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FACTORS AFFECTING THE BLUETONGUE VIRUS NEUTRALIZING ANTIBODY 
RESPONSE AND THE REACTION BETWEEN VIRUS AND ANTIBODY 
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ABSTRACT 

VANDER WALT, N. T., 1979. Factors affecting the bluetongue virus neutralizing antibody 
response and the reaction between virus and antibody. Onderstepoort Journal of Veterinary Research, 
46, 111-116 (1979). 

A study was made of different aspects of the bluetongue virus neutralizing antibody response 
and the reaction between the virus and antibody. Optimum neutralization was obtained in a 2 mM 
Tris-HCl buffer, pH 9,0, at a temperature of 4 °C. The reaction of virus and antibody could be 
demonstrated by electron microscopy in the formation of clumps which were shown to be serotype 
specific. It was found that both lgM and lgG antibodies can neutralize the virus, but that lgM reached 
its maximum level sooner after infection than lgG. 

Resume 
FACTEURS AFFECT ANT LA REPONSE IMMUNITAIRE EN ANTICORPS NEUTRALISANT 
DU VIRUS DE LA FIEVRE CATARRHAL£ DU MOUTON ET LA REACTION ENTRE VIRUS 

ET ANTICORPS 
On a etudie divers aspects de Ia reponse immunitaire en anticorps neutralisant du virus de Ia fievre 

catarrhale du mouton et de Ia reaction entre virus et anticorps. On a obtenu Ia meilleure neutralisation a 
Ia temperature de 4 oc et au pH 9 , 0 dans un tampon Tris-HCI a concentration 2 mM. Le microscope 
electronique afourni une demonstration de Ia reaction entre virus et anticorps en mettant en evidence Ia 
formation d'amas dont on a pu montrer qu'ils sont specifiques du serotype. On a trouve que le virus peut 
etre neutralise tant par l'anticorps IgM que par l'IgG; mais l'IgM atteint son niveau maximum plus 
rapidement apres /'infection que l'IgG. 

INTRODUCTION 

Serum virus neutralization is not only the most 
commonly used serological test in the determination 
of bluetongue virus (BTV) antibodies (Howell & 
Verwoerd, 1971), but the typing of BTV strains is 
also based on this reaction (Howell, 1970). 

for 72 hours at 37 °C. The virus titres were determined 
by the method of Howell et a/. (1967) and expressed 
as PFU jmt. Virus was purified according to the 
method described by Verwoerd (1969). 

Certain aspects of the neutralization reaction, 
which includes the effect of contact conditions on 
the reaction (Svehag, 1963a) and the kinetics of 
the neutralizing antibody response (Klontz, Svehag & 
Gorham 1962; Howell, 1969), have already been 
studied. These determinations, however, were carried 
out before the plaque count method was introduced 
for BTV (Howell, Verwoerd & Oellermann, 1967). 
The introduction of the plaque reduction neutraliza
tion technique for titrating BTV antibodies (Thomas 
& Trainer, 1970) led to the reinvestigation of certain 
aspects of the neutralization reaction which are 
reported in this paper. The morphology of the reaction 
was studied according to the method of Almeida & 
Waterson (1969). Factors that influence the yield of 
BTV neutralizing antibodies and the roles of IgM 
and IgG in the neutralizing antibody response to 
BTV were considered. 

MATERIALS AND METHODS 
Cells 

Baby hamster kidney cells [BHK-21 (C-13)] and 
cells from the L strain of mouse fibroblasts (LF 
cells) were obtained from the American Type Culture 
Collection.* Cells were grown as monolayers in Roux 
flasks in about 60-70 mt of modified Eagle's medium 
(MacPherson & Stoker, 1962) as described by Howell 
et al. (1967). 

