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Abstract

Six laboratories participated in a ring trial to evaluate the reliability of a real-time PCR assay for the detection of bovine
herpesvirus 1 (BoHV-1) from extended bovine semen. Sets of coded samples were prepared and distributed to each of the
laboratories. The sample panel contained semen from naturally and artificially infected bulls, serial dilutions of positive semen
with negative semen, semen from uninfected seronegative bulls, negative semen spiked with virus, as well as serial dilutions of
reference virus. The samples were tested using a previously validated real-time PCR assay for the detection of BoHV-1 in each
participating laboratory. The PCR tests were conducted with four different real-time PCR amplification platforms, including
RotorGene 3000, Stratagene MX 3000/4000, ABI 7900, and Roche LightCycler 2.0. Virus isolation using one set of samples was
performed in one laboratory. The results of the laboratories were compared with one another, and with those of virus isolation. It
was found that the sensitivity and specificity of the real-time PCR test was greater than those of virus isolation (82.7% versus
53.6% and 93.6% versus 84.6%, respectively). A high level of agreement on PCR testing results between the laboratories was
achieved (x value 0.59-0.95). The results of this study indicate that the real-time PCR assay is suitable for the detection of
BoHV-1 in extended semen, and would be a good substitute for the slow and laborious virus isolation, for the screening testing at
artificial insemination centres and for international trade.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Bovine herpesvirus 1 (BoHV-1) infects the
respiratory and genital tracts of cattle and causes
various diseases including infectious bovine rhino-
tracheitis (IBR), infectious pustlar vulvoaginitis
(IPV), and infectious pustular balanoposthitis (IPB)
(Gibbs and Rweyemamu, 1977). BoHV-1 is normally
transmitted directly by close contact with infected
animals and by aerosol over short distances, and
indirectly via contaminated semen from virus shed-
ding bulls (Afshar and Eaglesome, 1990; Kupfersch-
mied et al., 1986; Philpott, 1993). After acute
infection, the virus can enter neurones and establish
a latent infection in sensory ganglia (Pastoret et al.,
1984). The latent virus can be reactivated both by
stressful conditions or administration of glucocorti-
coids (Thirty et al., 1984; Wyler et al., 1989). BoHV-1
infected bulls are life-long carriers and may poten-
tially shed virus intermittently in their semen (Dennet
etal., 1976; OIE, 2004). Moreover, the transmission of
BoHV-1 could occur during artificial insemination
whereby a single ejaculate is diluted and may be
inseminated into many cows (Drew et al., 1987). The
achievement and maintenance of BoHV-1 free status is
the best way to prevent the diseases caused by BoHV-
1. In this regard, several European countries have
eradicated BoHV-1, and some of the others have
implemented control or eradication programmes. In
countries with BoHV-1 endemic situation, to prevent
virus transmission from infected bulls bovine semen
should be screened for BoHV-1 before it is used for
artificial insemination. The routine method for the
detection of BoHV-1 in bovine semen is virus isolation
using cell cultures of bovine origin, and this also the
prescribed test for international trade by the Office
International des Epizooties (OIE). However, this
method has limitations with regard to sensitivity, time
and cost (Weiblen et al., 1992). A more sensitive and
reliable method would be valuable. We have
previously developed and validated a real-time PCR
test for the detection of BoHV-1 in extended semen
(Wang et al., 2007). The real-time PCR assay was
shown to be more sensitive than virus isolation, highly
specific and repeatable. The specific aims of this
ring trial were: (1) to evaluate the test reproducibility
when the same real-time PCR assay was used in
different laboratories employing different personnel

and instrument; (2) to further assess the sensitivity and
specificity of the real-time PCR assay.

2. Materials and methods
2.1. Participants

Six laboratories from five countries participated in
the ring trial. These included Investigation and
Diagnostic Centre (IDC), Biosecurity New Zealand,
Veterinary Laboratories Agency (VLA), Weybridge,
United Kingdom, Virology Department, National
Veterinary Institute (SVA), Uppsala, Sweden, Depart-
ment of Molecular Biology, Animal Health Service,
Deventer, The Netherlands, and Department of
Virology, Veterinary and Agrochemical Research
Centre, Brussels, Belgium.

