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Summary 
Bluetongue-virus (BTV) was found to agglutinate a variety of erythroeytes 

including sheep-, chicken-, guinea pig- and mouse-erythrocytes. Hemagglutina- 
tion was inhibited specifically with type specific serum. A temperature dependence 
was only found for chicken erythroeytes, which showed a hemagglutination op- 
t imum at 37 ° C. The hemagglutination was lost upon t reatment  of the virus with 
0.4 per cent trypsin as well as after t rea tment  with 0.01 ~ KJ04 .  Heating of the 
virus preparation to 56 ° C resulted in the loss of the HA-activity.  Gelchromato- 
graphic studies indicated tha t  the hemagglutinating capacity is associated with 
the complete virion. Whereas virulent strains of BTV hemagglutinate a number 
of different erythroeytes the avirulent type tested produced only a slight hemag- 
glutination with sheep red blood cells. However, specific antiserum produced with 
the avirulent strain yielded strong hemagglutination inhibition (HI) with the cor- 
responding virulent strain. Treatment  of sera prior to their use in the H I  proved 
necessary to remove nonspecific inhibitors. The efficiency of K J 0 4  in removing 
nonspecific inhibitors indicates tha t  carbohydrates represent the major group of 
nonspecific inhibitors. The data represented recommend the hemagglutination in- 
hibition test  as a new method to identify the various BTV serotypes. 

Introduction 
Bluetongue-virus (BTV) has been shown to possess a close relationship to reo- 

virus (14) which supports its classification in the family of reoviridae. Though 
hemagglutination has been reported for reoviridae (4, 6) as well as for a member 
of the orbivirus-group (9) no hemagglutination with BTV has been found. On the 
other hand the strong affinity of BTV to sheep erythroeytes as demonstrated by 
PINI et al. (10) lends support to the possibility of an in vitro hemagglutination. 
A similar type specificity as observed for the reovirus hemagglutination would 
facilitate undoubtedly the serotype differentiation presently achieved with the 
rather laborious plaque inhibition method (5). 
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Materials and Methods 

Virus  

Blue tongue - v i r u s  v i r u l e n t  t ypes  3, 5, 8 and. I0 were k i n d l y  suppl ied  b y  Dr.  B. J .  
EtcAss~us ( V R I  Onder s t epoor t ,  S o u t h  Africa).  W h e n  rece ived  these  s t r a ins  h a d  under -  
gone i or 2 egg passages  a n d  add i t i ona l  2 - - 4  b a b y  h a m s t e r  k i d n e y  cell ( B t t K )  pas-  
sages. The  a t t e n u a t e d  t y p e  10, de s igna t ed  B T 8  vaccine,  was  p u r c h a s e d  f rom the  
D e n v e r  Se rum Comp. (Denver ,  Col. U.S.A.).  

A s tock  p r e p a r a t i o n  of t h e  d i f fe ren t  s t r a in s  was s to red  a t  - - 70  ° C a f t e r  two ad-  
d i t i ona l  B H K  passages.  

Unless  o therwise  s t a t e d  t he  expe r i m en t s  were pe r fo rmed  w i t h  the  v i r u l e n t  t y p e  3 
virus .  

Cell Cultures 

B H K - 2 1  cells were passaged  in  rol ler  bo t t l e s  (6.5 cm d iamete r ,  35 cm leng th )  in  
modi f ied  Eagles  m e d i u m  enr iched  wi th  10 per  cen t  calf se rum.  Conf luen t  B H K  mono-  
layers  h a d  a n  ave rage  cell n u m b e r  of 3 × l0  s cells per  tube .  F o r  p r o d u c t i o n  of v i rus  
Eag les  m e d i u m  was rep laced  b y  L a v i t  m e d i u m  w i t h o u t  serum.  

Virus  Product ion 

Stock  v i rus  was used  to infect  B H K - c e l l s  a t  a mu l t i p l i c i t y  of in fec t ion  of 0.5 p l aque  
fo rming  un i t s .  S imu l t aneous ly  50 ml  of L a v i t  m e d i u m  per  t u b e  were added .  Af te r  in- 
c u b a t i o n  for 2 4 - - 4 8  hou r s  t h e  cell l ayer  showed  comple te  de s t ruc t i on  a n d  was  vigor-  
ous ly  s h a k e n  off t h e  glass wall .  On  t h e  ave rage  5 × 107 P F U / m l  were o b t a i n e d  in  t he  
s u p e r n a t a n t .  

