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Summary 

The precipitating and neutralizing activities of normal bovine sera with FMDV 
were studied and compared. 

Twenty-two out of 79 normal bovine sera gave a positive reaction in micro 
neutralization tests with FMDV type O, while six did so with type A. In I~ID 
tests 32 sera were positive with type O and 28 with type A virus. Almost all of 
the 79 sera gave a positive reaction in the RID with trypsin treated virus of both 
types. After three to four fold concentration most sera also gave visible reactions 
in ID tests when tested against complete virus. 

When O virus was used the ID patterns produced by most normal sera 
clearly differed from those obtained with early and late convalescent sera from 
FMDV infected steers. When type A materials were employed this was also the 
case but to a lesser extent. The ps, tteizls obtMned with concentrated normal sera 
showed, in general a strong line with trypsin treated virus and no line or a weaker 
one with complete virus. The substances in normal bovine sera precipitating 
trypsin treated O virus were different from those reacting with trypsinized virus 
of type A. 

Introduetion 

Normal sera of a number of species are knov<n to contain substances reacting 
with a variety of viruses (13). 

Frequently these activities, a.o. those directed against FMDV, were found 
associated with the 19S macroglobulin fraction (1, 3, 8, 9). For poliovirus anti- 
viral activities were also found to be associated with IgG and IgA (T) globulins (15). 
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D i f f e r e n t i a t i o n  of t h e  n o n s p e e i f i c  r e a c t i o n s  c a u s e d  b y  t h e s e  s u b s t a n c e s  f r o m  

spec i f ic  ones  i n d u c e d  b y  c o n t a c t  w i t h  F M D V  a n t i g e n s  w a s  o n l y  a c h i e v e d  u n t i l  

n o w  b y  e i t h e r  s e t t i n g  a l eve l  b e l o w  w h i c h  a l l  r e a c t i o n s  we re  c o n s i d e r e d  n o n s p e e i f i e  

or  b y  h e a t i n g  t h e  s e r u m .  

I n  t h i s  r e p o r t  q u a l i t a t i v e  d i f f e r ences  b e t w e e n  n o n s p e c i f i c  a n d  speci f ic  r e a c t i o n s  

o b s e r v e d  in  i m m u n e  d i f f u s i o n  ( ID)  t e s t s  a re  d e s c r i b e d .  T h e  m e t h o d  u sed  p r e s e n t s  

a m o r e  r a t i o n a l  a p p r o a c h  to  t h e  d i f f e r e n t i a t i o n  of n o n s p e e i f i c  a n d  speci f ic  re-  

a c t i o n s  w i t h  F M D V .  

Materials and Methods 

Virus and Trypsin Treated Virus 
Virus  p r e p a r a t i o n s  of t y p e  A s u b t y p e  10, s t r a i n  H o l l a n d  a n d  of O s u b t y p e  1, 

s t r a in  B F S  68 were p r e p a r e d  b y  the  F r enke l  cu l tu re  m e t h o d ,  pur i f ied,  c o n c e n t r a t e d  
a n d  t r y p s i n  t r e a t e d  as descr ibed  (11) w i t h  t he  excep t ion  t h a t  i n s t e a d  of sucrose 
g rad ien t s ,  l inear  CsC1 g rad ien t s  (1 .30--1 .50)  were used.  All v i rus  p r e p a r a t i o n s  were 
app l i ed  in  a c o n c e n t r a t i o n  of 300 ~g/ml.  