2.2. Sample panel composition

The ring trial samples consisted of positive semen
including semen samples collected from naturally and
artificially infected bulls, negative semen from
uninfected seronegative animals, negative semen
spiked with virus, positive semen dilution series with
negative semen, as well as labelled controls (Table 1).
All semen samples were coded to blind the trial.

The semen samples were from single collections
from each bull. All semen from bulls of natural infection
and acute experimental infection were positive pre-
viously by virus isolation. Semen from bulls of
reactivated infection was negative by virus isolation,
while virus had been isolated from semen from these
bulls during the acute phase of the experimental
infection. All negative semen was from uninfected
seronegative bulls, 10 of which were collected from an
IBR free country (Switzerland). The spiked negative
semen samples were made using one negative semen
(Switzerland) spiked with graded virus, Oxford strain
(BoHV-1.2). Positive semen dilution series were made
by 10-fold dilution of one positive semen (New
Zealand) with one negative semen (Switzerland).

2.3. Production of sample panel and distribution

The sample panel was prepared in one laboratory
(VLA, UK) and distributed to each of the participating
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Origin of samples included in the ring test
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Sample code Sample source Origin

S1-S3 Semen from naturally infected bulls New Zealand

S4 Semen from a naturally infected bull Australia

S5-S9 Semen from artificially infected bulls The Netherlands

S10-S14 Semen from re-activated artificially infected bulls The Netherlands

S15-S16 Semen from naturally infected bulls United Kingdom

S18-S27 Semen from uninfected bulls Switzerland

528-S29 Semen from uninfected bulls United Kingdom

S30 Positive semen diluted with negative semen (107") New Zealand, Switzerland
S31 Semen from uninfected bulls United Kingdom

S32-S36 Positive semen dilution series in negative semen (1072 to 107%) New Zealand, Switzerland
S37-S42 Spiked negative semen with virus (Oxford strain) (10" to 107 Switzerland, United Kingdom

Labeled controls
Serial dilutions of
virus (1073 to 107°)
Negative control
Negative semen
Positive semen

BoVH-1 Oxford strain

Cell culture medium
Semen from uninfected bull

Semen from naturally infected bull

United Kingdom

Switzerland
New Zealand

laboratories. For production of the panel, semen
straws from each ejaculate were pooled. Then 18
aliquots (replicates) were made for each semen
sample. Each aliquot contained 60 pl of pooled
semen and was given a unique number. Three aliquots
from each sample were distributed to the laboratories
in liquid nitrogen. In total, 123 samples from 41
batches of semen (including spiked and diluted
semen) plus six labelled control samples were tested
in each laboratory.

2.4. Procedure for real-time PCR

A real-time TagMan PCR was developed and
validated and a DNA extraction method from extended

Table 2
Oligonucleotide primers and probe

semen was optimized previously (Wang et al., 2007).
For DNA extraction, 10 .l of semen was mixed with
100 wl of 10% Chelex 100 (w/v) (Sigma), 11.5 pl of
10 mg/ml proteinase K, 7.5 pl of 1 M DTT (Sigma),
and 90 wl sterile distilled water. The mixture was
incubated at 56 °C for 30 min, vortexed at high speed
for 10s and the tubes placed in boiling water for
8 min. The vortexing was repeated and the samples
were centrifuged at 10,000 x g for 3 min. The
supernatant was used for PCR directly, or stored at
—20 °C. The PCR reactions were carried out in a total
volume of 25 pl containing 12.5 pl of 2x Platinum
Quantitative PCR SuperMix-UDG (Invitrogen, Life
Technologies, Cat. No. 11730-025), 0.5 pl of ROX
reference dye (Invitrogen), 1 pl of each primers (final

Oligonucleotide Sequences (5'-3")

Genome position®

gB-F (forward)

gB-R (reverse)

TGT GGA CCT AAA CCT CAC GGT
Probe FAM-AGG ACC GCG AGT TCT TGC CGC-TAMRA
GTA GTC GAG CAG ACC CGT GTC

57,499-57,519
57,525-57,545
57,595-57,575

* GenBank accession no. AJ004801.
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Table 3
Real-time PCR detection system used in the ring trial