Virus propagation, titration and purification 
Attenuated type 10 bluetongue virus (BTV type 

lOA) was used in all the tests unless otherwise indi
cated. The virus was propagated by inoculating BHK 
monolayers with 10-15 plaque-forming units (PFU) 
per cell and harvesting the cultures after incubation 
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Stability tests 
Verwoerd (1969) showed that the virus was most 

stable in 2 mM Tris-HCl buffer (pH 10,0) at 4 oc 
and the conditions he described were therefore used 
as controls. While one of these factors was varied, 
the others were kept constant. An unpurified sample of 
BTV type lOA (titre 1 x 108 PFU jmt) was diluted to 
100 PFU/0, 1 mt in Tris-HCl buffer which had 
previously been adjusted to the molarity, pH and 
temperature values shown in Table 1. The molarity 

TABLE 1 The stability of BTV after dilution and incubation 
in Tris-HCl buffer at various temperatures, pH's 
and molarities 

Condition 

Temp. °C: 
4 ........ ... ... .... . . 
27 ...... . .. .... .. ... . 
32 . . . . .... . . .... . . .. . 
37 ... . ... ....... .... . 

pH: 
7 . . ... .. ........ .. .. . 
8 .. . . ....... .. ...... . 
9 . . .. ... . . ... . . .... . . 
10 .... ....... . ...... . 
11 . ..... ... . .... .... . 

Molarity of Tris-HCl x 
lQ-• : 

2 . .... . . ... ....... . . . 
50 ...... .. ... . . .. . . . . 
100 ...... . . . .. .... . . . 
150 ........ ..... .... . 
200 .. . . .......... . .. . 
600 .... . .. .... ...... . 

1 000 .. . . . .. .... ....... . 

Time after commencement of the 
test 

th 

100 
100 
100 
100 

10 
90 

100 
100 
10 

100 
100 
100 
100 
30 
30 
10 

2h 

100 
100 
100 
70 

10 
90 

100 
100 
10 

100 
100 
100 
100 
30 
30 
10 

30h 

100 
100 
100 
20 

10 
90 

100 
100 
10 

100 
100 
100 
100 
30 
30 
10 
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varied from 2-1 000 mM and the pH from 8-10. The 
diluted suspensions were then incubated at the required 
temperature for periods ranging from 15 min-30 
hours. The stability of the virus is indicated by the 
number of PFU's retained in 0, 1 mt of the test 
suspension after different time periods. 

Determination of optimum conditions for the neutraliza
tion reaction and the titration of neutralizing antibodies 

Titrations of serum neutralizing antibodies were 
carried out using the plaque reduction neutralization 
(PN) test described by Thomas & Trainer (1970). 

For the controls, conditions were chosen where 
the virus is known to be optimally stable, i.e. in 2 
mM Tris-HCl buffer (pH 9,0) at 4 oc (see above). 
To determine the optimum conditions for neutraliza
tion, one of these parameters was varied while the 
others were kept constant. The test serum and virus 
were titrated in Tris-HCl buffer which had previously 
been adjusted to the different pH's, molar concentra
tions and temperatures shown in Table 2. The pH 
varied between 7 ,0 and 10,0, the molarity between 
50 and 150 and the temperature at which the test was 
incubated was either 4 oc or 28 °C. 

TABLE 2 The influence of pH, temperature and molarities of 
Tris-HCl uuffer on the neutralization of BTV by 
antibody as indicated by the plaque reduction 
neutralization titre of an antiserum measured 
under different conditions 

Condition 

I 
Titre of anti-
serum (log2) 

r 8,0 12 
pH .... ... .. .. . ... . ....... .. ·i_ 9,0 12 

10,0 9 

Molarity of Tris-HCl buffer x { 
50 12 

100 13 
IO-• 150 14 

Temperature oc ... . ... ... . . . . { 4 11 
28 12 

Immune electron microscopy 
The method of Almeida & Waterson (1969) was 

basically followed. The serum sample to be used 
in the test was inactivated by being heated for 30 
min at 56 °C. It was then centrifuged for 1 hour at 
100 000 g to remove any clumped protein that 
might be present. A 0, 1 mt sample of this serum 
(PN titre 1 /32) was then mixed with 0, 1 mt of a 
purified BTV suspension (titre 5 x 109 PFU jmt) 
and 1,8 mt of 2 mM Tris-HCl buffer, pH 9,0. In 
the case of the controls, the serum sample was 
replaced by buffer or negative serum. The mixture 
was incubated for 15 min at 28 oc and then centrifuged 
at 8 500 g for 15 min at 4 °C. 

