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ABSTRACT 
VAN DER WALT, N. T ., 1980. A haemagglutination and a haemagglutination inhibition 

test for bluetongue virus. Onderstepoort Journal of Veterinary Research, 47, 113- 117 (1980). 
Haemagglutination of bluetongue virus (BTV) was demonstrated for the first time by making 

use of a purified preparation of the virus. The reaction was found to be independent of variations 
in the pH, temperature, buffer system and origin of the erythrocytes used in the test . A haemaggluti
nation inhibition test, subsequently developed, was demonstrated to be serotype specific. The storage 
of the virus for indefinite periods was facilitated by lyophilization of BTV in the presence of a low 
concentration of sucrose. 

Resume 
UN TEST D'HAEMAGGLUTINATION ET D'INHIBITION D'HAEMAGGLUTINATION 

POUR LE VIRUS DE LA PESTE CATARRHAL£ OVINE 
L'haemagglutination du virus de Ia peste catarrhale ovine (BTV) a ete demontre pour Ia premiere 

fois en uti!isant une preparation purifiee du virus. 
La reaction jut trouvee etre independante des variations en pH, temperature, du systeme de tampon

nage et de /'origine des erythrocytes utilises dans /e test. Un test d'inhibition haemagglutination 
developpe subsequemment se demontra specifique de serotype. 

La conservation du virus pour ses periodes indefinies fut facilitee par Ia lyophilisation du BTV en 
presence d'une basse concentration de sucrose. 

INTRODUCTION 

An assay for bluetongue virus (BTV) antibodies is 
important in epidemiological studies for the identi
fication of BTV carriers, and also in virological and 
immunological studies of the virus. 

The serological tests that are currently most 
commonly employed for the determination of BTV 
antibodies are the plaque reduction neutralization 
(PN) test, the complement fixation (CF) test and the 
agar gel precipitin test. The choice between these 
tests depends on the particular application for which 
it is to be used (Thomas, Girard, Boulanger & 
Ruckenbauer, 1976). The passive haemagglutination 
test that has been introduced for the BTV system 
(Blue, Dawe & Gratzek, 1974) has found limited 
application, probably because it s more laborious 
than the PN test. The haemagglutination inhibition 
(HI) test has not been used since previous attempts to 
obtain haemagglutination with BTV have been 
unsuccessful (Howell & Verwoerd, 1971). The HI 
test is used in many other systems (Tyrrell, 1973), 
however, and is often the method of choice for the 
detection of viral antibodies (Joo, Donaldson-Wood & 
Johnson, 1976), since as an in vitro test it has the 
advantage of being fast and easy to perform. 

In view of these advantages a further attempt was 
made to obtain haemagglutination with BTV. This 
paper reports a successful procedure to obtain 
haemagglutination with purified BTV. An HI test 
for determining BTV antibodies is also described 
and was shown to be serotype specific. 

MATERIALS AND METHODS 
Buffers 

The following buffers were used: TSAG buffer 
pH 9,0 consisting of 0 ,02 M Tris (hydroxymethyl) 
methylamine, 0,14 M NaC1, 0,001 M CaC1 2.2Hp, 
0 , 2~ bovine albumin fraction V and 0,0025% 
gelatm. HSAG buffer pH 6,2 consisting of 0,025 M 
N- 2- hydroxyethylpiperazine - N- 2- ethanesulphonic 
acid (Hepes), 0,14 M NaC!, 0,001 M CaC12.2Hp, 
0,2% bovine serum albumin and 0,0025% gelatin 
(lwa~a. & Hori, 1976). BSA (borate-saline-albumin) 
cons1st~ng of 0,05 M borate, 0,12 M NaCl and 4% 
of bovme serum albumin. PBS (phosphate buffered 
saline) consisting of 0,15 M NaC! and 0,2 M phos-
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phate (Clarke & Casals, 1958). Tris buffer pH 9,0 
consisting of 0, 002 M of Tris (hydroxymethyl) 
methylamine. 