Laboratory Real-time PCR amplification platform

1 Mx3000P QPCR System, Stratagen

2 Mx4000P QPCR System, Stratagen

3 RotoGene 3000, Corbett Research

4 RotoGene 3000, Corbett Research

5 ABI PRISM 7900 Sequence Detector System,
Applied Biosystems

6 LightCycler 2.0, Roche Applied Science

concentration 180 nM), 1 ul of fluorogenic probe
(final concentration 120 nM), 4 wl of nuclease-free
water and 5 pl of DNA template. The details of PCR
primers and probe are presented in Table 2. The PCR
was performed using different real-time PCR ampli-
fication-detection systems in different laboratories
(Table 3). The PCR cycling parameters were as
follows: 50 °C for 2 min, 95 °C for 2 min, 45 cycles of
95 °C for 15 s, 60 °C for 45 s. The threshold level was
set according to the manufacturer’s instructions for the
analysis software being used. Samples were consid-
ered to be positive when the fluorescence signal rose
above the threshold level.

The status of each sample was unknown to each
participating laboratory, with the exception of the
labelled controls. Three replicates from each sample
were included. Each sample replicate was extracted
once and each DNA sample was amplified in duplicate
in PCR. DNA extraction and PCR amplification were
carried out using identical reagents and protocols in all
participating laboratories, with the exception that a
slightly different PCR reaction mixture (addition of
bovine serum albumin at a final concentration of
0.25 mg/ml) was used in Roche LightCycler 2.0
system according to the manufacturer’s instructions.

2.5. Virus isolation

Virus isolation was performed on each pooled
semen sample by the OIE IBR reference Laboratory at
the VLA, Weybridge, UK, following the procedure
recommended by OIE (OIE, 2004).

2.6. Analysis of test results

The test results presented the data as positive (cycle
threshold, C; values less than or equal to 45) and

negative (no C, value), along with the information
about original amplification data returned to IDC for
analysis. To evaluate the performance of the PCR test
in different laboratories and to compare with that of
virus isolation, the sensitivity and specificity for each
set of results was calculated. A semen sample was
classified as positive if any of the three replicates (two
amplifications for each) gave a positive result and
negative if all replicates were negative. The sensitivity
was defined as the fraction of the positive semen
panels, which were known to have been infected due
to positive virus isolation, semen that had been spiked
with virus or from experimentally infected animals
(both acute infection and reactivated infection
samples), that gave a positive result in the PCR.
Specificity was defined as the fraction of the negative
semen panels that gave a negative result in the PCR.

For evaluating the reproducibility of PCR testing
among different laboratories, « statistics (Dohoo et al.,
2003) was used to examine the level of agreement
between two sets of testing results from two
laboratories. The Pearson x’-test was used for other
comparative analysis.

3. Results
3.1. Sensitivity and specificity

The results of the PCR from different participating
laboratories and virus isolation are shown in Table 4.
The results of the PCR are expressed for each semen
sample (three replicates from each semen sample
tested). The correct results were obtained from all six
laboratories for labelled control samples. Positive
results were recorded by all six laboratories on all
semen samples from natural infection and acute
experimental infection, except that one semen sample
from natural infection was tested negative by
Laboratory 1. Three of five semen samples from
reactivated infection tested were positive by all
laboratories. One of the two remaining samples was
positive by four laboratories. The other one was only
detected by Laboratory 3. All the laboratories were
able to detect 100-fold dilutions of positive semen
with negative semen. All spiked negative semen
samples tested were positive in all laboratories. Virus
isolation test detected five of six semen samples from
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Table 4
PCR results from different laboratories

Sample type (code) PCR results® Virus isolation
Lab-1 Lab-2 Lab-3 Lab-4 Lab-5 Lab-6

Natural infection (S1)
Natural infection (S2)
Natural infection (S3)
Natural infection (S4)
Natural infection (S15)
Natural infection (S16)

+
+

+ 4+ 4+ o+
+ o+ o+ o+ o+ o+
+ 4+ o+
+ o4+ 4+ o+ o+
+ o+ o+ o+
+ 4+ + o+ o+
+ 4+ + o+

Experimental infection (S5)
Experimental infection (S6)
Experimental infection (S7)
Experimental infection (S8)
Experimental infection (S9)

