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ABSTRACT

Tokuhisa, S., Inaba, Y., Sato, K., Miura, Y., Akashi, H., Satoda, K. and Matumoto, M.,
1981. Inhibitors of bovine parvovirus, coronavirus and rotavirus in precolostral and
fetal bovine sera. Vet. Microbiol., 6: 143—155.

Eleven, 11 and 2 of 11 precolostral sera from normal calves and 13, 14 and 9 of 14
sera from normal fetuses, 7 to 10 months of gestation, neutralized bovine parvovirus,
coronavirus and rotavirus, respectively.

When assayed by single radial immunodiffusion, all the sera contained IgG at 360 to
1400 mg/dl, and some of them had much smaller amounts of IgM or IgA. Most of the
neutralizing activities against bovine coronavirus and rotavirus were readily inactivated
by treatment with acetone or 2-mercaptoethanol. Some sera fractionated by Sephadex
G-200 gel filtration or starch block electrophoresis had neutralizing activities against
bovine parvovirus or coronavirus in fractions containing no detectable amounts of
immunoglobulins. These observations seem to indicate the presence of substance(s), other
than immunoglobulins, capable of inhibiting replication of bovine parvovirus, coronavirus
or rotavirus. The chemical nature and the mode of action of the inhibitors await elucida-
tion,

INTRODUCTION

Transplacental transfer of maternal immunoglobulins does not occur in
cattle, and the newborn animal acquires maternal antibodies by.ingesting
colostrum (Brambell, 1970; Solomon, 1971). On the other hand, bovine
fetuses develop the ability to produce antibodies upon antigenic stimulation
relatively early in gestation (Solomon, 1971; Osburn, 1973; Schultz, 1973;
Schultz et al., 1973). Many workers have reported the presence of antibodies
against various viruses in sera from colostrum-deprived calves and fetuses
(Kniazeff et al., 1967; Dunne et al., 1973; Horner et al., 1973; Hubbert et al.,
1973; Schultz et al., 1973; Miura et al., 1974; Rossi and Kiesel, 1974; Kurogi
et al., 1975). On the other hand, there have been reported studies suggesting
the presence of virus-neutralizing substances, other than immunoglobulins, in
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bovine sera (McFerran, 1962 a, b; Kanamitsu et al., 1967; Doggett et al.,
1968; Urasawa et al., 1968 a, b; 1969).

Recently we have reported that high percentages of normal precolostral
and fetal calf sera neutralize bovine parvovirus, coronavirus and rotavirus
(Sato et al., 1980). In the present study, experiments were carried out to
relate these neutralizing activities to immunoglobulins in the sera, and the
results obtained suggested that some precolostral and fetal calf sera might
contain substances, other than immunoglobulins, capable of inhibiting the
replication of these bovine viruses.

MATERIALS AND METHODS

Sera. Serum samples were obtained by jugular puncture from normal new-
born calves before or after ingestion of colostrum and from some of their
dams in 1973 and 1974, and by cardiac puncture from normal fetuses, 7
to 10 months of gestation, in 1979. The sera were stored at —20°C and
inactivated at 56°C for 30 min before use.

Viruses. The K-71 strain of bovine parvovirus was originally isolated from an
aborted fetus (Sugimura, et al., 1974) and had undergone 5 passages in
primary cultures of bovine kidney (BK) cells when used in the present study.
The Lincoln strain of bovine rotavirus (Mebus et al., 1971) was used at the
7th passage level in BK cell cultures. Calf diarrhea coronavirus (Mebus et al.,
1973) was found in our laboratory to replicate with cytopathic effect in
cultures of the BEK-1 cell line derived from bovine embryonic kidney (Inaba
et al., 1976). In the present study the virus was used at the 7th BEK-1
passage.

