
JOURNAL OF CLINICAL MICROBIOLOGY, Dec. 1987, p. 2418-2421
0095-1137/87/122418-04$02.00/0
Copyright 1987, American Society for Microbiology

Vol. 25, No. 12

Rapid, Sensitive, Competitive Serologic Enzyme-Linked
Immunosorbent Assay for Detecting Serum Antibodies to

Bovine Herpesvirus Type 1
CYNTHIA A. RIEGEL, VIRGINIA K. AYERS, AND JAMES K. COLLINS*

Diagnostic Laboratory, College of Veterinary Medicine and Biomedical Sciences, Colorado State University,
Fort Collins, Colorado 80523

Received 23 March 1987/Accepted 9 September 1987

An enzyme-linked immunosorbent assay (ELISA) for the detection of cattle antibodies to bovine herpesvirus
type 1 was developed on the basis of competition between serum antibody and a virus-neutralizing mouse

monoclonal antibody. The assay showed improved sensitivity over the virus neutralization (VN) test and over

an enhanced VN test in which incubation of antibody-virus mixtures was carried out for 24 h. With the ELISA,
antibodies in sera from experimentally infected cattle were detected earlier after infection and showed more

rapid increases in levels. A comparison of the ELISA with the VN tests by using a set of 85 field sera with low
levels of antibodies demonstrated that the ELISA was the most sensitive test, detecting 10 positive serum

samples that were negative by the VN tests. The ELISA was inexpensive, rapid, and highly reproducible and
showed a significant improvement in sensitivity over VN tests.

Bovine herpesvirus type 1 (BHV-1) is a widespread and
economically important pathogen causing a variety of dis-
ease manifestations, including respiratory and genital tract
infections, abortion, conjunctivitis, and encephalitis (12).
Infected herds usually have high morbidity and low mortal-
ity, although the loss of fetuses in pregnant cows can
approach 60%. Mortality in adult animals is rarely due to
BHV-1 and is more often the result of a secondary bacterial
respiratory tract infection.

Diagnosis of BHV-1 infection can be difficult for a variety
of reasons. Subclinical infections are common, and like
other herpesviruses, BHV-1 can result in latent infection and
carrier status (2, 12). Diagnosis is frequently not attempted
until secondary disease has become evident, by which time
demonstrable virus is no longer present. Several laboratory
methods are available for diagnosing BHV-1, including virus
isolation, direct fluorescent-antibody examination of in-
fected tissues (11, 13) and antigen detection by enzyme-
linked immunosorbent assay (ELISA; 10). Serologic diagno-
sis is also available and widely used, most often in the form
of a virus neutralization (VN) test. Although VN tests have
been the assays of choice for many years, they are insensi-
tive, costly, and time-consuming (1, 6, 7, 13). A serologic
test of increased sensitivity would be advantageous not only
for diagnostic utilization but also for screening large num-
bers of animals to detect low levels of antibodies and to
establish BHV-1-free herds.

Described here are the development and utilization of a
highly specific and highly sensitive competitive ELISA for
the detection of BHV-1 antibody. The assay is based on the
competition between a horseradish-peroxidase-conjugated
mouse monoclonal antibody and bovine serum antibody.
Previous studies (7) have demonstrated that this competitive
ELISA correlates with VN titers. In the present study,
ELISA is compared with and found to be more sensitive
than a routine VN test and an enhanced VN test (1).
ELISA was carried out with serial serum samples ob-

tained from animals experimentally infected with BHV-1 (6).

* Corresponding author.

Additional sera were obtained from samples submitted to the
Colorado State University Diagnostic Virology Laboratory
for routine BHV-1 serologic assay. The VN test was carried
out on all serum samples by standard procedures (4, 6) and,
in addition, with a modification of the assay as described by
Bitsch (1), in which a 24-h incubation of virus with serum
was carried out at 37°C prior to addition of cells.
For the competitive-ELISA procedure, Immulon Il micro-

