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SUMMARY

In calves inoculated with bovine viral diar-
rhea (BVD) viruses and soluble antigen, the
complement-fixing (CF) antibodies appeared
before serum-neutralizing (SN) antibodies and
remained at high levels throughout the test
period. A rapid rise in SN antibodies occurred
after challenge with homologous virus with no
apparent effect on CF antibody levels.
The CF antibody responses in calves in-

fected with cytopathogenic NADL-MD and
noncytopathogenic CG-1220 viruses were simi-
lar whereas SN antibody responses indicated
strain specificity by reciprocal cross-neutral-
ization tests.
The CF antibody levels in 5 hog cholera

(HC) antisera were assayed using the solu-
ble antigen of NADL-MD BVD virus. No dem-
onstrable SN antibodies were present in four
HC antisera tested against NADL-MD virus,
but a significant titer was present in the com-
mercially prepared antiserum.

Virus was reisolated from animals infected
with BVD viruses by buffy coat culture tech-
nique during 3 weeks postinoculation, even
when significant levels of CF and SN anti-
bodies were present.

Bovine viral diarrhea (BVD) and hog
cholera (HC) viruses are responsible for
two different diseases in cattle and swine
respectively. These two viruses share a
common soluble antigen, however, as dem-
onstrated by agar double diffusion stud-
ies (1). For this reason it was logical to
apply the complement fixation test in an
attempt to quantitatively assay antibody
response in animals exposed to these vir-
uses. Such a test also could be useful to
further characterize the relationship be-
tween the two viral agents.

This is a report on the application of
the complement fixation (CF) and serum
neutralization (SN) tests utilizing soluble
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antigen and infective BVD viruses; to
compare antibody responses in calves inoc-
ulated with BVD viruses or soluble anti-
gen; to relate cytopathogenic and noncyto-
pathogenic BVD viruses; and to assay an-
tibody levels in sera from swine hyperim-
munized against HC viruses. In addition,
buffy coat culture technique was used to
correlate virus reisolations with the ap-
pearance of antibodies after exposure to
BVD viruses.

Materials and Methods
PREPARATION OF SOLUBLE ANTIGEN
The soluble antigen of BVD virus, NA

DL-MD, was used in the CF test. Prep-
aration of the soluble antigen was as de-
scribed (1) with the following modifica-
tions: concentration of ultracentrifuged
supernatant tissue cuiture fluid was ac-
complished by pressure dialysis at 4°C
without the use of 20M Carbowax, a non-
specific sensitizing agent for sheep ery-
throcytes (2); and chloroform was added
to the concentrated soluble antigen to a
final concentration of 5%. This emulsion
was gently mixed for 30 minutes at room
temperature to inactivate any remaining
infective virus particles. Excess chloroform
was removed by centrifugation at 2,000 G
for 20 minutes in a refrigerated centri-
fuge. The supernatant fluid was dialyzed
against frequent changes of veronal-buf-
fered saline (3) at 40 C for 4 to 5 days.
Small amounts of precipitate were removed
by centrifugation and the supernatant
fluid was stored at -40° C.

COMPLEMENT FIXATION TECHNIQUE
Fresh guinea pig complement, hemolysin

and sheep erythrocytes were prepared and
standardized according to the methods of
Schmidt and Lennette (4). The CF tech-
nique was essentially the same as described
by these authors with the following modi-
fications: all dilutions of reagents arid
sera were made in veronal-buffered saline
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solution containing Ca and Mg ions (3);
procomplementary activity of swine test
sera was removed by formalin as described
by Cowan (5); and unheated specific path-
ogen-free (SPF) bovine serum was added
to optimally diluted complement to enhance
fixation of complement to the antigen-an-
tibody system (6). The normal unheated
bovine serum, at a concentration of 5 %,
had neither anticomplementary nor non-
specific activity with the test antigen.

Bovine test sera used in this study had
negligible anticomplementary activity. Se-
rum titer was expressed as the reciprocal
of the initial dilution giving 50% lysis.

