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Bovine viral diarrhea virus (BVDV) is an important reproductive pathogen of cattle
worldwide. The reproductive outcome of BVDV infection is largely dependent on the
immune status of the dam and the stage of gestation at the time of infection. Potential
sequelae include failure of conception, abortion, a variety of congenital malformations, and
fetal infection. Vaccination is a possible tool in the control of BVDV, and there has been a
recently renewed focus on providing fetal protection through vaccination. Consequently,
the aim of this study was to evaluate the efﬁcacy of BVDV vaccination to prevent reproductive disease by performing a quantitative synthesis of previously published studies.
Pertinent articles to be included in the analysis were identiﬁed by performing a search in
four relevant scientiﬁc databases (PubMed, CAB abstracts, National Agricultural Library
catalog, and Web of Science) and examining the reference lists of 10 germane review articles. Inclusion criteria for the meta-analysis mandated that the studies were controlled,
primary studies that included necessary data for use in the meta-analysis (e.g., group size,
number of abortions). Forty-six studies in 41 separate articles matched the inclusion
criteria. Risk ratio effect sizes were used in random effects, weighted meta-analyses to
assess the impact of BVDV vaccination on three outcomes: risk of fetal infection, abortion
risk, and pregnancy risk. Within each outcome, subanalyses were performed to evaluate
the effect of a variety of interventions, including modiﬁed live, inactivated, polyvalent and
monovalent vaccination, homologous, heterologous, or ﬁeld challenge, and studies with
only bovine subjects. The analysis revealed a decrease in abortions of nearly 45% and a
nearly 85% decrease in fetal infection rate in cattle vaccinated for BVDV compared with
unvaccinated cohorts. Additionally, pregnancy risk was increased by approximately 5% in
ﬁeld trials of BVDV vaccinates. This meta-analysis provides quantitative support for the
beneﬁt of vaccination in the prevention of BVDV-associated reproductive disease.
Ó 2015 Elsevier Inc. All rights reserved.
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1. Introduction
Bovine viral diarrhea virus (BVDV) is the prototype virus
of the Pestivirus genus and a principal viral pathogen in
both dairy and beef cattle populations. Viral infection leads
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to a wide array of clinical signs including diarrhea,
thrombocytopenia and hemorrhagic diatheses, respiratory
disease, and ulcerations of the gastrointestinal tract.
However, the largest economic consequence of BVDV
infection may be through reproductive losses [1]. Reproductive disease as a result of BVDV infection has been
recognized from the time the virus was ﬁrst reported [2]
and remains a major concern on dairy farms, cow-calf
ranches, and breeding stock operations. The consequence
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of BVDV infection on reproduction depends largely on the
immune status of the dam and the stage of gestation at
the time of infection. Exposure of naive cattle to the virus at
or near the time of breeding can result in reduced pregnancy rates because of decreased conception rates and
early embryonic death [3,4]. Abortion is most common in
the ﬁrst trimester but may occur at any time during
gestation, including the third trimester. Viral exposure of
the fetus between 18 and 125 days of gestation may lead to
immunotolerance and persistent infection. Persistently
infected (PI) calves are often weak at birth but may be
phenotypically normal and are important to the epidemiologic aspects of viral propagation as they consistently shed
high levels of virus in the environment. Infection during
crucial times of organogenesis may also result in congenital
defects including cerebellar hypoplasia, microphthalmia,
hydranencephaly, hypotrichosis, and brachygnathism.
Control of BVDV is currently exerted primarily through
strict biosecurity, eradication efforts, vaccination, or a
combination of these factors. One of the primary aims of
BVDV vaccination is to prevent the creation of PI calves that
act as reservoirs of the virus. Although this goal was
recognized by the mid-1970s [5,6], the efﬁcacy of early
vaccines to prevent fetal infection was often incomplete
[7,8]. Improper vaccine usage has also contributed to their
limited efﬁcacy [9,10]. More recently, several BVDV vaccines have been licensed that carry fetal protection claims
with at least 365 days duration of immunity. Despite this,
accounts of fetal infection in calves born to vaccinated
dams continue to be reported in the literature [11–13]
leading some to question the efﬁcacy of BVDV vaccination
to prevent reproductive disease. Consequently, the objective of this study was to analyze the published data in regard to the efﬁcacy of BVDV vaccination to decrease the risk
of abortion, the probability of fetal infection, or to prevent a
decrease in pregnancy risk.
2. Materials and methods
In May 2014, a search for articles was performed in four
relevant scientiﬁc databases (PubMed, Web of Science, CAB
Abstracts, and National Agricultural Library catalog) using
the keywords “BVDV vaccine” or “BVDV” and “vaccine.” The
search results were not restricted by limitations on language or year of publication. The reference lists of several
review articles on BVDV and BVDV vaccination [1,14–22]
were examined for further pertinent studies. Additional
articles were found by cross-referencing citations in
retrieved articles. Studies identiﬁed from online databases
and previous publications were selected for inclusion in the
meta-analysis if the following criteria were met: (1) the
study was relevant to the objective of the analysis; (2) the
study was a controlled, primary study; and (3) data for
further analysis could be extracted for at least one of the
three outcomes of interest.
From all studies meeting the inclusion criteria, data
relating to the outcomes of interest were extracted. To
analyze the risk of fetal infection, the number of PI animals
and total animals born were noted. Alternatively, precolostral positive antibody titers to BVDV in newborn animals were used as evidence of fetal infection in studies in
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which viral challenge occurred following the susceptible
window for the creation of PI animals. For the abortion risk,
the number of total recorded abortions and the number of
pregnant animals were documented. The total number of
abortions was used for the analysis rather than only those
abortions conﬁrmed to be caused by BVDV as many aborted
fetuses were lost to follow-up and the etiologic cause could
not be ascertained. For pregnancy risk analysis, the number
of recorded pregnancies and the number of animals bred by
artiﬁcial insemination or exposed to a bull were extracted
from each study. Data were analyzed using a commercial
meta-analysis software program (Biostat, Englewood, NJ,
USA). Studies in which no events were recorded for both
the treatment and control groups and studies in which the
number of events equaled the group size in both groups
were excluded from further analysis by the software. The
risk ratio (RR) for each outcome in individual studies was
used as the effect size metric. The RR compares the probability of an event occurring in an exposed (i.e., vaccinated)
group with the probability of the event occurring in a
nonexposed (i.e., unvaccinated) group. When there is no
difference in risk between groups, the RR equals 1. If the RR
is greater than 1, the event is more likely in the exposed
group; when the RR is less than 1, the exposure is deemed
to have a protective effect on the measured outcome. Results were presented as means bounded by 95% conﬁdence
intervals. Means were statistically different (P < 0.05) from
the null hypothesis (i.e., no effect of vaccination) when the
95% conﬁdence interval did not include 1. Weighted metaanalysis was performed using a random-effects model to
compare mean effect sizes across treatment types.
Weighting of the data is performed inherently by the
commercial software and is based on the inverse of the
sampling variance and by the variability across the population effects.
To examine the effect of certain vaccine and virus factors, additional quantitative syntheses were performed
within each outcome of interest using a subset of the
identiﬁed studies relevant to that outcome. Within each
outcome, the effects of modiﬁed live (MLV), inactivated,
polyvalent or monovalent vaccines, homologous, heterologous, or ﬁeld challenge, and vaccination studies using only
cattle were evaluated. Studies included in the analysis of
homologous challenge were those reports in which the
challenge genotype was known to be included in the vaccine; studies included in the analysis of heterologous
challenge were those investigations in which the challenge
genotype was not included in the vaccine. Consequently,
studies reporting a ﬁeld challenge were not included in
these subanalyses as the challenge strain could not be
ascertained. At least three relevant studies for each subanalysis were deemed necessary to report the results of the
meta-analysis.
3. Results
A combined total of 1164 reports were returned by the
four databases. After removal of duplicate citations and
studies irrelevant to this meta-analysis, a total of 46 studies
in 41 reports were identiﬁed for meta-analysis. One study
using a vaccine subsequently found to contain a BVDV
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contaminant and one vaccine safety study with no BVDV
challenge were excluded from further analyses, leaving
a total of 44 studies in 39 reports included in the ﬁnal
quantitative analyses (Appendix A). Thirty-ﬁve of the 44
identiﬁed studies contained the necessary data to assess
the efﬁcacy of BVDV vaccination to prevent fetal infection.
In one study, viral challenge resulted in fetal infection in all
study animals, both vaccinates and unvaccinated controls;
thus, this study was eliminated from further analyses by
the software, leaving a total of 34 included studies in the
meta-analysis of the effect of BVDV vaccination on fetal
infection. Data on abortion risk was reported in 32 of the 44
studies; ﬁve studies were excluded from the analyses
concerning abortion risk as no abortion events were
recorded in the treatment or control groups. In 23 of the 44
identiﬁed studies, vaccination occurred before breeding
and pregnancy data was available for analysis. In three
studies, all animals in both the vaccinated and unvaccinated groups were pregnant, resulting in exclusion of these
studies by the software from further analyses.
The risk of fetal infection in vaccinated animals
regardless of vaccine type or challenge method was
approximately one-seventh the risk in unvaccinated animals (Fig. 1). Signiﬁcant (P < 0.001) reductions in the risk of
fetal infection were found in all subanalyses performed
with the exception of when vaccinated animals were
challenged with a heterologous viral genotype (Table 1).
The probability of fetal infection was found to be lowest

