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Rever se transcription-polymerase chain reaction on pooled samples to detect bovine

viral diarrhea virus by using fresh ear-notch—sample supernatants

James A. Kennedy,' Robert G. Mortimer, Barbara Powers

Abstract. Ear-notch samples from 3,599 yearling heifers were collected to detect persistently infected (PI)
animals with suspect bovine vira diarrhea virus (BVDV). Individual immunohistochemistry (IHC), individual
antigen-capture enzyme-linked immmunosorbent assay (AC-ELISA), and reverse transcription-polymerase chain
reaction (RT-PCR) tests with pooled ear-notch supernatants were compared with samples from 3,016 heifers,
whereas RT-PCR ear-notch pools and individual AC-ELISA tests were compared with samples from all 3,599
heifers. Four heifers were identified positive by both IHC and AC-ELISA, whereas the remaining heifers were
identified negative by both tests. When supernatant from ear notches from 100 animals was randomly pooled
and RT-PCR was accomplished on each pool, RT-PCR identified 2 pools that contained 1 positive AC-ELISA
sample and 1 pool that contained 2 positive AC-ELISA samples. Further evaluation of the pooled RT-PCR ear-
notch supernatant detected 100% (n = 36) samples spiked with supernatant from a single randomly selected
positive AC-ELISA ear notch. Although follow-up confirmatory tests were not completed, all 3 methods cor-
related 100% in detecting suspect Pl animals, with a kappa value of 1. The use of RT-PCR on pooled ear-notch
supernatant could provide an initial, rapid, cost-effective method of screening cattle herds for BVDV Pl animals.
Subsequent serial testing with an AC-ELISA to evauate individual samples included in the positive pool could

minimize the length of time other animals are exposed to the virus.

Key words: Bovine viral diarrhea virus; enzyme-linked immunosorbent assay; immunohistochemistry; per-
sistent infection; reverse transcription-polymerase chain reaction.

Bovine vira diarrhea virus (BVDV) isamajor vira
disease affecting beef cattle reproduction and perfor-
mance.*®* The key source of BVDV infection is the
BVDV persistently infected (Pl) animal.’® Such ani-
mals are the result of fetal exposure to the virus before
the development of its immune system approximately
between day 18 and day 125 of gestation.! Exposure
to the virus before day 18 may result in embryonic
death and apparent infertility, whereas exposure after
day 125 is more commonly associated with abortion,
stillbirths, or congenital abnormalities.® Persistently in-
fected calves are more efficient than transiently in-
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fected ones in spreading BVDV to other animals.’®
Current initiatives by the National Cattlemen Beef As-
sociation, American Association of Bovine Practition-
ers, the Academy of Veterinary Consultants, and state
livestock associations to develop effective BV DV-con-
trol programs are underway. Control programs hinge
on remova of the PI animal to eliminate the most
important source of exposure, on effective vaccination
programs, and on herd-level biosecurity.

Currently available methods to detect Pl cattle in-
clude virus isolation (VI), reverse transcription-poly-
merase chain reaction (RT-PCR), immunohistochem-
istry (IHC), and antigen-capture enzyme-linked im-
munosorbent assay (AC-ELI1SA).45%-11 Diagnostic tests
such as VI, RT-PCR, IHC on ear notches, AC-ELISA
on serum, or ear-notches supernatant are some of the
most commonly used tests to detect the presence of a
Pl animal.’® Virus isolation and RT-PCR are costly
when used on individuals within a population, whereas
IHC and AC-ELISA are cost friendly, with charges
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ranging nationally from $3 to $5 per animal tested.
The cost difference between IHC on ear notches and
AC-ELISA is moderate, with the IHC approximately
$0.50 per head less expensive than the AC-ELISA.
However, the AC-ELISA test can be accomplished in
less than 5 hours of laboratory time as compared with
3-5 days for IHC, thereby allowing animals to be re-
moved sooner and lessening the potential threat of
acute infections. This study verified the results of AC-
ELISA on ear-notch supernatant with IHC of ear
notches to detect the presence of BVDV. All current
tests require that follow-up testing be completed at
least 3 weeks later to confirm initial positive samples
are truly positive and identify Pl animals and not
acutely infected animals. However, regarding the sub-
ject animals in this report, the management decision
was made to eliminate the animals after asingle initial
positive test and to forgo the follow-up second testing,
thus decreasing the time to removal of Pl animals and
minimizing the risk of further infection.