Neutralization tests. Neutralization tests with bovine parvovirus and
rotavirus were carried out in tube cultures of BK cells and those with bovine
coronavirus in tube cultures of BEK-1 cells. The medium for cell growth was
Eagle’s minimum essential medium (MEM) containing 10% tryptose
phosphate broth, 10% bovine serum and antibiotics, and the maintenance
medium was MEM containing 10% tryptose phosphate broth, 0.5% sodium
glutamate and 0.05% yeast extract. Cultures were prepared in 11 X 100 mm
tubes by seeding 0.5-ml volumes of growth medium containing 2.5 X 10°
cells/ml and incubating at 37°C for 4 days. Serial twofold dilutions of the
serum or fractionated materials were made with maintenance medium, and
each dilution was mixed with an equal volume of maintenance medium con-
taining 200 TCID;, per 0.1 ml of virus. The virus-serum mixtures were
incubated at 37°C for 90 min, inoculated in 0.1-ml volumes into 2 tube
cultures per serum dilution. The inoculated cultures were incubated at 37°C
for 90 min for virus adsorption, fed with 0.5 ml of maintenance medium and
incubated in a roller drum at 37°C for 8 to 9 days with parvovirus or for 6
or 7 days with coronavirus and rotavirus. The titer was expressed as the
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reciprocal of the highest serum dilution showing neutralization in at least
one of the two tubes.

Treatment of serum with acetone. One volume of test serum was mixed
with 20 volumes of chilled acetone, shaken vigorously for 5 min, and
centrifuged at 500 X g for 5 min at 4°C. The supernatant fluid was carefully
aspirated from the sediments, which were again treated with acetone in the
same manner. The resulting sediments were dried under vacuum at room
temperature and resuspended in sufficient PBS, pH 7.2, to make a 1:4
dilution based on the volume of serum initially introduced.

Treatment of serum with 2-ME. One volume of test serum was mixed with
one volume of 0.1 M 2-ME (2-mercaptoethanol) in PBS, pH 7.2. After
standing at 4°C for 24 h, the mixture was dialyzed overnight against 0.02 M
iodoacetamide in PBS at 4°C. It was further dialyzed against PBS for 2 days
at 4°C. A sufficient amount of PBS was added to the resulting material to
make a 1:4 dilution based on the volume of serum initially introduced.

Assay and identification of bovine immunoglobulins. Quantitation of im-
munoglobulins was made by single radial immunodiffusion according to the
method of Kniazeff et al. (1967) using rabbit anti-bovine IgG, IgM and IgA
(Miles Laboratories, Elkhard, Indiana). Of each test serum, 0.005 or 0.01 ml
was transferred to a well and tests were run in parallel with a standard serum
having known concentrations of immunoglobulins. The plates were incubated
at room temperature for 22 h, and then examined for the appearance of pre-
cipitation rings. Ring diameters were measured to determine Ig concentra-
tions in relation to controls. The lower limit for the detection of IgG, IgM
and IgA was 1.6, 4.0 and 5.0 mg/dl, respectively.

Immunoglobulins were identified by the slide microgel diffusion precipitin
test of Mansi (1958) using rabbit anti-bovine immunoglobulins, IgG, , IgG.,
IgM, and IgA.

Immunoelectrophoresis. A well of 3-mm diameter was punched in the center
of a 80 X 120 mm agar gel plate prepared with 1% Noble agar in veronal
buffer (pH 8.6, ionic strength 0.05). Test serum (0.03 ml) was placed in the
well and run by conducting an electric current at a rate of 5 mA/cm for

150 min. After completion of the electrophoresis, rabbit antiserum against
bovine whole serum was poured into troughs cut on both sides of the well
parallel with the electric current and allowed to react for 48 h in a moist
chamber at room temperature with the serum components separated electro-
phoretically.

Starch block electrophoresis. The method of Miller and Bale (1954) was
employed. Potato starch in veronal buffer (pH 8.6, ionic strength 0.05) was
packed in a 36 X 5 X 1 cm cell, and a trough, 1.5 cm wide, was cut and filled
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with starch in 3 ml of the test serum and an electric current was conducted
at a potential gradient of 5 V/em for 28 h at 4°C. After completion of the
electrophoresis, the starch layer was cut into 12 strips, each of which was
extracted with PBS, pH 7.2. The fractions were concentrated by ultra-
filtration in collodion bags and 1:2 dilutions were made with PBS based on
the volume of serum initially introduced.

Sephadex G-200 gel filtration. This was carried out by the method of Flodin
and Killander (1962). A 2.5 X 70 em column of Sephadex G-200 (Pharmacia
Fine Chemicals, Uppsala) was equilibrated with a solution containing 0.15 M
NaCl and 0.01 M phosphate buffer of pH 7.2, and 3 ml of test serum diluted
1:2 with PBS was applied thereupon. Gel filtration was performed using the
above buffer at a flow rate of 18 ml per hour at 4°C and filtrates were
collected in 3-ml amounts. The protein content of the fractions was
measured as the extinction at 280 nm. The presence of IgG, , IgG, , IgA and
IgM in the fractions was tested for by the slide microgel diffusion precipitin
test (see above). The fractions were also tested for neutralizing titers against
parvovirus, coronavirus and rotavirus.