Table 1
Meta-analysis results for the effect of bovine viral diarrhea virus vaccination on fetal infection showing the risk ratio, 95% conﬁdence interval,
and associated P value.
Factor

Risk ratio

Overall
Cattle studies
Field challenge
MLV vaccine
Inactivated vaccine
Heterologous challenge
Homologous challenge
Polyvalent vaccine
Monovalent vaccine

0.152
0.103
0.135
0.091
Insufﬁcient data
0.117
0.074
0.236
0.131
0.542
0.290
0.158
0.084
0.097
0.056
0.177
0.096

Lower

Upper

P value

0.224
0.203

<0.001
<0.001

0.184
0.426
1.014
0.296
0.168
0.328

<0.001
<0.001
0.055
<0.001
<0.001
<0.001

Abbreviation: MLV, modiﬁed live.

when using a polyvalent (RR ¼ 0.10; 95% CI, 0.06–0.17) or
MLV vaccine (RR ¼ 0.12; 95% CI, 0.07–0.18). In studies with a
known and intentional challenge (ﬁeld challenge studies
excluded), exposure in 353 of 369 (95.7%) unvaccinated
animals resulted in fetal infection (data not shown).
In studies included in this meta-analysis, the overall
abortion rate was reduced by approximately 40% in animals
vaccinated against BVDV (RR ¼ 0.57; 95% CI, 0.46–0.70)
(Fig. 2) compared with unvaccinated control groups. The
best protection against abortion was provided when the
challenge virus genotype was included in the vaccine
(RR ¼ 0.29; 95% CI, 0.13–0.66); an insufﬁcient number of

