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Hemadsorption (Had) of erythrocytes to the surface of African swine fever virus (ASFV)-infected cells is a well-known 
phenomenon but hemagglutination of pig erythrocytes in the supernatant of ASFV-infected ce lis has not been reportad 
befare. We report here the discovery of a pig erythrocyte-agglutinating activity released to the in vitro cell culture 
medium by cells infectad with sorne isolates of ASFV. This finding allowed the identification and characterization of a 
soluble hemagglutinin (HA) molecule that could be separated from the ASFV particles either by ultracentrifugation or 
by gel-permeation chromatography. The HA was inactivated by agents known to affect protein conformation such as 
heat, ¡3-mercaptoethanol, urea, and guanidine isothiocyanate. Glycosilation seemed to be of importance since treat­
ment of HA with glycosidase F inhibited the hemagglutinating activity and HA could be partially purified by affinity 
chromatography on immobilized concanavalin A. When native it had an estimated molecular weight of 300 kDa by 
gel-permeation chromatography yielding 51-kDa protein monomers under denaturing conditions as identified by immu­
noblotting. Preliminary attempts to corre late the induced anti-HA serum antibodies with viremia or infection-inhibition 
serum antibodies after infection of pigs with attenuated ASFV or immunization with purified HA are also reportad. 
© 1993 Academic Press, lnc. 

INTRODUCTION 

African swine fever virus (ASFV) is an icosahedral 
cytoplasmic deoxyvirus (family lridoviridae) similar to 
poxvirus which infects porcine species. The lack of a 
vaccine against ASFV and its high mortality rate make 
this infection the most damaging to the international 
swine industry (Wardley and Wilkinson, 1985). At­
tempts to define immunizing agents that would induce 
protection against ASFV challenges in the absence Üf 
viremia (to avoid the generation of carrier anima ls) ha ve 
failed (Kihm et al., 1987). A characteristic of the ASFV 
is the induction of hemadsorption (Had) or binding of 
pig erythrocytes to the cell surface of virus-infected pig 
macrophages, a property widely used for diagnostic 
purposes (Malmquist and Hay, 1960). However, de­
spite numerous studies on the molecular biology ofthe 
ASFV, neither the identification of the virus-coded mol­
ecule causing Had nor the possible hemagglutination 
(Hag) of free erythrocytes induced by ASFV infection 
has yet been described. 

In this report we describe a virus-induced glycopro­
tein (HA) that is released soluble to the cell culture 
medium by ASFV-infected cells and produces in vitro 
hemagglutinatíon of pig erythrocytes in the absence of 
ASFV particles. Pigs surviving infection with atten­
uated ASFV or immunized with partially purified HA de-
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veloped Had-inhibition, Hag-inhibition, and infection­
inhibition serum antibodies. The possible significance 
of these data to the development of an ASFV vaccine is 
also discussed. 

MATERIALS AND METHODS 

Cell cultures and African swine fever virus isolates 

To prepare pig buffy coat cultures, cells from defri­
brinated blood in donar serum were incubated at 3r 
during 2-3 days and inoculated with the ASFV. Vera 
(VR, ATCC-CCL81) and monkey stable (MS) cells were 
grown at 37° in culture medium made of Eagle's MEM 
containing 1 O% bovine fetal serum, 50 ¡.t.g/ml gentami­
cin, and 50 IU/ml micostatin. The ASFV isolates (Table 
1) were isolated in pig buffy coat cultures and detected 
by Had (Malmquist, 1960a,b) or direct immunofluores­
cence (E3158) (Gonzalvo et al., 1986a,b). The isolates 
were then propagated in VR or in MS ce lis throughout a 
number of passages (Table 1, number after VR or MS). 

Hemagglutination assay 

The Hag assay was carried out in U-bottom micro­
titar pi ates by diluting the sample in serial two-fold dilu­
tions in 50 f.LI of HA buffer (0.1 M sodium acetate, 1 mM 
MnCI 2 , 1 mM MgC12 , 1 mM CaCI2 , 1 M NaCI, pH 6.8) 
supplemented with 0.1% of fetal calf serum and then 
mixing each dilution with 25 ¡.¿1 of pig erythrocytes (ob­
tained in Alsever's solution and stored at 4°) at 0.2% in 
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HA buffer. The mixtures were agitated and then incu­
bated at 3r during 4 hr for optimal reading. One HA 
unit was defined as the reciproca! of the highest dilu­
tion showing Hag. 

Hemagglutinin preparation 

Confluent cultures of VR ce lis in flasks of 1 50 cm 2 or 
roller bottles (Linbro Dua-Cult, Flow Labs, Ayrshire, 
Scotland) were inoculated with 0.5-1 ASFV (E1207-
VR 11) per cell and then absorbed during 2 hr in 3-5 mi, 
the inoculum were removed, cultures were washed 
three times with Dulbecco's phosphate-buffered sa­
line (PBS}, and 50 ml/fiask or 200 ml/bottle of cell cul­
ture medium with 1% fetal calf serum was added. The 
culture was harvested after 3-4 days at 3r and centri­
fuged at 12,000 g for 30 min resulting in a supernatant 
and a pellet. The supernatant was dialyzed against 20 
mM (NH 4}HC03 , lyophilized, and resuspended in 
1/1 00 of the original vol u me of HA buffer (cell-free HA). 
The pellet was washed three times with PBS, resus­
pended in 1/1 00 of the original volume of HA buffer, 
and sonicated until cell lysis was complete, and the 
supernatant after centrifugation was harvested (cell­
associated HA). 