The supernatant was discarded and the pellet 
resuspended in 0,1 mt of Tris-HCl buffer. An equal 
volume of 3% phosphotungstic acid (PTA) pH 6,0 
was added to this buffer. A drop of this mixture was 
then placed on a 200 mesh carbon-formvar-coated 
grid, the excess fluid withdrawn with filter paper, and 
the grid immediately placed in the electron micro
scope. The 2 criteria that were used to identify a 
positive reaction were: (1) the obscuring of the virus, 
and (2) clumping of the virus. 
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Stimulation of a BTV-neutralizing antibody response 
in rabbits 

An indication of the antigenicity of BTV is given by 
the level of the neutralizing antibody response 
following the injection of the virus into rabbits. 

To study the influence of various factors on the 
antigenicity of BTV, the virus was administered to 
rabbits either in a purified or an unpurified state, in 
varying concentrations and different routes of injec
tion (Table 3). For this purpose 7 groups consisting 
of 3 rabbits each were used. All injections were repeated 
weekly for 3 weeks and the first bleeding took place a 
week after the last injection. The level of neutralizing 
antibodies in the following immune response were 
determined as described above. 

TABLE 3 The influence of various factors on the antigenicity 
ofBTV 

Virus Route 

A Purified .. . i.m. 
B Purified .. . i.m. 
c Purified .. . i.m. 

D Purified . .. i.v. 
E Purified ... S.C. 
F Unpurified i.m. 
G Unpurified i.m. 

and 
i.v. 

i.m.-intramuscular 
i.v.-intravenous 
s.c.-subcutaneous 

Average 

Titre/ml Additions titre 
over 12 
weeks 

1 X 1010 - 7,9 
1 X 105 - 6,5 
2 X 1010 Incomplete 9,1 

Freund's ad-
juvant 

1 X 1()8 - 9, 6 
1 X 108 - 5,7 
1 X 1()8 - 8,5 
1 x to• - 7,9 

A-G-different groups of 3 rabbits each. All injections were 
repeated weekly for 3 weeks. The first bleeding took 
place a week after the last injection. Antiserum titres 
are expressed as log2 of the dilution at which 50% 
neutralization takes place 

To identify the immunoglobulins involved in the 
neutralization of BTV, a rabbit was given a single 
2 mt intramuscular injection containing 3 X lOS 
PFU jmt and then bled at various time intervals, 
as shown in Table 4. The serum of each sample 
was separated by centrifugation after the blood was 
allowed to clot at room temperature for 2 hours. 

TABLE 4 Identification of the immunoglobulin classes involved 
in the antibody reaction to BTV 

Days after injection 

0 . . .. . .... ... . .. . ... . 
2 . . .. ... .. ... .... . .. . 
6 ... .. .. . . .. . .. . .... . 
13 . ... .. .. .. . .. . . . .. . 
22 ....... ... .. ... . . . . 
30 ... . .. .. ...... . ... . 
40 . .... . . .... . .. . . . . . 

Percentage of BTV neutralized by 
purified Ig fractions 

IgM 

0 
0 

100 
100 
96 
68 
45 

IgG 

0 
0 

64 
68 
72 

100 
100 

Separation of IgM and lgG serum fractions and 
determination of their neutralizing capacity 