Arenhart et al., 2008
Brock et al., 1996
Brock et al., 2001
Brock et al., 2006
Brownlie et al., 1995
Brum et al., 2002
Bruschke et al., 1999
Bruscke et al., 1997
Cortese et al, 1998
Dean et al., 2003
Ellsworth et al., 2006
Fairbanks et al., 2004
Ficken et al., 2006a
Ficken et al., 2006b
Frey et al., 2002
Givens et al., 2012
Grooms et al., 2007
Grummer et al., 2004
Harkness et al., 1985
Harmeyer et al., 2004
Kovacs et al., 2003
Leyh et al., 2011
McClurkin et al., 1975
Meyer et al., 2012
Meyling et al., 1987
Morton et al., 2013
Patel et al., 2002
Paton et al., 1999
Rodning et al., 2010
Rypula et al., 2013
Schnackel et al., 2007
Xue et al., 2009
Xue et al., 2011
Zimmer et al., 2002
TOTAL
0.0001 0.001

0.01

0.1

1

10

100

Risk Ratio (RR) and 95% CI
Fig. 1. Forest plot of the meta-analysis of the effect of bovine viral diarrhea
virus vaccination on fetal infection. The study names included in the analysis
are shown on the left ([2–9,11–27,28–30,32,33,35,37–39] of Appendix A)
with their corresponding effect size and 95% conﬁdence interval (CI). The
overall effect is shown at the bottom, represented by the shaded diamond.
The dotted vertical line represents a risk ratio (RR) of 1, indicating no signiﬁcant difference between vaccinates and controls.

Fig. 2. Forest plot of the meta-analysis of the effect of bovine viral diarrhea
virus vaccination on abortion. The study names included in the analysis
are shown on the left ([1,2,4–6,11,15,16,18,19,21,23–27,29,32,35,39] of
Appendix A) with their corresponding effect size and 95% conﬁdence
interval (CI). The overall effect is shown at the bottom, represented by the
shaded diamond. The dotted vertical line represents a risk ratio (RR) of 1,
indicating no signiﬁcant difference between vaccinates and controls.
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Table 2
Meta-analysis results for the effect of bovine viral diarrhea virus vaccination on abortion rate showing the risk ratio, 95% conﬁdence interval,
and associated P value.
Factor

Risk ratio

Overall
Cattle only
Field challenge
MLV vaccine
Inactivated vaccine
Heterologous challenge
Homologous challenge
Polyvalent vaccine
Monovalent vaccine

0.566
0.455
0.600
0.482
0.672
0.535
0.369
0.185
0.662
0.520
Insufﬁcient data
0.287
0.125
0.314
0.140
0.517
0.360

Lower
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Table 3
Meta-analysis results for the effect of bovine viral diarrhea virus vaccination on pregnancy risk showing the risk ratio, 95% conﬁdence interval,
and associated P value.

Upper

P value

Factor

Risk ratio

0.702
0.747
0.844
0.734
0.842

<0.001
<0.001
0.001
0.005
0.001

0.659
0.705
0.744

0.003
0.005
<0.001

Overall
Cattle only
Field challenge
MLV vaccine
Inactivated vaccine
Heterologous challenge
Homologous challenge
Polyvalent vaccine
Monovalent vaccine

1.052
0.987
1.052
0.987
1.053
1.022
0.955
0.858
1.069
0.985
Insufﬁcient data
1.023
0.878
Insufﬁcient data
1.038
0.954

Abbreviation: MLV, modiﬁed live.

studies were available for inclusion in the analysis to
calculate the RR for abortion in cows challenged with virus
heterologous to the vaccinal genotype (Table 2). All other
subanalyses demonstrated a signiﬁcant (P < 0.05) protective effect of BVDV vaccination. The use of MLV vaccines
(RR ¼ 0.37; 95% CI, 0.19–0.73) was more effective in
reducing the risk of abortion in vaccinates than the use of
inactivated vaccines (RR ¼ 0.66; 95% CI, 0.52–0.84).
In this meta-analysis, the overall effect of BVDV vaccination on pregnancy risk (RR ¼ 1.05; 95% CI, 0.99–1.12)
was not statistically signiﬁcant (P ¼ 0.12) (Fig. 3). Pregnancy risk was signiﬁcantly higher in BVDV vaccinates
subjected to ﬁeld challenge compared with nonvaccinates

Fig. 3. Forest plot of the meta-analysis of the effect of bovine viral diarrhea
virus vaccination on pregnancy risk. The study names included in the
analysis are shown on the left ([1,4–6,11,18,19,26,28,30,32,34,38,39] of
Appendix A) with their corresponding effect size and 95% conﬁdence interval (CI). The overall effect is shown at the bottom, represented by the
shaded diamond. The dotted vertical line represents a risk ratio (RR) of 1,
indicating no signiﬁcant difference between vaccinates and controls.

Lower

Upper

P value

1.121
1.121
1.085
1.062
1.161

0.118
0.118
0.001
0.396
0.108

1.193

0.771

1.129

0.391

Abbreviation: MLV, modiﬁed live.