Additionally, the study evaluated the use of a pooled
RT-PCR to screen large groups of heifers for the pres-
ence of the BVDV. Reverse transcription PCR screen-
ing was accomplished on the same phosphate-buffered
saline (PBS) supernatant solution that the AC-ELISA
test used. Reverse-transcriptase PCR on pooled sam-
ples can be accomplished cost effectively and has a
rapid laboratory turnaround time of less than 48 hours.

Two triangular ear notches ~2 cm in height with a
base of ~1 cm were collected from 3,016 yearling
heifers. Additionally, a single notch was collected
from 583 yearling heifers. All the heifers sampled
were owned by a single commercia cattle operation
and represented 7 distinct herds. Pairs of tubes were
sequentially numbered beginning at 1 and ending at
3,016; only single tubes were numbered from 3,016 to
3,599. A record recording the tube number and an an-
imal identification was logged so positive animals
could be identified and removed. One ear notch from
each replacement heifer was placed in a sterile 10-ml
clot tube and shipped via a commercial carrier to a
branch veterinary diagnostic laboratory, where 2 ml of
PBS was added to each tube. Antigen-capture ELISA
testing was accomplished on the fluid contained in the
individual tubes by using the protocol as outlined in
the test-kit package insert provided by the manufac-
turer.2 The additional ear notches from the first 3,016
samples were placed into a dry tube and shipped to a
second laboratory for individual animal testing by
IHC. Upon arrival at the laboratory, ear notches were
fixed in 10% buffered formalin for a minimum of 24
hours, embedded in paraffin with 6-chambered cas-
settes,” sectioned, mounted, and then stained with a
commercia autostainerc and BVDV monoclonal anti-
body? at a working dilution of 1:500. Because of the

remote location of the cattle and inclement westher,
the in-transit time for shipment ranged from 3 to 10
days.

Pools of ear-notch PBS supernatant were formed by
grouping tubes 1-100 into pool 1, tubes 101-200 into
pool 2, and so on until pool 36, which contained tubes
3501-3599. A 250-pl aiquot of the PBS solution was
withdrawn from each tube with a sterile disposable
polyethylene transfer pipette.6 To minimize the possi-
bility of contamination among samples, pipettes were
changed after each tube and a complete cleanup be-
tween pools was accomplished. Laboratory technicians
processed samples and assembled pools in approxi-
mately 20 minutes per pool of 100. Each sample ali-
quot was pooled to form 35 pools representing 100
animals and 1 pool representing 99 animals. A 350-pl
aliquot was then withdrawn from each of the 36 pools
so that individual RT-PCRs could be accomplished on
each pool. Once pools were formed, RNA extraction
was accomplished with a commercial kit." Kit selection
was based on current laboratory availability and not
with the intent that one kit might release more vird
RNA from cells contained in the supernatant than an-
other kit. Reverse-transcriptase PCR on each of the
100 sample pools was performed by using primer se-
quences previously described to detect type | and type
Il BVDV from the 5’ untransated region of the ge-
nome; however, individual typing was not performed.
Positive and negative controls were accomplished with
each RT-PCR run to ensure test validity. Because of
the low number of positive pools identified from the
subject cattle and to further evaluate the RT-PCR pool -
ing concept, another 36 pools from 99 AC-ELISA-
negative samples were spiked with PBS solution from
a single positive AC-ELISA ear notch, accomplishing
an additional check of the procedure. Each of the pos-
itive AC-ELISA ear notches used in spiking was ran-
domly selected from a cross section of positive notches
submitted to the laboratory.

Evaluators of the individual IHC, AC-ELISA, and
pooled RT-PCR tests were blinded as to the outcome
of the concurrent testing results. Statistical analysis of
the results was accomplished by using DAG_Stet.®
There was no difference in the individual samples test-
ed by IHC and those tested by AC-ELISA, with akap-
pa value of 1. The results of RT-PCR on pooled PBS
were positive for BVDV when at least 1 positive AC-
ELISA ear notch was contained in the pool of 100
samples. No RT-PCR pools were falsely classified
when they did not contain a positive AC-ELISA (Table
1). When pooled in groups of 100 samples, the pooled
RT-PCR detected the presence of BVDV in the 3 pools
that corresponded to the 4 positive AC-ELISA sam-
ples. Two of the positive samples were contained in
the same pool of 100 samples. The results of the ad-