+ 4+ + + o+

+ 4+ + + o+

+ o+ o+ +

+ o+ o+ o+ o+

+ 4+ + o+

+ 4+ + + o+
+

Experimental infection (re-activation) (S10)
Experimental infection (re-activation) (S11)
Experimental infection (re-activation) (S12)
Experimental infection (re-activation) (S13)
Experimental infection (re-activation) (S14)

+
+
|

+ + + +
+
+ 4+ + + +
+ + + +
+ + + +
+
|

Positive semen dilutions (10™1) (S30) + +
Positive semen dilutions (1072) (S32) + +
Positive semen dilutions (10~2) (S33) - - — — _
Positive semen dilutions (10~ (S34) — - — — — — _
Positive semen dilutions (10~°) (S35) - - + — - — _
Positive semen dilutions (10~%) (S36) — - — — + — _

+ 4+
+ +
+ +

+ + +
|

Spiked negative semen (1074 (837)
Spiked negative semen (1072) (S38)
Spiked negative semen (1073) (S39)
Spiked negative semen (1074 (S40)
Spiked negative semen (107°) (S41)
Spiked negative semen (107%) (S42)

Negative semen (S18) - — — — — - —
Negative semen (S19) — - — — - — _
Negative semen (S20) — - — — — — _
Negative semen (S21) — - — — - — _
Negative semen (S22) — — — — — — _
Negative semen (S23) - — — — _
Negative semen (S524) — — — — _
Negative semen (S25) - - — — - — _
Negative semen (S26) — — — — — — _
Negative semen (S27) - - — — — — _
Negative semen (S28) — — — — — + +
Negative semen (S529) - — — — + — +

Labeled controls
Positive semen
Virus dilution (10~%)
Virus dilution (107%)
Virus dilution (107°)
Negative semen - - - - - - -
Negative control (culture medium)

+ 4+ + +
+ 4+ + +
+ o+ o+ o+
+ o+ + +
+ 4+ + +
+ 4+ + +
+ 4+ + +

* Three replicates from each semen sample were applied. Two PCR amplifications were conducted with each sample replicate. The sample
was regarded as positive if any of PCR amplification was positive.
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Table 5
Sensitivity and specificity estimates by laboratory
Test Laboratory Estimates Results 95% confidence
(%) interval (%)
PCR 1 Sensitivity 78.6 60.6-89.8
Specificity 100.0 77.2-100.0
2 Sensitivity 78.6 60.6-89.8
Specificity 100.0 77.2-100
3 Sensitivity 89.3 72.8-96.3
Specificity 100 77.2-100
4 Sensitivity 82.1 64.4-92.1
Specificity 100 77.2-100
5 Sensitivity 85.7 68.5-94.3
Specificity 84.6 57.8-95.7
6 Sensitivity 82.1 64.4-92.1
Specificity 76.9 49.7-91.8
Overall Sensitivity 82.7 76.3-87.7
Specificity 93.6 85.9-95.7
Virus isolation Sensitivity 53.6 35.1-72.1
Specificity 84.6 57.8-95.7

natural infection. Whereas only two of 10 samples
from experimental infection were positive. False
positive results (positive results on negative samples)
with PCR test were observed in two laboratories
(Laboratory 5 and 6), with one and three recorded,
respectively. Two false positive results were also
obtained from virus isolation test. The sensitivity and
specificity of the PCR test in each laboratory, as well
as that of virus isolation test, is presented in Table 5.
The sensitivity of the PCR testing ranged from 78.6%
to 89.3%, with an overall result at 82.7%, in
comparison to 53.6% for virus isolation test. One
hundred percent of specificity was recorded in four
laboratories, and the remaining two laboratories
(Laboratory 5 and 6) had a specificity of 84.6% and
82.7%, respectively. The overall specificity of the PCR
assay was 93.6%, while the specificity for virus
isolation test was only 84.6%. As the overall PCR
results concerned, Laboratory 3 recorded the highest
sensitivity and specificity, while Laboratory 6 had the
lowest sensitivity and specificity.

