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Highlights

e BoHV-1 vaccination is associated with a 60% decrease in the risk of bovine abortion.
e Both MLV and inactivated vaccines decrease abortion risk.
e Regardless of potential risk, the overall effect of using MLV vaccines was associated

with a protective effect against abortion.
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Abstract

Bovine herpesvirus 1 is ubiquitous in cattle populations and is the cause of several
clinical syndromes including respiratory disease, genital disease, and late-term abortions. Control
of the virus in many parts of the world is achieved primarily through vaccination with either
inactivated or modified-live viral vaccines. The purpose of this meta-analysis was to determine
the cumulative efficacy of BoHV-1 vaccination to prevent abortion in pregnant cattle. Germane
articles for inclusion in the analysis were identified through four online scientific databases and
the examination of three review and ten primary study article reference lists. A total of 15 studies
in 10 manuscripts involving over 7,500 animals were included in the meta-analysis. Risk ratio
effect sizes were used in random effects, weighted meta-analyses to assess the impact of
vaccination. Subgroup analyses were performed based on type of vaccine, MLV or inactivated,
and the type of disease challenge, experimentally induced compared to field studies. A 60%
decrease in abortion risk in vaccinated cattle was demonstrated. The greatest decrease in abortion
risk was seen in studies with intentional viral challenge although vaccination also decreased
abortion risk in field studies. Both inactivated and modified-live viral vaccines decreased
abortion risk. This meta-analysis provides quantitative support for the benefit of bovine

herpesvirus 1 vaccination in the prevention of abortion.
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Introduction

Bovine herpesvirus 1 (BoHV-1) is a member of the Alphaherpesvirinae subfamily of the
family Herpesviridae. The virus is the cause of several clinical syndromes in cattle populations
worldwide, resulting in its classification as an OIE-listed disease (OIE, 2016) due to its socio-
economic and/or public health importance and significance to international trade of animals and
animal products. Clinical syndromes, including respiratory disease, vaginitis, balanophosthitis,
abortion, and conjunctivitis may be observed after acute infection or subsequent to viral
recrudescence following periods of stress. Fetal infections may also result in stillborn or weak
calves with increased mortality during the first few weeks of life. The virus is a key pathogen in
the bovine respiratory disease complex, but the reproductive consequences of the virus may be
more important to cow-calf and dairy producers (Raaperi et al., 2012).

The abortifacient properties of virulent BoHV-1 have long been recognized, following
either natural exposure (Crane et al., 1964; Sattar et al., 1965) or administration of early
modified-live viral (MLV) vaccines (Kelling et al., 1973; Mitchell, 1974). Classically, the virus
is viewed as a late-term abortifacient with the majority of abortions occurring after seven months
of gestation. Abortion generally occurs within a few weeks of viral exposure but may be delayed
for as long as three to four months post-exposure if viral latency occurs in the placenta (Radostits
et al., 2007). In herd outbreaks, abortions are often observed after signs of respiratory disease
with expulsion of the fetus possibly delayed for weeks to months. Abortion is often associated
with retention of the fetal membranes but rarely impacts future fertility of the dam (Radostits et

al., 2007).



In the half-century that has elapsed since the original clinical reports of BoHV-1 induced
abortion, cattle producers, veterinarians, and industry stakeholders alike have sought to decrease
the risk of BoHV-1 abortion through the use of biosecurity protocols, diagnostic testing, and
effective vaccination programs (reviewed by Newcomer and Givens, 2016). Effective protection
through vaccination not only provides immunity to the dam but will also protect the fetus from
the abortifacient properties of the virus. Both inactivated and MLV BoHV-1 vaccines are widely
marketed and vaccine selection will depend on the goals of the producer in light of the herd
history and current management scheme. In general, MLV vaccines have a more rapid onset of
immunity, generate higher neutralizing antibody titers, and provide a longer duration of
immunity than inactivated vaccines. In addition to stimulating high levels of neutralizing
antibodies, MLV vaccines also stimulate cell-mediated immunity (Woolums et al., 2013).
Inactivated vaccines are generally safe for use in pregnant cattle although certain MLV vaccines
have received label claims for administration to pregnant cattle provided certain conditions have
been met (reviewed by Newcomer and Givens, 2016).

Despite its long history, BoHV-1 remains the most commonly diagnosed cause of bovine
viral abortion in North America (Anderson et al., 1990; Yamini et al., 2004). Furthermore,
reports of abortion in vaccinated dams have led some to question the ability of vaccination to
prevent abortions caused by BoHV-1 infection. Therefore, the primary purpose of this study was
to analyze published reports to determine the efficacy of BoHV-1 vaccination to prevent abortion
in pregnant cattle. Subgroup analyses were performed based on type of vaccine, MLV or

inactivated, and the type of disease challenge, experimentally induced compared to field studies.