Brief Communications 91

Table 1. Results of 3 techniques to detect the presence of bovine vira diarrhea virus (BVDV).*
BVD RT-
Pool Samples PCR results AC-ELISA results by sample no. IHC results by sample no.
1 1-100 not detected no positives no positives
2 101-200 not detected no positives no positives
3 201-300 not detected no positives no positives
4 301-400 not detected no positives no positives
5 401-500 not detected no positives no positives
6 501-600 not detected no positives no positives
7 601-700 not detected no positives no positives
8 701-800 not detected no positives no positives
9 801-900 not detected no positives no positives
10 901-1,000 not detected no positives no positives
11 1,001-1,100 not detected no positives no positives
12 1,101-1,200 not detected no positives no positives
13 1,201-1,300 not detected no positives no positives
14 1,301-1,400 not detected no positives no positives
15 1,401-1,500 positive 1,433 and 1,442 positive, 1,433 and 1,442 positive,
al others negative al others negative
16 1,501-1,600 not detected no positives no positives
17 1,601-1,700 not detected no positives no positives
18 1,701-1,800 positive 1,718 positive, al 1,718 positive, all
others negative others negative
19 1,801-1,900 positive 1,899 positive, all 1,899 positive, all
others negative others negative
20 1,901-2,000 not detected no positives no positives
21 2,001-2,100 not detected no positives no positives
22 2,101-2,200 not detected no positives no positives
23 2,201-2,300 not detected no positives no positives
24 2,301-2,400 not detected no positives no positives
25 2,401-2,500 not detected no positives no positives
26 2,501-2,600 not detected no positives no positives
27 2,601-2,700 not detected no positives no positives
28 2,701-2,800 not detected no positives no positives
29 2,801-2,900 not detected no positives no positives
30 2,901-3,000 not detected no positives no positives
31 3,001-3,100 not detected no positives no positives
32 3,101-3,200 not detected no positives no positives
33 3,201-3,300 not detected no positives no positives
34 3,301-3,400 not detected no positives no positives
35 3,401-3,500 not detected no positives no positives
36 3,501-3,599 not detected no positives no positives

* RT-PCR = reverse transcription-PCR; AC-ELISA = antigen capture ELISA; IHC = immunohistochemistry.

ditional spiked pools of 100 samples showed that RT-
PCR detected the presence of the single positive AC-
ELISA sample in al 36 spiked samples. Statistical
analysis of the RT-PCR PBS 100 sample pools and the
corresponding individual AC-ELISA including the
spiked samples showed a kappa value of 1, indicating
complete agreement.

In this study, no difference was detected in the abil-
ity of IHC or AC-ELISA to detect individual positive
samples. Previously reported sensitivities of 100%
were attained, whereas previously reported specifici-
ties of 98.8% for IHC and 98.4% for AC-ELISA could
not be evaluated without follow-up testing.? However,
the comparison suggests that the specificity of the 2
tests was identical. Furthermore, pooling of PBS so-
lutions from soaked ear notches and performing RT-

PCR on these PBS pools representative of 100 animals
provided a screening method that detected al the in-
dividual positive IHC and positive AC-ELISA sam-
ples. The advantage of subsequent utilization of the
AC-ELISA in detecting individual potentialy Pl ani-
mals lies in the ability of the test to be completed in
hours versus days of laboratory time. Antigen-capture
ELISA aso affords the advantage of being a totally
objective test, whereas IHC is subjective and has po-
tential for misinterpretation because of technician fa-
tigue or inexperience. The dairy industry has used RT-
PCR to successfully detect the presence of BVDV in
bulk-tank milk samples, but that particular source is
not available in beef cow operations.*? Pooled sam-
ple testing to screen herds by using PCR on blood and
methods of establishing pool size are not novel. A po-
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tential pitfall of pooled RT-PCR is that the test detects
al BVDV whether the source is a Pl animal, an acute-
ly infected animal, or a contaminant. With the excep-
tion of contamination, a positive RT-PCR indicates
that the virus is present within the tested population
and the potential of exposure to a Pl animal exists or
existed even if no AC-ELISA are identified when fol-
low-up testing is accomplished. Another possible use
of the RT-PCR ear-notch pools and follow-up AC-
ELISA exists in feedlot cattle, where Pl cattle are as-
sociated with an increase in respiratory tract disease.”
Screening ear notches by pooled RT-PCR could offer
a low-cost yet highly sensitive test to detect BVDV.
Screening ear notches with pooled RT-PCR followed
by AC-ELISA with PBS solution to detect individual
positive samples offers the potential for performing
serial testing to minimize expense and laboratory
time5%° and could allow potential Pl animals to be re-
moved from the herd in less than 72 hours of labora-
tory time at a reasonable cost to the producer.