RESULTS
Immunoglobulin contents

Serum samples from 11 normal precolostral calves and 14 normal fetuses,
7 to 10 months of gestation, were subjected to single radial immunodiffusion
to determine immunoglobulin contents. Serum samples from 3 pairs of cows
and their calves were also included in the tests. The results are shown in
Table I. The serum samples from the cows and their colostrum-fed calves had
immunoglobulins, IgG contents being highest, followed by IgM and then
IgA. The colostrum-fed calves (C-1, C-2, C-3) showed higher Ig contents than
their dams (M-1, M-2, M-3), although they had smaller or similar amounts of
IgG and only trace amounts or no IgM and IgA before ingestion of colostrum
(P-1, P-2, P-3). Of the 11 colostrum-deprived calves (P-1, to P-11), all had
IgG, 360 to 1400 mg/dl and 7 calves, or 64%, each had much smaller
amounts of IgM, trace to 42 mg/d}, or IgA, trace to 14 mg/dl. Of the 14
fetuses (F-1 to F-14) all had IgG, 360 to 1400 mg/dl, 10 fetuses, or 71%, had
trace to 20 mg/dl of IgM, and 9 fetuses, or 64%, had a trace only of IgA.

Neutralizing activity to bovine parvovirus

As shown in Table I, the dams (M-1, M-2, M-3) and their colostrum-fed
calves (C-1, C-2, C-3) had high titers of neutralization against bovine parvo-
virus. Most of the 11 colostrum-deprived calves (P-1 to P-11) also had high
titers of neutralizing activity, while of the 14 fetuses (F-1 to F-14) 3 had
high titers, but the others had lower titers; all but one (F-1) were positive.
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Immunoglobulins and neutralizing activies to parvovirus, coronavirus and rotavirus in

serum samples from cows, calves and fetuses

147

Serum sample®

Immunoglobulin content

Neutralizing titer

(mg/dl)
Parvo Corona Rota
IgG IgM IgA
Dams M1 1200 450 33 »512 <2 64
2 800 350 26 =512 128 8
3 1400 130 50 512 >128 32
Calves C-1 2800 780 120 >512 32 64
2 3400 520 250 >512 128 32
3 3400 200 540 =512 >128 32
CalvesP P-1 800 T T »512 64 <2
2 1000 T 0 256 32 <2
3 360 0 T »>5612 32 32
4 900 20 T >»5612 64 <2
5 1400 42 14 32 8 <2
6 1400 14 0 2 8 <2
7 1000 T 0 256 32 <2
8 1400 0 0 =512 16 2
9 640 0 T >512 64 <2
10 640 0 T >512 64 <2
11 500 T T >512 16 <2
Positive rate 11/11 7/11 7/11 11/11 11/11 2/11
Fetuses® F-1 800 0 T <2 =128 32
2 800 0 T 32 128 128
3 500 T T 16 32 2
4 640 0 T 16 32 <2
5 800 20 T 128 32 <2
6 640 T 0 >512 8 8
7 360 18 0 2 32 128
8 640 T 0 »512 >128 32
9 800 14 0 32 2128 8
10 800 0 T 2 .32 <2
11 800 14 T 8 32 2
12 800 T T 2 >128 2
13 640 T T 32 4 <2
14 1400 18 0 16 8 <2
Positive rate 14/14 10/14 9/14 13/14 14/14 9/14

a8erum samples, C-1, C-2 and C-3 were obtained after ingestion of colostrum from calves
of dams, M-1, M-2 and M-3, respectively; P-1, P-2 and P-3 were obtained from the same

calves before ingestion of colostrum.
bSerum samples from colostrum-deprived calves.

¢Serum samples from fetuses, 7 to 10 months of gestation.
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The neutralizing activity shown in these sera was little affected by treatment
with acetone or 2-ME, although some sera with low titers became negative
after these treatments (Table II).

