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ABSTRACT

An immunoblotting assay has been
adapted to detect antibodies against
African swine fever virus. The electro-
phoretic transfer of proteins and the
immunoreaction conditions were

optimized, using 4mA/cm2 of current
intensity and 10,g of soluble cyto-
plasmic antigen of infected cells per

strip. Filters of polyvinylidene difluo-
ride showed the highest capacity for
protein absorption, but nitrocellulose
filters showed lower backgrounds.
The specificity and the pattern of the
proteins induced by African swine
fever virus that react with the antisera
were determined in immunoblotting
assay, IP30 being the most reactive
protein.

RESUME

Cette experience consistait a mettre
au point une epreuve d'immuno-
empreinte, pour detecter les anticorps
contre le virus de la peste porcine
africaine. Les auteurs optimis'erent 'a
cette fin le transfert electrophoretique
des proteines et les conditions d'immu-
noreaction, en se servant d'un courant
electrique de 4 mA/cm2 de 10 ,ug
d'antigene cytoplasmique soluble des
cellules infectees, pour chaque bande.
Les filtres de difluorure de polyvinyli-
dene se revelerent les meilleurs pour
l'absorption des proteines, mais ceuz
de nitrocellulose donnerent moins
d'artefacts. L'epreuve d'immuno-
empreinte servit 'a determiner la
specificite et le profil des proteines
produites par le virus de la peste
porcine africaine et qui reagissent avec

les antiserums specifiques; la proteine
IP30 s'avera celle qui reagissait le plus.

The eradication of African swine
fever (ASF) requires rapid and specific
diagnosis, since an effective vaccine
does not exist. More than 90% of
infected pigs can be detected by the
demonstration of specific antibodies
against ASFV(1). Therefore, tests
based on antibody detection are

currently the most frequently used.
However, some authors recommend
the use of confirmatory tests when
large populations are screened in
order to avoid false positives produced
by problems inherent to the tech-
niques employed (1).
Most types of biochemical and im-

munochemical analyses make use of
sodium dodecyl sulfate (SDS) polyac-
rylamide gel electrophoresis to iden-
tify and characterize proteins by their
relative molecular weights. On the
other hand, it is possible to achieve
essentially complete and quantitative
transfer of most proteins from SDS-
gels to filters, while preserving the
antigenic properties of the proteins
under denatured conditions (2,3).

In the present work we have
adapted an immunoblotting assay for
ASFV-antibody detection. This tech-
nique offers an alternative method to
antibody-immunofluorescence (4)
which also confirms positive results
obtained in routine screening
techniques.
The soluble cytoplasmic ASFV

antigen used in this technique was
obtained from MS cells (monkey
kidney cell line) infected at a multiplic-
ity of infection of ten with Spain 70

ASFV strain after 48 passages on MS
cells (5). As positive and negative
controls, a pool of ten sera from pigs
experimentally inoculated with Spain
70 strain (6), showing an antibody
ELISA-VP73 titer (7) higher than 1 /
2000 and a pool of ten sera from
noninfected pigs, negative for ELISA-
VP73 were used.

Soluble ASFV cytoplasmic proteins
resolved in 17% acrylamide-N,N'dial-
lyltartardiamide (DATD) gels (8),
were transferred as described (2), with
a constant current intensity of 4 mA/
cm2 for 90 min at 40C. The transfer
buffer was 20% methanol in 0.02 M
tris, 0.169 M glycine. After the
transfer, the 16 x 20 cm filters were

dried and cut into 0.5 cm wide strips,
each containing about 10 ,ig of ASFV
antigen. They were then stored at
room temperature.

Three different filters were tested:
nitrocellulose (Biodine, Pall) (Fig. 1,
panel L.A), nylon (Hybond-N, Amer-
sham) (Fig. 1, panel 1.B) and polyvi-
nylidene difluoride (PVD) (Immo-
bilon, Millipore) (Fig. 1, panel 1.C).