The  v i rus  con ta in ing  cell suspens ion  was clarif ied b y  a low speed een t r i f uga t i on  
s tep.  The  resu l t ing  cell pe l le t  was t a k e n  up  in 0.002 M Tris  buffer ,  p H  8.8, a n d  t r e a t e d  
accord ing  to t h e  m e t h o d  descr ibed  b y  VERWOE~D et al. ( t4)  w i t h  t h e  di f ference t h a t  
no  e t h e r - t w e e n  t r e a t m e n t  was  pe r fo rmed .  I n s t ead ,  t he  5 t imes  f luo rca rbon  e x t r a c t e d  
v i rus  was pe l le ted  t h r o u g h  a ~ vo lume  of a &0 pe r  cen t  (w/v) sucrose cush ion  con ta in -  
ing 3 m g / m l  Tween  80 in a S W  27 ro to r  for 150 m i n u t e s  a t  24,000 r p m  a t  4 ° C (Beck- 
m a n  L 5 u l t r acen t r i fuge) .  The  re su l t ing  pel le t  was  d issolved in  1.5 ml  Tris  buf fer  
0.002 M a n d  layered  on to  a 1 0 - - 4 0  pe r  cen t  w / v  sucrose g r ad i en t  in  Tris  buffer .  U p o n  
cen t r i fuga t ion  for  50 m i n u t e s  in  a S~%'27 ro to r  a t  2 4 , 0 0 0 r p m  a t  4 ° C  the  c lear ly  
vis ible  v i rus  b a n d  was recovered  b y  p u n c t u r i n g  the  t u b e  wall .  F ina l l y  the  o b t a i n e d  
b a n d  ma te r i a l  was  d i lu ted  1 : 5 in  Tris  buf fe r  a n d  pe l le ted  in t he  same ro to r  as a b o v e  
for 40 m i n u t e s  a t  25,000 r p m  a t  4 ° C. The  resu l t ing  pel le t  was  d issolved in 0.5 ml  
Tr is  buf fe r  a n d  s to red  a t  - -  70 ° C. I n  add i t ion ,  t he  v i rus  c o n t a i n i n g  t i ssue  cu l tu re  f luid 
was m i x e d  w i th  solid (NH4)2SO4 to o b t a i n  a 40 per  cen t  s a tu r a t i on .  The  p H  was ad-  
j u s t ed  i m m e d i a t e l y  to  p i t  7.0 b y  dropwise  add i t i on  of 5 N NaOI-I. P r e c i p i t a t i o n  a t  
4 ° C for 60 m i n u t e s  was fol lowed b y  cen t r i f uga t i on  for 30 m i n u t e s  a t  2,200 × g a t  4 ° C. 
The  re su l t ing  p rec ip i t a t e  was  resolved in  1/100th t h e  or ig inal  v o l u m e  in Tr is  0.002 ~ ,  
p H  8.8, a n d  d ia lysed  o v e r n i g h t  aga i n s t  t h e  s ame  buffer .  The  d ia lysed  p r e p a r a t i o n  was 
t r e a t e d  t h r ee  t imes  w i th  f luorca rbon  a n d  f ina l ly  c o m b i n e d  w i th  t h e  ce l l -ex t rac ted  v i rus  
for f u r t h e r  pur i f ica t ion .  

In /ec t iv i ty  T i t ra t ion  

F o r  t h e  p l aque - suspens ion  t e c h n i q u e  ( t )  B H K  cells g rown  in  rol ler  bo t t l e s  were 
su spended  in Ea r l e ' s  m e d i u m  wi th  2 pe r  cen t  calf  s e r u m  a f t e r  t r y p s i n a t i o n  a t  a con-  
c e n t r a t i o n  of 2 × 107 cells pe r  ml .  

0.1 ml  v i rus  in  p h o s p h a t e  buf fe red  sal ine (PBS),  pI-I 7.4, in  serial  t en fo ld  d i lu t ions  
was a d d e d  to 0.9 m l  cell suspension.  