Immunoglobulins of each serum sample were 
separated into IgM and IgG fractions by sucrose 
density gradient centrifugation, as described by 
Forghani, Schmidt & Lennette (1973). The gradients 



were made in SW -50 tubes with a Beckman gradient 
former, using starting solutions <?f 4% and 40% 
sucrose in phosphate buffered salme (Dulbecc? & 
Vogt, 1954). Centrifugation was done at 4 oc m a 
Beckman SW -50 rotor at 38 000 rpm for 18 hours. 
Fractions were collected dropwise from the bottom 
of the tube. The first 0, 5 mt was taken as the lgM 
fraction, the next 0, 5 mt was discarded and . the 
rest of the gradient was taken ~s the lgG fract.IOn. 
The purity of the gradient fractiOns. was dete~mmed 
by radial immunodiffusion with antisera, SJ?eCific for 
the heavy chains of either lgM or lgG, obtamed from 
Cappel Laboratories.* 

To determine the neutralizing capacity of the 
different fractions 100 PFU of BTV were added 
to 0 5 mt of both the lgM and lgG fractions and 
titrated on a monolayer of L cells in 60 mm petri 
dishes. The percentage of PFU's ne~~ralized ":as 
taken as an indication of the neutrahzmg capacity 
of each fraction. 

RESULTS 
Stability of BTV type lOA 

The stability, i.e. conservation of infectivi~y •. ?f the 
virus was investigated to exclude the posibihty of 
conf~sing neutralization of virus with inactivation. 

The stability of the virus under the various con
ditions investigated is shown in Table 1. At tempera
tures of 4-32 oc the virus was stable, but at 37 oc 
a marked reduction in infectivity occurred. 

The virus was stable between pH 8 and IO but very 
unstable between pH 7, 0 and II , 0. By varying the 
molar concentration of the buffer, it was established 
that the virus is stable between IO mM and I50 mM. 
Above 200 mM there was a marked reduction in the 
number of PFU's within I5 min but thereafter no 
further reduction was observed. The subsequent 
neutralization experiments were therefore carried out 
within the ranges in which the virus appeared to be 
stable. 

Optimal conditions for the neutralization reaction 
The effect of various conditions on the neutraliza

tion reaction is shown in Table 2. The highest titres 
were obtained at pH 8,0 and pH 9,0, but at.P~ 10~0 
a slight loss of infectivity occurred. The vanat10ns m 
temperature and molar concentration o~ t~e buffer 
did not appear to affect the results sigmficantly. 
Subsequent PN tests were carrie~ out ~sing 2 I?M 
Tris-HCl buffer (pH 9,0) at 28 C as diluent, smce 
the virus was stable under these conditions and the 
PN test showed optimum sensitivity. 

Electron microscopic demonstration of the BTV
antibody reaction 

The reaction of BTV type lOA and type 4A in the 
PN test was investigated by electron microscopy. As 
controls, BTV type lOA was incubated with either 
buffer alone or with a known negative serum. Accord
ing to the results demonstrated in Fig. I, it is evident 
that the reaction of BTV type I OA with the homolo
gous antiserum is characterized by clu~ping of the 
virus (Fig. lC). No indication of clumpmg was seen 
where BTV type 4A was incubated with the heterolo
gous type lOA antiserum (Fig. lD), nor was there 
any indication of a reaction where BTV type I ~A 
was incubated with buffer (Fig. lA) or a negative 
serum (Fig. lB), in the case of the 2 controls (Fig. 
IA and B). 

* Downington P.A. 19335, U.S.A. 
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Factors influencing the antigenicity of BTV 
It was found that the mode of administering BTV 

has only a slight influence on its antigen_ic.ity whe~ 
measured by the production of neutral.Izmg anti
bodies. The best responses were obtamed when 
either purified virus suspended in incomplete Freu~d's 
adjuvant injected intramuscularly (Group C), pur~fied 
virus injected intravenously (Group D) or unpunfied 
virus injected intramuscularly (Group F) was used. 
The amount of virus injected did not seem to affect 
its antigenicity. 

Identification of the immunoglobulins involved i'! the 
neutralization of BTV at different stages of the antzbody 
response 

The results of this investigation are shown in 
Table 4. Both lgM and lgG antibodies we~e found to 
neutralize the virus for the whole duratiOn of the 
experiment. The neutrali~ing a~tivity in the IgM 
fractions reached an optimum m the early stages 
of the reaction, i.e. 6-13 days after injection. The 
neutralizing activity in the IgG. fractions, how~ver, 
increased more slowly than that m the . lgM fractions, 
but remained high until 40 days after injection. 

