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A blocking ELISA with improved sensitivity 
for the detection of passively acquired maternal

antibodies to BHV-1 
Hyun Ju Cho, Susan C. Entz, G. Tom Green, Lorne T. Jordan

Abstract — Four serological tests were evaluated for their ability to detect passively acquired mater-
nal antibodies to Bovine herpesvirus 1. A blocking enzyme-linked immunosorbent assay demonstrated
superior sensitivity in the detection of such antibodies in calves up to 9–11 months old, versus calves
up to 7 months old for other tests.

Résumé — ELISA compétitif présentant une sensibilité de détection améliorée des anticorps
maternels passifs de HVB-1. Quatre tests sérologiques ont été évalués sur la base de leur capacité
à détecter les anticorps maternels acquis passivement contre l’herpesvirus bovin 1. Un titrage
immunoenzymatique compétitif utilisant un antigène adsorbé a démontré une sensibilité supérieure
pour la détection de tels anticorps chez des veaux âgés jusqu’à 9 à 11 mois alors que les autres tests
les détectaient jusqu’à l’âge de 7 mois.

(Traduit par Docteur André Blouin)
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T ransplacental transfer of antibodies from dam to
fetus does not occur in ruminants, horses, and swine.

Maternal antibodies are transferred to the neonate via
immunoglobulin (Ig) G-rich colostrum. The ability of the
neonate to absorb these colostral antibodies into its
systemic circulation is highest in the first 24 h follow-
ing birth (1,2). In cattle, maternally derived serum anti-
bodies to Bovine herpesvirus 1 (BHV-1, also known as
infectious bovine rhinotracheitis virus) have been shown
to decay in a predictable fashion, with a biological
half-life of about 3 wk (3–5). In most cases, BHV-1
maternal antibodies are undetectable in neonatal calves
of 6 mo of age in a standard serum neutralization (SN)
test, although they may occasionally be detected after this
age (3,4). 

Serum neutralization tests and various enzyme-linked
immunosorbent assays (ELISAs) are routinely used for
BHV-1 antibody detection (3). Bovine herpesvirus 1
is distributed throughout the world but has been eradi-
cated in Denmark and Switzerland (3). For Canadian cat-
tle to be qualified for export to Denmark, their health
certificates require that they have been shown to be
seronegative to BHV-1 in a blocking ELISA. In contrast
to other serological tests (3,4), use of this blocking

ELISA at the Animal Diseases Research Institute (ADRI)
revealed that calves older than 6 mo frequently had
detectable levels of BHV-1 antibodies. 

The study described herein was designed to evaluate
the sensitivity of 4 serological methods (indirect ELISA,
blocking ELISA, standard SN, modified SN) for the
detection of maternally derived antibodies to BHV-1,
with a particular interest in investigating the duration that
antibodies were detectable after birth.

Sixty-two red Angus heifer calves from an Alberta
ranch were used in this study. The calves were born to
dams that had been vaccinated with an inactivated
infectious bovine rhinotracheitis, bovine viral diarrhea,
and parainfluenza type 3 vaccine (Triangle 3; Ayerst
Veterinary Laboratories, Guelph, Ontario). The calves
were born between January 26 and April 4 in year 1.
Serum samples were collected on March 14, July 5,
September 9 or 20, November 14, and December 19 in
year 1 and on January 29 in year 2. In a routine man-
agement step, the calves were also vaccinated with
clostridial vaccine. Although specific records are not
available, the routine procedure of the ranch is to vac-
cinate calves in June with a combined bacterin-toxoid
product containing immunizing antigens derived from
Clostridium chauvoei; C. septicum; C. novyi type B;
C. haemolyticum; C. perfringens types B, C, and D;
and C. tetani (Tasvax 8; Schering-Plough Animal Health,
Pointe-Claire, Quebec).

The standard serological tests in use at the ADRI
were employed in this study. Details of the SN test
(standard and modified) procedures have been described
previously (6). Briefly, 2-fold serial dilutions of heat
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inactivated serum (56°C, 30 min) were mixed with equal
volumes (0.025 mL) of the Colorado strain of BHV-1
containing 102 ± 0.5 TCID50. The serum with virus mix-
tures were incubated for 1 h or 24 h at 37°C in a CO2
(5%) incubator, respectively, for the standard SN or
modified SN tests, after which Madin-Darby bovine
kidney cells were added to the mixture and the plates
incubated at 37°C in a CO2 (5%) incubator for 3 d prior
to reading. 

The indirect ELISA was a modification of a previ-
ously described method (7) that used 2,2’-azino-bis(3-
ethylbenzthiazoline-6-sulfonic acid) (ABTS) as the chro-
mogen and Triton X-100 extracted BHV-1 (108 strain)
as the ELISA antigen (8).