Erythrocytes 
Red blood cells from various species (indicated 

under Results) were collected in an equal volume of 
Alsever's solution (2,05% dextrose, 0,42% sodium 
chloride, 0,8% sodium citrate, 0 ,055% citric acid), 
washed 3 times in the same solution, made up to a 
50% suspension and stored at 4 oc for up to 2 weeks. 
Before use the cells were washed twice in saline and 
then diluted with saline to obtain a 40% suspension. 
This solution was diluted to 0,25% in the desired 
buffer for use in the test. 

Virus 
Attenuated type 10 BTV (BTV lOA) was used as 

antigen in the test. 
Propagation of the virus was carried out by infect

ing BHK cells with approximately 1 , 5 BTV plaque
forming units (PFU's) per cell and incubating them 
for 48 h at 37 oc before harvesting the virus by 
collecting the tissue culture fluid . 

The virus was purified according to a modification 
of the method of Verwoerd (1969). Infected tissue 
culture harvests were centrifuged for 1 h at 1 400 g. The 
supernatant was discarded and the pellet suspended in 
0,002 M Tris buffer (1 ,5 mt per 1 x 108 cells). The 
suspension was homogenized in an Ultra-Turrax 
homogenizer for 30 seconds. After the addition of a 
1/100 volume of 5% Sephadex G200 and a 1/3 
volume of Freon 113 (Trichloro-trifluoro-ethane) it 
was homogenized for 30 seconds and centrifuged for 
15 min at 1 400 g. The Freon-Sephadex phase was 
washed twice with 30 mt ofTris buffer by homogeniza
tion and centrifugation as described above. Three 
more Freon extractions were then carried out on the 
combined water phases. The virus was concentrated 
by centrifugation through a 5 mt cushion of 40% 
sucrose in 0,002 M Tris buffer for 90 min at 78 000 g . 
The pellets were resuspended in 9 mt of 0, 002 M Tris 
buffer. This preparation was referred to as the partially 
purified antigen. 

For complete purification, 3 mt of the partially 
purified antigen suspension was layered on a 15-30% 
sucrose gradient and centrifuged for 50 min at 
78 000 gin a SW 27 rotor. The virus band from each 
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tube was collected and the pellet containing virus 
aggregates suspended and re-centrifuged on a sucrose 
gradient as described above. The virus band that was 
collected from this gradient was pooled with the 
others and the virus then concentrated by centrifuga
tion for 90 min at 78 000 g. The pellets were suspended 
in about 3 mt of Tris buffer and used as purified 
antigen. 

Haemagglutination (HA) test 
The microtitre equipment described by Takatsky 

(1955) as modified by Sever (1962) was used. In 
routine tests sheep red blood cells were used as 
indicator and TSAG buffer was used as diluent. 
Doubling dilutions of 0 , 025 mt of serum were made. 
A further 0,025 mE of diluent was then added to 
each well, followed by 0, 05 mt of a 0, 25% suspension 
of s,eep red blood cells. Suitable controls were 
inc-ud~:i in all the tests. The test was read after 
incu, at ion for 3 h at room temperature. The highest 
antigen dilution producing complete haemagglutina
tion was taken as 1 haemagglutinating unit. 

Determining the optimum pH for the haemagglutina
tion test 

This was done by using BSA buffer (pH 9, 0) as 
diluent and then adjusting the pH with sheep red 
blood cells suspended in PBS buffer at different pH's 
as described by Clarke & Casals (1958). 

Removal of non-specific inhibitors from serum 
Absorption with kaolin and treatment with dextran

sulphate-CaC12 (DS-C) and heparin-MnC12 has been 
described (Clarke & Casals, 1958; Liebhaber, 1970; 
Iwasa & Hori, 1976). 

The haemagglutination inhibition (HI) test 
The equipment and reagents were the same as 

described for the haemagglutination test. 
Serial twofold dilutions of serum were made in 

TSAG buffer. To each 0,025 mt of dilution an equal 
volume of diluent containing 4 HA units of antigen 
(see Storage of antigen) was added. A serum control 
and a titration of the antigen suspension were included 
in each test. After incubation at room temperature 
for 10 min, 0 , 05 mt of a 0,25 % sheep red blood 
cell suspension was added to each well. The tests were 
read after another incubation period of 3 h at room 
temperature. The HI titre was defined as the highest 
dilution that completely inhibited agglutination. 