Ser6b 

Sere  of 79 e igh teen  m o n t h s  to  two  years  old s teers  of I r i sh  origin,  t h a t  h a d  n e v e r  
been  in  c o n t a c t  w i t h  FMI) ,  were  o b t a i n e d  one  or two  days  a f t e r  a r r iva l  of t h e  an imMs 
a t  t h e  l abo ra to r y .  T he  s teers  were  k e p t  in  q u a r a n t i n e  a n d  t h r e e  weeks  l a t e r  sera  were  
a g a i n  col lected a t  r a n d o m  f rom 38 of these  79 steers.  H o m o l o g o u s  ear ly  (7 d. p. i . )  a n d  
l a t e  (28 d. p. i . )  conva l e scen t  s teer  sere  aga ins t  A en  O v i rus  were  used  in t h e  I D  t e s t  
to  o b t a i n  specific p a t t e r n s .  Homologous  h y p e r i m m u n e  s teer  sere  se rved  as reference  for 
t he  rad ia l  i m m u n e  di f fus ion (RID)  tes t .  Sere  were s to red  a t  - - 20  ° C. 

Fo r  use  in  t he  I D  t e s t  sere  were c o n c e n t r a t e d  b y  a mod i f i ca t ion  of t h e  m e t h o d  
descr ibed  b y  WA~INGWON (14). One ml  of s e rum was m i x e d  w i t h  0.16 ml  of a 50 pe r  
c en t  P E G - 6 M  (Koechs t )  so lu t ion  a n d  lef t  o v e r n i g h t  a t  4 ° C. 

The  p rec ip i t a t e  wh ich  h a d  a v o l u m e  b e t w e e n  0.05 a n d  0.1 ml,  was  col lected b y  
e e n t r i f u g a t i o n  for  5 m i n u t e s  a t  3000 r p m  a n d  r e suspended  in  0.2 mI  PBS.  

Radial Immuno Di//usion ( R I D )  

T h e  I~ID was ca r r ied  ou t  essent ia l ly  as descr ibed  b y  CowA~ (4) wi th  t im m i n o r  
mod i f i ca t ion  t h a t  s e rum.aga rose  gels were m a d e  in cups  w i t h  a d i a m e t e r  of 20 m m  a n d  
a d e p t h  of 2 ram,  t he  cen t ra l  well  h a d  a d i a m e t e r  of 3 m m  (12). The  sera  were t e s t ed  
in  a f inal  s e rum d i lu t ion  of ½ .  

Immuno Di//usio~ Test 
The  I D  t e s t  descr ibed  b y  O u c h t e r l o n y  was used  w i t h  some m i n o r  mod i f i ca t ions  as 

r e p o r t e d  (11). All n o r m a l  sera  were  t e s t ed  a f t e r  t h r e e  to  fourfold  concen t r a t i on .  The  
early eonvMescent sere were tested in  a ~ and the late convalescent sera in a I/4 
di lu t ion .  T h e  u n s t a i n e d  p a t t e r n s  were  p h o t o g r a p h e d .  The  effect, of d i f f e ren t  NaC1 
c o n c e n t r a t i o n s  on  t he  I D  r eac t ion  was i nves t i ga t ed  b y  a d d i n g  NaCI to  t h e  I D  buf fe r  
s y s t e m  u p  to  f ina l  c o n c e n t r a t i o n s  of 0.05 a n d  0.25 M of NaC1. 

Micro Neutralization Test ( M N T )  
Neu t r a l i z i ng  a c t i v i t y  was d e t e r m i n e d  b y  t h e  c o n s t a n t  v i r u s - v a r y i n g  s e r u m  d i lu t ion  

m e t h o d ,  us ing  m i e r o t i t e r  e q u i p m e n t  a n d  seconda ry  pig  k i d n e y  cells (10), A b o u t  
100 IDs0 of v i rus  was used  in  eve ry  well. 

E n d p o i n t s  were d e t e r m i n e d  accord ing  to I~eed a n d  l~ueneh .  Ti te rs  are  expressed  
as t h e  n e g a t i v e  l o g a r i t h m  of t h e  s e rum d i lu t ion  endpo in t .  