(RR ¼ 1.05; 95% CI, 1.02–1.09) (Table 3). Other subanalyses
of the included studies did not detect signiﬁcant differences (P < 0.05) in pregnancy risk based on the type of
vaccine or viral challenge.
4. Discussion and conclusions
This meta-analysis provides a quantitative measure of
the efﬁcacy of BVDV vaccination to prevent subsequent
reproductive disease, namely fetal infection, abortion, and
decreased pregnancy risk. Meta-analysis of the results of
published trials indicates that the risk of fetal infection in
vaccinated cattle is less than one-seventh the risk in unvaccinated controls. Fetal infection resulting in the birth of
PI animals represents the most critical step in the control of
BVDV on farms. The prevalence of PI animals in US beef
cow-calf operations is estimated to be approximately 0.1%
to 0.55% [23–25]. Although the prevalence of PI animals is
relatively low, their impact on BVDV pathogenesis and
transmission is signiﬁcant. As PI animals may be phenotypically normal, they are often undetected and allowed to
remain in the herd, thus propagating the infection cycle.
Consequently, vaccination represents a proven method to
considerably decrease the number of PI animals that are
born and can serve as viral reservoirs.
The percentage of unvaccinated herds seropositive to
BVDV may be as high as 53% [26] indicating exposure to the
virus through routes other than vaccination is relatively
common. Nonvaccinal exposures may be because of contact
with other cattle, which are transiently infected or PI. Field
exposure of naive cattle to BVDV may result in subsequent
protective immunity. Consequently, vaccination of seropositive animals may prove redundant although from an
economic standpoint, it is rarely advisable to test for the
presence of serum antibodies before vaccination. Additionally, BVDV exposure may occur through contact with
infected wildlife, most notably the white-tailed deer
(Odocoileus virginianus). Evidence of both transient and
persistent infections has been reported in wild deer populations [27,28], and the potential for transmission between infected deer and susceptible cattle has been
demonstrated experimentally [29]. Data compiled for this
meta-analysis show that infection of naive dams during a
susceptible period of gestation may result in fetal infection
in greater than 95% of exposures. Given the high proportion
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of exposure in unvaccinated cattle and the efﬁciency of
fetal infection by the virus, the risk of PI cattle formation in
naive cattle is likely underestimated.
Genetic analysis of BVDV isolates has led to the recognition of two distinct viral genotypes, BVDV1 and BVDV2;
BVDV1 isolates are commonly classiﬁed as 1a or 1b subgenotypes based on sequence homology. Although the
genotypes cross-react serologically, antigenic differences
exist between the two species [30]. These differences are
important clinically because vaccinal protection is maximized when the vaccine strain matches the challenge
strain. This was evident in our study by the improved
vaccinal protection against fetal infection demonstrated
during homologous challenge (RR ¼ 0.16) compared with
heterologous challenge (RR ¼ 0.54) and by the decreased
risk of abortion after homologous challenge only
(RR ¼ 0.29) compared with all studies (RR ¼ 0.56).
Evidently, in the ﬁeld setting, the challenge strains cannot
be known with certainty before exposure occurs. In North
America, the BVDV1 genotype predominates in clinical
samples, although BVDV2 still accounted for greater than
25% of samples in one study [31]. Polyvalent vaccines
(RR ¼ 0.10) in this study demonstrated more effective
protection against fetal infection than monovalent vaccines
(RR ¼ 0.18). Polyvalent vaccines (RR ¼ 0.31) were also more
effective in the prevention of abortion after BVDV challenge
than were monovalent vaccines (RR ¼ 0.52). For both outcomes, the effect of polyvalent vaccination exceeded the
overall effect seen across all studies. Consequently, a
multivalent vaccine is recommended to provide maximal
coverage against a variety of potential challenge strains.
The choice of vaccine formulation (MLV vs. inactivated)
is also one of debate in regard to BVDV vaccination. Inactivated vaccines are generally considered to be safer than
their MLV counterparts and for that reason have been used
almost exclusively when vaccinating pregnant cattle.
However, within the past 10 years several MLV vaccines
have been labeled for use in pregnant cattle that have been
vaccinated with the same vaccine or vaccine strain within
the past 12 months according to label instructions. This
study reveals that both vaccine types are effective at preventing abortion and fetal infection because of BVDV. For
each outcome, the estimate of the RR was lower for MLV
vaccines than inactivated vaccines but vaccination with an
inactivated product still resulted in signiﬁcant decreases in
reproductive losses. For this reason, MLV vaccination may
be preferable in nonpregnant cattle or when label conditions are met in gestating cows but in situations when this
is not possible, inactivated vaccines still provide a notable
level of protection against BVDV challenge.
The failure of this study to demonstrate an overall
beneﬁcial effect of vaccination on pregnancy risk is likely
because of the study design of the individual studies.
Because of the concern of fetal infection, intentional viral
challenge in reproductive vaccine studies occurs after the
cow or heifer has been diagnosed as pregnant, usually between 50 and 100 days of gestation. Interestingly, this
meta-analysis demonstrated a statistically signiﬁcant increase in pregnancy risk (RR ¼ 1.05) in ﬁeld trials, in which
viral challenge was not limited to after conception had
occurred. Otherwise stated, a 5% increase in pregnancy risk