Storage of antigen 
A stock suspension of purified antigen was diluted 

to a concentration of 240 11g/m£ in a solution of 2% 
sucrose and 0, 1% albumin in Tris buffer. This 
suspension was lyophilized in 0, 5 m£ aliquots. One 
aliquot was restored in 10 m£ TSAG buffer to obtain 
4HA units (12 J1g of protein per m£) which were 
immediately used in HI tests. 

BTV antisera 
Antiserum was prepared by giving rabbits a single 

subcutaneous injection of 500 J1g of purified BTV 
suspended in Tris-saline buffer. This had been 
emulsified in an equal volume of complete Freund's 
adjuvant. Serum samples were obtained by bleeding 
the animals at weekly intervals. 

Plaque-neutralization test 
The PN test was carried out as described by 

Thomas & Trainer (1979). 
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Virus concentration 
The concentration of virus suspensions was calcu

lated from optical density measurements, taking 1 
unit of optical density at 260 nm to represent 200 J1g 
of virus (Verwoerd & Huismans, 1972). 

RESULTS 

Haemagglutination by bluetongue virus 
An attempt was made to obtain haemagglutination 

with unpurified, partially purified and completely 
purified antigen. A low level of agglutination (1 :4) 
was obtained with unpurified virus whereas a high 
level of haemagglutination (1 :512-1 :1024) was measu
red when partially purified or equivalent amounts of 
purified virus were used (Table 1). As the contami
nating material in the partially purified extract did 
not seem to interfere with the haemagglutination 
reaction, partially purified extracts could be used as 
antigen in haemagglutination tests . 

TABLE 1 Haemagglutination with BTV 

Concentration 
Haemag-

Antigen 

I 

glutinatin 
Jlg virus/ PFU/mt 

titre 
m£ 

g 

BTV infected tissue culture 
homogenate . . .... ..... - 3,6 x 109 1:4 

Tissue culture homogenate 
control .. . ..... ... .... - - 1:2 

Partiaily purified BTV .... 240 1 X 109 1:512 
Purified . .. . ............ . 240 2,4 x 109 1 :1024 

Factors influencing the haemagglutination reaction 
The effect of various factors on the haemagglutina

tion reaction was studied by comparing the haemag
glutinating titre of an antigen suspension under 
various conditions. The results are summarized as 
follows : 

(a) Antigen concentration 
The minimum concentration of antigen required 

to obtain haemagglutination was about 4 J1g of 
protein/m£. This concentration was diluted 4 times in 
each test well, giving a final concentration of 1 J1g 
protein/mtand representing 1 x 106 PFU's ofvirus/m£. 

(b) pH 
In the range between 6, 0 and 9, 0 no pH effect 

on the haemagglutination titre could be detected. 
Since BTV is known to be most stable at pH's above 
8, 0 (Verwoerd, 1969) HA and HI tests were routinely 
performed at pH 9,0. 

(c) Temperature 
As changes in temperatures between 4 oc and 

37 oc did not affect the haemagglutination titre, the 
tests were carried out at room temperature. 

(d) Erythrocytes 
BTV aggluntinable red blood cells were obtained 

from sheep, geese, rabbits and humans. Those of 
geese settled much more quickly than those of sheep. 
Tests performed with the red blood cells of geese 
could be read within half an hour, while those of 
sheep required a minimum of 3 hours. 

(e) Buffer system 
The BS-PBS, TSAG and HSAG buffer systems 

gave similar results in HA tests. TSAG was chosen 
for routine tests because it is well suited for work at 
pH 9 , 0 and is economical. 
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FIG, 1 The serotype specificity of the HI tesL In rows 1-20 are dilutions of antisera to BTV types 1-20 incubated with 4--8 HA units 
of BTV type 10 A as indicated by the titration in row 2L Haemagglutination is shown by sheets of cells on the bottom of 
the wells, whereas unagglutinated cells form a button. The most pronounced inhibition of haemagglutination is seen in row 
10 where BTV type 10 A was incubated with its homologous serum, 

Natural agglutinins in control guinea-pig and rabbit 
sera 

The demonstration of natural agglutinins in control 
guinea-pig and rabbit sera depended on the indicator 
cells that were used. When those of sheep were used, 
no natural agglutinins could be detected in guinea-pig 
sera and very low titres were obtained in rabbit sera 
(Table 2). Since absorption of 0,2 mf of rabbit 
serum with 0, I mf of a 40% suspension of sheep 
cells did not cause a significant reduction in the 
natural agglutinin titre, rabbit serum was not absorbed 
before use in the HI tests . 

