PEER REVIEWED

Vaccination with a multivalent modified-live virus
vaccine administered one year prior to challenge with
bovine viral diarrhea virus type [b and 2a in pregnant

heifers

Alicia D. Zimmerman,1DVM; Angela L. Klein,1BS, RVT; Robin E. Buterbaugh,1MS;

Bernadette Hartman,2DVM; Carol L. Rinehart,2MS, PhD; Christopher C. L. Chase,I3DVM, PhD, DACVM
Rural Technologies Inc., 1008 32nd Ave, Brookings, SD 57006

Boehringer Ingelheim Vetmedica Inc., 2621 North Belt Highway, St. Joseph, MO 64506

department of Veterinary and Biomedical Science, South Dakota State University, Brookings, SD 57007
Corresponding author: Dr. Zimmerman, azimmerman@ruraltechinc.com

Abstract

A total of 85 beef heifers were used to determine
if vaccination with a modified-live virus (MLV) vaccine
containing bovine viral diarrhea virus types 1 and 2
(BVDV1 and BVDV2) approximately 1year prior to chal-
lenge with virulent BVDVIb and BVDV2a will protect
against fetal infection. BVDV1 and BVDV2 seronegative
heifers were vaccinated at approximately 15 months of
age with a commercially available combination MLV
vaccine containing BVDVla and BVDV2a or placebo;
heifers were artificially inseminated approximately 9
months after vaccination. The heifers were challenge-
inoculated intranasally at 80 to 90 days of gestation
with avirulent BVDVIb or BVDV2avirus (i.e., 368 and
374 days post-vaccination, respectively). Clinical signs
of BVDV infection including serologic status, complete
blood count, rectal temperature, and viremia were
monitored for 14 days following challenge. After chal-
lenge, vaccinated heifers in the BVDVIb and BVDV2a
challenge groups experienced significantly less leuko-
penia and viremia than control heifers. Fetuses were
harvested approximately 70 days following challenge
and tissues were collected for virus isolation. All heifers
that received vaccine were protected from fetal infection
following challenge with BVDVIb or BVDV2a, whereas
15 of 18 (83.3%) and 21 0f22 (95.5%) control heifers had
infected BVDVIb and BVDV2a fetuses, respectively. In
this study, a combination MLV vaccine containing the
minimum immunizing dose of BVDVla and BVDV2a,
with other fractions at release dose or higher, adminis-
tered 1 year prior to challenge protected against fetal
infection in the face of a substantial challenge infection
with either BVDVIb or BVDV2a.
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Resume

Un total de 85 taures de boucherie ont ete utilisees
afin de determiner si la vaccination avec un vaccin a
virus vivants modifies contenant le virus de la diarrhee
virale bovine de type 1et de type 2 (BVDV1 et BVDV2)
approximativement 1 an avant une infection experimen-
tale avec des souches virulentes de BVDVla et BVDV2a
protegerait les foetus de I'infection. Des taures seronega-
tives aux virus BVDVla et BVYDV2a ont ete vaccinees
vers I'age de 15 mois approximativement soit avec un
vaccin commercial combine a virus vivants modifies
contenant les virus BVDVla et BVDV2a ou soit avec un
placebo. Les taures ont ete inseminees artificiellement
approximativement 9 mois suivant la vaccination. Une
infection experimental de ces taures par voie nasale a
pris place entre les jours 80 et 90 de gestation avec des
souches virulentes de BVDVla ou de BVDV2a (i.e. 368
ou 374 jours suivant la vaccination, respectivement).
Les signes cliniques compatibles avec une infection au
BVDYV incluant le statut serologique, I'hnemogramme, la
temperature rectale et la viremie, ont ete suivis pendant
1l4jours apres lI'infection experimentale. Apres I'infection
experimentale, la leucopenie etait moins prevalente chez
les taures des groupes vaccines avec le vaccin a virus
vivants modifies et infectes experimentalement avec le
BVDVla ou le BVDV2a que chez les taures du groupe
temoin. Les foetus ont ete recueillis approximativement
70 jours suivant lI'infection experimentale et les tissus
ont ete examines pour l'isolement viral en culture.
Toutes les taures vaccinees etaient protegees contre
I'infection foetale suivant I'infection experimentale avec
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le BVDVla ou le BVDV2a. Au contraire, des foetus in-
fectes par le BVDVla ou le BVDV2a etaient respective-
ment presents chez 15 taures sur 18 (83.3%) et chez 21
taures sur 22 (95.5%) des groupes temoins. Dans cette
etude, l'utilisation d'un vaccin combine avirus vivants
modifies contenant la dose immunisante minimum de
BVDVla et de BVDV2a, avec d'autres fractions a la
dose de liberation ou plus elevee, administre 1 an avant
I'infection experimentale, a permis de proteger les foetus
de I'infection en depit d'une infection experimentale
substantielle avec soit le BVDVla ou soit le BVDV2a.

