 
reached 100 p g  (point No. 36), on day 7 1 n g  (point No. 37) f o r  l ^ g  o f  total 
cellular RNA. A f t e r  inoculation o f  No. 928 strain in t h e  s a m e  infect ious  dose,  
viral RNA accumulated in the indicated a m o u n t  about  2 days  later (points No. 
55, 56) and its h ighest  concentration o f  1 n g  w a s  not  reached dur ing  t h e  obser ­
va t ion  pe r iod .  Sp l een  s a m p l e s  f r o m  S o f j i n  s t r a in - in fec ted  h a m s t e r s  revea led  
viral R N A  o n  d a y s  3 - 4 p.  i., w h e r e a s  in t h e  case  o f  N o .  928 s t ra in  - o n  days  6 - 7 .  
T h e s e  da t a  co r re la te  wi th  a d i f f e r e n t  c o u r s e  o f  viral r e p r o d u c t i o n  in b ra in  a n d  
sp l een  s amp le s ,  t h e  r a t e s  b e i n g  h i g h e r  f o r  So f j i n  s t ra in  a s  c o m p a r e d  t o  N o .  
4 1 / 6 5  a n d  f o r  N o .  928 s t ra ins .  T h e  a c c u m u l a t i o n  o f S o f j i n  s t ra in  in t h e  t h y m u s  
was  a t  m o s t  o n  d a y s  3 - 5, o f  N o .  4 1 / 6 5  a n d  N o .  928 s t r a ins  o n  days  5 - 6 .  
V i r aemia  fo l lowing  in fec t ion  wi th  S o f j i n  a n d  N o .  928 s t r a ins  las ted  f o r  7 days  
r each ing  t h e  peak  o n  days  2 - 5  ( t h e  v i rus  t i t re  103 8 - 107 0 L D 5 0 / m l ) .  S t ra in  N o .  
41 / 6 5  i n d u c e d  2-wave v i raemia ,  its f i rs t  peak  b e i n g  o n  day  2 a n d  t h e  s e c o n d  o n e  
o n  day  6 p.  i. 

Histological and electron microscopic examinations 
Early s t ages  o f  C N S  in fec t ion  can  b e  charac te r ized  a s  a c u t e  m e n i n g o e n c e p -

ha lomyel i t i s  wi th  i n f l a m m a t o r y  degene ra t i vge  c h a n g e s  m a n i f e s t e d  t o  a d i f fe ­
r e n t  d e g r e e .  O n  d a y s  50 - 70 in appa ren t ly  hea l t hy  a n i m a l s  i nocu l a t ed  s .  c. w i th  
V a s i l c h e n k o  s t ra in  t h e  e x a m i n a t i o n  o f  C N S  s h o w e d  dys t roph ic  c h a n g e s  o f  
n e u r o n s ,  occas ional  foci  o f  n e u r o n  des t ruc t i on ,  a n d  as t rocy te  pro l i fe ra t ion .  
La t e r  o n  s o m e  a n i m a l  s h o w e d  res idua l  l e s ions  s u c h  a s  foc i  o f  n e u r o n  des t ruc -

Table 3.  Correlation between the value of T B E  virus infectious titre and the amount of viral RNA 
detected in hamster brain (on days 1 - 21 of infection) 

T B E  v i rus  l i t re  ( log L D 5 0 / m l )  
T h e  a m o u n t  o f  N u m b e r  o f  
t h e  T B E  v i rus  R N A ,  pg  e x p e r i m e n t s  

va r i a t i ons  M + m ,  p— 9 5  °/o 

> 1  < l ( ) ( ± )  
> 1 0  < ! ( ) ( ) ( + )  
> 100 < 1000 ( + + )  

2 
22 

7 

3.75; 5.02 
1.85 - 10.02 
8.02 - 10.52 

4.38 ± 4.82 
6.44 ± 0.98 
9.13 ± 0.9 
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n,  tion, astrocytic glial proli feration in g .  hippocampi,  cerebel lum a n d  anterior 
al horns o f  spinal cord. 
e s  Electron microscopy revea led  morphologic  c h a n g e s  in t h e  C N S  a n d  o f  T B E  

