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Stability of Bovine viral diarrhea virus antigen in ear punch samples collected from
bovine fetuses
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Abstract. Fourteen first-calf heifers were tested free of antibodies against Bovine viral diarrhea viruses
(BVDV) by serum neutralization and free of BVDV by polymerase chain reaction. Twelve were exposed to
BVDV-1b strain CA0401186a at 84–86 days of gestation, and 2 were exposed to mock inoculum and served as
negative controls. Fetuses were harvested by cesarean section at 115–117 days of gestation. The 12 fetuses
removed from the BVDV-exposed heifers were BVDV positive based on virus isolation from kidney, thymus,
cerebellum, and spleen. It can be assumed that these fetuses would have developed into persistently infected
calves had they been allowed to go to term. Virus was not isolated from the fetuses of control animals. Ear
punch samples were collected from all fetuses at time of harvest. Antigen capture enzyme-linked
immunosorbent assay (ACE), using a commercial kit, was performed on ear punch samples that were frozen
within 5 hr of collection and stored at 220uC until tested, tested after storage for 7 days at room temperature
(18–25uC), or tested after storage for 7 days at 37uC. Samples stored for 7 days at room temperature or 37uC
lost an average of 34% of their starting weight. All samples from BVDV isolation–positive fetuses tested
positive by ACE, whereas samples from nonexposed fetuses tested negative, regardless of storage conditions.
These results suggest that ACE testing of skin samples collected from aborted fetuses and stillborn calves
found in the field may represent a practical surveillance method for BVDV-induced reproductive disease.
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Bovine viral diarrhea virus 1 and 2 (BVDV-1 and -2) are

recognized as economically important pathogens of cattle
worldwide.2,10,12,18 Although infection with BVDV may be
associated with enteric and respiratory disease, it is
generally recognized that the greatest economic impact of
BVDV infections is related to reproductive disease.1,4,10

Reproductive losses are the result of infection of the fetus,
which may result in fetal reabsorption, mummification,
abortion, congenital defects, and the birth of calves
persistently infected (PI) with BVDV. Persistently infected
animals are a major vector in the introduction, mainte-
nance, and circulation of BVDV in cattle populations.11

Accurate diagnosis of BVDV-induced reproductive disease
is important to herd health management at the individual
producer level and to the development of BVDV control
programs at the national level.

Detecting BVDV in field submissions can be problematic
for the diagnostic laboratory. Virus isolation (VI) is
considered the gold standard for diagnosis but relies upon
the existence of viable virus in tissues. Autolysis, which is

common in aborted fetuses or stillborn calves found in pens
or pastures, reduces the recovery of live virus, leading to
false negatives.5 Such tissues as thymus, spleen, and brain,
which give reliable results for BVDV diagnosis when
collected soon after death, may be poorly preserved in
aborted or stillborn fetuses due to exposure to heat, light,
and the autolytic microenvironment in the time between
fetal death and expulsion and the time between expulsion
and discovery in pens and pastures. Tests based on
detection of BVDV antigen in sections of haired skin of
cattle have become popular due to the convenience of
sample collection (ear notching) and the relative stability
of the sample.6,8,11,14 Skin samples, particularly biopsies
derived from the ear, are easier to collect from aborted and
stillborn fetuses than organ samples and are less likely to be
affected by autolysis. Because aborted and stillborn fetuses
found in pastures and pens are seldom collected immedi-
ately after expulsion and frequently may be exposed to the
elements for 1 or more days, the question of stability of the
antigen in these samples has been raised. The purpose of
the current study was to compare the detection of BVDV in
fetal ear punch samples by antigen capture enzyme-linked
immunosorbent assay (ACE) between samples frozen at
280uC after collection. After 2 days, the samples tested
were processed and held for 7 days at 220uC, room
temperature (18–25uC), or 37uC. The range of temperatures
(220uC to 37uC) reflects the range of temperatures that
would be observed in a Midwest feedlot over the course of
a year.