The blocking ELISA was based on a Danish protocol
(9, courtesy of Dr. Lief Rønsholt, State Veterinary
Institute for Virus Research, Lindholm, Denmark) with
minor modifications. Microplates (Nunc Maxisorp
Immunoplates; Canadian Life Technologies, Burlington,
Ontario) were coated with BHV-1 ELISA antigen (iden-
tical to that used for the indirect ELISA, but at a different
dilution) in 0.06 M carbonate buffer (pH 9.6) and incu-
bated overnight at 25°C. Sera were tested in quadru-
plicate wells and incubated overnight at 25°C. Antigenic
sites not blocked by BHV-1 antibodies in the test sera
were reacted with biotinylated bovine anti-BHV-1 IgG
(DAKO A/S, E382; DAKO Diagnostics Canada,
Mississauga, Ontario) diluted 1:2000 in 0.5 M NaCl/0.1%
Tween 20/0.03 M phosphate, pH 7.2 (STP) buffer for 1 h
at 25°C. Peroxidase-conjugated avidin (DAKO A/S,
P347; DAKO Diagnostics Canada), at a dilution of
1:10 000 in STP buffer, was added and incubated for
30 min at 25°C. Reactions were detected by the addition
of a substrate solution consisting of 0.01% tetra-
methylbenzidine dihydrochloride (Sigma, T-3405; Sigma-
Aldrich Canada, Oakville, Ontario) and 0.012% hydro-
gen peroxide (3% stock, H324; Fisher Scientific, Nepean,
Ontario) in 0.1 M citrate buffer, pH 5.0. After 15 min
incubation at room temperature, reactions were stopped
by the addition of 1 M sulphuric acid. All volumes were
0.100 mL per well, except for the sera, which were
added at 0.120 mL per well. Negative and positive con-
trol bovine sera were run on each microplate. The plates
were read photometrically at 450 nm (Titertek Multiskan
MCC/340 ELISA reader; Titertek Instruments,
Huntsville, Alabama, USA). The working dilution of the
BHV-1 ELISA antigen gave an average optical density
(OD) reading of approximately 0.800 when tested with

the reference negative serum. The antibody-blocking
reaction was considered positive for sera if the OD value
was  50% of the OD value of the reference negative
serum, suspect for a reaction > 50% and 70%, and neg-
ative if the reaction was > 70%.

Table 1 shows the results of the 4 serological methods
that were used for the detection of BHV-1 maternal
antibodies in serially collected serum samples. The
blocking ELISA detected anti-BHV-1 maternal anti-
bodies for longer than did the 3 other tests. One calf still
contained antibodies detectable by blocking ELISA at
345 d of age, and 7 calves harbored blocking ELISA anti-
bodies at 259 to 310 (average 294) d of age. The standard
SN test was the least sensitive: only 4 calves were sero-
positive with undiluted serum samples (final titer of
1/2, after the addition of virus) at the September col-
lection. In this investigation, with the standard SN test,
BHV-1 maternal antibodies were in most cases unde-
tectable by 6 mo of age, though some animals had
detectable antibody up to 222 d of age. This confirmed
the observations of previous authors (3–5). The modified
SN test detected more seroreactors than did the standard
SN, and yielded higher titers than did the standard SN
(data not shown).

The indirect ELISA was slightly more sensitive than
the modified SN. However, it is important to note that,
in the indirect ELISA, 24 of the 61 calves produced non-
specific reactions on samples from the September col-
lection. These animals reacted with both cell control
antigen and BHV-1 antigen coated plates. It is probable
that these nonspecific reactions were due to vaccination
with the clostridial vaccine, which may have contained
bovine proteins.

With the blocking ELISA, the antibodies could still be
detected at 9 to 11 mo of age, a time frame 3 to 4 mo
longer than in previously published reports (3–5). In a
previously published comparison of various serological
tests, blocking ELISAs were found to be generally
more sensitive than indirect ELISAs in the detection
of antibodies to BHV-1 (3,10). In the blocking ELISA
employed here, 0.120 mL of undiluted serum was
reacted with antigen overnight, whereas in the indirect
ELISA, 0.100 mL of 1/100 diluted serum was incubated
with antigen for 2 h. Thus, the former test received
120 times more volume of sample for a longer period of
time. Unfortunately, undiluted samples could not be
used in the indirect ELISA due to unacceptably high
background reactions. Cattle treated with non-BHV-1
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Table 1. Comparison of blocking ELISA, indirect ELISA, standard serum
neutralization, and modified serum neutralization for the detection of BHV-1
maternal antibody

Sample Blocking 
collection date Calf age (d) ELISA Indirect ELISA Standard SN Modified SN

Mar 14 1–21 31/31a 31/31 31/31 31/31
Jul 5 92–134 42/42 41/42 38/42 39/42
Sep 9 or 20 158–239 61/61 18/61 24 NSPb/61 4/61 16/61
Nov 14 224–305 19/40 0/40 0/40 0/40
Dec 19 259–340 7/39 0/39 0/39 0/39
Jan 29 300–381 1/39 0/39 0/39 0/39

ELISA — enzyme-linked immunosorbent assay; SN — serum neutralization; BHV-1 — Bovine herpesvirus 1
aNumber of reactors (suspect or positive)/number of samples tested
bNSP — nonspecific reactions — serum samples reacted with both BHV-1 and cell control antigen



biologicals, such as bacterial and viral vaccines, may pro-
duce antibodies to the bovine proteins contained in the
vaccines. These antibodies may generate nonspecific
reactions in the indirect ELISA, as revealed in the
September serum samples. 

The study size was not large, but the results indi-
cated that the blocking ELISA is superior for detecting
small amounts of passively acquired BHV-1 maternal
antibodies. Also, the nature of the blocking ELISA
eliminates the nonspecific reactions seen with the indi-
rect ELISA, thus making it useful for detecting BHV-1
antibodies in calves exposed to non-BHV-1 vaccines.
Such a test is important in circumstances where animals
may be rejected following export to countries using a sim-
ilar methodology.
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