Introduction

Bovine viral diarrhea virus (BVDV) is one of the
most complex and clinically significant diseases of cattle,
affecting livestock worldwide. The disease is endemic in
cattle populations throughout the world,2 and has po-
tential to cause devastating economic impact.121416213/38
The virus can cause awide range ofclinical signs in adult
animals and calves, including subclinical infections, bo-
vine viral diarrhea, immunosuppression, repeat breed-
ing problems, abortion and mummification, congenital
defects, immunotolerance and persistent infection (PI),
and acute and chronic mucosal disease.1 Transmission
of BVDV can occur vertically (i.e., from infected dam to
fetus) or horizontally (i.e., via exposure to the virus in
various excretions and secretions such as urine, nasal
discharge, milk, and semen, and/or fomites such as milk
bottles, balling guns, and re-used needles).® Fetuses
infected in utero before approximately days 125 to 150
of gestation,35101113172123 prior to becoming immuno-
competent at approximately 150 days of gestation,lare
born Pl and will likely shed BVDV throughout their
lives. 112 Persistently infected cattle pose a continuous
health risk to other cattle, and are themselves also at
risk of developing mucosal disease that has a mortality
rate of nearly 100%.1113 Non-vaccinated pregnant cattle
are susceptible to the reproductive effects of BVDV,
and infection during pregnancy can result in abortion,
congenital abnormalities, and birth of Pl animals.417212

BVDYV is typically classified into two specific
genotypes (types 1 and 2) that are further divided into
multiple subgenotypes. Recent data suggests that types
la, Ib, and 2a are the most prevalent in the United
States.I7893) Up to 14 type 1 and 4 different type 2 sub-
genotypes have been documented.s Ofthese subtypes,
BVDV type Ib is predominant,23 comprising 44%2
to 75%3 of recent BVDV cases in the US. BVDV type
Ib has also shown to be prevalent in other countries
including Italy,83 Germany, Spain, Argentina, Chile,
Peru, and Japan.® One US-based report3l shows that
of 25 PI cattle tested in 2006, all were infected with type
Ib. Although some data are regional in nature, and dif-
ferences in collection and/or testing methods exist, the
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high prevalence of type Ib is a significant threat. 233
In utero infection with BVDV type Ib is capable of
causing fetal infection that may lead to the birth of PI
calves, 7183l therefore it is essential that current vaccines
are capable of protecting from this prevalent subtype.

BVDV is further subdivided into the cytopathic
and noncytopathic (most clinically relevant)33®biotypes.
Both types 1 and 2 contain cytopathic and noncytopathic
biotypes;13 however, only fetal infection with noncyto-
pathic BVDV can cause calves to be born persistently
infected 186811.13-15,17,22,27,32,34,36,37

Vaccinating dams prior to potential fetal infection
is an ideal and easily managed tool to provide protection
against BVDV in utero. Vaccination with a modified-
live virus (MLV) vaccine prior to breeding, or with a
temperature-sensitive MLV vaccine during pregnancy,12
can effectively control BVDYV infection in utero. Several
BVDYV fetal protection studies using MLV vaccines have
been reported.351015212523FB3F Since many different
protective options are available, and preventing dams
from producing Pl calves is vital, it is important for any
vaccine to be proven effective in preventing fetal infec-
tion and subsequent production of PI calves.

The objectives of this study were to 1) prove a
12-month duration of immunity for prevention of fetal
infection with BVDYV types 1and 2 in naive animals vac-
cinated once prior to breeding, and 2) to demonstrate the
effectiveness ofthis vaccine as a prophylactic treatment
against abortion caused by intranasal (IN) challenge
with virulent BVDVIb and BVDV2a.

Materials and Methods

Animals

Protocols were reviewed and approved by the Rural
Technologies, Incorporated Institutional Animal Care
and Use Committee prior to study initiation. Eighty-
five 7- to 9-month-old Angus-cross heifers were acquired
for the study, with 45 heifers assigned to the BVDVIb
challenge group, and 40 heifers assigned to the BVDV2a
challenge group. The animals in each challenge group
were then randomly assigned to 1 of 2 treatment groups,
control or vaccinate. For the BVDVIb challenge, 22
heifers were vaccinates and received the test vaccine,3
while 23 heifers were controls and received the placebo
vaccine (test vaccine without viral fractions). For the
BVDV2a challenge, 18 heifers were vaccinates and re-
ceived the test vaccine, while 22 heifers were controls
and received the placebo vaccine. For both challenge
groups, control and vaccinates were separated at the
time ofvaccination to avoid any potential vaccine virus
exposure for 29 (BVDVIb challenge group) or 32 days
(BVDV2a challenge group), after which the control
and vaccinate heifers for each challenge group were
commingled for the remainder of the study. All heifers
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were managed according to routine animal husbandry
procedures and were isolated from other cattle. The
BVDVIb and BVDV2a challenge groups were housed
separately for the duration of the study.

Pre-vaccination Serologic Assays

Blood was collected from all heifers prior to vac-
cination. All heifers were seronegative for antibodies
against BVDV1 and BVDV2, and were negative to BVDV
by ear notch via immunohistochemical (IHC) testing.b
Serum samples were tested to determine serum neutral-
izing antibody titers to BVDV1 (Singer)0and BVDV2a
(A125)cby use of the constant virus decreasing serum
assay. Briefly, 2-fold serial dilutions (range 1:2 to 1:256)
of sera in duplicate were incubated with a constant
viral titer (< 500 TCID%) before inoculation of BVDV-
free bovine turbinate cells'lin microtiter tissue culture
plates.® Plates were incubated at 98.6°F (37°C) with 5%
CO02for 5 days before being evaluated for virus-induced
cytopathic effect (CPE) for BVDV1 and for IHC stain-
ing9for BVDV2. The reciprocal of the last dilution that
prevented CPE formation or virus-specific staining was
designated the serum neutralizing antibody titer. Geo-
metric mean values were calculated by use oflog2titers.