virus vir ions characteristic f o r  pers i s tent  infect ion (Figs.  2 - 3). In contrast,  
e s  acute periods o f  infect ion,  o n  days  5 0  - 9 0  m a t u r e  v i r u s  particles w e r e  detected 
ys extremely in f requent ly .  Forty-two s p e c i m e n s  o f  cerebral  cortex,  cerebel lum,  
A subcortical ganglia, m e d u l l a  oblongata,  i. e .  o f  t h o s e  parts  o f  CNS w h e r e  persi-
A sting T B E  v i r u s  is  usual ly  present  (Malenko  et al., 1982; Fokina  et al., 1982) 
it were examined.  Typical  v i r ions  r e s e m b l i n g  m a t u r e  particles could b e  s e e n  only 
al in 1 case in t h e  channels  o f  granular  endoplasmic  ret iculum (ER) o f  a n e u r o n  in 
e, the brain s t e m  e x a m i n e d  on day 7 0  p. i. wi th  t h e  V a s i l c h e n k o  strain, 
o. In other  cases  particles o f  5 0  - 60 n m  in s ize  r e s e m b l i n g  v i r u s  particles  w e r e  
r- found, however ,  their  b o u n d e r i e s  w e r e  i l legible,  a n d  t h e  major i ty  o f  t h e m  had 
id a ring-like f o r m  o f  vary ing  d iameter  (30 - 80 nm).  Ultrastructural  changes  in 
7. cells related t o  vir ion format ion  w e r e  detected such  a s  aggregat ion o f  „ t rans -
d f o r m e d "  E R  m e m b r a n e s  f r e e  o f  r i b o s o m e s  s i t u a t e d  i n  paral lel ,  s m o o t h  
3. m e m b r a n e - b o u n d  ves ic les  i n  t h e  l u m e n s  o f  g r a n u l a r  E R ,  aggrega t ion  o f  
is s m o o t h - c o n t o u r e d  m e m b r a n e s  r e s e m b l i n g  p r o t e i n  crystals  in  t h e  cy top l a sm;  
5. associated r i b o s o m e s  loca t ed  i n  t h e  h y a l o p l a s m  o r  o n  m e m b r a n e s  o f  t h e  c h a n ­
ts nels of  E R  w e r e  larger  i n  s ize  (35 - 4 0  n m )  a n d  m o r e  e l e c t r o n - d e n s e .  Al l  t h e s e  
). changes c o u l d  b e  c o n s i d e r e d  f o r  morpho log i ca l  m a n i f e s t a t i o n s  o f  t h e  p r o d u c -
e t ion o f  v i rus -coded  c o m p o n e n t s  r e q u i r e d  f o r  v i r ion  f o r m a t i o n .  

i- Discussion 

h Plasmid c D N A  p r o b e s  w e r e  u s e d  t o  d e m o n s t r a t e  t h e  T B E  v i ru s  R N A  i n  
if organs o f  i n f e c t e d  h a m s t e r s  a t  l a te  s t ages  pos t - in fec t ion ,  i n  a g r e e m e n t  w i t h  o u r  
i. previous conc lus ion  o n  t h e  r egu la r  d e v e l o p m e n t  o f  pe r s i s t en t  T B E  in f ec t i on  

(Pogodina  et al., 1986). T h e  local izat ion o f  viral  R N A  var ied :  in  s o m e  cases  t h e  
viral g e n o m e  w a s  p r e s e n t  i n  t h e  b ra in  a n d  liver,  i n  t h e  o t h e r s  in  b ra in ,  sp l een ,  
and o t h e r  o r g a n s  excep t  o f  t h y m u s .  T h e s e  d a t a  c o n f i r m  t h e  n e u r o - a n d  l y m p h o -

v tropism o f  t h e  pers i s t ing  T B E  vi rus .  H o w e v e r ,  T B E  v i ru s  h a s  b e e n  r e p o r t e d  t o  
persist f o r  4 6  days  a l so  i n  t h e  t h y m u s  o f  B A L B / c  m i c e  (Vargin  a n d  S e m e n o v ,  
1985). I n  o u r  h a m s t e r s  n e i t h e r  t h e  v i rus ,  n o r  t h e  viral R N A  o r  viral a n t i g e n s  
were d e t e c t e d  i n  t h y m i c  t i s s u e s  d u r i n g  t h e  8 - m o n t h s  pe r s i s t ence .  

CNS,  liver a n d  s p l e e n  o f  h a m s t e r s  w e r e  s h o w n  t o  s y n t h e s i z e  viral an t igens ,  
viral R N A  was  d e t e c t e d  b u t  n o  i n f e c t i o u s  v i ru s  w a s  f o u n d  e v e n  w h e n  h igh ly  
sensitive isola t ion p r o c e d u r e s  ( t i s sue  exp l an t a t i on )  w e r e  u s e d .  T h e  c o n c e n t r a -

Fig. 2. Hamster  cerebellum 50 days af ter  s. c. inoculation with T B E  virus. Transformed r ibosome-
free membranes  of G E N  in t h e  cellgranule, magn.  x 54 000. 