Materials and Methods



A search for pertinent articles using four relevant scientific databases (PubMed, Web of
Science, CAB Abstracts, and AGRICOLA) was performed in February 2016. To ensure the
identification of the broadest range of manuscripts, numerous searches were performed using one
of several terms for BoHV-1 (BHV 1, BHV-1, BoHV, BoHV 1, BoHV-1, IBR) in conjunction
with the search terms “abortion” or “vaccine”. The reference lists of pertinent review articles
(Plowright, 1978; Nandi et al., 2009; Graham, 2013) and from studies included in the final meta-
analysis were examined to identify additional relevant manuscripts. Three criteria established a-
priori were used as conditions for inclusion of identified studies in the final meta-analysis: 1) the
study was a controlled, primary study; 2) the study was pertinent to the objective of this meta-
analysis; and, 3) data from the study could be extracted for further analysis. No limitations based
on language or year of publication were imposed on the search. Articles in languages other than
English were translated to English by the authors or with the help of an online translation service
(Google Translate, Mountain View, CA). Search results were initially screened using the title
and abstract. All published studies that examined the use of BoHV-1 vaccination in pregnant
cattle were selected for further scrutiny. Studies were not excluded based on breed or purpose of
cattle in the study or due to study location. Vaccine formulation was not a limiting factor in
selecting studies for this meta-analysis. Thus, MLV and inactivated viral vaccines, as well as
both monovalent and multivalent vaccines were included in the study; however, studies with
experimental challenge with pathogens other than BoHV-1 (e.g. bovine viral diarrhea virus) were
excluded from further analysis.

Data relating to the abortion risk following vaccination for BoHV-1 were extracted from

all studies meeting the study inclusion criteria. Two of the authors were involved in data



extraction (BWN, LGC). Data extracted from the primary studies included animal type and use,
vaccination formulation and brand name (if applicable), route of viral challenge, stage of
gestation at challenge, and the viral challenge method in addition to the number of abortions and
total group size for both the vaccinates and unvaccinated controls in each study. To analyze the
risk of abortion, the total number of recorded abortions and total number of pregnancies for both
the vaccinated and the unvaccinated control groups was recorded. With one exception, the total
number of abortions was used for the analysis rather than only those abortions confirmed to be
caused by BoHV-1 as many aborted fetuses were lost to follow-up and the etiologic cause could
not be ascertained. In the lone study involving multi-pathogen challenge, abortions definitively
caused by other pathogens and not BoHV-1 were not included in the abortion count for the
current analysis.

Data was analyzed using a commercial meta-analysis software program (Comprehensive
Meta-analysis, Biostat, Englewood, NJ, USA). The relative risk (RR) for each individual study
was used as the effect size metric. The RR compares the probability of an event occurring in an
exposed (i.e., vaccinated) group to the probability of the event occurring in a non-exposed (i.e.
unvaccinated) group. When there is no difference in risk between groups the RR equals one. If
the RR is greater than one, the event is more likely in the exposed group; when the RR is less
than one, the exposure is deemed to have a protective effect on the measured outcome. Results
were presented as means bounded by 95% confidence intervals (Cl). Means were statistically
different (p < 0.05) from the null hypothesis (i.e., no effect of vaccination) when the 95% CI did
not include 1. Weighted meta-analysis was performed using a random-effects model to compare
mean effect sizes across treatment types. Weighting of individual studies was performed using

the default weighting algorithm of the meta-analysis software program for a random-effects



model. Heterogeneity was evaluated informally in this meta-analysis due to the small number of
studies included in the meta-analysis. Publication bias was visually assessed using a funnel plot
of the standard error by log risk ratio. In addition to the overall meta-analysis, subgroup analyses
were performed using specific subsets of the identified studies to assess the type of vaccine

(MLV or inactivated) and the type of viral challenge (field study or experimental challenge).

Results

The initial database searches yielded a total of 1,724 articles that matched the search
terms (Figure 1). Following removal of duplicate citations and studies irrelevant to the current
meta-analysis (i.e., did not evaluate the efficacy of BoHV-1 vaccination in the prevention of
abortion), 41 full-text articles were assessed for study eligibility. After exclusion of 23 reports
for incompatibility with the study objectives or design, 15 total studies in 10 manuscripts were
identified for inclusion in this study (Table 1). The 15 studies included in the assessment
comprised 7,536 total pregnancies between the treatment (vaccinated) and control (unvaccinated)
groups. When all studies were included in the meta-analysis, risk of abortion was decreased by
60% (RR = 0.40; Cl = 0.28-0.58) in vaccinated animals compared to unvaccinated cohorts
(Figure 2). Seven of the 15 studies analyzed did not demonstrate a significant decrease in
abortion risk but the decrease resulting from the combined analysis was highly significant (p
<0.001). Visual assessment of the funnel plot demonstrated an approximately symmetric inverted
funnel shape distribution of the data points which is the pattern expected when publication bias is

unlikely (data not shown).