.After i n c u b a t i o n  for t5  m i n u t e s  a t  r oom t e m p e r a t u r e  w i t h  occas ional  a g i t a t i o n  
1 ml  agarose  m e d i u m  was a d d e d  and  t he  m i x t u r e  p o u r e d  on to  f resh ly  p r e p a r e d  base-  
layers  of agarose  m e d i u m  in  p las t ic  dishes.  Agarose  m e d i u m  consis ted  of Ea r l e ' s  bas ic  
sa l t  so lu t ion  en r i ched  w i t h  0.5 per  cen t  l a c t a l b u m i n  hyd ro lysa t e ,  0 . i  pe r  cen t  yeas t  
ex t r ac t ,  0.1 pe r  cen t  b o v i n e  s e rum a l b u m i n  a n d  0.55 pe r  een t  agarose.  P l a t e s  were in-  
c u b a t e d  for  3 days  a t  37 ° C in  a n  a t m o s p h e r e  w i t h  5 pe r  c en t  CO~. P l a q u e s  were  
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c o u n t e d  a f te r  s t a in ing  w i t h  n e u t r a l  red  1 : 10,000. I n  a d d i t i o n  in fec t iv i ty  t i t r a t i o n  were 
p e r f o r m e d  in  B H K - t i s s u e  cu l tu re  t u b e s  a n d  t h e  i n f ec t i v i t y  t i t e r  was  ca lcu la ted  accord-  
ing  to  t h e  m e t h o d  of REED a n d  MUENCtt ( l l ) .  

Preparation o] Sera /or Hemagglutination Inhibition (HI)  
To r e m o v e  nonspeci f ic  t t A - i n h i b i t o r s  sera  were  i n a c t i v a t e d  a t  56 ° C for  30 minu t e s ,  

w h e r e u p o n  one p a r t  of s e r u m  was m i x e d  w i t h  two  p a r t s  of a 0.01 M so lu t ion  of K J O 4  
in  0.005 ~ PBS,  p H  7.4. Af te r  a n  i n c u b a t i o n  for 15 m i n u t e s  a t  room t e m p e r a t u r e  two 
p a r t s  of 1 pe r  cen t  glycerol  in  t he  same  buf fe r  were a d d e d  to s top t he  ac t ion  of K J 0 4 .  

A l t e rna t i ve ly ,  t h e  sera  were t r e a t e d  w i t h  n e u r a m i n i d a s e  (Behr ing,  Marburg )  b y  
m i x i n g  4 p a r t s  of n e u r a m i n i d a s e  c o n t a i n i n g  0. i 7 U per  ml  a n d  1 p a r t  se rum.  I n c u b a t i o n  
a t  37 ° C o v e r n i g h t  of th i s  m i x t u r e  was fol lowed b y  h e a t  i n a c t i v a t i o n  for  30 m i n u t e s  
a t  56 ° C. 

F o r  t he  t r e a t m e n t  of sera  w i t h  t r y p s i n  1 p a r t  of f resh ly  p r e p a r e d  0.4 per  cen t  
t r y p s i n  (Difco) in  P B S  was m i x e d  w i t h  a n  equa l  v o l u m e  of serum,  a n d  i n c u b a t e d  for 
30 m i n u t e s  a t  56 ° C. Fo r  use in  t he  H I - t e s t  all  sera  were a p p r o p r i a t e l y  d i lu ted  w i t h  
0.05 ~ PBS,  p H  7.4, to  h a v e  a s t a r t i n g  d i lu t ion  of 1 : 5. 

Hemagglutination (HA)  and H I  Tests 
The  m i e r o t i t e r  m e t h o d  was  used exclusively .  F lex ib le  po]yv iny leh lo r ide  p la tes  

(Dyna tech ,  P loch ingen ,  F e d e r a l  R e p u b l i c  of G e r m a n y )  w i t h  U - s h a p e d  wells p r o v e d  
m o s t  sa t i s fac to ry  for t h e  tes t .  To each  serial  twofold  B T V  an t i gen  d i lu t ion  in  b o r a t e  
saline,  p H  9.0, a n  equa l  a m o u n t  of gu inea  pig  e r y t h r o c y t e s  1 pe r  cen t  in  v i rus  ad jus t -  
ing  buffer ,  p H  7.0, (3) was  added .  The  m i x t u r e  was sho r t l y  a g i t a t e d  on  a l a b o r a t o r y  
s h a k e r  a n d  i n c u b a t e d  a t  37°C for 60 minu tes .  The  rec iprocal  of t he  h ighes t  v i rus  
d i lu t ion  showing  comple t e  h e m a g g l u t i n a t i o n  was cons idered  as t h e  HA- t i t e r .  