The PVD filter showed the best
transfer of high and low molecular
weight proteins. However, both PVD
and nylon showed higher back-
grounds than nitrocellulose filters in
repetitive immunoreactions (data not
shown).
The immunoreaction with the

antisera was carried out using three
different blocking solutions. They
were tested to saturate the remaining
protein binding sites: 2% gelatine, 1%
bovine serum albumin and 2% nonfat
dry milk, all in phosphate buffered
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Fig. 1. Immunoblotting assay conditions for detection of specific antibodies against African swine
fever virus. Ten ,ug of soluble cytoplasmic ASFV antigen were transferred from acrylamide gels to
each filter strip and reacted with a pool often ASF positive sera diluted to 1:30. Different conditions
were assayed and compared in separate experiments. With the exception of conditions studied in
each case, the standard conditions employed in all cases were: nitrocellulose filters; 2% nonfat dry
milk as blocking solution; 15 min blocking incubation, 30 min serum incubation and 45 min
conjugate incubation; detection of immunocomplexes by protein A-peroxidase. Results from one
representative experiment of each of the conditions studied are shown as follows:

Panel 1) Type of filter: nitrocellulose (A), nylon (B) and polyvinylidene difluoride (C).

Panel 2) Blocking solution: 2% gelatin (A), 1% bovine serum albumin (B) and nonfat dry milk (C).

Panel 3) Time of incubation for reactions
Blocking Serum Conjugate

A
B
C
D

60 min
15 min
15 min
15 min

60 min
60 min
30 min
30 min

60 min
60 min
60 min
45 min

Panel 4) Remaining reactivity of the proteins after serial dilutions of the control positive serum,
starting at 1/30 (A).

Panel 5) Alternative methods to detect specific antibodies using protein A-peroxidase (A), rabbit
antiswine IgG biotinylated plus avidin-peroxidase (B), and rabbit antiswine IgG plus protein A-
peroxidase (C).

Panel 6) Immunereactivity of six sera weakly positive by ELISA-VP73, but not confirmed as
positive by antibody immunofluorescence.

saline (PBS). Nonfat dry milk gave the
best results as shown by other authors
(9) (Fig. 1, panel 2).
The incubation times of the differ-

ent processes were reduced without
loss in protein intensity. In the present
assay the filter blocking time was
reduced to 15 min, the incubation of
the filter strips with the serum was
reduced to 30 min and the incubation
with the protein A-peroxidase conju-
gate was reduced to 45 min. This
reduction of the processing time,
saving about 1.5 h from conventional
procedures described for ASF diagno-
sis by ELISA, did not reduce protein
intensity nor increase backgrounds
(Fig. 1, panel 3).
The proteins best detected by the

hyperimmune sera at a working
dilution of 1/30 were IP12, IP23.5,
IP25.5, IP30 and IP34, of which IP34,
IP30 and IP12 are early proteins
which induce high antibody responses
in infected pigs and are antigenically
constant in the different viral isolates
studied (8).
To detect specific antibodies against

the proteins transferred to the filters a
second rabbit antibody against pig
IgG was added to increase the
sensitivity of the assay compared with
the direct use of protein A-peroxidase
(Fig. 1, panel 5.A). Two different
methods to reveal the immune com-
plexes were assayed. In the first
method, the rabbit antibody was
conjugated with biotin (10) and
revealed with avidin-peroxidase (Fig.
1, panel 5.B). In the second, protein A-
peroxidase was added to the rabbit
anti-IgG complexes (Fig. 1, panel
5.C). The rabbit antibody was used at
a dilution predetermined by titration
to be in excess. The washing process
after the addition of first and second
antibodies was very important in
order to reduce backgrounds. A
negative pool of sera used as control in
both methods did not react with any
protein. Increasing the sensitivity of
the immunoblotting, the capacity of
antibody detection compared with
ELISA-VP73 was very similar, and
confirmed all the positive reactions
obtained by this technique. "False
negatives" in ELISA-VP73 have not
been described. However, since
immunoblotting was not more sensi-
tive than ELISA-VP73 in antibody
detection, this technique will not avoid
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possible false negatives not detected
by ELISA-VP73.
The semipurified VP73 protein,

