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Summary. — Two monoclonal antibodies (MoAb) to the Skalica 
virus from the tick-borne encephalitis (TBE) complex were used 
to compare Karshi and Royal Farm %'iruse.s with the Russian 
spring-summer encephalitis, Central European encephalitis (Hypr 
and Kumlinge strains) Skalica, Langat and Powassan viruses. 
The first MoAb was prepared by fusion of P3NS1 cells with 
BALB/c mouse spleen cells, immunized with the Skalica virus; 
it was of IgM class and reacted in haemagglutination-inhibi-
tion (HI) test (MoAb type 1). The second MoAb was of IgG class 
and reacted in complement-fixation (CF) test (MoAb type 2). 
MoAb type I reacted in the HI test with Russian spring-summer 
encephalitis (RSSE), Central European encephalitis (CEE) virus 
strains, Skalica and Langat viruses. No reaction was observed 
with Powassan, Karshi, and Royal Farm viruses. MoAb type 2 
reacted in the CF test with all members of tick-borne encepha­
litis complex except the Powassan, Karshi, and Royal Farm 
viruses. 
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The viruses belonging to the tick-borne encephalitis complex (Clarke, 
1904) have been already compared by the use of MoAb (Grešíková and 
Sekeyová, 19S4; Gaidamovich  et al., 1986). MoAb to the Skalica reacted 
with all members of TBK complex, except of the Powassan virus. MoAb to 
the Russian spring-summer encephalitis (RSSE) virus reacted with  the 
members of TBIÍ complex except of Powassan, Langat, and  Skalica viruses. 

Recently Karshi and Royal Farm viruses have  been included in the T B E  
complex (Calisher, 1!)H8). It was of interest to  answer the question of anti­
genic relationships of these viruses by the use of MoAb. 

ViruHc.H anil anliflenn. fo l lowing  V Í I M I H O H  of tho T B E  complex woro usod: Russian spring-sum-
rnor encephalitis (Sofiri strain), Central European Encephalitis  (Hypr and Kumlingo strains) 
Skalica, Langat, Powassan, Karshi, and Royal  Farm viruses .  Antigens for HI and CF tes t s  
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Tahle 1. Tick-borne flaviviruscs used for serological comparison b y  monoclonal antibodies 

V i rus  Isolated f rom Y e a r  Location 

Russ ian spring summer human 1937 Primorskii  K r a y ,  U.S.S.R. 
encephalitis 

Primorskii  K r a y ,  U.S.S.R. 

H y p r  strain of CEE human 1953 Brno,  Czechoslovakia 
Kumlinge strain of CEE Ixodes i icinus 1959 Áland,  Finland 
Skalica Clethrionomys 1974 Radimov forest,  

glareclus Czechoslovakia 
L a n g a t  Ixodes (j7 anulatus 1956 Malaysia 
Powassan human 1958 Ontario, Canada 
Karshi  Ornithcdoros 1972 Uzbekistan, U.S.S.R. 

papillipes 
R o y a l  F a r m  Argas hermanni 1968 Kabul ,  Afghanis tan  

CEE = Central European encephalitis 

were prepared f r o m  the brain of v iruses  infected suckling mice b y  the  sucrose-acetone method 
(Clarke a n d  Casals, 1958). 

Monoclonal antibodies. The  method of hybridoma production w a s  described previously  (No­
v á k  et al., 1983; K u s h c h  et al., 1986). 

Serological tests. For  serological comparison the  haemagglutination-inhibition (HI) a n d  the  
complement-fixation (CF) tests  were  used.  The H I  a n d  CF tes t s  were carried out  a s  microtests 
in plastic p lates .  The  H I  tes t  w a s  performed a s  described b y  Clarke a n d  Casals (1958). 

A t  30 min,  a t  1, 2, a n d  18 h r  a f t e r  inoculation 0.4 m l  of t h e  red  cells suspension w a s  
added to  t h e  mixtures  in t h e  wells.  The sys tem w a s  incubated for  45  min unti l  reading. To 
remove the  non-specific inhibitors, the  ascitic fluids were  treated wi th  acetone. 

The complement-fixation te s t  w a s  performed wi th  2 units  of complement in veronal buf fered  
solution for  30 min, 2 hr, a n d  18 h r  according to  Casals (1967). 