The cell-free HA and the cell-associated HA were 
separately ultracentrifuged through a cushion of 20% 
(w/v) sucrose in HA buffer at 1 00,000 g for 2 hr to 
eliminate the ASFV particles (ASFV in the ultracentri­
fuged pellet was 1010 TCID50 per 106 U of HA). Any 
residual viral infectivity (0.1% of the initial titer) in the 
supernatants (HA concentrates) was eliminated with 
0.05% ¡3-propionolactone during 2 hr. Noninfected VR 
cell cultures (Hag-negative controls) were processed 
as above. 

To estímate the Hag activity of the ASFV particles, 
the ultracentrifuged pellets and the sucrose cushion 
were mixed, sonicated, 1 0-fold diluted with HA-buffer, 
and then ultracentrifuged. The supernatants from the 
first and second ultracentrifugations and the final pellet 
were índependently assayed for Hag activity. Results 
were expressed as a percentage of recovered Hag ac­
tivity in the pellet by the formula Hag activity in the 
pellet/Hag activity in the pellet + Hag activity in the 
supernatants X 1 OO. Recovery of the initial Hag activity 
befare ultracentrifugation (Hag activity of pellet + su­
pernatants/initial Hag activity X 1 00) was 1 00%. 

Twenty-five milliliters of HA concentrate (Table 3) 
were chromatographed through a Sepharose-conca­
navalin A (Con A) (Pharmacia, Sweden) column (1.5 X 1 
cm) previously washed with 200 mi of HA buffer. The 
HA concentrate was passed 8 times through the col­
umn with the aid of a peristaltic pump at room tempera­
ture. After washing the column with 200 mi of HA 
buffer, 50% of the bound Hag was eluted with 1 O mi of 
1 M methyl-a-o-glucopyranoside and 1 M methyl-a-D-

mannopyranoside in HA buffer by passing the solution 
1 o times through the column with the aid of a peristal­
tic pump. 

Physicochemical treatments of HA 

The supernatant from E1207-VR11-infected VR cell 
cultures was concentrated 1 00-fold by dialysis and 
lyophylization and most of the ASFV was eliminated by 
ultracentrifugation as described above. All the physico­
chemical treatments were performed with 2000 U of 
soluble HA during 30 min (except glycosidase F) with 
the final concentrations shown in Table 2. After treat­
ment, the HA was dialyzed against PBS. 

The Hag activity after 60 hr of incubation with Glyco­
sidase F (Boehringer-Mannheim, Germany) (a 30-min 
incubation had no effects) was expressed relative to 
the Hag activity of HA incubated at 3r or at 4° (same 
results) during the same length of time but in the ab­
sence of the enzyme. 

Concanavalin A was added to HA at different con­
centrations, mixtures were centrifuged after 30 min, 
pellets were discarded, and supernatants were as­
sayed. Table 2 shows the optimal results obtained at 3 
m g/ mi. 

To estímate the possible oxidation ofthe polypeptide 
backbone during the metaperiodate treatment, horse­
radish peroxidase (RZ = 3,3; Boehringer-Mannheim) 
(EC 1.11.1.7), an enzyme preparation having a low car­
bohydrate content (Tijssen, 1985), was held in 0.04 M 
sodium metaperiodate for 30 min. After dialysis and 
enzyme assay, 87 .50/o of the initial peroxidase activity 
could be recovered (the activity of the peroxidase was 
measured as described in Coll, 1987). 

Hag residual activity after treatment was expressed 
as a percentage of the initial activity by the formula Hag 
activity recovered after treatment/Hag activity befare 
treatment X 1 OO. 

Hemagglutination-inhibition assay 

To estimate anti-HA antibodies titers in pig serum, 
the pig serum was inactivated to destroy the comple­
ment by heating at 56° for 30 min and adsorbed with 
pig erythrocytes at 3r for 1 hr. The erythrocytes were 
removed by centrifugation and the supernatant was 
mixed with 4 vol of kaolin. After incubation for 60 m in at 
room temperature and centrifugation, the supernatant 
was removed and used forthe assay. Eight U of HA in a 
25-¡.tl volume of HA buffer and 25 ¡.ti of serial two-fold 
dílutions of the inactivated-adsorbed serum in HA 
buffer were mixed, incubated, and read as in the Hag 
assay. 