I n  h e m a g g l u t i n a t i o n  i n h i b i t i o n  (HI) - tes t s ,  4 ~ 8  H A - u n i t s  of a n t i g e n  in  25 ~l were  
a d d e d  to 25 al of each  serial  twofold  d i lu t ion  of s e rum in b o r a t e  saline,  p H  9.0. 

Af t e r  i n c u b a t i o n  for 60 m i n u t e s  a t  37 ° C, 25 ~1 of t he  red  b lood  cells (RBC) sus- 
pension, was  added.  The  p la tes  were aga in  i n c u b a t e d  a t  37 o C for 60 m i n u t e s  a n d  t h e  
h ighes t  s e r u m  d i lu t ion  showing  comple te  i n h i b i t i o n  of h e m a g g l u t i n a t i o n  was cons idered  
as t he  H I - t i t e r .  

Gel Filtration o / B T V  Hemagglutinin 
F r e o n - e x t r a ~ t e d  B T V  h e m a g g l u t i n i n  was r u n  over  a Sepharose  413 co lumn.  Frac-  

t ions  were col lected w i t h  a n  Isco f r ac t i on  collector.  All  f r ac t ions  were passed  t h r o u g h  
a flow cell m o n i t o r e d  b y  a n  u l t r av i o l e t  abso rbenee  m o n i t o r  C Isco Model  UA-5  con- 
n e c t e d  to  a n  u l t r av i o l e t  ana lyse r .  Selected f rac t ions  were t e s t ed  for v i rus  i n f ec t i v i t y  
a n d  t I A - a e t i v i t y .  

Treatment o] B T V  Hemagglutinin with KJ04 or Enzymes 
One v o l u m e  of pur i f i ed  a n t i g e n  was  m i x e d  w i t h  2 vo lumes  of 0.01 ~ K J O 4  in 

0,005 ~ PBS ,  p H  7.4, a n d  i n c u b a t e d  for  15 m i n u t e s  a t  37 ° C, th i s  was  fol lowed b y  t h e  
a d d i t i o n  of 1 pe r  cen t  g lycer in  w h e r e u p o n  t he  m i x t u r e  was  inc luded  in t h e  tes t .  Simi- 
lar ly,  1 v o l u m e  of 0.4 pe r  cen t  t r y p s i n  was m i x e d  w i t h  1 v o l u m e  of a n t i g e n  wh ich  
m i x t u r e  a f t e r  i n c u b a t i o n  for 30 m i n u t e s  a t  37 ° C was inc luded  in t he  tes t .  N e u r a m i n i d -  
ase t r e a t m e n t  was  pe r fo rmed  as adv i sed  b y  SENTSUI (12) b y  m i x i n g  0.17 u n i t s  R D E / m l  
w-ith a n  equa l  v o l u m e  of pur i f ied  an t igen .  I n c u b a t i o n  for  30 m i n u t e s  a t  37 ° C followed, 
w h e r e u p o n  t h e  m i x t u r e  was  t e s t ed  in  t~A as wel l  as in  i n f e c t i v i t y  t i t r a t i ons .  

F o r  con t ro l  purposes ,  a n t i g e n  samples  w i t h o u t  t r e a t m e n t  were  t i t r a t e d  in para l le l  
for H A - a c t i v i t y  a n d  in fec t iv i ty .  

Results 

Hemagglutination with RBC /tom Various Species 

R B C  f r o m  g u i n e a  pig,  m o u s e ,  goose ,  c h i c k e n ,  cows  a n d  s h e e p  w e r e  s u b j e c t e d  

t o  H A - t e s t .  U p o n  v i r u s  p u r i f i c a t i o n  w i t h  F r e o n ,  o n l y  g u i n e a  p ig  a n d  s h e e p  l gBC 

