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The l i terature on the question of the cytopathogenic  act ion of the virus of t ick-borne encephal i t is  on ce l l  
cultures contains much that is contradictory.  According to some reports [17-19,  21] the virus of t ick-borne ence-  
phali t is  causes destruction of HeLa cells.  Other workers [2, 8, 10, 14, 15] were unable to confirm this statement.  

The virus of t ick-borne  encephal i t is  causes a cytopathic  effect  in only a few ce l l  cultures. The most conclusive 
results in this respect have been obtained in p r imar i ly  trypsinized cultures and in transplantable ce l l  lines obtained 
from the kidneys of pig embryos [1, 11, 16]. Because of the diff icul ty in demonstrat ing the cytopathic  effect ,  it  is 
necessary to make  a deta i led  study of ce l l  cultures infected with the virus of t ick-borne encephal i t is  to assist the 
development  of  methods of ear ly  indicat ion and diagnosis. The object  of  the present invest igat ion was to study the 

changes in the fine structure of cultures of l ine RES, sensitive to the virus of t ick-borne encephal i t is ,  in the ear ly  
periods of infection. 

E X P E R I M E N T A L  

The object  used for infection with the virus of t ick-borne  encephal i t is  was monolayer  cultures of the trans- 

p lantable  ce l l  l ine RES obtained from the kidneys of pig  embryos [5]. This ce l l  l ine is sensitive to the viruses of 
the herpetic  group, viruses of Coxsackie group B, and also the virus of t ick-borne  encephal i t is  [9]. Meanwhile,  l ine 
RES is insensitive to pol iomyel i t i s  virus of al l  three types. 

The cultures were infected witla t ick-borne encephal i t is  virus of strain Ix-10,  isolated by A. K. Shubladze in 
1948 from the t ick Ixodes pers~tlcatus. The virus was adapted to a culture of  the embryonic kidneys of a sheep and 

used in the invest igat ion after 6-8 passages. 

The RES cel ls  were grown on cover slips p laced  in penic i l l in  flasks containing 2 ml of medium No. 199 with 
10% normal ox serum. The seeding concentrat ion was 200,000 c e l l s / m l .  A continuous ce l l  layer  was usually formed 
by the end of the second day. The 48-h cultures were inoculated with 0.2 ml  of virus-containing liquid to each 
flask. A dose of virus equal to 0.2 ml of undiluted virus-containing fluid contained 105.6 LDs0. The following di-  
lutions of virus were used : 1:1, 10 4, 10 -2, 10 -s, 10 -s. The duration of incubation of the inoculated RES cultures 

was 20-48 h. The infected cultures :grown on the cover slips were then fixed by A. L. Shabadash's method [12] for 
2-24 h and stained by various his tological  methods (hematoxyl in  and eosin, iron hematoxyl in ,  methyl  green), with 
pyronine by Brachet's method m detec t  RNA, and by the Feulgen method for DNA. A para l le l  series of control ex-  
periments  was performed. A mixt~re of various dilutions of virus with specific rabbit  serum against the virus of  t ick-  
borne encephal i t is  (neutral izat ion index 10,000) was added to the flasks with the RES cultures. Prel iminary contact  
between the virus and immune serum (in an incubator at 37~ lasted for 45 min. The second controI consisted of 

uninfected RES cultures. 

*RES, m~ abbreviat ion for Ren Embryonis Suis, the kidney of the pig embryo. 
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R E S U L T S  

The RES line differs from most ce l l  strains used in virological  pract ice  by its marked monomorphism. RES cul-  

tures consist only of ce l ls  of epi the l io id  character ,  regular and polygonal in shape, with wel! defined borders, and 

containing one round or oval nucleus (Fig. 1). In contrast to the heteroploid ce l l  lines (SOTs, HeLa, A - l ,  KEM-I,  

and so on), mul t inuclear  ce l ls  are lmrdly ever  seen in RES cultures, and even binuclear cel ls  are rare. The mi to t ic  
ac t iv i ty  of RES cultures is much lower than the ac t iv i ty  of most heteroploid ce i l  lines, and does not exceed 20-25 

mitoses per 1,000 nondividing cells.  In addit ion,  in cultures of the RES line a typ ica l  division figures are p rac t i ca l ly  
never seen (mult ipolar  mitoses,  mitoses with chromosomal  bridges, e tc . ) ,  so character is t ic  of aneuploid cel l  strains 
[4, 6]. Karyologica l  investigations of the RES l ine undertaken after various numbers of  passages [3] have shown that  
from 70 to 90% of RE8 cel ls  contain 38 chromosomes (Fig. 2), i .e . ,  they correspond to the diploid karyotype charac-  