lnfection-inhibition assay 

To estímate the titers of ASFV neutralizing antibod­
ies in pig serum, the culture medium of the pig buffy 
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coat culture was aspirated after 3 days of incubation 
and 200 ,ul of ASFV diluted in immune pig or in donar 
pig serum was added per well. Dilutions of the virus 
were in a 1 0-fold series and four parallel wells were 
used per dilution. The microtiter plates were then incu­
bated at 3JD for 7 days and examined once a day for 
the cytopathic effect. Results of the titrations were ex­
pressed as tissue culture infectious dosages at 50% 
(TCI050). The infection-inhibition index was defined as 
the difference between the reciproca! of the lag of the 
control serum titration and the reciproca! of the log of 
the immune serum titration (Gonzalvo et al., 1986a,b). 

lmmunofluorescence 

To estímate total anti-ASFV titers in pig serum, 
ASFV-infected VR cells on coverslips were washed 
three times in PBS and fixed in acetone for 1 5 min. 
Then they were incubated for 1 hr with severa! dilutions 
of the immune pig sera, washed, and incubated with a 
protein A-FITC conjugate (Gonzalvo et al., 1986a,b). 

Enzyme immunoassay (ELISA) 

To estímate anti-HA pig antibodies by ELISA, micro­
titar plates (Dynatech, Plochingen, W. Germany) were 
coated to dryness with 1000 U of purified HA, washed, 
and kept dried for weeks (Martinez and Coll, 1988}. 
Plates without any coating were used for controls. 
Horseradish peroxidase-conjugated protein A (Nordic, 
Tilburg, The Netherlands) was used to develop the re­
action between the pig anti-HA serum and the HA­
coated salid phase. 

lmmunization of pigs by injection with attenuated 
ASFV and challenge with virulent ASFV 

Pigs were intramuscularly injected three times, once 
every month, with the cytoplasmic fraction of 3 X 1 08 

MS cells infected with E70-MS14 (first in complete 
Freund's and then in incomplete Freund's). One month 
after the last injection, the pigs were bled and then 
challenged by introducing into the same room a pig 
infected 3 days befare with virulent E70 virus. Viremia 
was estimated in blood samples taken every 7 days by 
pig buffy coat cultures as described (Gonzalvo et al., 
1986a,b). 

lmmunoblotting of serum from ASFV-infected/ 
survivor pigs and HA-immunized/challenged pigs 

Serum was obtained from a control nonimmunized 
pig, a pig surviving infection with the attenuated ASFV 
isolate E1207-VR 11 (Gonzalvo et al., 1986a,b}, and a 
pig surviving immunization with HA and the challenge 
with the virulent E1207. 

The concentrated HA obtained from VR cells in­
fected with E1207-VR11 was treated with 0.05% {J-

propionolactone (lack of infectivity was confirmed by 
inoculation of 1/1 O of the total HA in VR ce\1 culture and 
observation during 1 5 days). Two pigs were immu­
nized with HA bound to Sepharose-Con A beads (5 X 
1 06 units of HA per pig per injection, two injections per 
pig, once per month) by both intramuscular and intra­
peritoneal injections (hypothetically, the Con A-Sepha­
rose beads would work as adjuvants). One month after 
the second injection, the HA-immunized pigs were 
placed in the same room with one pig infected by intra­
muscular injection of 1 07 TCID50 of virulent E 1207. The 
E1207-infected pig died 5 days after the injection, one 
of the HA-immunized pigs died atter 12 days, and one 
ot the HA-immunized pigs survived. Blood viremia by 
sampling every 2 days could not be demonstrated in 
the surviving pig but it hada fever trom the 11th to the 
17th day after the challenge. The surviving pig was 
bled 1 month later for serum. 

Detection of anti-ASFV antibodies was made by im­
munoblotting as described (Pastor et al., 1989). Briefly, 
soluble ASFV cytoplasmic proteins were obtained in 
MS cells infectad with E70-MS81 at a multiplicity of 
infection of 1 O and resolved in 17% polyacrylamide gel 
electrophoresis (PAGE) after denaturation by {J-mer­
captoethanol and sodium dodecyl sulfate. After 
transfer to nitrocellulose filters, they were dried, cut 
into 0.5-cm-wide strips (containing 1 O ,ug of ASFV 
each), and allowed to react with 30-fold diluted pig sera 
in 2o/o nonfat dry milk in PBS. After washing, the im­
munocomplexes were detected by reaction with pro­
tein A-peroxidase using 4-chloronaphthol as sub­
strate (Aicaraz et al., 1989). 