As mentioned previously, three replicates from
each semen sample were tested by PCR. A sample was
considered as positive if any of the replicates was
positive by PCR. The overall results of the PCR test
per semen sample were compared using three
replicates versus two replicates in each individual
laboratory. There were no different results observed in

Laboratory 4 in any samples tested. Laboratory 1
recorded only one different result. The remaining four
laboratories (Laboratory 2, 3, 5, and 6) had two
different results comparing three with two replicates.
None of these differences are significant by Pearson
x3-test (x*-test =35.6; d.f. 1; P=0.000; «=0.91)
(Dohoo et al., 2003).

3.2. Reproducibility

As four different real-time PCR amplification/
detection platforms were used, and C, values were
determined by different analysis software systems,
direct comparison of the C, value of each sample from
different laboratories is inappropriate. Samples were

Table 6
Level of agreement between different laboratories for PCR test
results

Laboratory Kk-Values®
Lab-2 Lab-3 Lab-4 Lab-5 Lab-6

1 0.91 0.86 0.95 0.76 0.67
2 - 0.86 0.95 0.76 0.76
3 - - 0.91 0.70 0.60
4 - - - 0.81 0.71

5 - - - - 0.59
6 _ _ _ _ -

? The k-values represent the agreement beyond chance between
two laboraotories.
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evaluated using the positive/negative criteria for each
platform. A sample was positive if one of the two PCR
amplifications was positive, regardless of the C; value.
A sample with no C; value was designated as negative.
The test result was recorded as positive or negative per
semen sample.

The McNemar’s x’-test was first applied for
assessment of test bias. All McNemar’s test results
comparing two laboratories are non-significant and
this indicates that the two proportions of test results do
not differ. The « statistic was used for evaluation of
agreement of the PCR results in two given labora-
tories. The results of « statistic are shown in Table 6. It
is considered that « values lower than 0.4 represent
poor agreement, values between 0.4 and 0.75 fair to
good agreement, and values higher than 0.75 excellent
agreement. The « values for the PCR results between
the different laboratories ranged from 0.59 to 0.95,
representing moderate to excellent agreement. The
PCR results from four laboratories (Laboratory 1-4)
showed excellent agreement (« values 0.86—0.95). The
k values between Laboratory 5 and the above four
laboratories were only slightly lower (0.70-0.81),
indicating good to excellent agreement. Laboratory 6
scored overall low « values (0.59-0.76) against other
laboratories, which still represent moderate to good
agreement.

4. Discussion

An inter-laboratory ring trial with the participation
of six different laboratories was performed, in order to
evaluate the reliability of a real-time PCR test for the
detection of BoHV-1 from extended bovine semen.
The PCR assay, as well as the DNA extraction method,
has been previously validated for analytical sensitivity
and specificity, and for repeatability. A panel of semen
samples composed of samples from naturally and
artificially infected bulls, samples from uninfected
bulls, and spiked negative semen were compiled and
distributed to six participating laboratories in a blind
ring trial. Samples from the panel were also tested by
virus isolation, in order to compare the relative
sensitivity and specificity of the PCR assay and virus
isolation. The results of the ring trial showed that there
was satisfactory agreement between participating
laboratories and the PCR assay was able to be readily

reproduced in different laboratories using different
real-time PCR amplification/detection platforms.
Thus far, little has been done on the inter-laboratory
reproducibility of real-time PCR assay for BoHV-1 or
other viruses. The results from the present study
provide cross-instrument platform validation of the
real-time PCR assay.