teristic of the somatic cel ls  of the pig [13, 20, a2]. Besides diploid cei ls ,  the populations of line RES contain hypo- 
diploid cel ls  with 37, 36, 35, or 34 chromosomes. The proportion of hyperploid cel ls  is very smal l -not  more than 
5% of the total number of  cells.  Ceils  of  RES cultures are further cl{aracterized by their cy tochemica l  stabil i ty,  
regular distribution of glycogen and RNA in their cytoplasm and an abmtdance of lipids. 

In the first exper iments  the cultures infected with virus were incubated for 42-48 h. At the end of this period 
most of the ce l l  layer had undergone total  destruction. The cel ls  fell from the cover slip, and in the areas remaining 

in tac t  a picture of intensive degenerat ion of the cytoplasm and nuclei  of the great  major i ty  of ce i ls  was seen-karyo-  
rrhexis, karyopycnosis,  plasmarrhexis,  and comple te  cytolysis (Fig. 3). These phenomena took p lace  not only after 
infect ion with virus in high concentrations,  but also after infection in dilutions of 10 -2 and 10 -a. Under the influence 

of dilutions of 10 -4 and 10 -s the changes which developed were less severe, but considerable areas of the RE8 cultures 
consisted of cel ls  with pycnotic  nuclei  and cytoplasm in the form of large eosinophilic droplets (pyroninophilia of 
part of the droplets was demonstrated by Brachet's method).  In circumscribed areas cel ls  with well marked signs of 
karyorrhexis were found. 

By means of Feulgen 's  method i t  was possible to de tec t  the ini t ia l  stages of the changes in the nuclei  of tire 
RES cel ls  infected with virus of t i ck-borne  encephal i t i s - regrouping of the chromatin granules, the formation of large 
aggregates of Feulgen-posi t ive  mate r ia l ,  and a marginal  arrangement of the chromatin.  As a result of the concen-  
tration of the DNA-containing mate r i a l  in the centra l  parts of the nuclei ,  in some cases i rregularly shaped conglomer-  
ates were observed, somewhat resembling in their appearance the inclusions in adenovirus infections. 

Fig. 1. 48-hour culture of l ine RES. Normal cel ls  of polygonal  shape 
with c lear  ce l l  borders. The spherical vacuoles correspond to the 
loca l i za t ion  of l ipid droplets character is t ic  of normal RES cells.  

Staining with hematoxyl in  and eosin. Objective 25 x, ocular 10 X. 
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Fig. 2. Set of chromosomes from a c e l l o f  an RES culture ( 88 chromo- 
somes). The cel l  culture was previously treated with colchicine.  
Feulgen's method. Objective 90 x, ocular 10 x. 

Fig. 8. RES culture infected with virus of t ick-borne encephalitis,  strain 
Ix-10 (dilution 10-2). Period of incubation 42 h. Massive cel l  destruction. 

Stained with i ronhematoxylin and eosin. Objective 25 x, ocular 10 x. 

Following the introduction of a mixture of virus with immune serum into the RES cultures, no cytopathic 
changes developed, and cytologically they were indistinguishable from the cultures of the second control group (not 

treated with virus or with a mixture of virus with serum). Having demonstrated conclusively that 42-48 h after in-  
fection with virus of t ick-borne encephalit is the cytopathic changes in the cultures of l ine RES were very clearly 
defined, the next step was to carry out experiments with shorter incubation periods. 

Changes in the structure of flue RES cells were observed 20-26 h after infection with virus-containing fluid, 
either whole or in a dilution of 10 -1 or 10 -2. The processes of destruction affected single cells or small groups of 
cells. In the affected cells mixing of large and small eosinophilic droplets was observed in the cytoplasm, together 
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with regrouping of chromat in  and pycnosis of the nuclei.  The cytoplasm of individual  cel ls  showed total  destruction, 

leading to the appearance of bare, deformed nuclei.  In the control preparations of groups 1 and 2 no destructive 

changes were found. In dilutions of 10"3-10 -s, the virus had no c lear ly  defined cytopathic  ac t i on  on the RES cells.  