NEUTRALIZATION TECHNIQUE

The SN test was conducted using a tech-
nique described for cytopathogenic strains
of virus (1). Modifications of this tech-
nique were necessary for SN tests with
noncytopathogenic strains of virus. The
principle of interference, described by Gil-
lespie et al. (7), was used for titration and
neutralization of noncytopathogenic virus
in tissue culture systems. For titrations,
cultures containing dilutions of noncyto-
pathogenic virus were incubated 72 hours
and then to each was added approximately
103 TCID50 of cytopathogenic NADL-MD
virus. If a noncytopathogenic virus had
propagated in the culture there was almost
100% interference with the cytopathogenic
virus. For SN tests, it was necessary to
aspirate the maintenance fluid from each
culture after 96 hours' incubation and to
replace it with maintenance medium con-
taining approximately 103 TCID50 NADL-
MD virus. The presence of unneutralized
noncytopathogenic virus could then be de-
tected by its interference with NADL-MD
virus. Fifty percent neutralization end-
points were calculated by the method of
Reed and Muench (8).

PREPARATION OF TEST SERA

Sera were collected prior to inoculation
and at weekly intervals from four SPF
calves that had been given the following
treatment:

Calf number 1 was given two intrave-
nous injections of 5 ml (106 TCID50)
NADL-MD virus 12 weeks apart.
Calf number 2 was given daily intrave-
nous injections for 5 days of 5 ml con-
centrated (7.5 x 107 TCID50) NADL-MD
virus.

Calf number 3 was given two intrader-
mal injections of 21/2 ml concentrated
(100 fold) soluble antigen of NADL-MD
virus with equal parts Freund's type ad-
juvant a week apart; ten ml concentrat-
ed soluble antigen and adjuvant intra-
muscularly on the third week; and ten
ml (2 x 10' TCID50) virulent NADL-MD
virus intravenously on the 6th and 8th
week.
Calf number 4 was given two intrave-
nous injections of 5 ml (106 TCID50) non-
cytopathogenic CG-1220 virus (isolated
by the authors) 7 weeks apart.
Five hog cholera antisera used in the

agar double diffusion studies (1) were also
used in this study; one prepared against
standard hog cholera virus in a SPF pig;
three antisera prepared against variant,
lapinized and standard HC virus respec-
tively; and one commercially prepared an-
tiserum. Untreated SPF swine and bovine
sera served as controls. All test sera were
heat inactivated at 56° C for 30 minutes
prior to their addition to the tests.

VIRUS ISOLATION TECHNIQUE

Buffy coat cultures were prepared from
infected calves by a procedure similar to
that used for propagating swine leukocytes
(9). Approximately 25 ml of blood was
collected aseptically into 5 ml of a 10%
sodium citrate solution. After centrifuga-
tion at 2,000 G for 30 minutes, the plasma
was carefully aspirated and the buffy coat
transferred to another centrifuge tube con-
taining 5 ml phosphate-buffered saline
(PBS) devoid of Ca and Mg ions. After
resuspending the leukocytes, an additional
25 ml of PBS was added and the cell sus-
pension centrifuged at 2,000 G for 30 min-
utes. The washing procedure was repeat-
ed two to three times, care being taken to
exclude as many erythrocytes as possible
from each recovery. After the last centri-
fugation, buffy coat cells were resuspend-
ed into two types of medium; (1) 20%
fetal bovine serum and 80% Eagle's basal
medium (EBM) and (2) 20% simultane-
ously collected serum from infected ani-
mals and 80% EBM. The cell suspension
was planted in tissue culture tubes or on
occasion directly into primary bovine em-
bryonic kidney (BEK) cell cultures. Cul-
tures were incubated 5 to 7 days and then
reinoculated into new BEK cultures. If
noncytopathogenic strains of virus were
involved, the cultures were reinoculated
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Table I - Reciprocal Cross-Neutralization
Tests of Cytopathogenic NADL-MD and
Noncytopathogenic CG-1220 Viruses

Neutralization Titers

NADL-MD CG-1220
Antisera virus virus*

NADL-MD calf 1
4 week serum....... 1150** 256**
6 week serum....... 5400 1530

CG-1220 calf 4
4 week serum ... 320 1140
6 week serum ....... 512 1320

*Interference test to detect CG-1220 virus
utilizing NADL-MD virus.