Seven viruses of the TBE complex have been compared: RSSE, CEE 
(Hypr and Kumlinge strains), Skalica virus, Langat, Powassan, Karshi, and 

Table 2. The reactivity of monoclonal antibodies with some viruses of tick-borne 
encephalitis complex in the liaemayglutination-inhibition (III) test 

H I  t itres a f t e r  
Antigen 

30 min 2 hr  18 hr  

Russian spring-summer 
encephalitis 40 80 160 
H y p r  strain of CEE 320 640 1280 
Kumlinge strain of CEE 640 1280 1280 
Skalica 640 1280 2560 
Langat  160 320 1280 
Powassan 0 0 0 
Karshi  0 0 0 
Royal  F a r m  0 0 0 

CEE = Central European encephalitis 
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Tahle 3. T h e  litres oř moiioelonal antibodies i n  the complement-fixation (CF) test 
u l t l i  some viruses of the TDK complex 

CF titres a f t e r  incubation of 

30 min 2 hr  18 hr  

Russian spring-summer 
encephalitis 0 0 128/8* 
.Hypr strain of CLE 0 0 256/25G 
Kumlinge strain of CEE 0 0 512/32 
Skalica 0 0 256/256 
Langat  0 0 256/8 
Powassan 0 0 0 
K arshi  0 0 0 
Royal Farm 0 0 0 

CEE Central European encephalitis 
* Titre  of MoAb/titro of antigen 

Royal Farm viruses (Table I). For comparison, MoAb of IgM and/or IgG 
classes were used. MoAb of IgM class (MoAb type 1) reacted in HI test, 
MoAb of IgG class (MoAb type  2) reacted in CF test. 

By III tests the highest titres were obtained with the Skalica and Kum-
lin^c antigens; 4-fold differences were obtained with  Langat antigen and  
16-fold differences with  the RSSE antigen after 30 min incubation and/or 
after 2 hr incubation. 

No antigenic relationships were detected with the Powassan, Karshi, and  
Royal Farm viruses (Table 2). When the incubation of MoAb w i t h  the 
antigens was prolonged to 18 hr, higher HI titres were observed with  all 
antigens tested except of Powassan Karshi, and Royal Farm viruses. 

Table Identification n í  l ick-borne encephalitis (TIIK) \irns strains l>y monoclonal 
antibodies tisinu lineningglntinatinn-iiihlhitinn ( i l l )  test 

isolated strains  HI t i tres* with MoAb H i  t i tres*  with reference 
THE antiserum 

Apodc.mun Jlavicollin No. 0 5 120 320 
A . Jlavicollis No. 12 10 256 320 
A. flavicollin No. 28 5 128 320 
Jxodv.H rir.inuH No. 155 1 280 320 
/. rich m h No. 156 1 280 160 
/. ricinvH No. 151) 1 280 160 
ľ a t i e n ť s  blood sample 2 560 640 

* The aril.ibodicH HIM I tlio antigen wero inoubuted for  18 hr 
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Using MoAb in CF test, a close relationship was detected among RSSE, 
CEE (Hypr and Kumlinge strains), Langat, and Skalica viruses. No reac­
tions were detected with t he  Powassan, Karshi, and  Royal F a r m  viruses 
(Table 3). Finally, MoAbs (type 1) were used for  t he  identification of CEE 
virus strains. As shown in Table 4, higher antibody ti tres were detected 
with the  MoAb t h a n  with t he  reference T B E  antiserum. 

I n  our investigations, 2 types of MoAbs (IgM class and  IgG class) o 
T B E  virus have been used t o  specify t he  antigenic classification of Karshi 
and  Royal Fa rm viruses. I n  t he  previous study, t he  close relationships be­
tween the  RSSE, k E E ,  louping-ill, Negishi and Omsk haemorrhagic fever 
viruses have been detected. When the  antigens were incubated with MoAb 
for 30 min, 4 t o  8 times lower t i tres were obtained with Langat  and Kya-
sanur forest disease viruses. The MoAb t o  Skalica virus did not  react with 
Powassr.n virus (Grečíková and Sekeyová, 1984). MoAb to RSSE did not 
react with Powassan, Langat-TP-21 and Skalica viruses (Gaidamovich et 
al, 1986). 

A number of virus strains associated with encephalitis in Europe and in 
the U.S.S.R. have been registered in the International Catalogue of Arbo­
viruses (Karabatsos, 1985). The homogeneity among T B E  virus strains iso­
lated in Europe was described b y  analysis of structural glycoproteins (Heinz 
and Kunz,  1981) and b y  t he  use of MoAb (Heinz et al., 1982). I n  our s tudy 
no  significant differences in t he  reactivity between H y p r  a n d  Kumlinge 
strains were detected. 

Recently, the  Karshi and Royal F a r m  viruses were included (Calisher, 
1988) into t he  tick-borne encephalitis complex. I n  order t o  clarify the  classi­
fication of these viruses we compared them antigenically with MoAb. B y  
t he  use of H I  and CF tests no relationships of t he  Powassan, Karshi, and 
Royal Fa rm viruses t o  t he  tick-borne encephalitis complex was found. 

I t  would be useful t o  compare antigenically all t he  registered tick-borne 
encephalitis virus strains. * 
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