which is used commonly as an antigen
in ELISA (7) cannot be employed
efficiently in immunoblotting assays
because proteins with molecular
weights higher than 40K are not well
transferred to the filters under the
conditions described above. This
protein was best transferred and
detected with more efficient filters
(PVD) (Fig. 1, panel 1.C), as well as
with a rabbit antiswine IgG (Fig. 1,
panel 5.B and C).
Two hundred field pig sera positive

by ELISA-VP73 were confirmed by
antibody-immunofluorescence and
immunoblotting, with at least the
proteins IP12, IP23.5, IP25.5, IP30
and IP34 reacting in the latter assay.
However, six sera weakly positive by
ELISA-VP73 were not confirmed as
positive by antibody immunofluores-
cence, but gave positive reactions in
immunoblotting against proteins IP30
and IP25.5 (Fig. 1, panel 6).
The stability of the filter strips

throughout storage and transporta-
tion at room temperature in a dry
atmosphere was tested during six
months, with no observable loss in the
antigenicity of the proteins trans-
ferred. For transportation to other

laboratories the filter strips have
advantages over both soluble antigens
and slides containing fixed infected
cells. In addition, there is no risk of
infective material in the strips.
We conclude that immunoblotting

is a very powerful technique for
diagnosis of ASF. It is highly specific,
sensitive and easy to interpret, and
provides an alternative method to
antibody immunofluorescence by
which it is possible to confirm positive
ELISA reactions.

ACKNOWLEDGMENTS

We are grateful to Dr. F. Alonso for
his useful discussion, and to L. Gomez
Marti for technical assistance.

This work was supported by a grant
from Instituto Nacional de Investiga-
ciones Agrarias, Madrid, Spain.

REFERENCES

1. SANCHEZ-VIZCAINO JM. African
swine fever diagnosis. In: Yechiel Becker,
ed. African Swine Fever. Martinus Nijhoff
Publishing, 1987: 63-72.

2. TOWBIN H, STAEHELIN T, GORDON
J. Electrophoretic transfer of proteins from
gels to nitrocellulose sheets: procedure and
some applications. Proc Natl Acad Sci USA
1979; 76: 4350-4354.

3. NEAL BURNETTE W. "Western
Blotting": Electrophoretic transfer of
proteins from sodium dodecyl sulfate-
polyacrylamide gels to unmodified
nitrocellulose and radiographic detection
with antibody and radioiodinated protein
A. Anal Biochem 1981; 112: 195-203.

4. BOOL PM, ORDAS A, SANCHEZ
BOTIJA C. Diagnosis of ASFV by immu-
nofluorescence. Bull Off Int Epizootiol
1969; 72: 819-839.

5. TABARES E, MARTINEZ J, RUIZ
GONZALVO F, SANCHEZ-BOTIJA C.
Proteins specified by African swine fever
virus II. Analysis of proteins in infected cells
and antigenic properties. Arch Virol 1980;
66: 119-132.

6. RUIZ GONZALVO F, CARNERO ME,
CABALLERO C, MARTINEZ J. Inhibi-
tion of African swine fever infection in the
presence of immune sera in vivo and in
vitro. Am J Vet Res 1986; 47: 1249-1252.

7. SANCHEZ-VIZCAINO JM, TABARES
E, SALVADOR E, ORDAS A. Semipuri-
fled structural viral protein for the detection
of African swine fever antibodies by indirect
ELISA technique. Curr Top Vet Med Anim
Sci 1982; 22: 214-222.

8. ESCRIBANO JM, TABARES E. Proteins
specified by African swine fever virus V.
Identification of immediate early, early and
late proteins. Arch Virol 1987; 92: 221-238.

9. JOHNSON DA, ELDER JA. Antibody
directed to determinants of a Moloney virus
derived MCF gp7O recognized a thymic
differentiation antigen. J Exp Med 1983;
159: 1751-1756.

10. KODAMA H, HONDA A, MIKAMI T,
IZAWA H. Detection of fish antibody
against protein antigen of Aeromonas
salmonicida by ELISA using biotin-avidin
system. Res Vet Sci 1987; 43: 78-84.

107