From the Virus and Prion Diseases of Livestock Research Unit,
National Animal Disease Center, U.S. Department of Agriculture,
Agricultural Research Service, Ames, IA (Ridpath, Neill), and the
Bio R&D Division, Fort Dodge Animal Health, Fort Dodge, IA
(Chiang, Waldbillig).

1 Corresponding Author: Julia F. Ridpath, Virus and Prion
Diseases of Livestock Research Unit, National Animal Disease
Center, USDA, Agricultural Research Service, PO Box 70, Ames,
IA 50010. julia.ridpath@ars.usda.gov

346 Brief Research Reports

 at PENNSYLVANIA STATE UNIV on September 15, 2016vdi.sagepub.comDownloaded from 

http://vdi.sagepub.com/


Before the study, mixed-breed first-calf heifers were
prescreened for virus neutralizing titers in serum in a
microtiter plate assay, using the cytopathic strains BVDV2-
296c and BVDV1-Singer as reference strains. Serum
samples were also collected for polymerase chain reaction
(PCR) testing as a means to confirm freedom from
persistent infection with BVDV before the start of the
study. The BVDV PCR testing was conducted at the
Veterinary Diagnostic Laboratory of Iowa State University
in Ames, Iowa, using a method described previously.15 At
the laboratory, the individual serum samples were pooled
into groups of up to 5 for testing. All pools tested negative.

Prior to purchase, the dams were housed under
commercial-type cattle feeding conditions. After purchase,
the dams were held in controlled outdoor facilities until
inoculation with BVDV. Melengestrol acetate, a synthetic
progesterone, was added as a top dressing to the dams’ feed
34 days before artificial insemination (AI). The AI process
was performed over 3 days to ensure the dams were cycling
and maximum conception was obtained. Dams were
examined for pregnancy 30 days after AI by ultrasound
and 62 days after AI by rectal palpation. Twelve of the dams
were exposed to 105.4 tissue culture infective dose (TCID) of
BVDV-1 strain CA0401186a by the nasal route.16 The
inoculum virus was tested for extraneous agents and was
confirmed as BVDV-1 by indirect fluorescent antibody test
using a BVDV-specific monoclonal antibody.a The volume of
the inoculation dose was 4 ml total, divided into 2-ml
aliquots per nostril, using a glass atomizer.b A plastic bag was
placed over the nose of the dam for approximately 1 min
prior to administration and for 1 min after administration of
the inoculum to induce hyperventilation. The 2 control
animals were inoculated with the same volume of mock
inoculum. After inoculation, the pregnant dams were
individually penned in an indoor facility.

Fetuses were 84–86 days of gestation at the time of the
dam’s inoculation and 115–117 days of gestation at the
time cesarean sections were performed. After cesarean
section, fetal tissue samples were collected from the thymus,
kidney, spleen, and cerebellum. Samples were transferred to
a collection bag containing 10 ml of isolation media
(minimal essential mediac supplemented with 3% adult
bovine serum,d 1.05 g sodium bicarbonate per liter, and
0.25% amphotericin B) and frozen at 280uC until
processing 2 days later.

Samples were processed by thawing in a 37uC water bath
for 10 min and transferred to a disposable tissue grindere

and homogenized per the manufacturer’s instructions.
Samples were centrifuged at 1,500 3 g for 20 min at 4uC,
and 1 ml of supernatant from each sample was added to
each of 4 wells of a 24-well platef that had been seeded with
MDBK (Madin-Darby bovine kidney) cells per well. One
milliliter of isolation media was added to an additional
preseeded well as a negative control, and 1 ml of 104.5

TCID/ml BVDV1-Singer was added to a second well as a
positive control. The plates were incubated at 37uC in a
humidified incubator under 5% CO2. After 7 days, 100 ml
of cell culture fluid was removed from each well and
transferred to a well of a 96-well plate preseeded with
MDBK cells and incubated as described above. After 5

days, plates were fixed with 80% acetone in H2O for 20 min
at room temperature. An aliquot of a directly conjugated
commercial polyclonal anti-BVDV antibodyf was added to
each well, and the plate was incubated for 1 hr at 37uC.
Samples were classified as positive or negative for BVDV
based on fluorescent staining as described above.