RESULTS 

Detection of Hag in the cell culture medium from 
ASFV-infected cells 

During the screening ofASFV-infected pig buffy coat 
cultures by Had, the E 1207 isolate, which also pro­
duced visible Hag of the free pig erythrocytes present 
in the supernatant of the cultures, was found (never 
seen befare). Since passages of ASFV in cell line cul­
tures also produced Had and cytopathic effects 
(Malmquist, 1962, 1963}, the E1207 isolate was 
adapted to VR cells. After 11 passages, the Hag titer of 
E1207-VR11 Vero-infected supernatants (cell-free or 
soluble HA) varied between 4 and 8 HA units/ml. Fur­
ther work on the buffer for the Hag reaction resulted in 
an optimal buffer (HA buffer) of high ionic strength with 
which titers up to 300 HA units/ml could be obtained 
(Table 1) After infection with a multiplicity of infection of 
1 TCID50 per VR cell, the soluble Hag titers increased 
from 12 to 25 to 1 00% of the highest Hag titer at 1, 2, 
and 3 days after infection, respectively. Four days after 
infection the VR cells were rounded and floated but no 
further increase in Hag titer could be detected in the 
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TABLE 1 

IN VITRO PRODUCTION OF HA BY VR CELLS INFECTED WITH ASFV 
ISOLATES FROM 8PAIN DETECTED BY HAD OR IMMUNOFLUORESCENCE 

Total HA Units produced 

lsolates Cell culture Had Supernatant Pellet 

E3158 VR7 o o 
E1136 VR11 + 16000 51200 
E608 VR11 + o 12800 
E3394 VR14 + o 51200 
E1207 VR11 + 8000 51200 
E70 MS14VR6 + 16000 51200 
E608 VR83 + o 25600 

Note. ASFV cell line adapted isolates E31 58-VR7, E 1136-VR 11, 
E608-VR11, and E3394-VR14 caused death of all pigs inoculated 
with them, 7 to 15 days after infection. ASFV isolate E1207-VR11 
caused death in 50% of the pigs inoculated with it. ASFV isolates 
E70-MS14VR6 and E608-VR83 did not kili any of the pigs inoculated 
with them nor produced viremia. In vitro production of HA was esti­
mated 3 days after ASFV infection (multiplicity of infection = 0.1) of 
VR cell monolayers in 150-cm2 flasks with 50 mi of DMEM supple­
mented with 1 00/o fetal calf serum. After the cytopathic effect, the 
cell suspensions were centrifugad at 12,000 g for 30 m in, and the 
supernatants (cell-free or soluble HA) were dialyzed against 50 mM 
ammonium bicarbonate, concentrated by lyophylization, and resus­
pended in 5 mi of HA-buffer befare the HA estimation. The cellular 
pellets (cell-associated HA) were also resuspended in 5 mi of HA 
buffer, sonicated, and centrifugad to eliminate cell debris befare the 
HA estimation. 

supernatant. The cellular pellet obtained from the in­
fected VR cell cultures after being centrifugad and 
sonicated also produced Hag (cell-associated HA) 
(Table 1 ). 

Production of HA by different ASFV isolates 

To study the production of HA by different ASFV iso­
lates, seven isolates were selected differing in year, 
geographical area of isolation, production of Had, in 
vivo virulence, and number of passages in cell culture 
(Table 1 ). The E3158-VR7 isolate was unique in that it 
was both Had- and Hag-negative, while all the other 
studied isolates were capable of producing cell-asso­
ciated Hag. Soluble Hag could be detected in the su­
pernatants from VR cells infected with the isolates 
E1136-VR11, E1207-VR11, and E70-MS14VR6. The 
isolate E608 produced about the same amount of cell­
associated HA whether in the 11th (12,800 U of HA) or 
in the 83rd (25,000 U of HA) passages in VR cell cul­
ture. Furthermore, no correlation could be obtained be­
tween the cell-associated (pellet) or the cell-free (su­
pernatant) production of HA and either the virulence 
(percentage of pigs killed after in vivo infection) or the 
viremia (virus titer in peripheral blood after in vivo infec­
tion) induced by the ASFV isolates studied (legend to 
Table 1 ). All the Hag activity obtained from the different 
isolates could be inhibited by píg serum obtained from 

pigs infected with E1207-VR11 (not shown). The 
ASFV-infected (1 TCID 50 per cell) VR cell protein pat­
terns were identical for all the isolates mentioned 
above and similar to the ones described befare (Te­
bares et al., 1980a,b; Escribano and Tabares, 1987; 
Alcaráz et al., 1992) as demonstrated by 5-day labeled 
infected VR cell cultures with 14C-Iabeled amino acids 
(Amersham, 1 O ¡.¡.Ci per well per 100 ,ul) (not shown). 

Partial purification and characterization of the 
soluble HA 

To further study the properties of the virus-induced 
soluble molecule producing Hag (HA), supernatants 
from the E 1207 -VR 11 VR-infected cell cultures were 
obtained in larger amounts, concentrated 1 00-fold by 
lyophylization, and ASFV particles were removed by 
ultracentrifugation. No significant loss of Hag activity 
was detected after any of these procedures. The lyoph­
ylized concentrated HA was stable when kept dry for 1 
year at 4 o. A series of physicochem ical treatments 
were performed on the redisolved concentrated HA 
preparation and the agent was removed by dialysis be­
fare the estimation of the residual Hag activity. Table 2 
shows that the Hag activity was sensitive to agents 
known to affect the conformational structure of pro­
teins such as heat, ,8-mercaptoethanol, urea, and 
guanidine isothiocyanate. On the other hand, the Hag 
activity was also sensitive to agents modifying carbo­
hydrates such as glycosidase F and sodium metaperi­
odate. Although the metaperiodate could also affect 
the protein, this effect appears to be minimal underthe 
conditions used (see Materials and Methods). In addi­
tion, the Hag activity could be removed by precipitation 
with the lectin concanavalin A. Taken together, all 
these results suggest that the Hag activity resides in a 