Sere are considered positive if their titers are 0.45 or more. 
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Results 

As shown in Table 1 more sera produced a positive reaction in the t~ID test 
than in the MNT. Almost all reacted with trypsin treated virus. Not necessarily 
the same sera gave a positive reaction with both virus t~Tes or reacted positive 
in both the I~ID and MNT. The precipitation lines obtained in the ID tests with 
concentrated normal sera tented to disappear with increasing NaC1 concentration, 
while the specific precipitation lines improved slightly. NaC] was therefore not 
used in the gels. 

Table 1. Number o/positive reactions o] 79 bovine sera in the micro neutralization test 
( M N T )  and the radial immunodi]]usion test with complete virus ( R I D )  and trypsin 

treated virus ( R I D 4ryp ) 

virus type O virus type A 

MNT 22 (5) 6 
(11)~ (2) 

BID 32 (14) 28 

BID-tryp 76 78 

~. Between brackets the number of sera are shown that gave either positive re- 
actions in the same test with both types of virus (FMDV type A and type O) or 
positive reactions in both tests with the same virus type 

The different patterns observed in the ID tests are shown in Figure 1. With 
type A virus a whole spectrum of patterns was obtained. Fom%een of the 79 sera 
reacted almost exclusively with trypsin treated virus (group I), 29 showed a 
slight reaction with complete vilus, with the trypsin treated virus spurring over 
the complete virus (group II). Crossing lines were found in six eases (group I I I )  
while complete virus was spurring in four cases over trypsin treated virus 
(group IV). No crossing or spurring was seen with 7 sera (group V). A vague 
precipitation was observed with 17 sera (group VI), while the remaining 2 sera 
produced no precipitation at all. With t3~e 0 virus patterns of group I, I I  and I I I  
were observed with respectively 35, 40 and 3 sera. One serum produced no reac- 
tion. 

The patterns I and I I  of normal sera differ clearly from the specific ones shown 
in Figure 2. 

Strong precipitation lines are produced with trypsin treated virus, whereas 
only minor lines or no lines at all are formed with complete virus. I t  is not clear 
whether these minor lines in group I I  cross or are partially identical with the main 
ones. The specific patterns obtained using early sera usually show the complete 
virus spurring over the trypsin treated virus. Representative samples are shown 
in Figure 2. These patterns were also observed with convalescent sera raised in 
other species. Occasionally however patterns with crossing lines were observed 
(not shown). The patterns obtained with late sera produced lines of identity of 
which representative samples are shown in Figure 2. 
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Fig. i. LD results of 79 concentrated sera tested agaii~st complete and trypsin treated 
FMDV type O and A. The results are grouped according to the patterns obtained of 

which representative samples are shown 
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In  order to learn if the main ID reactions, with trypsin treated type A and 0 
virus were caused by the same serum component, all sera were retested in one 
test against trypsin treated preparations of A and O. The resulting patterns show 
strong lines with 0 and weaker ones with A virus (Fig. 3). Twenty-eight sera gave 
crossing lines, while in ease of 51 sera the line with trypsin treated virus type A 
was too weak to tell whether it crossed or showed partial identity with the O virus 
line (Fig. 3). A number of normal sera were tested side by side with early and late 
convalescent sera against complete and trypsin treated virus type O. The precipi- 
tation lines between complete virus and normal sera were rather wes.k if present 
at all. 

Fig. 2. ID results of early and late convalescent sera anti A and anti O tested against 
complete and trypsin treated FMDV of both types. The wells were filled with antigens 

and sera in the same way as in Figure 1 

Fig. 3. ID results using concentrated sera tested against trypsin treated type A and O 
FMDV. Two kinds of patterns were obtained of which representative samples are 

shown. The number of sera producing either one pattern are presented 

With trypsin treated virus normal sera produced precipitation lines that  
spurred on the lines formed by late sera and were identical with those formed by 
early sera. 