w e r e  a g g l u t i n a t e d .  Y e t  f u r t h e r  p u r i f i c a t i o n  led  t o  a n  a d d i t i o n a l  a g g l u t i n a t i o n  of 
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mouse, goose and  chicken red blood cells (Table 1). The results presented in Ta- 
ble 1 were obta ined with BTV serotype 3 V, yet  the same pa t t e rn  was found for 
serotypes 8V and 10V. I n  part icular  guinea pig I%BC were agglut inated consist- 
ent ly  to the highest l i ter.  I n  contrast  to the different v i ru lent  BTV types ex- 
amined,  which exhibited identical  HA-values with RBC of a given species, the 
avi ru lent  BTV type 10 yielded hemagglu t ina t ion  with sheep red blood cells only. 
I n  the la t ter  case HA-values  remained considerably lower when compared to 
values obta ined with the corresponding vi ru lent  strMn. 

Table t. The influence o] the puri/ivation upon B T V  hemagglutination with various 
R B C  

Degree of purification PFU/ml  

i) supernatant fluid 6 × IW 
2) supernatant after hypotonic cell lysis 9.6 × 10 s 
3) 5 times ]~reon-extraetion of step 2 2 × 10 s 
4) centrifugation of step 3 through a 40% sucrose cushion with 3 mg/ml 2.2 X 109 

Tween 80 
5) density gradient centrifugation of step 4 through a i0 40% sucrose 6.5 X 10 s 

gradient 

RBC (1%) 
Step Guinea pig Mouse Goose Chicken Sheep 

1 . . . . . .  

2 . . . . . . . .  

3 1:64 . . . .  1:16 
4 1:2048 I :2  1:64 1:64 1:256 
5 1:320 1:80 1:160 1:80 1:20 

Table 2. The in]luence o] the erythrocyte concentration upon B T V hemagglutination 
titer a 

Ery. -cone. SRBC ChRBC GPRBC 

0.5% t : 320 I : 1280 1 : 2560 
0.75% t :80 1:640 1:1280 
1.0% 1:40 1:160 1:320 

SRBC: sheep red blood cells, Chl~BC: chicken red blood cells, GPRBC: guinea pig 
red blood cells. BTV type 3V was used in the test. 
a Values represent titers from 3 different tests 

Table 3. The in]luence o/ the incubation temperature upon B T V  hemagglutination 
titer a 

Incubation temp. SRBC ChRBC GPRBC 

4 ° C 1:160 1:40 1:1280 
22 ° C (I%T) 1:320 1:1280 1:2560 
37 ° C 1:320 1:1280 1:1280 

Particulars as for Table 2 
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E//eet o/ RBC Concentration and Incubation Temperature on the Hemagglutination 
Titer 

As expected, a gradual increase of the HA-titer with decreasing RBC con- 
centration was observed. Yet despite optimal titers were obtained with 0.5 per 
cent TBC concentration, most HA-tests were performed with I per cent RBC con- 
centrations, as more definite end points were observed (Table 2). No difference in 
HA titers was observed for sheep and guinea pig I~BC when the incubation was 
performed at 4 ° C, room temperature, and 37 ° C. However, a marked decrease of 
the HA-titer was seen with chicken RBC at 4 ° C (Table 3). In addition, the HA- 
titer did not change after holding the test plate with guinea pig or sheep RBC 
at room temperature for 24 hours whereas a significant HA-titer loss was found 
for chicken RBC kept under the same conditions, indicating elution of the hem- 
agglutinin. 

Influence o~ pH, Bu//er Composition and Various Reagents on HA 

Phosphate buffer was adjusted to pH-values ranging from pH 5.75 to pI-I 9.0. 
Hemagglutination was lost completely at  ptl-vMues lower than pH 6.0 whereas 
over the p t t  range from pH 6.0 to 9.0 the same HA-titer was observed. Similarly, 
no change of the HA-titer occurred when the borate-saline-phosphate buffer 
system was replaced by the following diluents: dextrose-veronal-gelatine buffer, 
pH 7.4, M/90 phosphate-NaCl-buffer, pH 7.4, PBS, or saline. 

log TCIDBo/ml 

A - - - - , , A  = O O 2 8 0 n  = 9 
I - - - - 4  = H A  t i t e r  

2 8 " ~ ~ = TCJDs°/mt 

7 -  ' \ !% /.~ 
E 1.5 \ ! i  \ 
c 6- ' t  

c,4 
[:3 5 "  

0 5  ~ " ],i" " X -  . 