titer plates (Dynatech Laboratories, Inc., Alexandria, Va.)
were coated with 400 ng of density-gradient-purified BHV-1
per well in 0.1 ml of 0.01 M sodium borate buffer, pH 9.0 (6,
10). Plates were held at 37°C until dry and blocked with 0.2
ml of 2% bovine serum albumin (American Research Prod-
ucts Co., South Euclid, Ohio) in TNE buffer (0.05 M Tris,
0.15 M NaCI, 0.001 M EDTA; pH 7.4) for 1 h at 37°C. Wells
were then emptied and either used immediately or frozen in
a sealed, humidified chamber at -20°C. For the assay, 0.05
ml of undiluted serum was added to one well and incubated
at 37°C for 0.5 h. Without being washed, 0.05 ml of horse-
radish-peroxidase-conjugated BHV-1-specific D9 monoclo-
nal antibody (9) diluted at 1:500 to 1:1,000 in 0.1% bovine
serum albumin in TNE buffer was added. Plates were then
incubated for an additional 0.5 h at 37°C. After incubation,
wells were washed four to five times with 0.05% Tween 20 in
TNE buffer, and 0.1 ml of freshly prepared 2,2'-azinobis(3-
ethylbenzothiazoline-6-sulfonate) peroxidase substrate
(Kirkegaard and Perry Laboratories, Gaithersburg, Md.)
was added. Color was allowed to develop for 15 min and
then stopped with 0.05 ml of 0.5% sodium dodecyl sulfate.
A405 was read spectrophotometrically with a Titertek
Multiskan ELISA reader (Flow Laboratories, McLean,
Va.). The conjugate dilution was selected to give an A405 of
approximately 0.5 to 0.6 with fetal calf serum for competi-
tion; a decrease in absorbance of greater than 50% with
competing serum was defined as positive.

Binding of monoclonal antibody in the ELISA was inhib-
ited by BHV-1 convalescent-phase serum (Fig. 1). Preim-
mune control serum did not compete with the monoclonal
antibody in the assay. The competition was linear with
respect to dilution of the convalescent-phase serum and thus
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TABLE 1. Serologic test results with sera from 11 infected cattle

No. of positive (n = 11) results in:
No. of days

after infection Routine Enhanced Competitive
VNa test VNa test ELISAb

6 0 0 0
8 0 7 il

il il il il

a Positive result, titer -1:2.
b Positive result, -50o competition.

1:50 1:200 1:800 1:3200
DILUTION OF SERUM

FIG. 1. Competition between horseradish-peroxidase-conju-
gated monoclonal antibodies and BHV-1 preimmune serum (O) or
convalescent-phase serum (O). Bars represent standard deviations
obtained with five repetitions of the assay.

correlated with VN titer as previously shown (7). The assay
was highly reproducible, since the standard deviations (bars;
Fig. 1) were obtained from assays performed on five different
days by three individuals.
Serum samples from experimentally infected cattle gave

earlier antibody responses to BHV-1 by ELISA compared
with those by VN tests. After showing no VN titers and no
ELISA competition in their sera for several days postinfec-
tion, all the infected animals (11 of 11) showed significant
increases (65% of maximum) in ELISA competition on day
8, and this correlated well with the decline in virus shedding
from animals (Fig. 2). On the same day, all titers (11 of 11) by
routine VN test were negative, and titers obtained with the
enhanced VN test averaged 1:2, with 7 of 11 showing

positive titers (Table 1). With the routine VN test, animals
did not seroconvert until day 11, at which time the average
titer was 1:8. At later times after infection, increasing
antibody titers were detected by all assays. The ELISA
reached maximal competition by day 10, whereas the VN
titers were not maximal until days 14 to 18.
To further examine the specificity of the ELISA, 30 cattle

which had been maintained free of BHV-1 were tested,
vaccinated with a modified live BHV-1 vaccine (Tech Amer-
ica, Inc., Elwood, Kans.), and retested. Results (Table 2)
with these 30 cattle of known BHV-1 status indicate that the
ELISA was 100% specific.
To compare the three assays further, 85 clinical serum

samples submitted for routine BHV-1 VN testing and with
low or negative VN titers (negative to 1:16) were analyzed
by both the competitive ELISA and the enhanced VN test.
With the enhanced VN test, 6 of 35 sera which were negative
by routine VN test were found to be positive, and all sera
which were positive by routine VN test showed enhance-
ments of titers by 2- to 8-fôld (average, 3.9-fold) with the
enhanced VN test (data not shown). In a comparison of the
enhanced VN test with the competitive ELISA, 41 serum
samples were positive in both assays and 34 serum samples
were negative in both assays (Fig. 3). No serum sample was
positive by the enhanced VN test and negative by ELISA.
However, 10 serum samples that were negative by both
enhanced and routine VN tests were positive by competitive