Vaccination

All heifers were vaccinated at approximately 15
months of age (day 0). A total of 40 vaccinate heifers, 22
in the BVDVIb challenge group and 18 in the BVDV2a
challenge group, were vaccinated once subcutaneously
(SC) with a commercially available MLV combination
vaccine® containing BVDVla (Singer strain) and BVD-
V2a (strain 296) at minimum immunizing dose (MID; the
amount of antigen necessary to stimulate a protective
immune response), as well as infectious bovine rhinotra-
cheitis (IBR), parainfluenza 3 (P13), bovine respiratory
syncytial virus (BRSV), Campylobacter fetus, Leptospira
canicola, Leptospira grippotyphosa, Leptospira hardjo,
Leptospira icterohemorrhagiae, and Leptospirapomona
at release dose or higher, according to manufacturer’s
recommendations. The 45 control heifers (23 and 22
heifers in the BVDVIb and BVDV2a challenge groups,
respectively) were sham-vaccinated once SC with the
inactivated bacterin components of the same vaccine
without the viral antigens. Heifers were observed daily
for 7 days after vaccination for vaccine-related adverse
events.

Synchronization and Breeding of Heifers

Estrus cycles were synchronized approximately 9
months following vaccination by use of avaginal implantl
containing progesterone, and injections of gonadotro-
phin-releasing hormone and prostaglandin.1928 Briefly,
heifers were administered prostaglandin intramuscu-
larly (IM), followed by vaginal implant insertion and
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gonadorelin diacetate tetrahydrategadministration IM
3 days following prostaglandin injection. The implants
were removed, estrus detection devicesllwere placed
on the tailhead area to aid in estrus detection, and the
heifers were administered dinoprost tromethaminellM
6 days later. Heifers were artificially inseminated twice
at approximately 60 and 72 hours after implant removal
with semen that was BVDV and BHV-1 negative, as
determined using a reverse transcription nested PCR
(RT-nPCR) assays2 At initial breeding, an additional
dose of gonadorelin diacetate tetrahydrate was admin-
istered IM if the heat detector was not activated or
missing. A 2-year-old virgin bull vaccinated with BVDV
and BHV-1 vaccine (at 4 and 7 months of age with an
inactivated vaccine and at 12 months with a MLV vac-
cine) and negative to BVDV by ear notch testing (via
enzyme-linked immunosorbent assay)lwas used for
pasture breeding with the heifers for 2 weeks following
artificial insemination. Semen was tested and confirmed
negative for BHV-1 and BVDV using RT-nPCRj 2 prior
to pasture breeding. Following breeding, heifers were
ultrasounded transrectally prior to challenge to confirm
pregnancy status.

Challenge Inoculation
The BVDVIb challenge group heifers (22 vac-

cinates and 23 controls) were challenged intranasally
using an atomizerkwith 5 mL of BVDVIb (BJ strain,1
approx 3.7 x 105TCID3mL) at 83 days ofgestation (368
days post-vaccination [DPV]). Further analysis ofthe BJ
strain has revealed that it is a type Ib (Ridpath JF, per-
sonal communication), rather than type la as previously
reported.4 The BVDV2a challenge group heifers (18
vaccinates and 22 controls) were challenged in the same
manner with 5 mL of BVDV2a (PA131 strain,j approx
1.3 x 105TCID3mL) at 90 days of gestation (374 DPV).

Post-challenge Observations

Clinical observations were performed daily by
personnel blinded from treatment group assignment,
beginning 2 days prior to challenge and continuing
through day 14 after challenge. Each heifer was visually
examined in the pen prior to handling and scored for
clinical signs including anorexia, depression, increased
respiration, coughing, nasal discharge, oral ulcers,
ocular discharge, and fecal consistency. After the vi-
sual assessment, heifers were restrained in a standard
cattle chute to measure body temperature using a rectal
thermometer,land were visually examined for mucosal
ulcers in the oral cavity.

A total of 6 heifers in the BVDVIb challenge group
(1 vaccinate and 5 control heifers) and 1 control heifer
in the BVDV2a challenge group had fetal loss prior to
fetal harvest. Fetal loss in the BVDV b group occurred
some time between challenge and harvest, and no fetuses
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were recovered. A single fetus was recovered from the
BVDV2a group heifer 1 day prior to the scheduled har-
vest, and tissues were collected and subsequently tested
with the other samples in that group.

Serologic Testing

Blood was collected viajugular venipuncture from
the heifers prior to vaccination, prior to challenge, 153
(BVDVIb challenge group) or 125 (BVDV2a challenge
group) days following vaccination, at initiation of the
synchronization program, at time of challenge, and at
the time of fetal harvest. Serum neutralizing antibody
titers against BVDVla (Singer strain) and BVDV2a
(A125) were determined by use of the constant virus
decreasing serum assay, as described above.

Virus Isolation (Viremia) Testing
Blood was collected via jugular venipuncture

from the heifers every other day starting 2 days prior
to challenge (i.e., -2, 0, 2, 4, 6, 8, 10, 12, and 14 days
post-challenge [DPC]). White blood cells (WBCs) were
isolated according to a previously described technique.9
The isolated WBCs were resuspended in 2 mL of medial
supplemented with equine serumOand tested for BVDV
using a modification of an isolation assay previously
described.3 Briefly, 1 10-fold dilution of each sample
was made and each diluted sample was added in qua-
druplicate to BVDV-free bovine turbinate cell monolay-
ers in microtiter tissue culture plates. Culture plates
were incubated for 5 days at 98.6°F (37°C) with 5% C02
Following incubation, plates were freeze-thawed 3 times
and the samples were passaged onto new cell monolay-
ers and incubated for an additional 5 days. This process
was repeated for a total of 3 passages before completing
IHC staining for BVDV.38 Samples were considered posi-
tive for BVDV if virus-specific staining was observed in
inoculated cells.

