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ABSTRACT

An indirect immunoperoxidase
staining technique (IP) is described for
the detection of bovine viral diarrhea
virus (BVDV) in bovine semen. The
performance of the IP was compared
to the reference immunofluorescent
staining test in its ability to detect
BVDV in 23 coded field semen

samples. The IP assay which can be
applied with ease to a large number of
samples and does not require expen-

sive fluorescence microscope equip-
ment, appears to be an alternative
method for BVDV detection. The IP
assay can be strongly recommended
for certification of BVDV-free bovine
semen for artificial insemination and
trading purposes and for laboratories
which are not equipped for perform-
ing the immunofluorescent test.

RESUME

Une technique de coloration indi-
recte par immunoperoxydase (IP) a

ete evaluee afin de demontrer la
presence du virus de la diarrhee virale
bovine (BVD) dans la semence de
taureaux. Une comparaison entre
cette methode et la technique usuelle
de detection du virus a ete realisee sur
23 echantillons de semence. La
technique IP s'est averee une alterna-
tive valable pour la detection du virus
compte tenu du grand nombre
d'echantillons pouvant etre traites et
ce, a moindre colut. Cette technique
pourrait etre avantageusement utilisee
dans des laboratoires qui ne sont pas

equipes pour les tests d'immunofluo-
rescence ainsi que pour certifier
l'absence du virus de la semence pour

fin dinsemination artificielle ou de
vente a l'etranger. (Traduit par Dr Pascal
Dubreuil)

Bovine viral diarrhea virus (BVDV)
is the causative agent of two distinct
clinical entities affecting cattle, viral
diarrhea and the mucosal disease
complex (1-3). The BVDV is a

ubiquitous pathogen, to which a high
percentage of cattle have serum

antibodies (4,5). An important epizoo-
tiological feature of noncytopathic
(NCP) BVDV and other pestiviruses is
their ability to establish persistent
infection in immunologically imma-
ture fetuses (6,7).
Such persistently infected calves

may remain seronegative, have a

persistent viremia and shed large
amounts of virus in all body secretions
and excretions, including semen, over

prolonged periods. These chronically
infected animals transmit BVDV
infection to susceptible cattle with
which they come in contact (1). The
semen produced by persistently
infected bulls often contains virus and
may transmit infection by either
natural service or artificial insemina-
tion (Al) (8). Bulls may acquire BVDV
infection from infected herdmates
with subsequent seminal shedding of
the virus. However, in such cases the
excretion of BVDV in the semen is
transient and the amount of virus is
lower than that in persistently infected
bulls (9-12). Detection and elimina-

tion of persistently infected bulls are

essential components of BVD control
programs, especially in Al centers (8).
Virological examination of serum and
semen samples provides a reliable
means to establish the BVD status of a

bull. Until recently, the immuno-
fluorescent (IF) test was the most
common technique used for detection
of NCP strains of BVDV (8,13). The
method was also used to identify
cytopathic strains. In recent years,
with the advent of enzyme immuno-
assays and the use of microtiter
techniques, a semiautomated immu-
noperoxidase (IP) test for BVDV
isolation (14-17) has replaced the IF
technique and the method is used for
the routine monitoring of bulls in Al
centers (Lucas MH, Drew TW,
personal communication). Since 1989,
we have adapted an indirect IP test
and we have successfully applied it in
the detection of persistently infected
animals. In the present communic-
ation, the adaptation and comparison
of IP and IF tests for detection of
BVDV in bull seminal samples are

described.
Samples of extended semen from 23

semen collections from five Canadian
and seven American bulls (Table I)
were coded and tested blindly in this
study. The samples had been stored
and were transported in liquid
nitrogen. For the indirect IF test,
bovine kidney (BK) cells, between the
second to the fifth passage, were

grown in 25 cm2 Falcon flasks and on

glass coverslips in Leighton tubes, in
Earle's minimum essential medium
(MEM) supplemented with 10% fetal
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TABLE I. Correlation between the results
obtained by indirect immunofluorescent (IF)
and immunoperoxidase (IP) tests in the detec-
tion of bovine viral diarrhea virus in 23 coded
bull semen samples

Semen
Code Bull identification no./ Results
no. no. Ejaculation no. IF IP

I I ADRIa x -5969/1 - -

2 " x -5969/2 - -

3 " x -5969/ 3 - -

4 " x -5969/4 - -

5 " x -5969/ 5 - -

6 " x -5969/6 - -

7 2 " x -6810/1 + +
8 3 x -6845/I + +
9 4 " Vagabond,

ET + +
10 5 " Musk Mat + +
11 6 ABSb 29B3716/1 + +
12 29B3716/2 + +
13 " 29B3716/3 + +
14 " 29B3716/4 + +
15 7 " 29J2841/1 + +
16 " 29J2841/2 + +
17 " 29J2841/3 + +
18 29J2841/4 + +
19 8 " 29H3853/1 - -

20 9 " 29H41II/1 - -

21 10 " 29H3570/1 - -

22 11 " 29H5040/1 - -

23 12 " 29H4750/1 - -

aADRI Animal Diseases Research Institute,
Nepean's Accession
bABS = American Breeders Service's Accession

bovine serum (FBS) (Gibco, Grand
Island, New York) and antibiotics.
The cells were monitored routinely for
BVDV and the FBS was pretested for
absence of anti-BVDV antibody and
BVDV and was treated at 0-4° C with 1
Megarad of gamma rays.