TABLE 2 Tit res of natural agglutinins present in control rabbit 
and guinea-pig sera 

Origin of serum 

Rabbit 1 . . .. . , . , , . . ... .. . . .. . 
2 .. ..... . ,. , .. . ...... . 

Guinea-pig 1 . ........... . ... . 
2 . .... . .... .. . ... . 

Indicator cell 

Goose red Sheep red 
blood cells blood cells 

1 :16 
1:64 

1 :2 
1 :2 

1:2 
1:4 

0 
0 

. \Yhen the red blood cells of geese were used as 
I~d.Icator cell, low concentrations of natural agglu
tininS could be detected in guinea-pig sera 1 :2 at the 
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maximum, but much higher levels could be demon
strated in rabbit sera (1 :16-1 :64). 

Non-spec(fic inhibitors of haemagglutination in control 
rabbit and guinea-pig serum 

The detection of non-specific inhibitors of haemag
glutination in rabbit and guinea-pig sera also depended 
on the type of indicator cell used. The mean of at 
least 4 different samples that were tested in each case is 
shown in Table 3. When goose red blood cells were 
used, the titres of non-specific inhibitors in rabbit and 
guinea-pig sera were in the order of 1:128, but when 
those of sheep were used, no non-specific inhibitors 
were detected in rabbit serum and only low titres 
(I :8) in guinea-pig serum. Since goose red blood cells 
have the advantage of settling more quickly than 
those of sheep, an investigation was made into their 
use in HA and HI tests. The main obstacle was to 
find a procedure for removing non-specific inhibitors 
from both rabbit and guinea-pig sera. As can be seen 
from Table 3, the only success was obtained by 
absorption of serum with kaolin. 

Serotype spec(ficity of the HI test 

The HI test was shown to be serotype specific. 
This was determined by HI testing of 20 serotype 
specific anti-sera* against BTV type lOA. Only the 
homologous serum (Fig. I) inhibited the virus specific 
haemagglutination. 

*Obtained from the Section of Virology, Onderstepoort 
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TABLE 3 The titre of non-specific inhibitors in untreated and treated control rabbit and guinea-pig sera 

Titre of non-specific inhibitors in serum 

Origin of serum After treatment Indicator cell 

Untreated 

I I 
Kaolin DS-C Mn-heparin 

Rabbit . . . . . . . . .. . . .. .. . . .. . . . . . . .. . . . . . . . . . I :128 I :32 I :128 1 :128 Goose red blood cells 
Guinea-pig ... ... ... .. ........ . . ....... . . .. . . I :128 1 :16 1:128 I :128 
Rabbit . . ...... .... . .. . . ... .. .... . .... ...... 0 Sheep red blood cells 
Guinea-pig .. ... ... ....... . .. . .. .. .... . .. .... 1 :8 

TABLE 4 Comparison of the antibody titres measured by the plaque reduction neutralization (PN) and haemagglutination inhibition 
(HI) tests 

Titre 

Day 

PN HI 

0 ...... . . .. . . ... . ... ... .... ... . . ....... . .. . ...... ... ................ . < 1:16 
< 1:16 
<I :16 
< 1:16 

0 
0 
0 

3 .............................. . .................................... . 
8 ..... . .. .... . ... .... ..... .. ...... . ...... .. .. . ....... . .. . ........... . 

II .... ....... . .. ...... .. . . ...... . ................. . .... .......... .... . 1 :8 
17 ................................................................... . 1 :32 

1:128 
1 :256 
1 :256 
1 :256 
1:512 

1 :16 
1:64 
1:64 
1:64 
1:64 
1:64 

24 ................................................................... . 
32 . ... ... . ..... ....... . .......... ............... ... ... . ... ........... . 
39 .................................................... . . ............. . 
51 .... ... . .......... ... . ... ... .. ............. .. .. . ...... ......... . ... . 
60 . . . ................................................................ . 