For this study, pool size was determined based upon
data management and the ease of handling the volume
of the generated pools. Further attention to pool size
might be given when considering 3 key components
in selecting a pool size. Thefirst is the size of the herd
being tested, for some herds of interest might not con-
tain 100 animals. If pools of fewer than 100 samples
are encountered, the testing protocol may need to be
adjusted. A second consideration in determining pool
size is the ability of the test to detect the presence of
the virus at various pool sizes. Initialy, anh RT-PCR
was conducted on a shammed pool of 399 negative
samples and 1 positive AC-ELISA. The test success-
fully detected the presence of viral RNA within the
pool. For this study, 72 pools of 100 correlated 100%
to the results of AC-ELISA. A statistical analysis of
these results would indicate an average sensitivity of
100% with a lower confidence limit (CL) at the 95%
level of 90.97%, coupled with an average specificity
of 100% with alower CL at the 95% level of 89.42%.
Increasing the pool size above 100 might result in a
failure to detect the virus if the dilution were to be-
come great enough. Conversely, decreasing the pool
size could allow for more frequent detection of tran-
sient infections and a subsequent decrease in the num-
ber of times the pool was confirmed to contain a pos-
itive AC-ELISA. The other component of the pool size
is the economics of seria testing. The size of pools
could be decreased, but the advantage of doing so must
be carefully considered. In this group of animals, the
3,599 samples were pooled in groups of 100 for a pro-
ducer cost of $1,800 ($35 for each RT-PCR and $0.15
per sample). The detection of individual positive sam-
ples in the 3 positive pools cost the producer an ad-
ditional $1,200 for a total of $3,000 to test this pop-

ulation of cattle. Pool sizes of fewer than 100 animals
could be used, thus decreasing the number of tests
within a pool needed to identify positive individuals,
but there would be an increase in the total charges for
the pools. Hypothetically, pools of 50 samples would
have cost the producer $42.50 ($35 for each RT-PCR
and $0.15 for each sample pooled). Seventy-two pools
of 50 samples would be required to test this population
of cattle at a cost of $3,060, with additional charges
to identify the individual. The determination of pool
size isin part afunction of previous knowledge of the
potential of BVDV infection and the likelihood of Pl
animals being present. When considering BVD control
and eradication programs, the utilization of RT-PCR
pools followed by AC-ELISA or IHC on individual
animalsin the pool are viable methods to economically
and rapidly screen herds and identify suspect animals.
The use of either AC-ELISA or IHC to identify indi-
vidual potential Pl cattle in positive pools is a more
economical approach than using RT-PCR alone.*°

Sour ces and manufacturers

a Bovine Virus Diarrhea Antigen Test Kit®, IDEXX laboratories,
Westbrook, ME.

b. Fisher Tissue Path Microsette Biopsy Cassettes®, Fisher Scien-
tific, Denver, CO.

c. BenchMark®, Ventana Medical Systems Inc., Tuscon, AZ.

d. Anti BVD Monoclona antibody®, IDEXX laboratories, West-
brook, ME.

e. Disposable Polyethylene Transfer Pipets®, Fisher Scientific, Pitts-
burg, PA.

f. Qiagen QIAamp®, RNA blood, Qiagen Sciences, Germantown,
MD.

References

1. Baker JC: 1995, The clinical manifestations of bovine viral di-
arrhea infection. Vet Clin North Am Food Anim Pract 11:425—
445,

2. Cornish TE, van Olphen AL, Cavender JM, et a.: 2005, Com-
parison of ear notch immunohistochemistry, ear notch antigen-
capture ELISA, and buffy coat virus isolation for detection of
calves persistently infected with bovine viral diarrhea virus. J
Vet Diagn Invest 17:110-117.

3. Grooms DL: 2004, Reproductive Consequences of infection
with bovine viral diarrhea virus. Vet Clin North Am Food Anim
Pract 20:5-19.

4. Grooms DL, Keilen ED: 2002, Screening of neonatal calves for
persistent infection with bovine vira diarrhea virus by immu-
nohistochemistry on skin biopsy samples. Clin Diagn Lab Im-
munol 9:898-900.

5. Kelling CL, Stine LC, Rump KK, et al.: 1990, Investigation of
bovine viral diarrhea virus infections in arange beef cattle herd.
J Am Vet Med Assoc 197:589-593.

6. Larson RL, Miller RB, Kleiboeker SB, et al.: 2005, Economic
costs associated with two testing strategies for screening feeder
calves for persistent infection with bovine viral diarrhea virus.
J Am Vet Med Assoc 226:249-254.

7. Lonegran GH, Thomson DU, Montgomery DL, et a.: 2005,
Prevalence, outcome and health consequences associated with
persistent infection with bovine vira diarrhea virus in feedlot
cattle. J Am Vet Med Assoc 226:595-601.



Brief Communications 93

8. Mackinnon A: 2000, A spreadsheet for the calculation of com-
prehensive statistics for the assessment of diagnostic tests and
inter-rater agreement. Comput Biol Med 30:127-134.