was seen in BVDV vaccinates compared with nonvaccinates. The outcome of BVDV infection or vaccination is
largely dependent on the timing of the exposure. Exposure
of naive heifers to PI cohorts 50 days before breeding
provided effective reproductive and fetal protection [32].
Likewise, calves arriving at the feedlot seropositive to BVDV
have a decreased risk of subsequent treatment for bovine
respiratory disease [33]. Thus, the lack of effect seen in this
meta-analysis is likely because of the timing of viral challenge in the study design. These results conﬁrm that BVDV
vaccination is safe and does not negatively affect conception when performed appropriately.
Vaccination is one tool that can be used in the control of
BVDV infection and disease. The basic tenets of infectious
disease control dictate that pathogen reservoirs must be
eliminated and transmission of the pathogen between
infected and naive animals is minimized. Identiﬁcation and
elimination of PI animals is central to BVDV control as they
serve as the major source for viral transmission in cattle
herds. After removal of PI animals, herd immunity can be
enhanced through the implementation of effective vaccination protocols and biosecurity measures (as reviewed in [18]).
Biosecurity programs must focus on the introduction of
purchased PI cattle or pregnant dams carrying a PI fetus. All
such animals should be quarantined and tested before
introduction to the herd. The offspring of pregnant purchased
cattle must also be tested to ensure the animals are not PI.
Exposure of cattle, especially pregnant cattle, to other animals that serve as potential reservoirs of BVDV (e.g., at livestock shows, through fence-line contact, and wildlife contact)
must be limited as much as possible. Alternatively, eradication efforts in several regions or countries have proven successful at eliminating or signiﬁcantly reducing the effect of
BVDV infection [34–37] and should be considered where
circumstances allow. Virus eradication provides the most
deﬁnitive method to prevent BVDV infection and disease.
In conclusion, abortion in BVDV vaccinates is decreased
by nearly 45% compared with unvaccinated controls and
fetal infection is decreased by almost 85%. Additionally,
pregnancy risk is increased by approximately 5% in ﬁeld
trials of BVDV vaccinates. Although polyvalent or MLV
vaccines were more efﬁcient in reducing abortion and fetal
infection than monovalent or inactivated vaccines,
respectively, all vaccine types provided signiﬁcant protection. The decision to vaccinate is more important than the
type of vaccine to be used when a decrease in BVDVassociated reproductive disease is desired. Vaccination, in
combination with a sound biosecurity program, will greatly
limit the negative reproductive impact of BVDV infection.
Competing Interests
The authors declare no potential conﬂicts of interest
with respect to the research, authorship, or publication of
this article.
Appendix A. Supplementary Data
Supplementary data associated with this article can be
found, in the online version, at http://dx.doi.org/10.1016/j.
theriogenology.2014.09.028.

B.W. Newcomer et al. / Theriogenology 83 (2015) 360–365

References
[1] Grooms DL. Reproductive consequences of infection with bovine
viral diarrhea virus. Vet Clin North Am Food Anim Pract 2004;20:
5–19.
[2] Olafson P, Maccallum AD, Fox FH. An apparently new transmissible
disease of cattle. Cornell Vet 1946;36:205–13.
[3] Virakul P, Fahning ML, Joo HS, Zemjanis R. Fertility of cows challenged with a cytopathic strain of bovine viral diarrhea virus during
an outbreak of spontaneous infection with a noncytopathic strain.
Theriogenology 1988;29:441–9.
[4] McGowan MR, Kirkland PD, Rodwell BJ, Kerr DR, Carroll CL. A ﬁeld
investigation of the effects of bovine viral diarrhea virus infection
around the time of insemination on the reproductive performance
of cattle. Theriogenology 1993;39:443–9.
[5] McClurkin AW, Coria MF, Smith RL. Evaluation of acetylethyleneiminekilled bovine viral diarrhea-mucosal disease virus (BVD) vaccine for
prevention of BVD infection of the fetus. Proc Annu Meet U S Anim
Health Assoc 1975:114–23.
[6] Harkness JW, Roeder PL, Drew T, Wood L, Jeffrey M. The efﬁcacy of
an experimental inactivated BVD-MD vaccine. Proc CEC Semin Res
Anim Husb 1985:233–50.
[7] Dubovi EJ. Genetic diversity and BVD virus. Comp Immunol Microbiol Infect Dis 1992;15:155–62.
[8] Van Campen H, Woodard L. Fetal infection may not be preventable
with BVDV vaccines. J Am Vet Med Assoc 1997;210:480.
[9] Quaife T. Improper vaccination compounds BVD problem. Dairy
Herd Man 2006;33:12–6.
[10] Negron M, Raizman EA, Pogranichniy R, Hilton WM, Levy M. Survey
on management practices related to the prevention and control of
bovine viral diarrhea virus on dairy farms in Indiana, United States.
Prev Vet Med 2011;99:130–5.
[11] Bolin SR, Lim A, Grotelueschen DM, Mcbeth WW, Cortese VS. Genetic characterization of bovine viral diarrhea viruses isolated from
persistently infected calves born to dams vaccinated against bovine
viral diarrhea virus before breeding. Am J Vet Res 2009;70:86–91.
[12] Blanchard PC, Ridpath JF, Walker JB, Hietala SK. An outbreak of lateterm abortions, premature births, and congenital deformities associated with a bovine viral diarrhea virus 1 subtype b that induces
thrombocytopenia. J Vet Diagn Invest 2010;22:128–31.
[13] Dezen S, Otonel RAA, Alﬁeri AF, Lunardi M, Alﬁeri AA. Bovine viral
diarrhea virus (BVDV) infection proﬁle in a high production dairy
herd with vaccination program against BVDV. Pesq Vet Bras 2013;
33:141–7.
[14] Bolin SR. Control of bovine viral diarrhea infection by use of vaccination. Vet Clin North Am Food Anim Pract 1995;11:615–25.
[15] van Oirschot JT, Bruschke CJ, van Rijn PA. Vaccination of cattle
against bovine viral diarrhoea. Vet Microbiol 1999;64:169–83.
[16] Kelling CL. Evolution of bovine viral diarrhea virus vaccines. Vet Clin
North Am Food Anim Pract 2004;20:115–29.
[17] Lindberg AL. Bovine viral diarrhoea virus infections and its controlda review. Vet Q 2003;25:1–16.
[18] Walz PH, Grooms DL, Passler T, Ridpath JF, Tremblay R, Step DL,
et al. Control of bovine viral diarrhea virus in ruminants. J Vet Intern
Med 2010;24:476–86.
[19] Kalaycioglu AT. Bovine viral diarrhoea virus (BVDV) diversity and
vaccination. A review. Vet Q 2007;29:60–7.
[20] Ridpath J. Preventive strategy for BVDV infection in North America.
Jpn J Vet Res 2012;60(Suppl):S41–9.