DAYS POST INOCULATION

FIG. 2. Virus shedding and antibody responses of experimentally infected animals. Antibody responses were measured by competitive
ELISA (CI), 24-h enhanced VN test (A), and standard VN test (O). *, Virus shedding. Results are the mean values from 11 animals. TCID50,
50%v Tissue culture infective dose.
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TABLE 2. Serologic test results with sera from
30 vaccinated cattle

No. of results by competitive ELISA
Result by (positive/negative)

enhanced VN test
Prevaccination Postvaccination'

Positive 0/1 25/0
Negative 0/29 0/5

a 14 days postvaccination.

ELISA. These 10 samples had A405 values of 0.10 to 0.23,
which would place their competition values in the range of 65
to 85% of maximum competition, similar to those competi-
tion values seen with sera from experimentally infected
animals 8 days after infection. Additional VN-negative sera
from field animals may also have had antibodies even though
they did not compete at the 50% level (Fig. 3), but since the
exposure history of the animals from which the sera came
was not known, no definitive conclusion could be reached.
These results demonstrate the feasibility of using a com-

petitive ELISA for the detection of antibody to BHV-1.
When sera with known specificities (i.e., from experimen-
tally infected or vaccinated cattle) were used, the assay was
specific and more sensitive than VN tests in that antibody
was detected earlier and more dramatically after experimen-
tal infection. With such easily detectable increases in anti-
body responses in serum samples taken just a few days
apart, the ELISA would be very useful for diagnostic
testing.
The applicability of a new diagnostic test is usually based

on determinations of specificity and sensitivity that are
compared with those of an established assay which provides
acceptable resuits. In this case, however, the referent assays
could not be used for such determinations, and instead, the
determination of the true negative or positive statuses of
serum samples from experimentally infected or vaccinated
animals was based on the known infection history of the
animal from which the samples were taken.
The development of sensitive serologic assays for BHV-1

has been sought to establish with the highest accuracy
whether an animal has been previously exposed to BHV-1
and therefore may be a latent carrier (1, 2, 14). Several tests
have been developed to improve sensitivity. The addition of
complement to the neutralization reaction has increased
sensitivity (15). The development of the enhanced VN test in
which neutralization was carried out for 24 h showed that
sensitivity could be increased at least fourfold (1). These
results were confirmed in this study. In addition, the com-
petitive ELISA was even more sensitive than the enhanced
VN test, in that several field sera and sera from experimen-
tally infected cattle which were negative by the VN test were
positive by ELISA.
The success of this competitive ELISA may have been

due to the selection of the monoclonal antibody used for
competition. The selection was based on the finding that the
glycoprotein which this monoclonal antibody recognized
was one of the first recognized by cattle after infection and
was also recognized consistently by cattle sera (8). Previous
results suggested that this monoclonal-antibody-defined
epitope was recognized by cattle antibodies (7) and that the
epitope was involved as a major determinant of neutraliza-
tion (9).
The competitive ELISA had distinct advantages over VN

tests with respect to ease of performance. It was also easier
to perform than conventional indirect ELISAs for detecting
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FIG. 3. Competitive ELISA versus the 24-h enhanced VN test
for 85 selected clinical sera having low or negative neutralization
titers. Each point is the average of two determinations. NEG,
Negative titer.

bovine antibody bound to coated wells (3, 5, 6). The com-
petitive ELISA required only one well of a microtiter plate
and was carried out with undiluted serum. There was no
evidence that the use of undiluted serum caused problems in
terms of background or nonspecific reactions. The incuba-
tion of serum and conjugate was done sequentially, without
the need for a washing step. Results were obtained in slightly
more than 1 h compared with 3 days for VN testing. In
addition, the assay plates were stable at -20°C, enabling
storage of several months. The assay would be highly
suitable for screening large numbers of sera with great
sensitivity.
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