**Titers expressed as reciprocal of final serum
dilution.

with cytopathogenic NADL-MD virus after
72 hours' incubation as previously out-
lined.

Results
ANTIBODY RESPONSES IN CALVES
The CF and SN antibody responses in

calves inoculated with BVD viruses and
soluble antigen are presented graphically
in figures 1, 2, 3, and 4. The CF antibodies
appeared before the SN antibodies and re-
mained at high levels throughout the test
period. Both CF and SN antibody levels
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Table II - Complement Fixation and Neu-
tralization Tests of Hog Cholera Antisera
Utilizing NADL-MD Bovine Viral Diar-
rhea Virus Antigens

SN
CF Titers Titers

without with
bovine bovine

Antisera serum serum

Standard HC (SPF) ..... 40* 640* < 4*
Standard HC.......... 20 320 < 4
Variant HC ............ 20 320 < 4
Lapinized HC.......... <10 80 < 4
Commercial HC........ 10 160 512
Untreated control (SPF) <10 < 10 < 4
Untreated control (SPF) <10 < 10 < 4

*Titers expressed as reciprocal of serum dilution.
reached a peak approximately 6 weeks
after inoculation (figures 1, 2 and 4). A
high level of CF antibodies with a rela-
tively low level of SN antibodies was pro-
duced in calf 3, given a series of injections
of soluble antigen and adjuvant (figure
3). A rapid rise in SN antibodies occurred
after challenge inoculation with virulent
homologous virus with no apparent effect
on CF antibody levels (figure 1, 3 and 4).

RELATIONSHIP OF CYTOPATHOGENIC
NADL-MD AND NONCYTOPATHOGENIC
CG-1220 VIRUSES
The CF antibody responses were similar
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FIGURE 1. Antibody response in calf 1 after two in-
travenous injections of cytopathogenic NADL-MD virus FIGURE 2. Antibody response in calf 2 after 5 daily12 weeks apart. intravenous injections of concentrated NADL-MD virus.
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in calves 1 and 4 inoculated with cytopath-
ogenic NADL-MD and noncytopathogenic
CG-1220 virus respectively. The SN anti-
body response was distinctly higher in calf
1 than calf 4 when tested against NADL-
MD virus (figures 1 and 4).

Results of reciprocal cross-neutralization
tests between the two viruses, utilizing 4
and 6 week postinoculation sera from
calves 1 and 4, are presented in table 1.

COMPLEMENT FIXATION AND NEUTRALIZA-
TION TESTS OF HOG CHOLERA ANTISERA

The CF tests of HC antisera, utilizing
soluble antigen of NADL-MD BVD virus,
resulted in fixation of complement to the
antigen-antibody system. Addition of nor-
mal unheated bovine serum to the test
markedly enhanced fixation of complement
resulting in significantly higher titers
(table II).
With the exception of the commercially

prepared HC antiserum, no demonstrable
SN antibodies were present in the hog
cholera or control swine sera when tested
against NADL-MD BVD virus (table II).
VIRUS ISOLATION
Virus was reisolated during 3 weeks

postinoculation from calf 1 when bovine
fetal serum was incorporated in the me-
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FIGURE 3. Antibody response in calf 3 after a series
of injections, 2 intradermally and 1 intramuscularly, of
soluble NADL-MD antigen with adjuvant. The calf was
given challenge inoculations 6 and 8 we*ks later of
virulent NADL-MD virus.

dium for propagating buffy coat cells
(figure 1). Noncytopathogenic CG-1220
virus, as determined by interference tests,
was reisolated during 2 weeks postinocula-
tion of calf 4 (figure 4). Virus was reiso-
lated 1 week postinoculation from calves 1
and 4 when simultaneously collected sera
from the infected animals were incorpor-
ated into the medium for propogating
buffy coat cells. No virus was reisolated
from calf 3 after injections of soluble anti-
gen and challenge with virulent virus.