Three weeks after arrival of the steers 34 of them were bled again and the sera 
obtained were concentrated and tested by ID against complete 0 and trypsin 
treated O virus. The resulting patterns were compared with the ones produced 
with sera collected directly after arrival. I t  was found that  a quarter of the sera 
having group I patterns changed during the three weeks to sera exhibiting group I I  



4,0 i~. i .  MELOEN: 

patterns and vice versa, all the patterns were however still distinct from the 
specific ones. The over all distribution over the three groups after three weeks was 
more or less the same as that. shown in :Figure t, obt~ained directly after arrival of 
the steers. The same observation was done when all the sera were retested. 

A number of control experiments were done. Instead of concentrated sera, in- 
creasing concentrations of PEG (1 per cent, 2 per cent and 4 per cent) were put 
in the centre well. No precipitation lines developed. 

As shown before (2) the purification procedure produces virtually pure virus. 
Because bovine tonque epithelium not infected with virus did not react, when put 
through the purification procedures with normal bovine sera, the precipitation 
lines obtained between normal bovine sera and virus must be virus specific. 
Further the early and late convalescent sera were concentrated with PEG as de- 
scribed and tested by ID both before and after dilution to the appropriate con- 
eentration. If not too much distorted by the unbalance of the system, the patterns 
of the concentrated sera were the same as those of the diluted sera and of the un- 
treated sera. 

Discussion 

In  our laboratory sera from the FMD susceptible Irish cattle used for FMD- 
work have in the past years routinely been tested in the RID test immediately 
after arrival of the animals in Holland. With undiluted sera positive reactions 
were observed with complete and trypsin treated FMDV, more or less as shown in 
Table 1. The number of sera reacting with trypsin treated FMDV exceeded that  of 
the ones reacting with complete virus and the reactions were more intensive. This 
prompted us to investigate this phenomenon, especially since it seemed to offer 
a possibility to differentiate qualitatively between specific and nonspeeific re- 
actions. 

Nonspecilic activity has mainly been found in the 19S serum fraction (3, 8, 9). 
This is in agreement with unpublished results obtained in our laboratory with 
a number of nolmal sera fract.ioned on Sephadex G-200. 

The present finding (Table 1) that  not necessarily the same sera give positive 
reactions either in tile R ID  and MNT or with both virus types is in agreement 
with the results of A~DE~SO~" (1). The high number of positive reactions found in 
both tests are probably due to the higher serum coneentra.tions used by us as 
compared with those employed by A~DERSON (1). 

Since only a few sera showed visible ID patterns with complete and trypsin 
treated virus, all sera were concentrated by PEG precipitation. The method 
applied concentrates both specific I9 S and 7 S antibodies, as shown by WAR~ING- 
TO~ (14). If  one only wants to study the substances present in the I9S serum 
fraction 4 per cent PEG is sufficient. Normal sera concentrated with 4 per cent 
PEG gave the same ID patterns as sera concentrated with 7 per cent PEG, in 
accordance with the observation that the nonspeeifie reactions are found in the 
19S serum fraction (3, 8, 9). A 4 per cent PEG concentration has the additional 
advantage of precipitating less protein, which makes the use of a higher concentra- 
tion-factor possible. 

However if one wants to differentiate between specific and nonspecific re- 
actions it is undesirable to remove part of the 7 S antibodies. 



Immunodiffusion Characterization of Bovine Antisera With FMDV 41 

As reported before (t) the R I D  cannot differentiate between a specific and 
nonspecific precipitation reaction. ASDERSOX (1) proposed therefore to make this 
differentiation by  establishing the ant ibody class in which the precipitating 
activity occurs. I f  after four or five weeks the activity were still found in tile 19S 
serum fraction, this would indicate a nonspeeffie reaction. Serum fraetionation is 
however too laborious to apply in serologic surveys. The only suitable method 
left for differentiating between 19S and 7S globulins is the reduction of t9S 
macroglobulins by  [3-mereapto ethanol. In  our hands this method destroyed some 
of the 7 S ant ibody activi ty in bovine sera, as reported earlier by  Cowa~- (5). 