TABLE 1I

Effects of treatment of sera with acetone and 2-mercaptoethanol on neutralizing activities
to parvovirus, coronavirus and rotovirus

Animal No. No. of sera having neutralizing activity to
tested

Parvovirus Coronavirus Rotavirus

Und Acd MEY Un Ac ME Un Ac ME

Dams 3 3 3 3 2 2 2 3 2 2
Calves?® 3 3 3 3 3 3 2 3 3 3
CalvesP 11 11 10 10 11 6 1 2 1 0
Fetuses® 14 13 7 7 14 2 4] 9 4] 4]

2Colostrum-fed calves,

bColostrum-deprived calves,

¢Fetuses, 7 to 10 months of gestation.

dUn: Untreated. Ac: Acetone treated. ME: 2-mercaptoethanol treated.

Neutralizing activity to bovine coronavirus

Asshown in Table 1, one (M-1) of the 3 cows had no detectable
neutralizing activity and the colostrum-fed calves (C-1, C-2, C-3) all had
positive titers. The activity of these sera was little affected by acetone or
2-ME treatment, excepting the serum (C-1) from one of the calves which
had a low titer and became negative after 2-ME treatment (Table II). All the
serum samples from the colostrum-deprived calves (P-1 to P-11) and the
fetuses (F-1 to F-14) showed this activity, which was reduced by acetone
treatment, and particularly by 2-ME treatment (Tables I, II).

Neutralizing activity to bovine rotavirus

Serum samples from the cows (M-1, M-2, M-3) and their colostrum-fed
calves (C-1, C-2, C-3) had neutralizing titers ranging from 8 to 64 (Table I).
The activity of these sera was not much affected by acetone or 2-ME
treatment (Table II). Only 2 of the 11 colostrum-deprived calves (P-1 to
P-11) were positive with low titers of 2 and 32, while 9 of the 14 fetuses
(64%) had titers ranging from 2 to 128 (Table I). After acetone or 2-ME
treatment all the sera became negative excepting one precolostral serum
(P-3) which showed a titer reduction from 32 to 8 following acetone treat-
ment (Table II).
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Starch block electrophoresis

Precolostral calf serum P-8 was subjected to starch block electrophoresis
to relate the immunoglobulins contained in the serum to the neutralizing
activities for the viruses. The original serum sample contained 1400 mg/dl
of IgG, but no IgM or IgA. Of the 12 fractions obtained, only the 4th and
5th fractions were found to contain IgG at 640 and 280 mg/dl, respectively.
The original sample had neutralizing titers of >512, 16 and 2 for parvovirus,
coronavirus and rotavirus, respectively. Neutralizing activity to parvovirus
was shown in the 8th and 9th fractions in titers of 128 and 32, respectively,
while it was not shown in the other fractions excepting the fraction of origin
(the 6th) which had a low titer of 8. None of the 12 fractions showed any
neutralizing activities for coronavirus or rotavirus. Immunoelectrophoresis
demonstrated gamma-globulin in the 4th fraction, alpha- and beta-globulin
in the 8th fraction and alpha-globulin and alubumin in the 9th fraction.

Sephadex G-200 gel filtration

The serum samples examined were those from a cow (M-3) and her calf,
colostrum-fed (C-3) and colostrum-deprived (P-3). In addition 2 samples
each from precolostral calves (P-2, P-8) and from fetuses (¥-3, F-4) were
examined. Each fraction obtained by gel filtration was tested for the
presence of IgG, , IgG, , IgM and IgA and for virus neutralizing activities.
The results are shown in Figs. 1 to 4.

As shown in Fig. 1, fractions of the cow serum M-3 had neutralizing
activity against parvovirus and contained IgG,; and IgG, and some early
fractions also contained IgM. Sample C-3 from the colostrum-fed calf of this
dam showed a similar pattern of parvovirus neutralizing activity, although
the activity began to appear in somewhat earlier fractions than in the case of
M-3 serum (Fig. 2). Precolostral serum P-3 of this calf contained only IgG;, ,
but no IgG,, IgM or IgA. Neutralizing activity against parvovirus began to
appear before the appearance of IgG, and some early fractions containing
IgG, showed neutralizing activity (Fig. 3). M-3, C-3 and P-3 serum samples
showed neutralizing activities against coronavirus and rotavirus in fractions
of the IgG elution region (Figs. 1--3). The other precolostral serum samples,
P-2 and P-8, contained eluted neutralizing activities against parvovirus and
coronavirus in fractions before IgG, eluted (Figs. 3). No fraction obtained
from P-2 and P-8 showed neutralizing activities against parvovirus or rota-
virus. Fetal serum F-3 contained IgG, , but neutralizing activity against
coronavirus was shown in fractions containing no immunoglobulin. No
fraction from F-3 showed neutralizing activity against parvovirus or rotavirus
(Fig. 4). On the other hand, fetal serum F-4 contained IgG, , and neutral-
izing activity against coronavirus was restricted to fractions containing IgG;.
Neutralizing activities against parvovirus and rotavirus were not detected in
any of the fractions (Fig. 4).
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Fig. 1. Sephadex G-200 gel filtration: cow serum M-3.