365

[21] Ridpath JF. Immunology of BVDV vaccines. Biologicals 2013;41:
14–9.
[22] Newcomer BW, Givens MD. Approved and experimental countermeasures against pestiviral diseases: bovine viral diarrhea, classical
swine fever and border disease. Antiviral Res 2013;100:133–50.
[23] Wittum TE, Grotelueschen DM, Brock KV, Kvasnicka WG, Floyd JG,
Kelling CL, et al. Persistent bovine viral diarrhoea virus infection in
US beef herds. Prev Vet Med 2001;49:83–94.
[24] O’Connor AM, Reed MC, Denagamage TN, Yoon KJ, Sorden SD,
Cooper VL. Prevalence of calves persistently infected with bovine
viral diarrhea virus in beef cow-calf herds enrolled in a voluntary
screening project. J Am Vet Med Assoc 2007;230:1691–6.
[25] Fulton RW, Whitley EM, Johnson BJ, Ridpath JF, Kapil S, Burge LJ,
et al. Prevalence of bovine viral diarrhea virus (BVDV) in persistently infected cattle and BVDV subtypes in affected cattle in beef
herds in south central United States. Can J Vet Res 2009;73:283–91.
[26] Scott HM, Sorensen O, Wu JT, Chow EY, Manninen K, VanLeeuwen JA.
Seroprevalence of Mycobacterium avium subspecies paratuberculosis, Neospora caninum, bovine leukemia virus, and bovine viral
diarrhea virus infection among dairy cattle and herds in Alberta and
agroecological risk factors associated with seropositivity. Can Vet J
2006;47:981–91.
[27] Passler T, Walz PH, Ditchkoff SS, Walz HL, Givens MD, Brock KV.
Evaluation of hunter-harvested white-tailed deer for evidence of
bovine viral diarrhea virus infection in Alabama. J Vet Diagn Invest
2008;20:79–82.
[28] Pogranichniy RM, Raizman E, Thacker HL, Stevenson GW. Prevalence
and characterization of bovine viral diarrhea virus in the white-tailed
deer population in Indiana. J Vet Diagn Invest 2008;20:71–4.
[29] Negron ME, Pogranichniy RM, Van AW, Hilton WM, Levy M,
Raizman EA. Evaluation of horizontal transmission of bovine viral
diarrhea virus type 1a from experimentally infected white-tailed
deer fawns (Odocoileus virginianus) to colostrum-deprived calves.
Am J Vet Res 2012;73:257–62.
[30] Ridpath JF, Neill JD, Frey M, Landgraf JG. Phylogenetic, antigenic and
clinical characterization of type 2 BVDV from North America. Vet
Microbiol 2000;77:145–55.
[31] Fulton RW, Ridpath JF, Ore S, Confer AW, Saliki JT, Burge LJ, et al.
Bovine viral diarrhoea virus (BVDV) subgenotypes in diagnostic
laboratory accessions: distribution of BVDV1a, 1b, and 2a subgenotypes. Vet Microbiol 2005;111:35–40.
[32] Rodning SP, Givens MD, Marley MS, Zhang Y, Riddell KP, Galik PK, et al.
Reproductive and economic impact following controlled introduction of cattle persistently infected with bovine viral diarrhea virus
into a naive group of heifers. Theriogenology 2012;78:1508–16.
[33] O’Connor A, Martin SW, Nagy E, Menzies P, Harland R. The relationship between the occurrence of undifferentiated bovine respiratory
disease and titer changes to bovine coronavirus and bovine viral
diarrhea virus in 3 Ontario feedlots. Can J Vet Res 2001;65:137–42.
[34] Bitsch V, Hansen KE, Ronsholt L. Experiences from the Danish programme for eradication of bovine virus diarrhoea (BVD) 1994-1998
with special reference to legislation and causes of infection. Vet
Microbiol 2000;77:137–43.
[35] Stahl K, Alenius S. BVDV control and eradication in Europedan
update. Jpn J Vet Res 2012;60:S31–9.
[36] Loken T, Nyberg O. Eradication of BVDV in cattle: the Norwegian
project. Vet Rec 2013;172:661–5.
[37] Sandvik T. Progress of control and prevention programs for bovine
viral diarrhea virus in Europe. Vet Clin North Am Food Anim Pract
2004;20:151–69.