In the previous study, we demonstrated that PCR
assay was more sensitive than virus isolation test
(Wang et al., 2007). The results of the present study
further confirmed the conclusion. The sensitivity of
the PCR assay in each laboratory was significantly
higher than that of virus isolation, particularly for
semen samples from artificially infected and reacti-
vated bulls. It is known that BoHV-1 remains latent in
sacral ganglia beyond the primary phase of a genital
infection, and consequently a protracted course of
intermittent virus excretion may follow. BoHV-1
excretes in much higher titres in the primary phase of
the infection than in later phases when shedding is
often intermittent (Bitsch, 1973; Goffaux et al., 1976).
Therefore, the application of sensitive test is of critical
importance to detect low titres of virus during the
phases of intermittent virus excretion. The results
from this study indicate that PCR assay with superior
sensitivity is readily fit for this purpose. As far as the
specificity is concerned, the PCR assay appeared to be
more specific, in comparison to virus isolation test.
The majority of participating laboratories recorded
excellent specificity. Only one laboratory had slight
lower specificity than that of virus isolation test, due to
false positive results. This was most likely due to
cross-contamination during the testing procedure, as
these samples were tested negative by the other four
laboratories, and had also been found to be negative in
PCR testing carried out prior to the ring trial. In
addition, the validation study of this assay has shown
that the PCR was highly specific and no non-specific
reaction observed on a large number of negative
semen samples tested (Wang et al., 2007). The most
problematic feature of PCR test is their susceptibility
to give false positive results due to nucleic acid
contamination at various stages of samples processing
and testing (Paton et al., 2000; OIE, 2004). In a
previous study, false positive results were observed in
five of six participating laboratories, in a ring test for
detection of classic swine fever virus using conven-
tional RT-PCR assays (Paton et al., 2000). The
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application of real-time PCR greatly reduced the risk
of contamination in comparison with the conventional
PCR assay, in which post-PCR handling of amplified
products is necessary (Mackay et al., 2002; OIE,
2004). However, it was evident during this study that
false positive results from cross-contamination dur-
ing various stages of sample processing and testing
could occur in real-time PCR testing procedure.
Precautions should be taken whenever the assay is
performed.

In the ring trial, three replicates (extractions) from
each semen sample were tested by PCR. Variable PCR
results (individual amplifications) between different
replicates of the same sample were observed, which
appeared to be associated with certain semen samples.
For instance, variable results with four samples (S8,
S10, S13, and S42) were recorded in all laboratories
and five laboratories had variable PCR results on two
semen samples (S2 and S32) (data not shown). Most of
these samples were negative by virus isolation. This
most likely reflects a comparatively low quantity of
virus in these samples, and suggests that multiple
aliquots of each semen sample should be tested. In
addition, it has been indicated that not each individual
extended semen straw contains virus when the virus
titre in the ejaculate is low and minimum two straws
should be used for testing (Van Oirschot, 1995). In this
study, we compared the PCR results by using two
replicates versus three replicates for each semen
sample. Statistical analysis indicated that there was no
significant difference in terms of final result. This may
suggest that application of two replicates from each
semen sample would be sufficient for PCR testing with
no impact on the final result.

The PCR assay described here is intended to be
used as a prescribed test for international trade in
bovine semen. According to OIE requirements for
validation and quality control of PCR methods used
for the diagnosis of infectious diseases (OIE, 2004),
the inter-laboratory validation process has to be
carried out. Previous intra-laboratory assessment
demonstrated that the assay was highly repeatable
(Wang et al., 2007). In this study, we evaluated the
inter-laboratory reproducibility of the PCR assay by
using identical test protocol, reagents and controls.
Currently, reproducibility is rarely completely
evaluated in veterinary diagnostic laboratories
carrying out PCR assays. Traditionally, many

laboratories have used PCR tests developed in
house, probably for practical reasons. Inter-labora-
tory validation will lead to standardised assays,
allowing harmonised diagnostic activity in various
countries (OIE, 2004). In this study, the « statistic
was applied to evaluate the agreement of the PCR
test results between two laboratories, which has been
commonly used to analyse the precision and
agreement of tests with a qualitative outcome,
including PCR tests (Daniel et al., 2000; Smits
et al., 2000). The « values of PCR test results
between different participating laboratories indicate
that there was good agreement. This suggests the
reproducibility of the PCR assay is sufficient for the
specified purpose and the assay can be used as a
standard test in different laboratories using different
real-time PCR instruments.

In addition, the semen samples used in the ring trial
were originally from five different countries, in which
various cryopreservation treatments for semen were
applied. This could have potential impact on the
efficiency of DNA extraction method. The results of
this study further confirm that the method applied is
suitable for purpose.

In conclusion, the real-time PCR assay applied in
the ring trial provided a satisfactory reproducibility
when conducted by different personnel in different
laboratories. The high specificity and sensitivity of the
real-time PCR assay, in combination with significant
reduction of time for detecting amplified products,
make it a valuable alternative to the time and labour
consuming virus isolation for detection of BoHV-1 in
extended semen. A complete validation dossier of this
real-time assay has been accredited by OIE and the
assay has been ratified as a prescribed test for
international trade.
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