TABLE 2 

EFFECT OF PHYSICOCHEMICAL TREATMENTS ON SOLUBLE HAG AcTIVITY 

Treatment Concentration Hag activity (%) 

Ultracentrifugation 95 
100° 2' o 
¡3-mercaptoethanol 0. 1M 7 
Urea 2M 35 
Guanidine isothiocyanate 0.5M 25 
Glycosidase F, 3JD 100 Units/ml (60 hr) 25 
Sodium metaperiodate 0.04 M o 
Concanavalin A supernatant 3 mg/ml o 
Methyl-a-o-mannopyranoside 1M 100 
Methyl-a-o-glucopyranoside 1M 100 
Ethylenediamine, pH 4 0.05 M 100 
Sodium acetate, pH 4.5 0.1 M 100 
¡3-propionolactone 0.05% 100 

Note. Hag activity was expressed as the percentage of the initial 
activity derived from the formula, Hag activity recovered after treat­
ment!Hag activity before treatment x 1 OO. 
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FIG. 1. Supernatant from ASFV (E1207-VR11)-infected VR cell cul­
tures separated by gel-permeation chromatography by HPLC (A) or 
by Sephacryl S-300 (B). Supernatants were dialyzed, lyophylized, 
and redisolved 1 00-fold concentrated. The chromatography by 
HPLC was performed in an HPLC-Waters apparatus equipped with a 
protein-pak 300SW column at 0.5 ml/min in PBS. The amount in­
jected was 250 ¡.ti. The chromatography over Sephacryl S-300 was 
performed in a 50 X 1 cm column in 1 M ammonium bicarbonate. 
The amount separated was 1 .5 mi. The molecular weight markers 
used were Va, blue dextran (2000 kDa); P, peroxidase (40 kDa). Hori­
zontal black bars representad the Hag positiva fractions. (-----)HA 
extracts obtained in 1 Oo/a fetal calf serum containing medium. (-) 
HA extracts obtained in 1 o/o fetal calf serum containing medium. 

glycoprotein(s) and that glycosilation is important for its 
activity. The native concentrated HA was excluded 
from Sephacryl 8-300 and protein-pak 300SW (high­
pressure liquid chromatography or HPLC) (Fig. 1) but 
retained in Sepharose 48 (Pharmacia, Uppsala, Swe­
den) (Fig. 2) with an apparent molecular weight of 300 
± 50 kDa. The gel chromatographies had to be per­
formed in 1 M ammonium bicarbonate buffer, pH 8.8, 
since the HA stuck to the columns at a lower ionic 
strength. 

After reultracentrifuging the cell-associated HA 
(1 ,500,000 U), 6. 9% of the recovered Hag activity was 
still associated with the ASFV-containing pellet. Since 
this could be due to contamination with cellular host 
membrane vesicles (Carrascosa et al., 1985), the possi­
bility of HA completely separate from ASFV was stud­
ied by analyzing the ultracentrifuged pellet from soluble 
HA (900,000 U). However, in this case, 4.7% of the 
initial Hag activity could be detected in the ASFV-con­
taining pellet (Table 2). 

Table 3 shows a representative purification chart of 
the soluble HA from 3-day supernatants of VR cells 
infected with E1207-VR11 by concentration (dialysis, 
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FIG. 2. Gel-permeation chromatography over Sepharose 48 of par­
tially purified soluble HA. The fractions obtained from Sephacryl 
S-300 containing Hag activity (Fig. 1 B) were pooled and chromato­
graphed in a 50 X 1 cm column in 1 M ammoniumn bicarbonate. 
Molecular weight markers used were BD, blue dextran (2000 kDa); 
lgM, trout immunoglobulin (750 kDa); lgG, mouse immunoglobulin G 
(150 kDa); BSA, bovine serum albumin (68 kDa); PR, phenol red; 
ASFV, african swine fever virus purified by ultracentrifugation and 
heat-inactivated by 2 min at 100°. The Va theoretical exclusion vol­
u me was 14 mi. (e) HA units; (-----) OD at 230 nm. 

lyophilization, resuspension, and elimination ofthe pre­
cipitate) followed by affinity chromatography over a col­
umn of Con A immobilized on Sepharose beads. Total 
recovery of the initial Hag activity was mostly depen­
dent on the percentage of elution ofHag in the affinity 
column, since the elution of the HA bound to the Con 
A-Sepharose column (3,000,000 U of HA bound to 3 
mi of Con A-Sepharose) was obtained with difficulty. 
No more than 1 O% of the initial input Hag activity could 
be eluted by each of 1 M manopyranoside, Ca 2+- and 
Mg2+-free PBS, 1 M NaCI, 50 mM ethylenediamine, pH 
11, HA buffer containing 30 mM EDTA. 1% Tween 20, 
1% SOS, 1% octylglucoside, 1% Triton X-100, 2M 
urea, or pH 4.5. However, 0.8 M glucopyranoside was 
capable of eluting about 25-50% of the initial bound 
Hag activity, depending on the experiment (Fig. 3). 
Maximal elution of 84% of the initial Hag activity could 
be obtained by recycling 60 mi of 1 M glucopyrano­
side, 1 M manopiranose in HA buffer overnight (;:¡.8 
cycles). Maximal concentrations obtained in the elu-