Hematology Analyses

Blood was collected viajugular venipuncture from
all heifers 9 times during the study period from 2 days
prior to challenge and every other day through 14 days
after challenge (i.e., -2, 0, 2, 4, 6, 8,10,12, and 14 DPC).
Samples were subjected to hematologic analysislby use
of a cytometer. Total WBC and platelet counts were
determined for each animal.

Fetal Harvest

Prior to harvest, heifers were palpated transrec-
tally to determine pregnancy status, and a total of 78
heifers were confirmed pregnant. One pregnant heifer
from the BVDV2a challenge group had an abscess that
prevented acceptance at the packing plant, and was
transported to South Dakota State University for
necropsy and fetal harvest the day prior to scheduled
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harvest. The remaining 77 heifers were transported to
a commercial packing plantqfor harvest and fetus col-
lection (BVDVIb and BVDV2a challenge groups were
transported and harvested separately). The uteri, com-
plete with cervixes, were collected on the packing plant
floor, placed into individual containers, and transported
to South Dakota State UniversityIfor necropsy and fetal
tissue collection.

Fetal Tissue Collection and Testing

Samples were collected from the single (recovered)
aborted fetus and all harvested fetuses and tested for
the presence of BVDV. Heart blood was tested for neu-
tralizing antibody titers against BVDV1 and BVDV2.
Thymus, spleen, and brain (cerebellum) were each
tested for BVDV by virus isolation.t Briefly, dilutions of
processed samples were made and each diluted sample
was added in quadruplicate to BVDV-free bovine turbi-
nate cell monolayers in microtiter tissue culture plates.
Culture plates were incubated for 3 to 4 days at 98.6°F
(37°C) with 5% C 02 followed by two additional passages
incubated for 3 to 4 days each. Results were considered
positive if BVDV virus-specific staining was observed in
inoculated cells.

Statistical Analyses

The Fisher’'s Exact Test and prevented fractions
were used to analyze the presence of BVDV1 or BVDV2
in the fetus, presence of leukopenia, presence of pyrexia,
and presence of viremia. Numbers of days leukopenic,
pyrexic, and viremic were analyzed with both the Wil-
coxon’s Rank Sum Test and mitigated fractions. Platelet
counts were analyzed using both repeated measures
analysis ofcovariance and mitigated fractions by day. An
a-level of 0.05 was used to determine significant treat-
ment group differences. All analyses were performed
on data using SAS® System* or StatXact®.*

Serum neutralizing antibody titer data were ana-
lyzed by repeated measures using the Mixed procedure
of SAS® as described by Littell et al.2 All covariance
structures were modeled in the initial analysis. The indi-
cated best fit covariance structure, compound symmetry
for post-vaccination data and Heterogenous Compound
Symmetry for post-challenge data, was used for the final
analysis. The model included the independent variables
of treatment, time, and treatment x time.

Results

Clinical Observations

No clinical signs or adverse vaccine reactions were
observed in any heifers following vaccination (data not
shown). Following challenge, body temperature was
measured rectally in all heifers every other day starting
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2 days prior to challenge through 14 days after challenge,
with the mean determined for each group. Generally, no
statistical differences were found in mean pyrexia values
between vaccinates and controls in either the BVDVIb
or BVDV2a groups following challenge (P=0.3141 for
BVDVIb and P=1.0 for BVDV2); however, rectal tem-
peratures were significantly higher (P=0.0054) in the
BVDVIb challenge group controls when compared to the
vaccinates on day 4 post challenge. Mean rectal tem-
peratures ranged between 102.6°F (39.2°C) and 103.3°F
(39.6°C) for the BVDVIb challenge group controls, and
between 102.2°F (39°C) and 103.2°F (39.6°C) for the
vaccinates (data not shown). Mean rectal temperatures
ranged between 102.4°F (39.1°C) and 103.7°F (39.8°C),
and between 102.9°F (39.4°C) and 103.5°F (39.7°C) for
the BVYDV2a challenge group controls and vaccinates,
respectively (data not shown). There were no elevated
clinical scores (i.e., anorexia, depression, nasal dis-
charge, or diarrhea) following challenge for either the
BVDVIb or BVDV2a challenge groups (data not shown).

Serum Neutralizing Antibody Titers

None of the heifers in the BVDVIb (Figure 1) and
BVDV2a (Figure 2) challenge groups had detectable
neutralizing antibody (titers of 0) at the time ofthe first
vaccination. Detectable serum neutralizing antibody
activity was significantly higher (P<0.001) in vaccinated
heifers in the BVDVIb challenge group (9.64Ja + 0.13
[-907] against BVDV1 and 6.86]Ja2+ 0.13 [-153] against
BVDV2; Figure 1) and in vaccinated heifers in the
BVDV2a challenge group (9.56k2+ 0.11 [-924] against
BVDV1 and 6.44l2+ 0.11 [-101] against BVDV?2; Fig-
ure 2) than control heifers (no detectable neutralizing
antibody [0] against both viruses for both challenge
groups) on 153 (BVDVIb challenge group) and 125
(BVDV2a challenge group) DPV. At the time of initia-
tion of estrus synchronization, detectable neutralizing
antibody activity was significantly higher (P<0.001) in
vaccinated heifers in the BVDVIb challenge group (10la2
+ 0.11 [-1199] against BVDV1 and 6.32laR+ 0.13 [-100]
against BVDV?2; Figure 1) and in the BVDV2a challenge
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80 T
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4.0
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0.0 T i ; T :