, ~ , , ~ . . . .  I , , , T - T  , 7 7 T . . . .  , , ~ 
5 10 15 20 25 30 

F r a c t i o n  n u m b e r  

Fig. 1. Gel-filtration (Seph. 4B) of BTV. The virus was only Freon-extraeted 

H A  Ti ter  

1:32 

1:16 

1:8 

l : t .  

1:2 

In  order to elucidate the chemical nature of the BTV hemagglutinin, purified 
virus preparations were treated with 0.01 M KJ04,  0.4 per cent trypsin or 0.17 g 
I{DE as indicated in Materials and Methods. Trypsin- and KJ04-treatment  
removed the HA-activity completely whereas RDE treatment caused no altera- 
tion of the HA-titer. Infectivity titrations which were performed in parallel with 
the same preparations showed that  the trypsin treatment led to a decline of 
3 loga0 KIDs0/ml whereas KJ04  addition caused a complete loss of infeeitvity. 
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Association o/Hemagglut inin with Virus In/ectivity 

R e s u l t s  o b t a i n e d  a f t e r  p a s s i n g  B T V  ove r  a S e p h a r o s e  4 B c o l u m n  i n d i c a t e  t h a t  

t h e  B T V  h e m a g g l u t i n i n  (Fig. 1) is c losely  a s s o c i a t e d  w i t h  t h e  v i rus  pa r t i c le .  T h e  

co r r e l a t i on  b e t w e e n  i n f e c t i v i t y  a n d  h e m a g g l u t i n a t i o n  t i t e r  is f u r t h e r  s u b s t a n -  

t i a t e d  b y  t h e  r e su l t s  o b t a i n e d  w i t h  d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  of pu r i f i ed  B T V  

w h e r e  t h e  p e a k  i n f e c t i v i t y  f r a c t i o n s  y i e lded  t h e  h i g h e s t  H A - t i t e r s  (Resu l t s  n o t  

shown) .  The  r e su l t s  p r e s e n t e d  in  Tab le  1 f u r t h e r  a l low to  ca lcu la t e  t h e  r a t i o  of 

in fec t ious  pa r t i c l e s  to  H A - u n i t s  be ing  a p p r o x i m a t e l y  106 P F U / m l  to  1 H A - u n i t  

u s ing  g u i n e a  pig R B C .  

Hcmagglutination Inhibition o/ B T V  

N o n s p e c i f i e  i n h i b i t o r s  were  f o u n d  in  all  sera  t e s t e d .  As  can  be seen  in  Tab le  4, 

t h e s e  i n h i b i t o r s  were  e f f ec t ive ly  r e m o v e d  b y  t r e a t m e n t  w i t h  K J O 4 .  S imi la r ly ,  

t r y p s i n -  a n d  R D E - t r e a t m e n t  l ead  to  a p a r t i a l  r e m o v a l  of nonspec i f i c  i nh ib i t o r s .  

Table 4. Removal o/nonspeci/ie serum inhibitors 

Nonspeeif ic  se rum inhibi t ion t i t e r  

T r e a t m e n t  Calf se rum Sheep serum R a b b i t  se rum 

None b > 1 : 4096 a 
M / 9 0  TS~JO4 < 1:10 
Tryps in  0 .4% n . d .  c 
Neuramin idase  n . d .  
Chloroform (20O/o) > 1:4096 
M / 9 0  K J 0 4  + 
Chloroform (200/o) < 1 : 10 

1:256 1:512 
< 1:10 1:10 

1:40 n . d .  
1:40 n . d .  
1:256 1:16 

< 1 : 1 0  1:320 

4 H A U  BTV 
b All sera were inac t iva ted  56 ° C, 30 minutes  
c Not  done 

Table 5. HA inhibition titers o/ various sheep and cal] sera with B T V  types 3 V, 5 V 
and 10 V 

neg. neg. 
calf sheep ref .T3 ref .T5 
s e r u m s e r u m s e r u m  serum 

ref.T10 sheep540 sheep540 sheep541 calf 33/37 
serum (20d.p.i.) (60d.p.i.) (60d.p.i.) (128d.p.i.) 