Our method of defining the nature of the precipitating agents by  ID  test with 
the aid of complete and trypsin treated virus and concentrated sera seems there- 
fore at  least in ease of type O, much more suitable for large scale application, 
since it. can easily be applied to a large number of sera. 

The observation tha t  the sera Mmost always reacted in the R I D  test with 
trypsin treated virus but  only occasionally with complete virus was confirmed in 
ID  tests with the concentrated sera. I t  suggests that  trypsin treated virus ex- 
hibits reactive groups not present on the complete virion which are recognized by 
normal sera. This is in agreement with the I D  results obtained when normal sera 
and late convalescent sera were tested side by side against trypsin treated virus: 
precipitation lines of normal sera spurred over those of late sera. Why under these 
conditions early sera give lines of identi ty remains to be explained. 

The partial inhibition of the formation of nonspecifie patterns by  NaC] prob- 
ably reflects the less stable binding between the virus and the precipitating sub- 
stances as compared to the binding between virus and specific 19S antibodies. 

The high "specificity" of the precipitating substances is evident from their 
ability to react, sometimes even exclusively, with trypsin treated virus. This high 
"specificity" could further be reflected by the multiple lines sometimes formed in 
I D  patterns (Figs. 1 and 3). These lines could be due to breakdown products of 
complete or trypsin treated virus, as shown, to some extent, in the specific I I )  
pat terns (Fig, 2). However, since the intensities and number of the lines in the non- 
specific reactions clearly differ from the ones in the specific reactions, one might 
speculate that  the precipitating substances recognize slightly different virus 
particles present in this virus preparation, tha t  are not observed with specific 
antibodies. The high specificity of some of these substances is also shown by  the 
crossing lines obtained with 28 sera when tested against trypsin type A and 0 
(Fig. 3). 

In  their apparent  nonspeeifieity, combined with a high specificity for certain 
chemical structures on the vMon these components of normal sera resemble 
specific 19S antibodies. According to CowA~ (5) 19S antibodies show extensive 
cross reaction but are also very  specific for certain viral antigens. This might be 
due to the presence of several highly specific antigenic determinants on the virion 
tha t  are either not recognized by  or are not able to react with 7S antibodies, 
perhaps as a consequence of sterie or eonformational factors. 

The low binding strength between the precipitating substances in normal sera 
and the virus and the observation tha t  the presence of these substances is not 
limited to a short period support  the hypothesis (9, 16) tha t  the substances are the 
result of an unrecognized infection of the animals with some unrelated agent. IgM 
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possessing s imilar  proper t ies  was p roduced  b y  s t imula t ions  of mice with a bac te r ia l  
endotoxin .  I t  r eac ted  wi th  bovine g a m m a  globulin,  had  a low a v i d i t y  for  this  
an t igen  and  remained  present  dur ing a long per iod  (6). However  the  o ther  pos- 
s ibi l i ty ,  t h a t  these substances  are  p a r t  of some k ind  of inher i ted  survei l lance 
mechanism (7), cannot  be excluded.  The observed "specif ic"  na tu re  of the  pre- 
c ip i ta t ing  agents  in normal  bovine  sera does not  seem to be res t r ic ted  to bovine 
sera and  FMDV,  bu t  might  reflect  a more general  phenomenon  since i t  has been 
shown t h a t  no rma l  equine sera reac t  in a s imilar  "specif ic"  manner  wi th  s t ra ins  
of polio vi rus  (16, 17). 

This s t u d y  subs tan t i a tes  the  occurrence of specific reac t ing  serum components ,  
which m a y  be appl ied  for immunologica l  analyses,  for ins tance  I D  resul ts  r epo r t ed  
here suggests  t h a t  the  t ryps in  t r ea t ed  vir ion exhibi ts  reac t ive  groups no t  p resen t  
on the  complete  virion. This has  been shown before bu t  ir~ a more  ted ious  w a y  (2). 
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