[ I

BvDV1 BVDV2 BVDV1 BVDV2 BVDV1 BVDV2 BVDV1 BVDV2 BVDV1 BVDV2 BVDV1 BVDV2

0 DPV 153 DPV 273 DPV

0 DPC 14 DPC 71 DPC

Study day

Figure 1. Mean BVDVIb challenge group serology results against BVDVla (Singer strain) and BVDV2 before and
after vaccination (0 DPV) and challenge (0 DPC) with virulent BVDVIb. The vaccinates (black columns; n = 21)
consisted of seronegative heifers that received the test vaccine (i.e., multivalent vaccine containing BVDVla and
BVDV2 fractions). The controls (gray columns; n = 18) consisted of seronegative heifers that received placebo vac-
cine (i.e., multivalent test vaccine without BVDV fractions). Notice that vaccinated heifers had significantly higher
(P<0.001) mean titers than control heifers on 153 DPV, 273 DPV, on the day of challenge (0 DPC), and 14 DPC (as-
terisks). Additionally, vaccinated heifers had significantly higher (P<0.001) mean titers than control heifers against
BVDV1 and BVYDV2 at the time of fetal harvest (71 DPC) (asterisks).
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Figure 2. Mean BVYDV2 challenge group serology results against BVDVla (Singer strain) and BVDV2 before and
after vaccination (0 DPV) and challenge (0 DPC) with virulent BVDV2. The vaccinates (black columns; n=18) con-
sisted of seronegative heifers that received the test vaccine (i.e., multivalent vaccine containing BVDVla and BVDV2
fractions). The controls (gray columns; n=22) consisted of seronegative heifers that received placebo vaccine (i.e.,
multivalent test vaccine without BVDYV fractions). Notice that vaccinated heifers had significantly higher CP<0.001)
mean titers than control heifers on 125 DPV, 272 DPV, on the day of challenge (0 DPC), and 14 DPC (asterisks). Ad-
ditionally, vaccinated heifers had significantly higher (P<0.001) mean titers than control heifers against BVDV1 at
the time of fetal harvest (64 DPC) (asterisks); however, titers were not significantly higher against BVDV2 (P=0.10).

group (9.28 I+ 0.11 [-697] against BVDV1 and 6.44laR
+ 0.11 [-96] against BVDV2; Figure 2) than control
heifers (no detectable neutralizing antibody [0] against
both viruses for each challenge group). On the day of
challenge, vaccinated heifers in the BVDVIb challenge
group (368 DPV) had a mean titer 0f9.23lgR+ 0.13 (-734)
against BVDV1 and 6.45lq2+ 0.16 (-112) against BVDV2
(Figure 1), and vaccinated heifers in the BVDV2a chal-
lenge group (374 DPV) had a mean titer of 9.5l + 0.13
(-882) against BVDV1 and 6.33l2+ 0.13 (-93) against
BVDV?2 (Figure 2). For both groups, antibody levels (i.e.,
titers) were significantly higher (P<0.001) than control
heifers, which had no detectable neutralizing antibody
(0) against both viruses for each challenge group. Vac-
cinated heifers in the BVDVIb challenge group had a
mean titer of 10.91laR + 0.24 (-2048) against BVDV1
and 8.00lqR+ 0.25 (-383) against BVDV2 (Figure 1), and
vaccinated heifers in the BVDV2a challenge group had
a mean titer of 12.17la2+ 0.35 (-6201) against BVDV1
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and 10.83lo2+ 0.40 (-2876) against BVDV2 (Figure 2) at
14 DPC. T”ese antibody levels (titers) were significantly
higher (P<0.001) than the controls in the BVDVIb chal-
lenge group (mean titers of2.83laR+ 0.23 [-7.1] against
BVDV1 and 0.48lg + 0.24 [-1.4]; Figure 1) and the
controls in the BVDV2a challenge group (mean titers of
1.36laR+ 0.32 [-2.6] against BVDVIb and 4.36lc2+ 0.36
[-20.5] against BVDV2; Figure 2). At the time of fetal
harvest, 72 DPC for the BVDVIb challenge group and
65 DPC for the BVDV2a challenge group, vaccinated
heifers in the BVDV b challenge group had a mean titer
of 10.45la2+ 0.16 (-1512) against BVDV1 and 7.50laR +
0.25 (-124) against BVDV2 (Figure 1), and vaccinated
heifers in the BVDV2a challenge group had mean titers
of 11.06laR + 0.21 (-2844) against BVDV1 and 10.11lap
+ 0.21 (-1252) against BVDV2 (Figure 2). The control
heifers in the BVDVIb challenge group had a mean
antibody titer of 8.17la2+ 0.15 (-345; P<0.001) against
BVDV1 and 4.91lg + 0.25 (-30.1; PcO.001) against
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BVDV?2 (Figure 1), and the BVDV2a challenge group had
a mean antibody titer of 6.27lcR+ 0.19 (-103; PcO.0O0l)
against BVDV1 and 9.64lcR+ 0.19 (-989; P=0.10) against
BVDV2 (Figure 2).