365.e1

B.W. Newcomer et al. / Theriogenology 83 (2015) 360–365

Appendix A
References included in the meta-analysis
[1] Aono FH, Cooke RF, Alﬁeri AA, Vasconcelos JL. Effects of vaccination
against reproductive diseases on reproductive performance of beef
cows submitted to ﬁxed-timed AI in Brazilian cow-calf operations.
Theriogenology 2013;79:242–8.
[2] Arenhart S, da Silva LF, Henzel A, Ferreira R, Weiblen R, Flores EF.
Fetal protection against bovine viral diarrhea virus (BVDV) in
pregnant cows previously immunized with an experimental attenuated vaccine. Pesq Vet Bras 2008;28:461–70.
[3] Brock KV, Cortese VS. Experimental fetal challenge using type II
bovine viral diarrhea virus in cattle vaccinated with modiﬁed-live
virus vaccine. Vet Ther 2001;2:354–60.
[4] Brock KV, Grooms DL. Evaluation of a modiﬁed-live bovine viral
diarrhoea virus vaccine by fetal challenge. Proc Third ESVV Symp
Pestivirus Infections 1996:177–9.
[5] Brock KV, McCarty K, Chase CC, Harland R. Protection against fetal
infection with either bovine viral diarrhea virus type 1 or type 2
using a noncytopathic type 1 modiﬁed-live virus vaccine. Vet Ther
2006;7:27–34.
[6] Brownlie J, Clarke MC, Hooper LB, Bell GD. Protection of the bovine
fetus from bovine viral diarrhoea virus by means of a new inactivated vaccine. Vet Rec 1995;137:58–62.
[7] Brum MCS, Weiblen R, Flores EF, Pituco EM, Tobias FL,
Winkelmann ER. Fetal protection against challenge with bovine viral
diarrhea virus (BVDV) in pregnant ewes immunized with two strains
experimentally attenuated. Pesq Vet Bras 2002;22:64–72.
[8] Bruschke CJ, van Oirschot JT, van Rijn PA. An experimental multivalent bovine virus diarrhea virus E2 subunit vaccine and two
experimental conventionally inactivated vaccines induce partial
fetal protection in sheep. Vaccine 1999;17:1983–91.
[9] Bruschke CJ, Moormann RJ, van Oirschot JT, van Rijn PA. A subunit
vaccine based on glycoprotein E2 of bovine virus diarrhea virus
induces fetal protection in sheep against homologous challenge.
Vaccine 1997;15:1940–5.
[10] Carlsson U, Alenius S, Sundquist B. Protective effect of an ISCOM
bovine virus diarrhea virus (BVDV) vaccine against an experimental
BVDV infection in vaccinated and non-vaccinated pregnant ewes.
Vaccine 1991;9:577–80.
[11] Cortese VS, Grooms DL, Ellis J, Bolin SR, Ridpath JF, Brock KV. Protection of pregnant cattle and their fetuses against infection with
bovine viral diarrhea virus type 1 by use of a modiﬁed-live virus
vaccine. Am J Vet Res 1998;59:1409–13.
[12] Dean HJ, Hunsaker BD, Bailey OD, Wasmoen T. Prevention of
persistent infection in calves by vaccination of dams with noncytopathic type-1 modiﬁed-live bovine viral diarrhea virus prior to
breeding. Am J Vet Res 2003;64:530–7.
[13] Ellsworth MA, Fairbanks KK, Behan S, Jackson JA, Goodyear M,
Oien NL, et al. Fetal protection following exposure to calves persistently infected with bovine viral diarrhea virus type 2 sixteen months
after primary vaccination of the dams. Vet Ther 2006;7:295–304.
[14] Fairbanks KK, Rinehart CL, Ohnesorge WC, Loughin MM, Chase CC.
Evaluation of fetal protection against experimental infection with
type 1 and type 2 bovine viral diarrhea virus after vaccination of the
dam with a bivalent modiﬁed-live virus vaccine. J Am Vet Med
Assoc 2004;225:1898–904.
[15] Ficken MD, Ellsworth MA, Tucker CM. Evaluation of the efﬁcacy of a
modiﬁed-live combination vaccine against bovine viral diarrhea
virus types 1 and 2 challenge exposures in a one-year duration-ofimmunity fetal protection study. Vet Ther 2006;7:283–94.
[16] Ficken MD, Ellsworth MA, Tucker CM, Cortese VS. Effects of
modiﬁed-live bovine viral diarrhea virus vaccines containing either
type 1 or types 1 and 2 BVDV on heifers and their offspring after
challenge with noncytopathic type 2 BVDV during gestation. J Am
Vet Med Assoc 2006;228:1559–64.
[17] Frey HR, Eicken K, Grummer B, Kenklies S, Oguzoglu TC, Moennig V.
Foetal protection against bovine virus diarrhoea virus after two-step
vaccination. J Vet Med B Infect Dis Vet Public Health 2002;49:489–93.
[18] Givens MD, Marley MS, Jones CA, Ensley DT, Galik PK, Zhang Y, et al.
Protective effects against abortion and fetal infection following
exposure to bovine viral diarrhea virus and bovine herpesvirus 1
during pregnancy in beef heifers that received two doses of a
multivalent modiﬁed-live virus vaccine prior to breeding. J Am Vet
Med Assoc 2012;241:484–95.
[19] Grooms DL, Bolin SR, Coe PH, Borges RJ, Coutu CE. Fetal protection
against continual exposure to bovine viral diarrhea virus following