Type  3V __a __ 1:320 --  --  1:640 1:160 --  --  
Type  5V --  --  --  1:640 --  --  - -  1:160 --  
Type  10V --  --  --  1:80 --  - -  --  1:80 

H A I  t i t e r  < 1 : 10 S 540 exper imenta l ly  infected wi th  t y p e  3 ; S 541 exper imenta l ly  
infec ted  wi th  t ype  5 

Table  6. HI-titer o /a  sheep experimentally injected with B T V  type 3 

neg. Ref.  
0 10 a 28 42 54 68 82 90 112 sheep T 10 
_ b  1:40 1:640 1:640 1:160 1:320 1:160 1:160 1:160 --  

a Days  pos t  infect ion 
b < 1:10 
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HI-antibodies to BTV hemagglutinin proved to be type specific as illustrated 
in Table 5. H I  antibodies of one sheep infected artificiMly were followed over a 
period of 3 months (Table 6). H I  was first detected l0 days after infection, reach- 
ing a peak titer (t:640) between 20 and 40 days post infection followed by 
HI- t i te r  of 1:160 for the remaining observation period. Considerably higher 
HI-t i ters  were obtained from hyperimmunized rabbits where HI-t i ters  reach values 
of up to 1:40960. 

Diseussion 

BTV does agglutinate EBC from different species provided tha t  the antigen 
has been adequately purified. Increased purification extended the range of species, 
the RBC of which were agglutinated. The failure to obtain hemagglutination even 
with relatively high titered tissue culture fluid virus must therefore be ascribed to 
the known affinity of BTV to cellular material (13) whereby the HA reactive sites 
on the virion are masked. Additionally, the failure of VERWOEt~D et al. (13) to 
demonstrate hemagglutination by BTV must  be due to the exclusive s tudy of the 
at tenuated strain of serotype 10. In  fact, when we tested avirulent strain of BTV 
10, only a slight hemaggtutination solely with sheep erythroeytes was observed, 
for which in addition considerably more virus as measured by  the infectivity titer 
had to be used as compared to wild type virus. Possibly, avirulent BTV strains 
possess a hemagglutinin which is different from tha t  of the virulent strains. As 
hemagglutination by the avirutent strain is confined to sheep I~BC, one has to 
assume tha t  during continuous egg passage structures essential for the wide scale 
hemagglntination are altered. 

The fact that  HA occurred to same titers at 4 ° C, 20 ° C, and 37 ° C with the 
exception of chicken RBC indicates tha t  the BTV affinity for the latter is weaker 
than for the other 2 sorts of RBC tested. This is further substantiated by the 
partial  elution of BTV from chicken R.BC within 24 hours, an observation not 
made with the other RBC, where the HA-ti ter  remained stable for 24 hours. 

Incubat ion of BTV with trypsin and KJO4 removed viral reactive sites for HA 
and decreased infectivity whereas E D E  did not alter the HA-ti ter  nor the in- 
fectivity of BTV. This may  suggest tha t  the BTV protein active in the red cell 
a t tachment  similar to reoviruses (6) may  be a glycoprotein. The relationship of 
HA-titer  and infectivity as observed in gel filtration studies further indicates tha t  
BTV hemagglutinin is closely associated with the virus particle. Considering the 
strain specificity of BTV as exposedAn the hemagglutination inhibition test  it is 
further possible to allocate the HA reactive site to protein 2 and 5 on the outer 
shell of BTV, as the latter have been shown to be responsible for the type 
specificity of BTV, which would correspond to the L-type particles as described 
by  MARTII~" and ZV¢~:~:RI~K (7). Further  work is in progress to elucidate the struc- 
tural  differences of these 2 proteins in avirulent and virulent strains. 

Antibodies to BTV have been demonstrated by  complement fixation, neu- 
trMisation, immunodiffusion (2) and ELISA-tests  (H[~BSCI~LE, in preparation). 
When testing for HI-ac t iv i ty  during the present studies we found high titers in 
sera from cattle, sheep and hyperimmunized rabbits, in the latter of up to 1:40 000. 
H I  antibodies seem to follow the same pat tern as has been described for serum 
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neutra l isa t ion ti ters (10). No s tudy direct ly comparing neutra l iz ing and  HI- t i te rs  
has been published, however. The advantage  of the described hemagglu t ina t ion  
inhibi t ion test  lies probably  in the avai labi l i ty  of a new diagnostic tool for the 
rapid differentiat ion of BTV serotypes. 
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