DISCUSSION 
Several aspects of the antibody response to BTV 

have already been studied. Klontz et . a/. (1962) 
compared the time of ?~set an~ duration of t~e 
precipitating and neutrahzmg antib~dy re~pon~es ~n 
sheep. The role of complement fixmg antibodies m 
the response to BTV was reviewed by Howe!l. & 
Verwoerd (1971). The importance of neutrahzmg 
antibodies in the response to BTV was stressed by 
correlating them to the level of resistance of sheep 
against the disease (Howell, 1969). The pr~s~nt 
paper reports on several aspects of the neutrahzmg 
antibody response to BTV. 

The stability tests that were carri~d <;>ut to. excl~de 
the possibility of confusio~ neut.rahzatio!l with vtr';ls 
inactivation showed that m spite of differences m 
the test procedures the optimum stability ofunpurified 
BTV type lOA appeared to be the same as th~t ?f a 
purified preparation (Verwo~rd, 1969). Vanat10ns 
in the stability of BTV as prevwusly reported by other 
workers (Alexander, 1947; Neitz, I948; Svehag, 
1963b· Owen 1964; Howell et a/., 1967; Svehag, 
Leend~rsten '& Gorham, I966), underlined the 
importance of defi~ing the ser?type of the virus, 
the purity of the virus preparatiOn, the. presence of 
stabilizing factors in the test suspensiOn and the 
duration of the test. 

The importance of t~e. effect <;>f physiological 
conditions on the neutrahzmg reaction was stressed 
by Neurath & Rubin (1971). T~~ present study m~de 
it possible to define the conditH?ns where !~e virus 
is stable and the PN test is optimally sensitive. All 
subsequent PN tests were therefore carried out in 2 
mM Tris-HCl buffer (pH 9,0) at 28 oc. 

Immune electron microscopy was used to demon
trate a serotype specific BTV-antibody r~acti<;>n . As 
it is an in vitro technique and very practic~l, It may 
also be of use in studies of the immune reactiOn and to 
demonstrate low levels of antibody (Almeida & 
Waterson, 1969). Although t~e reaction c?uld be 
identified by a definite clumpmg of the VIrus, no 
specific obscuring of the fine structure could be 
detected. This finding is probably because the fine 
structure of the complete BTV particle is blurred 
by the outer protein layer of the virus (Verwoerd, 
Els, De Villiers & Huismans, 1972). 
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FIG. 1 The morphology of BTV before and after treatment with serum. Fig. lA shows BTV type lOA suspended in 2 mM-Tris- HC 
buffer. The virus is also shown after incubation with a negative control serum (Fig. lB) and a positive antiserum (Fig. 1 C) 
In Fig. ID BTV type 4A is shown after incubation with antiserum against BTV type lOA. Magnification : x 100 000 
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As it is known that the antigenicity of many 
antigens is determined either by their physical and 
chemical properties, the use of adjuvants or the 
dosage, the influence of these factors on the antigeni
city of BTV was investigated. The slight effect which 
was observed is probably because BTV is a good 
antigen, as it is a particulate protein of considerable 
size. The amount of virus injected appears not to be 
critical, probably because the virus multiplies in the 
rabbit, as it does in sheep (Howell, 1969). 

Identification of the classes of immunoglobulin 
that neutralizes the virus could be important for the 
serodiagnosis of recent infections (Forghani et al., 
1973). It is also part of the characterization of the 
antibody response to BTV, but much remains to be 
done in this regard (Macario & De Macario, 1975). 

ACKNOWLEDGEMENTS 

I wish to thank Dr R. A. Oellermann and Prof. 
P. M. Lategan for their guidance during the study, 
Dr D. W. Verwoerd for his constructive advice and 
Dr H. Huismans for his help in preparing the article 
for publication. I gratefully acknowledge the technical 
assistance of Mrs C. H. Bresele. I am also indebted to 
Mr H. J. Els for his help with the electron microscopy 
and Mr P. A. M. Wege for providing the cell cultures. 