Heifer Viremia Results

There were no viremic heifers in the BVDV b chal-
lenge group vaccinates (0/22; 0.0%) following challenge;
however, atotal of 19/23 (82.6%) of controls were viremic
from days 4 to 10 following challenge, with the greatest
number of positive virus isolations occurring on 8 DPC
(P<0.0001; Table 1); these numbers include heifers that
experienced fetal loss. On days 6 and 8 post challenge,
viremia results for controls were significantly higher
(P<0.0054) than vaccinates. The calculated prevented
fraction for viremia in the BVDVIb challenge group was
1.0 (100.0%) with exact 95% confidence limits of (0.831,
1.0). There was 1 positive viremia in the BVDV2a chal-
lenge group vaccinates (1/18; 5.6%) on a single day, while
20/22 (90.9%) of the controls were viremic (P<0.0001;
Table 1). Viremias were detected in the BVDV2a chal-
lenge group from days 4 to 14 following challenge, with
the highest number ofvirus isolations occurring from 16
animals on 6 DPC and 19 animals on 8 DPC (Table 1).
On days 6, 8, and 10 post challenge, viremia results for
controls were significantly higher (P<0.0042) than vac-
cinates. The calculated prevented fraction for viremia
in the BVDV2a challenge group was 0.94 (94.0%) with
exact 95% confidence limits of (0.716, 0.998).

Hematology Results

There was a statistical difference for leukopeniain
the BVDVIb challenge group between vaccinates (8/22;
36.4%) and controls (21/23; 91.3%) (P<0.0001; Figure

3). This resulted in a calculated prevented fraction for
leukopenia of 0.60 (60.0%) with exact 95% confidence
limits of (0.322, 0.804). Initially (i.e., -2, 0, and 2 DPC),
the vaccinates had lower mean WBC counts compared
to the controls; however, on days 4 to 8 post challenge,
the WBC counts for the vaccinates were higher than the
controls, and were significantly higher on days 4 and 6
(P<0.001) post challenge. On days 10 to 12 post chal-
lenge, WBC counts for the controls were again higher
than the vaccinates (Figure 3); however, the difference
ranged from 0.2 to 0.4 cells/uL on those days and was
not significant. The mean WBC counts in control heifers
ranged from 3.3 to 8.5 cells/uL, while the mean WBC
counts in vaccinated heifers ranged from 5.6 to 7.6 cells/
uL on days -2 to 14 post challenge (Figure 3).

There was a statistical difference for leukopeniain
the BVDV2a challenge group between vaccinates (1/18;
5.6%) and controls (11/22; 50.0%) (P<0.0001; Figure 4).
The calculated prevention of leukopenia in vaccinates
was supported by prevented fraction of 0.889 (88.9%)
with exact 95% confidence limits of (0.426, 0.996). On
days -2 and 0 DPC, mean WBC counts in the vaccinates
were higher by approximately 0.2 to 0.5 cells/uL. On day
2 post challenge, the mean WBC counts for the controls
were 0.4 cells/uL higher than the vaccinates; however,
on day 4 post challenge, the mean WBC counts for the
controls dropped below the mean WBC counts for the
vaccinates, and remained lower for the remainder ofthe
study period. The mean WBC counts in control heifers
ranged from 3.6 to 6.0 cells/uL, while mean WBC counts
in vaccinated heifers ranged from 5.4 to 7.6 cells/uL on
days -2 to 14 post challenge (Figure 4). Mean WBC
counts in vaccinated heifers were significantly higher
(P=0.0353) when compared to control heifers on days

Table 1. Proportion of positive viremias in vaccinated and nonvaccinated heifers after challenge with BVDV type
Ib or type 2 as determined by huffy coat virus isolation after challenge.

BVDV type Ib challenge

Day after challenge Nonvaccinated Vaccinated Nonvaccinated Vaccinated
-2 0/23 0/22 0/22 0/18
0 0/23 0/22 0/22 0/18
2 0/23 0/22 0/22 0/18
4 1/23 0/22 2/18 0/18
6 7123 0/22 16/22 1/18
8 17/23 0/22 19/22 0/18
10 1/23 0/22 8/22 0/18
12 0/23 0/22 1/22 0/18
14 0/23 0/22 1/22 0/18
Total viremic 19/23t 0/22 20/22t 1/18

BVDV type 2 challenge

fSignificantly (PcO.OO0l) different from proportion of total numbers of vaccinated heifers from which virus was isolated.
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Figure 3. Mean BVDVIb challenge group WBC results
before and after challenge (368 DPV, 0 DPC) with viru-
lent BVDVIb. The vaccinates (black diamonds; n=21)
consisted of heifers that received the test vaccine (i.e.,
multivalent vaccine containing BVDVla and BVDV2
fractions). The controls (black squares; n=18) consisted
of heifers that received placebo vaccine (i.e., multivalent
vaccine without BVDYV fractions). Notice that the WBC
were significantly higher (P<0.001) on days 4 and 6
post challenge in the vaccinates, when compared to the
controls (asterisks).
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Figure 4. Mean BVDV2 challenge group WBC results
before and after challenge (374 DPV, 0 DPC) with viru-
lent BVDV2. The vaccinates (black diamonds; n = 18)
consisted of heifers that received the test vaccine (i.e.,
multivalent vaccine containing BVDVla and BVDV2
fractions). The controls (black squares; n=22) consisted
ofhheifers that received placebo vaccine (i.e., multivalent
vaccine without BVDYV fractions). Notice that the WBC
were higher in the vaccinated heifers versus the control
heifers on all days except 2 DPV. The vaccinates had
significantly higher (P<0.0353) WBC on days 4 and 8
post challenge when compared to the controls (asterisks).

4 and 8 and had a tendency to be higher (P=0.0800) on
days 10 and 12 after challenge.