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

administration of a vaccine containing an inactivated bovine viral
diarrhea virus fraction to cattle. Am J Vet Res 2007;68:1417–22.
Grummer B, Frey HR, Eicken K, Kenklies S, Moennig V. Fetal protection against bovine virus diarrhoea virus1 and -2 after two-stepvaccination. Tierarztl Umsch 2004;59:144–50.
Harkness JW, Roeder PL, Drew T, Wood L, Jeffrey M. The efﬁcacy of
an experimental inactivated BVD-MD vaccine. Proc CEC Semin Res
Anim Husb 1985:233–50.
Harmeyer S, Antonis A, Gadd T, Salt J, Jahnecke S, Brune A. Fetal protection against BVDV fetal infection six months after vaccination with a
novel inactivated BVDV vaccine. Tierarztl Umsch 2004;59:663–8.
Kovacs F, Magyar T, Rinehart C, Elbers K, Schlesinger K, Ohnesorge WC.
The live attenuated bovine viral diarrhea virus components of a multivalent vaccine confer protection against fetal infection. Vet Microbiol
2003;96:117–31.
Leyh RD, Fulton RW, Stegner JE, Goodyear MD, Witte SB, Taylor LP,
et al. Fetal protection in heifers vaccinated with a modiﬁed-live virus
vaccine containing bovine viral diarrhea virus subtypes 1a and 2a and
exposed during gestation to cattle persistently infected with bovine
viral diarrhea virus subtype 1b. Am J Vet Res 2011;72:367–75.
McClurkin AW, Coria MF, Smith RL. Evaluation of acetylethyleneiminekilled bovine viral diarrhea-mucosal disease virus (BVD) vaccine for
prevention of BVD infection of the fetus. Proc Annu Meet U S Anim
Health Assoc 1975;79:114–23.
Meyer G, Deplanche M, Roux D, Moulignie M, Picard-Hagen N,
Lyazrhi F, et al. Fetal protection against bovine viral diarrhoea type 1
virus infection after one administration of a live-attenuated vaccine.
Vet J 2012;192:242–5.
Meyling A, Ronsholt L, Dalsgaard K, Jensen AM. Experimental exposure of vaccinated and non-vaccinated pregnant cattle to isolates of
bovine viral diarrhoea virus (BVDV). In: Harkness JW, editor. Pestivirus infections of ruminants. Luxemburg: CEC; 1987. p. 225–31.
Morton J, Phillips N, Taylor L, McGowan M. Bovine viral diarrhoea
virus in beef heifers in commercial herds in Australia: mob-level
seroprevalences and incidences of seroconversion, and vaccine efﬁcacy. Aust Vet J 2013;91:517–24.
Patel JR, Shilleto RW, Williams J, Alexander DC. Prevention of
transplacental infection of bovine foetus by bovine viral diarrhoea
virus through vaccination. Arch Virol 2002;147:2453–63.
Paton DJ, Sharp G, Ibata G. Foetal cross-protection experiments
between type 1 and type 2 bovine viral diarrhoea virus in pregnant
ewes. Vet Microbiol 1999;64:185–96.
Pereira MHC, Cooke RF, Alﬁeri AA, Vasconcelos JLM. Effects of vaccination against reproductive diseases on reproductive performance of
lactating dairy cows submitted to AI. Anim Reprod Sci 2013;137:156–62.
Rodning SP, Marley MS, Zhang Y, Eason AB, Nunley CL, Walz PH,
et al. Comparison of three commercial vaccines for preventing
persistent infection with bovine viral diarrhea virus. Theriogenology
2010;73:1154–63.
Rypula K, Ploneczka-Janeczko K, Bania J, Walecka E, Bierowiec K,
Rozpedek W. Reduction of prevalence of persistent BVDV infection
in cattle herds by long-term vaccination program (preliminary
clinical study). Pol J Vet Sci 2013;16:381–3.
Salt JS, Antonis AFG, Peters AR, Brune A, Jahnecke S, Traeder W, et al.
A new BVDV type I inactivated vaccine (PregSure(R) BVD): broad
cross neutralisation of type I and type II BVDV strains and signiﬁcant
improvement of pregnancy rates. Tierarztl Prax Ausg G Grosstiere
Nutztiere 2004;32:191–5.
Schnackel J, Van Campen H, van Olphen A. Modiﬁed-live bovine
viral diarrhea virus (BVDV) type 1a vaccine provides protection
against fetal infection after challenge with either type 1b or type 2
BVDV. Bov Pract 2007;41:1–9.
Vogel F, Scherer C, Flores E, Weiblen R, de Lima M, Kunrath C.
Serological response and evaluation of fetal protection in pregnant
ewes vaccinated against bovine viral diarrhea virus (BVDV). Cienc
Rural 2001;31:831–8.
Xue W, Mattick D, Smith L. Protection from persistent infection with
a bovine viral diarrhea virus (BVDV) type 1b strain by a modiﬁedlive vaccine containing BVDV types 1a and 2, infectious bovine
rhinotracheitis virus, parainﬂuenza 3 virus and bovine respiratory
syncytial virus. Vaccine 2011;29:4657–62.
Xue W, Mattick D, Smith L, Maxwell J. Fetal protection against
bovine viral diarrhea virus types 1 and 2 after the use of a modiﬁedlive virus vaccine. Can J Vet Res 2009;73:292–7.
Zimmer GM, Wentink GH, Bruschke C, Westenbrink FJ, Brinkhof J,
de Goev I. Failure of foetal protection after vaccination against an
experimental infection with bovine virus diarrhea virus. Vet
Microbiol 2002;89:255–65.