Fig. 3. Hamster  brain s tem 7 days af ter  s. c. inoculation with T B E  virus. T h e  aggregation of smoo th  
contour m e m b r a n e  format ions  in t h e  neu ron  cytoplasm, magn.  x 36 000. 
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tion o f  T B E  v i r u s  R N A  reached  10 p g  b y  8 m o n t h s  (about  2 x 10 6  T B E  v i r u s  
RNA molecules/1  n g  cellular  RNA),  a n d  in s o m e  cases  i ts  leve l  w a s  s ignif i ­
cantly h i g h e r  i n  t h e  s p l e e n .  T h e s e  d a t a  a g r e e  w i t h  t h e  r e su l t s  o f  e l ec t ron  
microscopic e x a m i n a t i o n  a n d  o n  t h e  w h o l e  t h e y  ind ica te  t h a t  i n  t h e  c o u r s e  o f  
pers is tence v i rus-speci f ic  c o m p o n e n t s  n e c e s s a r y  f o r  t h e  f o r m a t i o n  o f  m a t u r e  
virions a r e  p r o d u c e d  i n  t h e  b r a i n  a n d  i n t e r n a l  o rgans ,  h o w e v e r ,  t h e  m a t u r a t i o n  
of viral par t ic les  is h a m p e r e d .  A s imi lar  p i c t u r e  o f  u l t r a s t ruc tu ra l  c h a n g e s  w a s  
discovered d u r i n g  c h r o n i c  T B E  i n  m o n k e y s  ( T u l a k i n a  a n d  E r m a n ,  1983). T h e  
data ob t a ined  o n  t h e  p r o d u c t i o n  o f  v i rus-speci f ic  c o m p o n e n t s  s h e d  m o r e  l ight  
o n  t h e  relat ive r e a d i n e s s  o f  pe r s i s t ing  T B E  v i ru s  ac t iva t ion  u n d e r  t h e  i n f l u e n c e ,  
for  example ,  o f  s o m e  an t ib io t ics  o r  s t r e s s - induc ing  f ac to r s  (F ro lova  et al., 1982; 
Frolova a n d  P o g o d i n a ,  1984; M a l e n k o  et aI., 1984). T h e  ac t iva t ion  occur s ,  a s  
a rule,  i n  t h e  b a c k g r o u n d  o f  i m m u n o s u p p r e s s i o n  ( P o g o d i n a  et al., 1986). A p p a ­
rently, t h e r e  is a n  i m m u n o l o g i c a l l y - m e d i a t e d  m e c h a n i s m  o f  e l im ina t i ng  t h e  
inhibit ion o f  v i r ion  m a t u r a t i o n .  

A t  early s t ages  o f  i n f e c t i o n  ( t h e  first 3 w e e k s )  viral  R N A  w a s  cons t an t l y  
de tec ted  i n  ce rebra l  t i s sues ,  b u t  n o t  regular ly  i n  t h e  s p l e e n  desp i t e  t h e  p r e s e n c e  
of t h e  i n fec t ious  v i rus .  T h e  poss ib le  r e a s o n  f o r  d i s co rdan t  r e su l t s  o f  v i r u s  isola­
tion a n d  viral R N A  d e t e c t i o n  i n  t h e  s p l e e n  a r e  a s  fo l lows :  a )  t h e  l ower  c o n c e n ­
tration o f  T B E  v i ru s  R N A  a s  c o m p a r e d  t o  t h e  b r a i n ;  b )  t h e  h i g h e r  level  o f  
RNase .  M o d e l  e x p e r i m e n t  ( t h e i r  r e s u l t s  a r e  n o t  r e p o r t e d  h e r e )  s h o w e d  t h a t  
af ter  T B E  R N A  ex t rac t ion  f r o m  t h e  s p l e e n  (as  wel l  a s  f r o m  b l o o d  o r  l iver)  T B E  
virus D N A  m a y  b e  d e t e r i o r a t e d  a n d  a t  s u b s e q u e n t  hybr id iza t ion  t h e  s ignal  
becomes  s ignif icant ly  w e a k e n e d .  A p p a r e n t l y ,  i t  is  n e c e s s a r y  t o  m o d i f y  t h e  
extraction p r o c e d u r e  t o  p r e s e r v e  t h e  R N A .  F o r  t h i s  it  a p p e a r s  w o r t h w h i l e  t o  
apply g u a n i d i n e  ch lo r ide  ( C h e l e y  a n d  A n d e r s o n ,  1984) o r  g u a n i d i n e  isot iocya-
nate  (Mania t i s  et al., 1984). I t  is  l ikely t h a t  b e c a u s e  o f  a b u n d a n t  R N a s e s  t h e  
samples s h o u l d  b e  s t o r e d  shor t ly  ( in  o u r  e x p e r i m e n t s  t h e  s a m p l e s  w e r e  s t o r e d  
at - 70 °C f o r  6 m o n t h s ) .  
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