REFERENCES 

ALEXANDER, R. A., 1947. The propagation of bluetongue 
virus in the developing chick embryo with particular reference 
to the temperature of incubation. Onderstepoort Journal of 
Veterinary Science and Animal Industry, 23, 7-26. 

ALMEIDA, J. D. & WATERSON, A. P., 1969. The mor
phology of virus-antibody interaction. Advances in Virus 
Research, 15, 307-338. 

DULBECCO, R. & VOGT, M., 1954. One step growth curve of 
western equine encephalomyelitis virus on chicken embryo 
cells grown in vitro and analysis of yields from single 
cells. Journal of Experimental Medicine, 99, 183-199. 

FORGHANI, B., SCHMIDT, N.J. & LENNETTE, E. H., 
1973. Demonstration of Rubella lgM antibody by indirect 
fluorescent antibody staining, sucrose density gradient 
centrifugation and mercaptoethanol reduction. Intervirology, 
1, 48-59. 

HOWELL, P. G., 1969. The antigenic classification of strains of 
bluetongue virus, their significance and use in prophylactic 
immunization. D. V.Sc. Thesis, Faculty of Veterinary Science, 
University of Pretoria. 

HOWELL, P. G., 1970. The antigenic classification and dis
tribution of natural occurring strains of bluetongue virus. 
Journal of the South African Veterinary Medical Association, 
41, 215-223. 

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

HOWELL, P. G., VERWOERD, D. W. & OELLERMANN, 
R. A., 1967. Plaque formation by bluetongue virus. Onderste
poort Journal of Veterinary Research, 34, 317-332. 

KLONTZ, E. W., SVEHAG, S. E. & GORHAM, J. R., 1962. 
A study by the agar diffusion technique of precipitating 
antibody directed against bluetongue virus and its relation 
to homogypic neutralizing antibody. Archiv fiir die gesamte 
Virusforschung, 12, 259-268. 

MACARIO, A. J. C. & DE MACARIO, E. C., 1975. Sequential 
changes and persistence of antibody molecules during the 
immune response with special reference to the binding 
properties of the antigen combining site. Immunochemistry, 
12, 249-262. 

McPHERSON, I. & STOKER, M. P. G., 1962. Polyoma 
transformation of hamster cell clones-an investigation of 
genetic factors affecting cell competence. Virology, 16, 
147-151. 

NEITZ, W. 0., 1948. Immunological studies on bluetongue 
virus in sheep. Onderstepoort Journal of Veterinary Science 
and Animal Industry, 23, 93-136. 

NEURATH, A. R. & RUBIN, B. A., 1971. Viral structural 
components as immunogens of prophylactic value. Mono
graphs in Virology, 4, 1-87. 

OWEN, N. C., 1964. Investigation into the pH stabTty of 
bluetongue virus and its survival in mutton and beef. Ot.d:!rste
poort Journal of Veterinary Research, 31, 109-118. 

SVEHAG, S. E., 1963a. Effect of different "contact conditions" 
on the bluetongue virus antibody reaction and the validity 
of the percentage law. Archiv fiir die gesamte Virusforschung, 
12, 678-693. 

SVEHAG, S. E., 1963b. Thermal inactivation of bluetongue 
virus. Archiv fur die gesamte Virusforschung, 13, 499-510. 

SVEHAG, S. E., LEENDERSTEN, L. & GORHAM, J. R., 
1966. Sensitivity of bluetongue virus to lipid solvents, trypsin 
and pH changes and its serological relationship to arboviruses. 
Journal of Hygiene (London), 64, 339-346. 

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

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

VERWOERD, D. W., ELS, H. J., DE VILLIERS, ETHEL
MICHELE. & HUISMANS, H., 1972. Structure of the 
bluetongue virus capsid. Journal of Virology, 10, 783-794 

Printed by and obtainable from the Government Printer, Private Bag X85, Pretoria, 0001 

116 