HA titre 1 :4--1 :8 

TABEL 5 The efficacy of different procedures for the preservation of BTV haemagglutinating activity 

Treatment of antigen 

Freezedrying ............................................. . 
Freezedrying .. ... ........... .... ... .. .. .. .... ...... ...... . 

Fast freezing ...................................... . ..... . . 
Slow freezing .................................... . . . . . .... . 
Slow freezing ..... . ...... . ... .. ...... . ... . . ... . . .. . . . ..... . 

Comparison of the antibody titres measured by the PN 
and HI tests 

In order to compare the 2 tests, the respective 
antibody titres of serum samples which had been 
prepared in rabbits were measured. The HI test com
pared favourably with the PN test for the detection cf 
BTV antibodies (Table 4) . The titres measured wah 
the HI test were about four times lower than those 
measured in the PN test. 

Storage of the haemagglutinating antigen 

Since it is important to have antigen available for 
daily use and the stability of BTV in terms of its 
haemagglutinating property is limited to 14 days when 
stored in 0,002 M buffer at 4 °C, an investigation 
was made into various procedures for the preservation 
of the haemagglutinating property of the antigen. 
After suspensions of 240 J.lg virusjmt in different 
buffers were tried out, the haemagglutinating activity 
proved best preserved when lyophilized in buffers 

Buffer Additions Titre before Titre after 
treatment reconstitution 

BSA ........ 1:128 < 1:2 
0,002 M Tris 1:128 < 1:2 
0,002 M Tris 5/';; bovalbu- 1:128 < 1:2 

min 
0,002 M Tris 2/';; sucrose 1 :128 1:128 
0,002 M Tris I :128 < 1:2 
0,002 M Tris 1 :128 < 1:2 
BSA ...... . . 1 :128 < 1:2 

with low ionic concentration, such as 0,002 M Tris. 
Complete preservation of its activity was secured 
when 2/;; sucrose was added to the Tris buffer. On 
the other hand the addition of as much as 5/;; albumin 
failed to preserve the haemagglutinating activity of 
the antigen and slow freezing destroyed it altogether. 
The antigen was thus lyophilized in 0, 5 mt aliquots of 
a suspension containing 240 J.lg of protein jmt in 2 
mM Tris buffer and 2/;; sucrose and at the same 
time 0, I /;; albumin was added to provide "body" 
without affecting the stability. 
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DISCUSSION 

Haemagglutination with BTV could be demon
strated by using purified or partially purified virus. 
The fact that virtually no haemagglutination was 
observed with unpurified virus, explain why haemag
glutination with BTV was previously reported to be 
negative (Howell & Verwoerd, 1971). This negative 
result could perhaps be ascribed to the tendency of 



unpurified virus to remain cell-bound (Verwoerd, 
1969), thereby blocking the receptors on the virus 
that are necessary for the binding of the erythrocytes. 

Since the haemagglutination reaction with BTV 
was not significantly influenced by changes of pH, 
temperature or the buffer system used, the choice of 
conditions for the test was based on practical con
siderations and the stability of the virus (Verwoerd, 
1969). These factors are important variables in some 
virus systems (Liebhaber, 1970; Halonen, Ryan & 
Stewart, 1967). The fact that they do not play an 
important role in the BTV system was not surprising, 
however, as their influence varies considerably in 
different systems (Rosen, 1969). 

BTV agglutinated red blood cells from various 
species to the same extent, but in serological tests 
much more non-specific interference was detected 
wh~n goose red blood cells were used instead of 
those of sheep. The use of the latter is therefore of 
considerable advantage, since the laborious and often 
inefficient procedures that are necessary to remove 
non-specific interfering substances are eliminated. 
Nevertheless, the cells of geese were investigated 
because of the advantage that they settle much more 
quickly than those of sheep and the time required for 
the test is thus reduced. 

When red blood cells of geese were used, the main 
problem was the removal of the non-specific inter
fering substances from the serum. This could only be 
effected by absorption with kaolin . Since this proce
dure is based on non-specific absorption, further 
studies will be necessary to identify these substances. 