The changes in the RES cultures incubated w i n  Ix-10 virus (dilutions 1 : 1 - 1 0  -4) for 30 h were more obvious 

than iu the cultures incubated with virus for 20-26 h, and rather iess obvious than after incubation for 42-48 h. The 
cultures incubated for 30 h were charac ter ized  by the presence of numerous small  loci of ce l l  destruction in the RES 
cultures,  scat tered throughout the ce l l  layer.  In some cases these foci merged to form larger destructive fool. In 
some ptaces the necrotic  ce l ls  were detached from the surface of the glass. The changes in the structure of the nu- 
c l e i  and cytoplasm of the RES celts  corresponded to those described above (karyopycnosis, regrouping of chromatin,  

mixing  of eosinophil ic  droplets in the cytoplasm, and so on). After incubation of the RES cultures with a mixture of 
various dilutions of  virus and immune  rabbit  serum, no cytopath ic  changes were found. 

Some investigations [1, 11] have yielded results showing the cytopathogenic action of the virus of t ick-borne 
encephal i t i s  on p re l iminar i ly  trypsinized ce l l  cultures obtained form the tissues of the pig embryo,  and also on a 
t ransplantable ce l l  t ine obtained from the kidney of the pig embryo. However, there are few reports in the l i terature 
of the fine cy to log ica l  changes arising in the ce l l  structures under the influence of tlae virus of t ick-borne  encephal i t is .  
The number of  investigations in which the cytopathogenic action of the virus has been studied on fixed and stained 

preparations of ce l l  cultures is par t icu lar ly  small.  

We studied the CYtopathogenic act ion of the virus of t ick-borne  encephal i t is  (strain Ix-10)  on a highly sensitive 
tissue system, cultures of l ine RES,obtained from the kidney of the pig embryo. As stated ear l ie r ,  this t ransplantable 
ce l l  l ine is charac te r ized  by high cy to log ica l  and karyological  stabil i ty.  In its karyological  character is t ics  the RES 
line resembles ce l l  strains of hypodiploid character  (obtained from the kidneys of the pig embryo [2], but i t  differs 
from the la t ter  in its higher percentage of cei ls  possessing a diploid set of chromosomes. The karyological  charac-  
teristics (closeness to the diploid level )  distinguish the RES line sharply among the heteroploid cet t  strains used in 

virology. The propert ies of  the RES line such as the epi thel io id  character  of the cultures, the c la r i ty  of the ce l l  bor- 
ders, and the marked monomorphism enable  even very slight changes developing in the cytoplasm and nuclei  of the 
cei ls  to be de tec ted  early.  

Infection of  the RES cultures by different concentrations of virus of t ick-borne encephal i t is  led after 30-38 h 
to the development  of typ ica l  cytopathogenic  phenomena in many cei ls ,  and sometimes in most. Under these c i r -  

cumstances the structures of the cytoplasm and of the nucleus were affected approximate ly  to the same degree and 
almost at the same t ime.  The ordinary method of staining with hemotoxyl in  and eosin is perfect ly  adequate  for d i -  

agnosis of the cytopathic  act ion of the virus of t ick -born encephali t is .  In some cases the use of the Feuigen method 

may  speed up the de tec t ion  of the ce l l  damage  caused by the virus, but the use of this method is not obligatory.  Of 
course the specif ic i ty  of the cytopathogenic  action of the virus coutd not be determined without a suitable control  
(the act ion of a mixture  of virus and immune serum on the culture). The cytopathic  changes which we observed in 
the RES cel ls  were essent ial ly  indistinguishable from those described earl ier  [Tj. but they were more massive and 
they affected a higher percentage of cel ls  than in primary cultures of pig's kidneys. 

The fact that the tissue system used in these experiments  is a transplantable ce l l  l ine,  together with the cy to-  
logica l  and karyological  s tabi l i ty  of the RES cultures and their high sensit ivity to the virus of t ick-borne  encephal i t i s ,  
should make  possible the wide use of the RES line in diagnostic work. 
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Al l  a b b r e v i a t i o n s  of  p e r i o d i c a l s  in the  a b o v e  b ib l i ography  are  l e t t er -b y - l e t t er  t r a n s l i t e r -  

a t i o n s  of  the  a b b r e v i a t i o n s  as  g iven  in the  or ig ina l  R u s s i a n  journal .  Some or all  o[  th is  peri-  

od i ca l  l i t era ture  may wel l  be a v a i l a b l e  in Engl ish  translat ion,  A co mp le t e  l i s t  o f  the  c o v e r - t o -  

c o v e r  E n g l i s h  t r a n s l a t i o n s  appears  at the  back  o f  th i s  i s s u e .  
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