DISCUSSION

The present study has confirmed the previous report (Sato et al., 1980)
that high percentages of normal precolostral and fetal calf sera neutralize
bovine parvovirus, coronavirus or rotavirus (Table I). Furthermore, all of the
11 precolostral sera and the 14 fetal sera examined in the present study were
shown to contain immunoglobulins; all of them contained IgG, 360 to 1400
mg/d], and some contained much smaller amounts of IgM or IgA (Table I).
These findings were taken to indicate that these calves and fetuses had
produced neutralizing antibodies to these viruses as the result of intrauterine
infection. Several reports are available on the occurrence of immuno-
globulins in sera of precolostral calves and fetuses not overtly stimulated by
antigens (Pierce, 1955; Kniazeff et al., 1967; Klaus et al., 1969; Schultz et
al., 1971; Sawyer et al., 1973; Schultz et al., 1973).

On the other hand, most of the neutralizing activities against bovine
coronavirus and rotavirus in the precolostral and fetal sera were lost by
treatment with acetone or 2-mercaptoethanol, whereas the neutralizing
activity against bovine parvovirus in these sera was not much affected by
these treatments. Since immunoglobulins are not affected by acetone treat-
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Fig. 2. Sephadex G-200 gel filtration: colostrum-fed calf serum C-3.

ment, and IgG is resistant to 2-mercaptoethanol, these findings seem to
indicate the possibility that some substance(s) other than immunoglobulins
may be responsible for most of the neutralizing activities against bovine
coronavirus and rotavirus, whereas the neutralizing activity against bovine
parvovirus may be due to specific immunoglobulin.

The results of studies on some precolostral and fetal calf sera with
Sephadex G-200 gel filtration and starch block electrophoresis seem to
indicate the presence of substance(s), other than immunoglobulins, capable
of inhibiting the replication of bovine parvovirus or bovine coronavirus.
Thus, precolostral serum P-8, fractionated by starch block electrophoresis,
had neutralizing activity against bovine parvovirus in fractions in which no
immunoglobulin was detected by single radial immunodiffusion and
immunoelectrophoresis. Sephadex G-200 gel filtration of P-8 sample also
demonstrated neutralizing activity against bovine parvovirus in fractions con-
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taining no detectable amounts of immunoglobulins (Fig. 3). These findings
suggest that the neutralizing activity against bovine parvovirus shown in
P-8 serum may be due to some substance(s) other than immunoglobulins.
Precolostral sera, P-2 and P-3, were also studied by Sephadex G-200 gel
filtration. Neutralizing activity against bovine parvovirus was detected in
fractions before the elution of IgG,; and in a few early fractions containing
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IgG, (Fig. 3). This finding seems also to support the view that the sera may
contain some substances, other than immunoglobulins, capable of inhibiting
the growth of bovine parvovirus. With P-2 serum, neutralizing activity against
bovine coronavirus was also detected in fractions containing no immuno-
globulin (Fig. 3), while P-3 serum had neutralizing activities against bovine
coronavirus and rotavirus in fractions containing IgG, (Fig. 3).

Sephadex G-200 gel filtration of fetal serum F-3 gave results suggesting
the presence of some substance(s) other than immunoglobulins capable of
inhibiting the replication of bovine coronavirus (Fig. 4). On the contrary,
fetal serum F-4 showed neutralizing activity against coronavirus in fractions
containing IgG,, suggesting that the activity might be due to immuno-
globulin (Fig. 4).

These discussions seem to indicate that some precolostral and fetal calf
sera may contain substance(s), other than immunoglobulins, capable of in-
hibiting the replication of bovine parvovirus, coronavirus and rotavirus.

Further studies are needed to elucidate the chemical nature and the mode
of action of the inhibitors. The possible presence of nonspecific inhibitors
should be kept in mind in testing sera for neutralizing antibodies to these
bovine viruses.
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