9. Mahlum CE, Haugerud S, Shiver JL, et al.: 2002, Detection of
bovine vira diarrhea virus by TagMan reverse transcription
polymerase chain reaction. J Vet Diagn Invest 14:120-125.

10. Munoz-Zanzi CA, Johnson WO, Thurmond MC, et al.: 2000,
Pooled-sample testing as a herd-screening tool for detection of
bovine vira diarrhea virus persistently infected cattle. J Vet
Diagn Invest 12:195-2003.

11. NjaaBL, Clark EG, Janzen E, et a.: 2000, Diagnosis of persis-
tent bovine viral diarrhea virus infection by immunohistochem-
ica staining of formalin-fixed skin biopsy specimens. J Vet
Diagn Invest 12:393-399.

12. Renshaw RW, Ray R, Dubovi EJ 2000, Comparison of virus

J Vet Diagn Invest 18:93-97 (2006)

isolation and reverse transcription polymerase chain reaction as-
say for detection of bovine viral diarrheavirusin bulk milk tank
samples. J Vet Diagn Invest 12:184-186.

13. Ridpath JF, Bolin SR, Dubovi EJ: 1994, Segregation of bovine
vira diarrhea virus into genotypes. Virology 205:66—74.

14. Ridpath JF Heitala SK, Sorden S, et al.: 2002, Evaluation of
thereverse transcription-polmerase chain reaction/probe test of
serum samples and immunhohistochemistry of skin sections for
detection of acute bovine viral diarrhea infections. J Vet Diagn
Invest 14:303-307.

15. Sdliki JT, Dubovi EJ: 2004, Laboratory diagnosis of bovine viral
diarrhea virus infections. Vet Clin Food Anim 20:69-83.

16. Wittum TE, Grotelueschen DM, Brock KV, et al.: 2001, Persis-
tent bovine viral diarrhoea virusinfection in US beef herds. Prev
Vet Med 49:83-94.

Detection of foot-and-mouth disease virus. compar ative diagnostic sensitivity of two

independent real-time rever se transcription-polymer ase chain reaction assays

Donad R King,* Nigel P Ferris, Andrew E. Shaw, Scott M. Reid, Geoff H. Hutchings,
Angelica C. Giuffre, John M. Robida, Johnny D. Callahan,
William M. Nelson, Tammy R. Beckham

Abstract. Rapid and accurate diagnosisis central to the effective control of foot-and-mouth disease (FMD).
It is now recognized that reverse-transcription polymerase chain reaction (RT-PCR) assays can play an important
role in the routine detection of FMD virus (FMDV) in clinical samples. The aim of this study was to compare
the ability of 2 independent real-time RT-PCR (rRT-PCR) assays targeting the 5’ untranslated region (5'UTR)
and RNA polymerase (3D) to detect FMDV in clinica samples. There was concordance between the results
generated by the 2 assays for 88.1% (347 of 394) of RNA samples extracted from suspensions of epithelial
tissue obtained from suspect FMD cases. The comparison between the 2 tests highlighted 19 FMDV isolates
(13 for the 5’UTR and 6 for the 3D assay), which failed to produce a signal in 1 assay but gave a positive
signal in the other. The sequence of the genomic targets of selected isolates highlighted nucleotide substitutions
in the primer or probe regions, thereby providing an explanation for negative results generated in the rRT-PCR
assays. These data illustrate the importance of the continuous monitoring of circulating FMDV field strains to
ensure the design of the rRT-PCR assay remains fit for purpose and suggest that the use of multiple diagnostic
targets could further enhance the sensitivity of molecular methods for the detection of FMDV.

Key words. Foot-and-mouth disease virus; real-time reverse transcription-polymerase chain reaction; 5’ un-

translated region.

Foot-and-mouth disease (FMD) is a contagious vira
disease affecting cloven-hoofed livestock, principally
cattle, pigs, sheep, and goats. The 2001 outbreak in
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the United Kingdom highlighted the devastating im-
pact of FMD in a country previously free from the
disease. This outbreak lasted for approximately 7
months, requiring the slaughter of 6.5 million animals
for its control, and is estimated to have cost £8 hillion
to the UK economy. Rapid and accurate diagnosis
plays an important role for the implementation of ef-
fective measures to control the spread of disease. The
causative agent, FMD virus (FMDV), is a highly var-
iable RNA virus that exists as 7 immunologically dis-
tinct serotypes, which in most cases can be further
subdivided into a number of topotypes.> Recently, real-
time reverse transcription-polymerase chain reaction