TABLE 3 

PURIFICATION OF SOLUBLE HA FROM 8UPERNATANTS OF VR CELL 
CULTURES INFECTED WITH E1207-VR 11 

Fraction 

Supernatant 
Concentrate 
Concanavalin A 

Volume (mi) 

1250.0 
25.0 

0.5 

Hag activity 

per mi x 10-5 

0.003 
0.12 
3.9 

Recovery (%) 

100 
80 
52 



774 RUÍZ-GONZALVO ANO COLL 

E 
e 

o 
QO 
C\1 

<( 

E 10 
.e: 

o 
o 8 
<O 

..:( 

w 6 
::J 
...J 
ID 

J.¡ 4 
Cñ 
en 
~ 2 
o 
o 

0.35 

0.30 

0.25 

0.20 

0.15 

0.10 

0.05 

0.00 
o 10 

M 
! 

[\ 

20 30 

G 
! 

mi ELUTED 

40 50 

o o ~~~~L-----L-----~--~--~--~ 
224 !09 72 48 28 18 15 

MOLECULAR WEIGHT MARKERS KDa 

FIG. 3. Affinity chromatography over Con A-Sepharose of concen­
trated supernatant (upper) and Coomassie blue profile of the bands 
separated by PAGE (lower). Ten milliliters of concentrated HA was 
chromatographed over a column (1.5 X 1 cm) of Sepharose-Con A 
and 1-ml fractions were collected. After washing the HA was eluted 
with 1 M methyl-a-o-mannopyranoside (fraction 19 to 29 M frac­
tions) or 1 M methyl-a-o-glucopyranoside (fractions 30 to 42 G frac­
tions). Recovery of Hag activity ranged from 25 to 60% in the G 
fractions (horizontal black bar). The fractions M and G were sepa­
rately pooled, dialyzed, lyophilized, resuspended in 200 ,u.l of 20 mM 
ammonium bicarbonate, and 20 ,ul separated by PAGE on a 6 to 20% 
polyacrylamide gradient gel. After staining with Coomassie blue, the 
bands were scanned at 600 nm. The position of molecular weight 
markers is given in the horyzontal axis. The scans were aligned by 
the position of the Con A bands (labeled in the Jowerfigure as Con A) 
identified with the help of paralleled-run purified Con A. (-) PAGE 
profile of G fractions (Hag-positive fractions). (-----) PAGE profile of M 
fractions (Hag-negative fractions). The vertical arrow indicates the 
position of the 51-kDa protein. 

tion buffer were 2000-5000 U HA/mi. When this puri­
fied HA was dialyzed to remove salts and sugars, only 
.;;; 1% of the starting Hag activity could be further recov­
ered. 

A 51-kDa protein band increased in the Hag-contain­
ing fractions obtained by Con A-Sepharose chroma­
tography by PAGE (arrow, Fig. 3, bottom graph). PAGE 
of the Con A...,.Sepharose beads containing bound HA 

showed intense bands at the 50- to 55-kDa region and 
faint bands at about 180, 220, and 290 kDa with their 
relative proportions variable from sample to sample. By 
including 5 M guanidinium isothyocianate in the PAGE 
sample buffer, the high-molecular-weight bands (180, 
220, and 290 kDa) dissappeared and only a wide and 
distorted band at the 50- to 55-kDa region remained 
which did not appear in control noninfected superna­
tants treated in the same way (not shown). Three more 
bands (at 40, 17, and 1 5 k Da) were always present due 
to Con A leaking from the column as shown by parallel 
PAGE of purified Con A (Fig. 3) or by lack of radioactiv­
ity in the above-mentioned three bands when the HA 
was purified from ASFV-infected cells incubated in the 
presence of 14C-Iabeled amino acids. 

Anti-HA antibodies in ASFV-immunized and ASFV­
infected pigs 

To evaluate the possible biological significance of 
the HA and/or of the antibodies against HA, severa! in 
vivo experiments were performed. First, nine pigs were 
immunized by injection with the attenuated ASFV iso­
late E70-MS 14, titers of anti-HA antibodies were esti­
mated, and then the pigs were challenged with the 
homologous virulent isolate (E70). Table 4 shows the 
pigs ordered by their production of anti-HA antibodies 
ranging in titer from 20 to 5120. Only one of the nine 
pigs showed a significant index of infection-inhibition 
of 3 (the pig having the maximal titer of anti-HA antibod­
ies) and was able to survive without detectable viremia 
to the homologous virulent challenge. Furthermore, no 