Three circles, 0.64 cm in diameter, were punched from
the ears of each fetus after delivery by cesarean section. One
sample from each fetus was frozen in individual snap-cap
vials at 220uC for 7 days. A second sample from each fetus
was placed in a well of a 24-well tissue culture plate, which
was covered with an air-permeable clear membraneg and
kept at room temperature under normal ambient labora-
tory lighting (combination of fluorescent, incandescent,
and sunlight) for 7 days. A third sample from each fetus
was placed in a well of a 24-well tissue culture plate, which
was covered with an air-permeable clear membraneg and
placed in a 37uC walk-in, nonhumidified incubator. These
samples were exposed to fluorescent lights 10 hr/day for 7
days. Samples were weighed before and after storage. After
7 days, 2 ml of 0.1 M phosphate buffered saline (pH 7.4)
containing 0.2% biocide preservativeh was added to each
sample. Samples were then incubated for 2 hr at room
temperature. Detection of BVDV antigen in samples was
performed using a commercially available kit,i according to
the manufacturer’s instructions. Positive and negative
controls supplied with the kit were run in duplicate and
analyzed at the same time as the fetal ear notch samples.
The presence or absence of BVDV antigen in each sample
was determined by calculating the sample-to-positive (S/P)
ratio for each sample. The calculation of the S/P ratio was
determined using the following formula:

S=P ~ Sa { Nð Þ= Po { Nð Þ,

where Sa is the sample optical density (OD), N is the mean
OD of negative control, and Po is the mean OD of positive
control. Guidelines provided with the kit state that S/P
ratios ,0.20 indicate a negative BVDV antigen status, and
S/P ratios .0.39 indicate a positive BVDV antigen status.
Samples with S/P ratios between 0.20 and 0.39 are graded
as ‘‘suspect’’ for BVDV antigen.

The mixed models analysis of variance procedure was
used to compare group means. Statistical analysis was
performed using a commercial software package.j Statisti-
cal significant difference was set at P , 0.01.

Bovine viral diarrhea virus was isolated from thymus,
kidney, spleen, and cerebellum collected for VI from the 12
fetuses harvested from dams exposed to BVDV. No viruses
were isolated from any of the tissues collected from the 2
fetuses harvested from dams that were not exposed to
BVDV. Virus isolation from the phosphate buffered saline
extraction of ear notches used for ACE was unsuccessful
regardless of storage condition. Ear punch samples held at
room temperature and 37uC appeared desiccated at the end
of the 7-day storage period and lost an average of 34% of
their starting weight. There was no statistically significant
difference between the weight lost by samples held at room
temperature and samples held at 37uC. All ear punch
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samples harvested from fetuses carried by dams exposed to
BVDV tested positive by ACE regardless of storage
conditions (Table 1). Ear punch samples from fetuses
carried by dams not exposed to BVDV tested negative
regardless of storage conditions. However, there were
significant differences (P , 0.01) between the average S/P
values observed for samples stored under different condi-
tions. The lowest S/P values were observed in samples
stored at 220uC, and the highest S/P values were observed
in samples stored at 37uC (Table 1). The average S/P ratios
of samples held at room temperature and 37uC for 7 days
were 11.4% and 22.2%, respectively, higher than samples
stored at 220uC. No experiments were done to determine
the origin of the increased signal seen with samples stored
at room temperature and 37uC compared with frozen
samples. One possible explanation is that desiccation
observed with tissues stored at room temperature and
37uC may have contributed to release of Erns viral protein
from cell membranes.

Screening for BVDV in cases of reproductive disease is
important to health management of individual herds and to
the development of BVDV control programs at the regional
and national level. Most of the effort in BVDV diagnosis
has focused on the detection of neonatal or adult PI
animals.3,6,8,9 However, in addition to the birth of live PI
animals, fetal exposure to BVDV may also result in
mummification, abortion, or stillbirth. Validation of
methods for detection of BVDV in fetal tissue is limited
by the expense, availability of naı̈ve dams, and biologic
security required to generate infected fetuses of known
gestation and infection history. The current study is unique
in that the materials tested (the 12 infected fetuses) were
generated under controlled experimental conditions.