Discussion
It was demonstrated that CF antibodies

appeared before SN antibodies in calves
given BVD viruses; a sequence that also
occurs in myxovirus (10) or arbovirus
(11) infections. This could be interpreted
as a basis for assuming that different
types of antibodies are produced at differ-
ent stages of infection or that different
antigens are concerned in the tests. The
latter interpretation seems more plausible
because the inoculation of comparatively
crude soluble antigen preparations resulted
primarily in a CF antibody response (fig-
ure 3). Soluble antigen may well represent
a precursor or by-product of viral syn-
thesis.

Reciprocal cross-neutralization tests per-
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FIGURE 4. Antibody response in calf 4 after 2 intra-
venous injections of nosncytopathogenic CG-1220 virus
6 weeks apart. Complement-fixation and serum neutral-
ization tests were conducted with NADL-MD virus anti-
gens.
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formed with NADL-MD and CG-1220 anti-
sera indicated some degree of strain spe-
cificity although the CF titers were iden-
tical. Neutralizing antibodies may there-
fore be directed against more specific viral
antigen(s). Additional BVD isolates could
evidence group relationships based on the
complement fixation test and strain spe-
cificity on reciprocal cross-neutralization
test. This would correlate with other ob-
served differences such as cytopathogenic
and noncytopathogenic properties. Hog
cholera virus which shares a common solu-
ble antigen with BVD viruses (1) and
stimulates the production of CF (table II)
but not reciprocal neutralizing antibodies
(12) may well represent the extreme di-
vergence.
The BVD virus probably existed intra-

cellularly for 2 to 3 weeks postinoculation,
because it was possible to make recoveries
of virus from buffy coat cells even though
significant CF and SN serum titers were
present (figures 1 and 4). Removal of SN
antibodies from the cells by repeated wash-
ings and implanting them in a medium
containing fetal bovine serum enhanced
the probability of successful virus reisola-
tion. Using serum from the infected ani-
mal in the culture medium is therefore in-
advisable since it may neutralize virus
released from the cells.

Application of techniques using unheat-
ed bovine serum in the antigen-antibody
systems to enhance fixation of complement
and the treatment of swine serum with
formalin to remove the procomplementary
activity has made the CF test a useful aid
in studying the relationship between BVD
and HC viruses. It is deficient as a single
test for HC because swine infected with
BVD viruses could develop CF antibodies
without being exposed to HC viruses. Yet,
if swine sera contained CF antibody
against BVD soluble antigen in the ab-
sence of an SN titer it would be presump-

tive evidence of earlier exposure to HC
virus.

Soluble group-specific antigen common
to known types of virus have been useful
in classifying new isolates. The inclusion
of new isolates into the adenovirus group
has in part been based upon their produc-
tion of a soluble CF antigen (13, 14).
Members of the myxovirus group also are
known to produce a "soluble" CF antigen
common to all strains of a given type in
addition to strain-specific antigens (10,
15). Since isolates of BVD and HC viruses
have similar physical and chemical prop-
erties (16) and cross react in immunoflu-
orescence (17), they may be classified as
belonging to the same group according to
a common soluble antigen (1) and into
strains by neutralization test or as yet un-
recognized antigens.
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ERRATUM
The following caption should have accompanied Fig. 1 on Page 270, No-
vember 19-63 issue, as part of the article "Metabolism and Distribution
of 131 I-labelled Albumin in the Pig", by John Dich and Knud Nielsen:

"Fig. .1. Experimental data from albumin turnover studies with pig No. 7.
QRet: Fraction of the dose retained in the body. QEV: Fraction of the dose
in the extravascular compartment. Q,: Fraction of the dose in the intra-
vascular compartment. Dotted line indicates equilibration time. Columns
indicate daily urinary and fecal excretion (per cent of injected dose).
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