TABLE 4 

TITER OF ANTIBODIES IN SERUM FROM PIGS IMMUNIZED WITH E70-MS14 
ANO DAYS OF VIREMIA AFTER CHALLENGE WITH E70 

Titers after immunization 
Pig 
No. iHag il IF Viremia (days) 

1322 5120 3 8000 o 
1463 1280 0.6 4000 28 
1653 80 o 800 21 
1674 80 o 400 63 
1661 20 o 1600 28 
1652 80 o 800 14 (+) 
1657 80 o 1600 16 (+) 
1650 40 o 1600 12 (+) 
1654 40 o 800 16 (+) 
Control o o o 7 (+) 

Note. Pigs were injected with the sonicated cytoplasmic fraction 
of MS cells infectad with attenuated E70-MS14 in Freund's adju­
vant. One month after the last injection the pigs were first bled (titers 
after immunization) and then challenged by introducing an E70-in­
fected pig and a control nonimmunized pig into the same room. After 
the challenge, the pigs had viremia (days) and then died (+) or sur­
vived. iHag, titer of inhibition of agglutination. il, titer of infection-in­
hibition. IF, titer of anti-ASFV as meas u red by immunofluorescence. 
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chronical ASF lesions were found when this pig was 
sacrificed 6 months later. However, no correlation be­
tween anti-HA titers and survival after challenge was 
found because four pigs having low anti-HA titers died 
but also three pigs having low anti-HA titers survived. 

Second, a study was made by following up the anti­
bodies in the serum after the infection of a pig with the 
attenuated ASFV isolate E1207-VR11. Figure 4 shows 
that the titers of anti-Had and immunofluorescence fol­
lowed a similar continously increasing trend to 80 days 
after infection. Parallel increasing profiles were ob­
tained for the titers of anti-HA (measured by inhibition 
of Hag), infection-inhibition index, and anti-HA (mea­
sured by ELISA) until the end of the viremia (about 30 
days after infection). Once the viremia was not detect­
able, all these titers remained constant, suggesting 
their dependence on viral replication. 

Anti-HA antibodies in HA-injected pigs 

To obtain a first estimation of the HA antigenicity, 
pigs were immunized with concentrated HA and its 
serum antibodies were examined periodically. Four in­
traperitoneal injections of 250,000 U each of HA mixed 
with Freund's adjuvant were given monthly and one 
injection of 1 x 1 06 HA U was given in the fifth month. A 
maximum titer of 2500 of anti-HA antibodies could be 
obtained with an injected optimal HA total dosage of 2 
X 1 06 U. Further injections up to a total of 4 x 1 06 U of 
HA during 2 additional months did not increase the 
anti-HA titer (not shown). 

An immunization protocol was then used with the 
optimal HA dosage inoculated as HA bound to Con 
A-Sepharose beads. Because of the difficulty of ob-
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DA YS AFTER INFECTION 

FIG. 4. Titers of inhibition of hemadsorption (Had), hemagglutina­
tion (Hag) and infection, and titers of immunofluorescence and of 
ELISA of sera from a pig infected with the E1207-VR11 isolate. The 
pig was infected with ASFV by intramuscular injection of 106 TCID60 

of isolate E1207-VR11. Bleedings were made periodically at the 
times indicated in X-axis and titers and viremia were obtained. (.A.) 
Titer of inhibition of Had; (•) titer of inhibition of HA; (O) infection-in­
hibition index; (O) titer of immunofluorescence; (O) titer of ELISA. 

4311) 

ABC 
FIG. 5. lmmunoblotting of pig sera against ASFV-intected MS ex­

tracts. Lane A, control nonimmunized pig; lane B, pig inoculated with 
ASFV isolate E 1207 -VR 11 and surviving challenge with virulent 
E1207; lane C, pig immunized with puritied HA and surviving chal­
lenge with virulent E1207. Numbers to the leh are the molecular 
weight markers run in parallel. MS (bread arrow to the right), protein 
band appearing also in immunoblottings against noninfected MS cell 
extracts. The thin arrow to the right indicates the position of the 
51-kDa protein. 

taining such large amounts of HA only two pigs could 
be immunized with a first intraperitoneal injection of 2 
X 1 06 U of HA bound to 3 mi of Con A-Sepharose 
beads followed by a second injection 1 month later. 
One month after the second HA injection no anti-HA 
antibodies were detectable in the serum of either of the 
two HA-immunized pigs. After the pigs were chal­
lenged by cohabitation with an E1207-infected pig, 
one of them died of ASF and the other survived without 
showing either viremia or chronical ASF lesions but 
only fever. An immunoblot of the serum from the HA­
immunized E1207-challenged and survivor pig against 
ASFV-infected MS cell extracts showed only two 
bands (at 51 and 54 kDa) not found in the immunoblot 
of the serum from the control nonimmunized pig. How­
everthe 54-kDa band also appeared when immunoblot 
of the HA-immunized pig serum was made against 
noninfected MS cell extracts (not shown). Also, a faint 
51-kDa band but no 54-kDa band was found in the 
immunoblot of serum from the E1207-VR11-immu­
nized E1207-challenged and survivor pig (Fig. 5). 