Virus isolation is commonly considered to be the gold
standard for diagnosis of BVDV.7 When tissues are
collected immediately after death, VI is a highly specific
and reliable method. However, VI may give rise to false-
negative results when used with tissues that have been

exposed to such conditions as heat and light that do not
support the recovery of live virus.5,17 Immunohistochem-
istry (IHC) using ear notch samples has been shown to be a
reliable method for screening herds for PI animals,3,6 and
ear notches have been shown to be stable samples for IHC
analysis. Studies have shown that ear notch results are not
affected by delayed fixation (refrigeration up to 10 days) or
long-term fixation (up to 30 days).13 However, IHC is
dependent on the preservation of recognizable cell struc-
tures. Poorly preserved tissues or those damaged by
autolysis or drying hamper diagnosis by IHC. In contrast,
ACE does not rely upon the preservation of recognizable
cellular architecture.

The detection of BVDV infection in tissues that are not
in optimal condition is particularly important in the
diagnosis of BVDV-related fetal death. Tissue damage
resulting from exposure to heat, light, and tissue break-
down in the time between expulsion and discovery in pens
and pastures can lead to false negatives when using VI or
IHC. The present study demonstrates that holding ear
punch samples at room temperature or 37uC for 7 days did
not adversely affect the detection of BVDV in fetuses. The
tissues lost an average of 34% of their starting weight,
which indicates that the tissues had experienced substantial
drying. These tissues were also exposed to light. Both
drying and light exposure will occur when abortions or
stillborn calves are expelled and not immediately harvested
for diagnostic samples. It should be noted that these fetuses
probably represented PI animals. Persistently infected
animals are detected more reliably by ACE using ear notch
samples than acutely infected animals. Thus, this method
may not work on fetuses infected after 125 days of gestation.
Further, this method is dependent on viral protein’s still
being present. Abortion associated with BVDV, in which the
virus was cleared prior to the death of the fetus, will not be
detected by this method. However, in such cases, other means
of detecting BVDV, such as VI and PCR, will also fail. With
those caveats, these results suggest that ACE testing of skin
samples collected from aborted fetuses and stillborn calves
found in the field may represent a practical method of
screening for BVDV infections.
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Sources and manufacturers

a. National Veterinary Service Laboratory/APHIS/USDA, Ames,
IA.

b. Model 151, DeVilbiss Healthcare, Somerset, PA.

c. Minimum essential medium with Earle’s balanced salts, with
2.0 mmol L-glutamine, with nonessential amino acids, without
sodium bicarbonate, SAFC Biosciences, Lenexa, KS.

d. Adult bovine serum (sourced in USA, gamma irradiated, and
screened for bovine viral diarrhea viruses contamination per
9CFR), SAFC Biosciences, Lenexa, KS.

Table 1. Enzyme-linked immunosorbent assay results for ear
punches stored at 220uC, room temperature, and 37uC.*

ID no. of dam carrying fetus

Storage conditions

220uC Room temperature 37uC

B93 1.58 1.91 2.02
B431 1.68 1.91 1.98
B441 1.64 1.81 2.10
B257 1.55 1.77 2.26
B413 1.60 1.61 2.08
B354 1.60 1.71 1.91
Y819 1.59 1.68 1.82
B98 1.69 1.94 1.85
B85 1.68 1.88 1.96
B70 1.63 1.71 1.98
B124 1.69 2.03 1.90
B186 1.44 1.60 1.81
Mean 1.61 1.80 1.97
Standard error of the mean 0.02 0.04 0.04

* Values shown are the calculated sample-to-positive ratio.
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e. Kendell Precision disposable tissue grinder system (15 ml),
LifeLine Medical Inc., Danburg, CT.

f. VMRD Inc., Pullman, WA.
g. AirPore tape sheets, Qiagen Inc., Valencia, CA.

h. ProClinH 300, Supelco, Bellefonte, PA.
i. IDEXX HerdChek BVDV antigen test kit, IDEXX Laborato-

ries, Westbrook, ME.
j. SAS proprietary software release 9.1, SAS Institute Inc., Cary,

NC.