There was no statistical difference for platelet
counts between vaccinates and controls for the BVDVIb
challenge group (P=0.5051). Initially (i.e., 2 DPC), the
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vaccinates had lower mean platelet counts than the con-
trols; however, on days 4 to 8 post challenge, the platelet
counts for the vaccinates were higher than the controls
(data not shown). On days 10 to 14 post challenge, the
controls had higher platelet counts than the vaccinates.
There was a significant difference between vaccinates
and controls for the BVDV2a challenge group on days
10, 12, and 14 post challenge (i.e., P=0.0367, P=0.0050,
and P=0.0202, respectively; data not shown). On each
of those days, the vaccinates had significantly higher
platelet counts when compared to controls.

Fetal Tissue Results

There were no fetal infections in the vaccinated
heifers from the BVDVIb challenge group (0/21; 0.0%),
while 15/18 (83.3%) of fetuses from the control group
heifers were BVDV-positive (P<0.0001; Table 2). How-
ever, this analysis did not include fetal loss, as 5 control
heifers and 1 vaccinate previously confirmed pregnant
were found to be open upon rectal palpation prior to
fetal harvest. Since the fetuses were not recovered, the
animals were not included in the statistical analysis, as
no definitive diagnosis could be made. Virus was con-
sistently isolated from the brain, spleen, thymus, and
heart blood of the infected fetuses in both of the control
groups (Table 2). The BVDVIb challenge group had a
calculated prevented fraction of 1.0 (100.0%) with exact
95% confidence limits of (0.825, 1.0) when comparing
the treatment groups. Similar results were seen in the
vaccinated heifers from the BVDV2a challenge group,
where there were no fetal infections (0/18; 0.0%), while
21/22 (95.5%) of fetuses from the control heifers were
infected (P<0.0001; Table 2). The BVDV2a challenge
group had a calculated prevented fraction of 1.0 (100.0%)
with exact 95% confidence limits of (0.814, 1.0) when
comparing the treatment groups.

Discussion

This study demonstrated that a single dose of a
multivalent MLV vaccine containing the MID of BVDV
types la and 2a, administered SC to heifers at ap-
proximately 15 months of age before breeding, protected
against BVDVIb or BVDV2a fetal infection 1year post-
vaccination. Additionally, vaccinated heifers had fewer
viremia events (i.e., no heifers in the BVDVIb and 1
heifer in the BVDV2a challenge groups) and fewer vac-
cinated animals were leukopenic (i.e., 8 and 1 heifer|[s]
in the BVDVIb and BVDV2a challenged groups, re-
spectively). Among vaccinated heifers, 100% of fetuses
in the BVDVIb and BVDV2a challenge groups were
protected against infection, whereas 83.3% and 95.5% of
fetuses in non-vaccinated control heifers were infected.
Fetal loss occurred in the BVDVIb challenge group, as
6 previously confirmed pregnant heifers (5 control and
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Table 2. Total numbers of BVDV1 and BVDV2 positive fetal tissues for vaccinates and controls in both challenge
groups. Notice that 0 out of 21 and 0 out of 18 fetal tissues were positive for BVDV from vaccinated dams in their
respective challenge groups. In contrast, 13 and 15 out of 18 control fetuses were positive in 3 and 4 tissues, re-
spectively, following challenge with virulent BVDVIb; while 20 and 21 out of 22 control fetuses were positive in 2
and 4 tissues, respectively, following challenge with virulent BVDV2. Fetal tissue positive results for controls were
significantly higher (PcO.O00I) when compared to the vaccinates (all fetal tissues negative in both challenge groups).

Fetal tissue virus isolation results

Number of

Treatment group infected fetuses

BVDVIb group vaccinates 0/21
BVDVIb group controls 15/18
BVDV2 group vaccinates 0/18
BVDV2 group controls 21/22

1vaccinate heifer[s]) were no longer pregnant by rectal
palpation prior to fetal harvest. Since the fetuses were
not recovered and the cause of fetal death could not be
determined, the animals were not included in the sta-
tistical analysis. 4182123

The ability of a vaccine to protect heifers from pro-
ducing PI calves is important because Pl calves serve as
reservoirs for this devastating disease and continually
shed virus.45111B31416817702293F37 Previously published
BVDV fetal protection studies have been performed
involving the use of MLV vaccines administered <148
days prior to challenge.351011131516212253 Since various
types of challenge models were employed, such as direct
challenge or challenge by contact with Pl animal(s),
use of monovalent or bivalent vaccines, heterologous or
homologous challenge, and differing gestational ages at
challenge, it is difficult to accurately compare results
from those studies to the present study. In previous
studies, efficacy was variable; however, 1 general trend
was vaccines administered IM appeared to be moder-
ately more effective than vaccines administered SC at
preventing production of Pl offspring. Three monovalent
vaccines (containing BVDV1 only) administered via a
single IM injection prior to breeding resulted in 100%
protection from production of Pl offspring when dams
were challenged with a BVDV1 strain.11165 Conversely,
monovalent vaccines containing BVDV1 administered
IM prior to breeding protected only 58%3to 67% (1
injection)’5and 63% (2 injections)®5of fetuses from in-
fection when challenged with BVDV2; however, when
vaccinated with a bivalent vaccine (containing BVDV1
and BVDV2), protection reached 100%.15 In a similar
study, Brock et al reported 100% and 87.5% protection
from production of Pl offspring with a BVDV1 vaccine
administered IM or SC, respectively, prior to breeding,
when challenged with BVDV2.4 Additional studies
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Fetal tissue

Spleen Thymus Heart blood Brain
0/21 0/21 0/21 0/21
13/18 15/18 15/18 15/18
0/18 0/18 0/18 0/18
20/22 20/22 21/22 21/22

performed by Dean et allland Brock et al5that utilized
monovalent BVDV1 vaccines administered SC prior to
breeding reported 85% and 93% protection from fetal
infection and subsequent production of Pl animals when
challenged with BVDV2, respectively.