DISCUSSION 

This work describes the isolation, purification, and 
characterization of a soluble ASFV-induced molecule 
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released into the cell culture medium in cells infected 
with sorne ASFV isolates causing hemagglutination of 
pig erythrocytes. 

That most of the HA was free from complete partí­
eles of ASFV was demonstrated by its 95% recovery 
after re m oval of most of the viral particles by ultracentri­
fugation, by the low Hag activity recovered in the 
ASFV-containing pellet, and by the separation of the 
detectable HA and the ASFV particles by gel-perme­
ation chromatography. A 4.7-6.9% of the initial Hag 
was detected in the ultracentrifugation pellet when us­
ing large amounts of starting HA (millions of units), but 
this Hag activity could be due to contamination with 
host membranes (Carrascosa et al., 1985) rather than 
to the presence of HA in the ASFV particles. When low 
amounts of HA (Fig. 2) or low-ionic-strength buffers 
(preliminarly experimente) were used for the Hag as­
say, the Hag activity was not detected in the ASFV. 

The 300-kDa molecularweight estimation forthe na­
tive HA by gel-permeation chromatography (Fig. 2) and 
that of 51 kDa for denatured HA by immunoblotting 
(Fig. 5) together with the HA sensitivity toward denatur­
ing protein agents and its carbohydrate-containing be­
havior (Table 2) suggest that the HA molecule induced 
by ASFV is a complex of 300 kDa made of 51-kDa 
glycoprotein(s) monomers. 

The presence of cellular and viral protein complex 
patterns in the 51-kDa region was demonstrated in 
E70- and E608-infected pig macrophages (Aicaraz et 
al., 1992). Similarly the presence of actin (45 kDa), f3-
tubulin (56 kDa), a-tubulin (58 kDa), 50- and 54-kDa 
cellular proteins in addition to the 50- and 54-kDa viral­
induced proteins has also been demonstrated by two­
dimensional electrophoresis of 358-labeled proteins of 
ASFV-infected VR cells (Esteves et al., 1986). The 56 
(core)- anda 51 (envelope)-kDa viral proteins were la­
beled with [3 H]sugars in ASFV-infected MS cells (Ta­
bares et al., 1983; Arzuza et al., 1992) and with 125 1-
chloramine in the membrane of infected macrophages 
(Aicaraz et al., 1989). Finally, a 51-kDa protein has also 
been detected among other proteins by precipitation of 
ASFV-infected cell extracts with one of the lectins (Con 
A) which agglutinates free ASFV (Del Val. 1985). All 
these 51-kDa proteins may be the same molecule(s) 
that, although mostly soluble, is also present in the 
ASFV virion (pelletable HA) as occurs with the HA in 
other viruses (Noda et al., 1988; Trybala et al., 1980; 
Collins and Knight, 1978; Gerlier et al., 1988; Payne 
and Norrby, 1976). 

ASFV-infected VR cells gave a strong membrane flu­
orescence when stained with pig serum containing a 
high titer of anti-HA antibodies (not shown), suggesting 
sorne of the HA antigens to be localized in the mem­
brane of infected cells where they could cause Had. 
Most probablythe molecules causing Hag and Hadare 
structurally related because (a) of the seven isolates 

studied, all were both Had- and Hag-negatives or -posi­
tives; (b) severa! layers of erythrocytes are formed dur­
ing Had, suggesting erythrocyte-erythrocyte interac­
tions (Carnero et al., 1967; Larenandie et al., 1987); 
and (e) that seems to be the case in other viruses stud­
ied (ltamura et al., 1990). Further experimentation 
should clarify this point. 

Although sorne of the results reported here sug­
gested sorne relationship between anti-HA antibodies 
and infection-inhibition indexes (for instance, only pig 
1322 having the highest anti-HA and il titers survived 
without viremia) (Table 4), no strong evidence showed 
that to be the case (four pigs having low anti-HA titers 
died but one pig having anti-HA of only 20 survived). lt 
is unknown why all the pigs did not behave similarly. 
However, induction of pig survival without viremia 
would be necessary (to avoid the risk of generating 
carrier pigs) to obtain a useful vaccine against ASFV; 
therefore, the very preliminarly result obtained with pig 
1322 (Table 4) may be of enough interest to merit fur­
ther studies. 

The absence of the 51-kDa band from the immuno­
blot of serum from the E 1207 -VR 11- or the HA-immu­
nized pigs befare challenge (not shown) suggests the 
low antigenicity of the HA, confirmed by the need of 
ASFV challenge to detect any positive reaction (Fig. 5). 
Furthermore, repeated injections of three mice with 
Con A-purified HA during 6 months failed to produce a 
>80 titer of HA inhibition (not shown). Next, the HA 
should be cloned and expressed in a host capable of 
glycosilation in order to obtain the amounts needed to 
increase its antigenicity so that meaningful immuniza­
tion/ASFV-protection experiments can be done to 
study the role of HA in immune protection, if any. 
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