References

1. Brock KV, Grooms DL, Givens MD: 2005, Reproductive
disease and persistent infections. In: Bovine viral diarrhea
virus: diagnosis, management and control, ed. Goyal SM,
Ridpath JF, pp. 145–156. Blackwell Publishing, Ames, IA.

2. Campbell JR: 2004, Effect of bovine viral diarrhea virus in the
feedlot. Vet Clin North Am Food Anim Pract 20:39–50.

3. Cornish TE, van Olphen AL, Cavender JL, et al.: 2005,
Comparison 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.

4. Dubovi EJ: 1994, Impact of bovine viral diarrhea virus on
reproductive performance in cattle. Vet Clin North Am Food
Anim Pract 10:503–514.

5. Ellis JA, Martin K, Norman GR, Haines DM: 1995,
Comparison of detection methods for bovine viral diarrhea
virus in bovine abortions and neonatal death. J Vet Diagn
Invest 7:433–436.

6. Fulton RW, Hessman B, Johnson BJ, et al.: 2006, Evaluation
of diagnostic tests used for detection of bovine viral diarrhea
virus and prevalence of subtypes 1a, 1b, and 2a in persistently
infected cattle entering a feedlot. J Am Vet Med Assoc
228:578–584.

7. Goyal SM: 2005, Diagnosis. In: Bovine viral diarrhea virus:
diagnosis, management and control, ed. Goyal SM, Ridpath
JF, pp. 197–208. Blackwell Publishing, Ames, IA.

8. Grooms DL, Keilen ED: 2002, Screening of neonatal calves
for persistent infection with bovine viral diarrhea virus by
immunohistochemistry on skin biopsy samples. Clin Diagn
Lab Immunol 9:898–900.

9. Hilbe M, Arquint A, Schaller P, et al.: 2007, Immunohisto-
chemical diagnosis of persistent infection with Bovine Viral
Diarrhea Virus (BVDV) on skin biopsies. Schweiz Arch
Tierheilkd 149:337–344.

10. Houe H: 2003, Economic impact of BVDV infection in
dairies. Biologicals 31:137–143.

11. Lindberg A, Houe H: 2005, Characteristics in the epidemiol-
ogy of bovine viral diarrhea virus (BVDV) of relevance to
control. Prev Vet Med 72:55–73.

12. Lindberg AL: 2003, Bovine viral diarrhoea virus infections
and its control: a review. Vet Q 25:1–16.

13. Miller MA, Ramos-Vara JA, Kleiboeker SB, Larson RL:
2005, Effects of delayed or prolonged fixation on immuno-
histochemical detection of bovine viral diarrhea virus type I in
skin of two persistently infected calves. J Vet Diagn Invest
17:461–463.

14. Njaa BL, Clark EG, Janzen E, et al.: 2000, Diagnosis of
persistent bovine viral diarrhea virus infection by immuno-
histochemical staining of formalin-fixed skin biopsy speci-
mens. J Vet Diagn Invest 12:393–399.

15. Ridpath JF, Bolin SR: 1998, Differentiation of types 1a, 1b
and 2 bovine viral diarrhoea virus (BVDV) by PCR. Mol Cell
Probes 12:101–106.

16. Ridpath JF, Neill JD, Peterhans E: 2007, Impact of variation
in acute virulence of BVDV1 strains on design of better
vaccine efficacy challenge models. Vaccine 25:8058–8066.

17. Thur B, Hilbe M, Strasser M, Ehrensperger F: 1997,
Immunohistochemical diagnosis of pestivirus infection asso-
ciated with bovine and ovine abortion and perinatal death.
Am J Vet Res 58:1371–1375.

18. Tiwari A, Vanleeuwen JA, Dohoo IR, et al.: 2007, Production
effects of pathogens causing bovine leukosis, bovine viral
diarrhea, paratuberculosis, and neosporosis. J Dairy Sci
90:659–669.

Brief Research Reports 349

 at PENNSYLVANIA STATE UNIV on September 15, 2016vdi.sagepub.comDownloaded from 

http://vdi.sagepub.com/