The HI test and the PN test compared well in the 
detection of BTV antibodies. The fact that the titres 
measured by the HI test were generally 2-4 times lower 
than those measured by the PN test, however, makes 
it less sensitive for the detection of low levels of anti
body. 

The usefulness of the test was considerably enhanced 
when it was found that the addition of 2% sucrose to 
the Tris buffer completely preserved the haemagglu
tinating activity of the virus during lyophilization 
and thus made possible storage of the antigen for a 
longer period than the 14 days in 0,002 M Tris buffer 
or 4 °C. 

The addition of external proteins which have been 
shown to stabilize the virus under various conditions 
(Yerwoerd, 1969) did not protect the haemaggluti
nating activity during lyophilization. 

117 

N . T. VANDER WALT 

ACKNOWLEDGEMENTS 

I wish to thank Dr H . Huismans for his interest 
and guidance during the study. I am also especially 
grateful to Miss E. Badenhorst for her technical 
assistance. 

REFERENCES 

BLUE, J . L., DAWE, D . L. & GRATZEK, J . B., 1974. The 
use of passive hemagglutination for the detection of blue
tongue viral antibodies . American Journal of Veterinary 
Research, 35, 139- 142. 

CLARKE, D . H . & CASALS, J., 1958. Techniques for hemag
glutination and hemagglutination inhibition with arthropod
borne viruses. American Journal of Tropical Medicine and 
Hygiene, 7, 561 - 573. 

HALONEN, P. E ., RYAN, J . M . & STEWART, J. A., 1967. 
Rubella hemagglutinin prepared with alkaline extraction of 
virus grown in suspension culture of BHK-21 cells. Pro
ceedings of the Society for Experimental Virology and Medicine, 
125, 162- 167. 

HOWELL, P. G. & VERWOERD, D . W., 1971. Bluetongue 
virus. Virology Monographs, 9, 35- 74. 

IWASA, S. & HORI, M., 1976. Improved Rubella hemagglu
tination inhibition test: Inactivation of non-immunoglubulin 
hemagglutination inhibitors by phospolipase C. Journal of 
Clinical Microbiology, 4, 461-466. 

JOO, H. S. , DONALDSON-WOOD, C. R . & JOHNSON, 
R. H., 1976. A standard ised haemagglutination inhibition 
test for porcine parvovirus antibody. Australian Veterinary 
Journal, 52, 422-424. 

LIEBHABER, H., 1970. Measurement of rubella antibody by 
hemagglutination inhibition. Journal of Immunology, 104 (4), 
826- 834. 

ROSEN, L. , 1969. Hemagglutination with animal viruses. 
In: Habel K . & Salzman , N. P. (Eds.) Fundamental techniques 
in virology New York & London: Academic Press, p. 276-
287. 

SEVER, J . H., 1962. Application of a microtechnique to viral 
serological investigations. Journal of Immunology, 88, 320-
329. 

TAKA TSKY, G., 1955. The use of spiral loops in serological 
and virological micromethods. Acta Microbiologica Acade
miae Scientiarum Hungaricae, 4, 365. 

THOMAS, F . C. & TRAINER, D . 0 ., 1970. Bluetongue virus: 
(I) In pregnant white-tiled deer (2) A plaque reduction 
neutralization test. Journal of Wildltfe Disease, 6, 384-388. 

THOMAS, F. C., GIRARD, A., BOULANGER, P. & RUC
KERBAUER, G., 1976. A comparison of some serological 
tests for bluetongue virus infection. Canadian Journal -of 
Comparative Medicine, 40, 291 - 299. 

TYRELL, D. A. J. , 1973. Immunological methods in virology 
In : Weir, D. M. (Ed.). Handbook of experimental immuno
logy, Vol. III, 37,1 - 37 , 25 Oxford, London, Edinburgh & 
Melbourne: Blackwell Scientific Publications. 

VERWOERD, D. W., 1969. Purification and characterization 
of bluetongue virus. Virology, 38, 203- 212. 

VERWOERD, D . W. & HUISMANS, H., 1972. Studies on the 
in vitro and in vivo transcription of the bluetongue virus 
genome. Onderstepoort Journal of Veterinary Research, 39, 
185- 192. 