The BVDV subgenotype Ib has recently been
shown to be the most common isolate of BVDV in the
United States.I7220303% Since very few vaccines exist
that contain a BVDVIb vaccinal strain, it is essential
that currently available vaccines are effective at cross-
protection against this strain. Previous studies that
tested the cross-protective efficacy of vaccines con-
taining BVDVla against BVDVIb challenge showed
varying results.4101321,233/ Xue et al reported 82%
and 75% protection from fetal infection when a vaccine
containing BVDVla and BVDV2 was administered SC
approximately 198 days prior to challenge with BVDV Ib
and BVDV2, respectively.3 In contrast to the present
study, however, the aim was to prevent fetal infection
and the subsequent birth of congenitally infected (i.e.,
transiently infected, with infection eventually cleared by
the animal’'s immune system, similar to acute infection)
calves, rather than persistently infected calves, as the
dams were challenged at 163 to 177 days gestation when
fetuses are likely immunocompetent.135101113172123%
Fairbanks et al reported 100% and 95% prevention ofthe
production of PI calves with a MLV vaccine containing
BVDVIla (Singer) and BVDV2 (296) strains administered
SC 129 days prior to breeding in the face of challenge
with BVDVIb or BVDV2 at 76 to 79 days gestation,
respectively.l3 These are the same vaccinal strains
utilized in the present study, which showed comparable
results. Similar studies utilizing vaccines containing
either BVDVIla alone or in combination with BVDV2
have been shown to be 83 to 91% effective at prevention
of production of Pl animals in the face of challenge with
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BVDVIb.41212 These studies show that vaccines con-
taining BVDVla are effective in preventing production
of PI calves when given up to 137 days prior to challenge
with BVDVIb and/or BVDV2, while the present study
showed 100% protection from fetal infection with a vac-
cine containing BVDVla and BVYDV2a when challenged
with BVDVIb and BVDV2a.

Very few challenge studies have been done that
have demonstrated comparable duration of immunity.
One studyMsimilar to the present study (i.e., duration
ofimmunity for >1 year) involved the use of a single IM
injection of a combination (BHV-1, P13, BRSV, BVDV
types la and 2 [cytopathic], as well as Campylobacter
fetus anti Leptospira canicola, icterohaemorrhagiae,po-
mona, hardjo, andgrippotyphosa) vaccine given 370 days
prior to IN challenge with BVDVla (816317b) or BVDV2
(94B-5359a) strains. No clinical signs were noted in any
animals following challenge, and all vaccinated heifers
challenged with BVDVla delivered live, non-PI calves.
Eighteen vaccinated heifers challenged with BVDV2
delivered live, non-PI calves, while 2 vaccinated heif-
ers aborted, one possibly as a result of amniocentesis
performed earlier, and another from an undetermined
cause. Eight of 9 (i.e., 2 fetuses and 6 live calves) and
all progeny (i.e., 1fetus and 9 live calves) delivered from
non-vaccinated BVDVIla or BVDV2-challenged control
animals were determined to be PI, respectively. Simi-
larly, the present study utilized a SC administered com-
bination vaccine also containing BVDVla and BVDV2a;
however, animals in the present study were challenged
with different strains (BVDVIb [BJ] and BVDV2a
[PA131]). No significant clinical signs were noted in the
present study following challenge with either BVDVIb
or BVDV2a; however, challenge was determined to be
effective, as the fetuses of 83.3% and 95.5% of control
animals, respectively, were found to be infected. The
significance of the present study is that it is the first
vaccine to report 100% fetal protection against BVDVIb
challenge when administered as a single SC dose 1
year prior to challenge. Additionally, fetal protection
conferred by vaccination was 100% for the BVDV2a chal-
lenge group, which is similar to previous studies.131521
Another studyRin which heifers were administered a
single IM vaccination 490 days prior to challenge re-
sulted in 92% fetal protection when challenged using a
16-day period of continual exposure to BVDV2a PI calves
at 149 through 217 days of gestation, when fetuses are
likely immunocompetent.1351011131721234 The Pl expo-
sure challenge resulted in a cumulative 80% challenge
efficacy (i.e., 8 out of 10 control heifers tested positive for
BVDYV following challenge); whereas, the current study
resulted in 82.6% (i.e., 19 out of 23 control heifers tested
positive) and 90.9% (i.e., 20 out of 22 control heifers
tested positive) challenge efficacy in heifers challenged
intranasally with BVDVIb and BVDV2a, respectively
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(Table 1), as determined by virus isolation. The PI
exposure challenge resulted in 9 of 10 calves and 1 calf
from control and vaccinated heifers, respectively, being
considered born as congenitally infected,2whereas the
current study showed 15/18 and 21/22 fetuses from the
control heifers in the BVYDVIb and BVDV2a challenge
groups, respectively, and no fetuses from either group
of vaccinated heifers were infected.

Conclusion

A vaccine effective against the most prevalent
subtype(s) of BVDV is an essential part of animal pro-
duction. This study showed that 1 dose of a multivalent
MLV vaccine containing the MID of BVDV types la and
2a, administered lyear prior to challenge, was effective
in preventing fetal infection in bred heifers challenged
with BVDV types Ib and 2a. Additionally, there was
no evidence of interference from other fractions within
the vaccine. Consequently, initial vaccination followed
by yearly booster vaccinations administered prior to or
during gestation can provide significant fetal protection
from the most prevalent BVDYV infections to a majority
of cattle and prevent fetal infection and subsequent
production of PI calves.
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