After washing the monolayers with
0.01 M phosphate buffered saline, pH
7.6 (PBS), two Falcon flasks were each
inoculated with 0.5 mL of a 1:5
dilution of semen samples in MEM.
After an adsorption period of 60 min
at 370C, the inoculum was decanted,
cell monolayers were washed with
warm MEM and the cultures were
maintained in MEM containing 2%
FBS. The cells were observed daily for
characteristic cytopathic effect (CPE).
After incubation for five days the
cultures were frozen and thawed and
the fluids were passaged once in
Leighton tubes, each receiving 200 ,uL
of inoculum. The monolayers grown
on coverslips were washed in PBS (pH
7.4), followed by a quick rinse in
distilled water (DW) before being
fixed with absolute acetone for 10 min

at 40 C. The indirect IF staining
method described previously (18) was
used except for the primary antibody
which was raised in cattle against
several strains of BVDV. The primary
antiserum was used at 1:50 dilution in
PBS Tris/ HCI buffer. The fluorescein
conjugate was rabbit antibovine IgG
(heavy and light chain) (Lot 29009;
Cappel, Cooper Biomedicals, West
Chester, Pennsylvania) and used at
1:40 dilution. Each antibody incuba-
tion period was 30 min and the
coverslips were mounted in glyceri-
nated Tris HCI buffer medium and the
slides were examined by experienced
microscopists, using an epifluores-
cence microscope, for fluorescent
staining.
The IP technique was a modifica-

tion of the previously described assays
(14,15,18) and used serially passaged
bovine turbinate (BT) cells, originally
obtained from Mr. T. Drew (Central
Veterinary Laboratory, Weybridge,
England). Ten ,uL of the harvest of the
first passage of semen sample in BK
cells were dispensed in duplicate wells
of tissue culture microplates (Falcon -
96 wells). Each well received 100 ,iL
(approx. 300,000 cells/ mL) of freshly
trypsinized BT cells in MEM supple-
mented with 5% FBS or horse serum
(Flow Laboratories, Mississauga,
Ontario). After brief and gentle
shaking the plates were incubated at
370 C for 96 h in a humid atmosphere
of 5% CO2 and 95% air after which the
overlay medium was discarded by
gentle inversion. The monolayers were
rinsed gently with warm PBS, drained
and fixed for 10 min at room tem-
perature (RT) with 20% acetone in
PBS containing 0.02% bovine serum
albumin. The fixative was discarded
and the monolayers were dried under a
bench lamp (30°C) for 3 h. The stain-
ing method was as described previ-
ously (18) except that the primary
antibody was that used in indirect IF
at 1:50 dilution in PBS containing
0.05% Tween 20 and 2.95% NaCl
(PBSTN).
The peroxidase conjugate was

rabbit antibovine IgG (heavy and light
chain) (Cappel) used at 1:500 dilution
in PBST with 2% normal rabbit
serum. Each antibody incubation was
15 min at RT, with a three-cycle wash
in PBST. The bound peroxidase
activity was detected using 3-amino-9-

ethylcarbazole (AEC) substrate,
essentially as described previously
(18). In a glass tube 8 mg of AEC were
dissolved in 1.0 mL of N,N-dimethyl-
formamide and added slowly to 19 mL
of 0.05 M sodium acetate buffer, pH
5.0, containing 66 1.L of 3% H202.
Specific brown staining developed
within 10 min, whereupon the sub-
strate was replaced with PBS and then
with tap water. The plates were dried
and readings were done with an
inverted light microscope.
The comparative results of IF and

IP testing on 23 extended seminal
samples, collected from 12 bulls, are
presented in Table I. Twelve samples
were positive and 11 were negative for
BVDV by both tests. None of the
positive samples induced any CPE in
cell cultures. For both IF and 1 P tests
known quality control samples (posi-
tive and negative) were included to
monitor the test performance. When
samples were examined in duplicate
by the IP test, in microtiter plates, no
discrepancy was observed between the
duplicate results. Postulating that the
reference test (IF) had a specificity and
sensitivity of 100%, the performance
of IP in detecting BVDV was in
complete agreement with the IF assay.
The indirect IF and IP procedures
follow two major principles; amplifi-
cation of BVDV, if present, in the cell
cultures and its detection by an
immunostaining technique. There-
fore, the agreement between the two
tests is not surprising. Nevertheless,
the IP assay has several advantages
over the IF test. It can be applied with
ease to a large number of samples, is
less expensive, and it does not require
fluorescent microscope equipment
and expertise in reading. In addition,
once the enzyme chromogen is
developed in the cell monolayer, it
provides a permanent record.
We have adapted and applied the IP

test in a microtiter system for detecting
BVDV in naturally infected bull
seminal samples which were submitted
in the context of semen exportation.
The IP test is recommended as an
alternative to the standard IF for
certification of BVDV-free bovine
semen for Al and trading purposes.
The method is a complement to the
detection of BVDV in serum with the
IP test.
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