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Summary. - Enzyme-linked immunosorbent assay (ELISA) enabled a more precise serological typing 
of isolates of red clover necrotic mosaic virus (RCNMV) originating from Slovak and Czech Republics, 
Poland, Sweden and Great Britain. We found 5 isolates of serotype A, 14 isolates of serotype B, and 6 isolates 
of serotype C. Some isolates represented mixtures of serotypes, namely A+B (1 isolate), A+C (1), B+C (7), 
and A+B+C (5). ELISA was found to be a more suitable method of serotype identification of RCNMV 
isolates than the double diffusion agar gel test for its higher sensitivity and greater selectivity. 
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Introduction 

The serological analysis enables not only a detection of 
new isolates of RCNMV (dianthovirus group), but due to 
antigenic or serological differences among them also their 
classification to individual serotypes (serotyping). From so 
far described RCNMV serotypes (Musil, 1969; Musil and 
Gallo, 1982; Rao et al., 1987) three have been found on the 
territory of Slovak and Czech Republics, occuring either 
individually or in mixtures. A selective reaction of individ­
ual RCNMV serotypes with properly diluted serotype-spe-
cific IgG in ELISA (Hiruki et al., 1984; Musil and Gallo, 
1990) pre-determines this method for their serotyping. 

In the present study the serotype of available RCNMV 
isolates originating from Slovak and Czech Republics, Po­
land, Sweden and Great Britain was verified by means of 
ELISA. 

Materials and Methods 

RCNMV isolates. We determined the serotype of 36 isolates 
from Slovak and Czech Republics (Musil et al., 1982), 2 from 
Great Britain, 1 from Poland, and 1 from Sweden (Musil et al., 
1983). Purified suspensions of individual isolates (nucleoprotein 
concentration 1 mg/ml), diluted 1:1000 were used for ELISA. 

ELISA. The double antibody sandwich ELISA (Clark and 
Adams, 1977) was used. IgG fractions were prepared from rabbit 

antisera against isolates TpM34 (serotype A), TpM48 (serotype B) 
and No. 6 (serotype C). Conjugates with alkaline phosphatase and 
other reagents were prepared and used according to Musil and 
Gallo (1990). 

Results and Discussion 

The serotype of purified suspensions of individual 
RCNMV isolates, determined previously by immunodiffu­
sion (ID) test (Musil et al., 1982, 1983) was verified by 
ELISA with the following results (Table 1). 

The serotype A of all four isolates (ID test) was con­
firmed also by ELISA. From 17 isolates of serotype B (ID 
test) only 13 were confirmed, and from 8 isolates of serotype 
C (ID test) only 6 were confirmed. 

From 4 isolates of mixed serotype A+B (ID test) only 1 
was confirmed and 3 were found of serotype A+B+C by 
ELISA. The mixed serotype A+C (ID test) was confirmed 
also by ELISA. 

On the other hand, the serotype B+C was found by ID 
test in 4 isolates, but by ELISA in 7 isolates. The mixed 
serotype A+B+C was found altogether in 5 isolates, but just 
by use of ELISA. In ID test, these isolates were of serotype 
B (No. 9), or C (No. 24), or A+B (No. 5, 29, 30). 

These results show that using ELISA we were able to 
demonstrate in 4 and 2 isolates, respectively, instead of 
single serotype (found by ID test) a mixture of two sero-
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Table 1. Reaction of RCNMV isolates with serotype-specific IgG 
in ELISA 

RCNMV A 4 0 5  with IgG 
isolates* 

anti-TpM34 anti-TpM48 anti-No.6 

Serotype A 
TpM34 
No.8, 12, 15, 
20 

1.34 

1.10- 1.75 

0.04 

0.03 - 0.05 

0.05 

0.04-0.05 

Serotype B 
TpM48 
No.2, 7, 13, 
16, 17, 18, 
19,21,23, 
31,33, 34, 
1307 (GB) 

0.04 

0.04-0.06 

1.30 

0.95-1.35 

0.02 

0 . 0 2 - 0  04 

Serotype C 
N0.6 
No.4, 10,27, 
28, S (GB), 
SW 63/70 (S), 
PL (Poland) 

0.04 

0.04-0.05 

0.03 

0.04 - 0.05 

1 45 

1.20-1.60 

Serotype A+B 
No.25 0.81 1.10 0.06 

Serotype B+C 
No. 1,3, 14, 
22,26, 27, 
32 0.04-0.05 0 .15-  1.30 0 .68-  1.70 

Serotype A+C 
No. 11 0.90 0.04 1.54 

Serotype A+B+C 
No.5, 9, 24, 
29,30 0.28-1.32 0.28-  1.10 0 .20-  1.60 

a Isolates are designated according to Musil el al. (1982). 

t y p e s ,  and  in 3 i so la tes  ins tead  o f  a m i x t u r e  o f  t w o  s e r o t y p e s  
( f o u n d  b y  ID test)  a m i x t u r e  o f  three  s e r o t y p e s ,  in the  c a s e  
o f  m i x e d  s e r o t y p e s  de termined  b y  E L I S A ,  o n e  s e r o t y p e  w a s  
u s u a l l y  in h i g h e r  concentrat ion than another  o n e  o r  t w o  
others .  E.g.  A405 o f  t h e  i so late  N o .  11 ( s e r o t y p e  A + C )  w i t h  

anti-TpM34  a n d  anti-No.  6 IgG h a d  v a l u e s  o f  0 . 9  and  1.5, 
r e s p e c t i v e l y ,  a n d  A405 o f  t h e  isolate  N o .  2 4  (serotype  
A + B + C )  w i t h  anti-TpM34,  anti-TpM48  and  anti-No.  6 IgG 
amounted  t o  0 .9 ,  0 . 4  a n d  1.6, r e s p e c t i v e l y .  W e  a s s u m e  that 
t h e  occurence  o f  s o m e  s e r o t y p e s  in p u r i f i e d  suspens ions  o f  
s o m e  R C N M V  iso la tes  in a l o w e r  concentration w a s  the 
c a u s e  o f  their  detection b y  E L I S A ,  b u t  n o t  b y  ID test.  

It can b e  concluded  that E L I S A ,  a s  compared  t o  t h e  ID 
test  i s  a m o r e  su i tab le  m e t h o d  f o r  s e r o t y p i n g  o f  R C N M V  
isolates,  b e c a u s e  it e n a b l e s  t o  detect  a l s o  minor  se rotypes  
present  in m i x t u r e s  o f  s e r o t y p e s  in v i r u s  isolates.  T h e  ID test  
e m p l o y e d  p r e v i o u s l y  (Musi l  et al., 1 9 8 2 )  d i d  not  p o s s e s s  
that  h igh  sens i t iv i ty  a n d  se lect iv i ty .  Never the less ,  a l l  t h e  
a v a i l a b l e  data indicate that  s o m e  plants  in fields are  e v i ­

d e n t l y  i n f e c t e d  b y  s e v e r a l  d i f f e r e n t  s e r o t y p e s  o f  R C N M V .  
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