Nine studies included in the meta-analysis utilized vaccines containing MLV BoHV-1
vaccines, the vaccines used in the remaining six studies were inactivated. Studies using MLV
vaccines involved 1,469 study animals; animals involved in the studies utilizing inactivated
vaccines totaled 6,067. In both groups, vaccination significantly decreased the abortion of risk.
In the analysis of the MLV studies, the RR of abortion was 0.42 (CI = 0.26-0.68) (Figure 3). The
RR of abortion in studies employing inactivated vaccines was similar (0.37; 0.21-0.67) (Figure
4). In a separate subanalysis, studies involving field challenge or challenge with multiple viral
pathogens were excluded from the evaluation, leaving only studies with an intentional, controlled
BoHV-1 challenge. Seven studies were included in this analysis which yielded a RR of 0.18
(0.12-0.27) (Figure 5). Within this subset of studies, the RR was similar for the subanalyses
involving only MLV (0.19; 0.12-0.32) or inactivated (0.14; 0.06-0.31) vaccination. When only
field studies were considered, and viral challenge could not be ascertained, vaccination still
significantly decreased the risk of fetal abortion (0.64; 0.51-0.82) although to a lesser extent than

when a known BoHV-1 challenge was incorporated in the original study designs (Figure 6).

Discussion and Conclusions

This study provides cumulative and quantitative evidence of the efficacy of BoHV-1
vaccination to decrease the risk of abortion in pregnant cattle. Meta-analysis of controlled studies
examining the efficacy of vaccinal protection demonstrated a reduction in the risk of abortion of
60% in vaccinated cattle. This study confirms the benefit of using vaccination as a component of
the overall herd health program to decrease the negative impacts of BoHV-1 infection. Both

MLV and inactivated vaccine formulations are commercially available and widely used in



BoHV-1 vaccination programs. In this analysis, the risk of abortion was significantly decreased
when either type of vaccine was used. In many cases, MLV vaccines are preferred for their
greater duration of protective immunity and stimulation of higher neutralizing antibody titers.
However, administration of MLV vaccines to pregnant cows may result in abortion (Mitchell,
1974; Hjerpe, 1990). Consequently, although a few MLV BoHV-1 vaccines are labeled for use
in pregnant cattle, most are to be administered at least one month prior to breeding (Walz et al.,
2015). Administration of MLV vaccines prebreeding does not negatively impact conception rate
(Dubovi et al., 2000; Walz et al., 2015; Newcomer et al., 2015) and with a demonstrated
extended duration of fetal protection provided by many MLV BoHV-1 vaccines (Ficken et al.,
2006; Zimmerman et al., 2013), their use can effectively increase reproductive efficacy in both
beef and dairy herds.

In studies utilizing intentional viral challenge, the risk of abortion in vaccinates was
nearly one-sixth the risk in unvaccinated cohorts. This likely represents the maximal risk
reduction that can be achieved through vaccination as the study protocols were often designed to
maximize the abortifacient potential of viral challenge. Namely, a significant and intentional
viral challenge was administered directly to pregnant animals during the beginning of the third
trimester of gestation. Furthermore, most study animals were seronegative to BoHV-1 at the
study onset which may not reflect field conditions. Published studies indicate seroprevalence
rates of 20-60% at the individual animal level (Waldner and Campbell, 2005; Dias et al., 2013)
and herd seroprevalence rates exceeding 70% (Dias et al., 2013; Cowley et al., 2014). Abortion
rates in this meta-analysis were also significantly decreased when only studies involving field
exposure (i.e., no intentional viral challenge) were considered. In this subset of studies in the

meta-analysis, abortion levels were decreased by more than one-third in vaccinated herds
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compared to herds that did not utilize reproductive viral vaccines. The protective effect of
vaccination will vary between farms and between time periods based on the level of herd and
individual animal immunity, degree of viral challenge, viral characteristics, and the timing of
vaccine administration and viral exposure (Marcus et al., 1992). Regardless, the results of this
meta-analysis indicate that vaccination reduces BoHV-1 abortion risk across a variety of
situations.

Efficacy of BoHV-1 vaccination may be impacted by the degree of heterogeneity
between the vaccinal and exposure strains of the virus in a particular animal. Vaccinal strains
used in commercial MLV BoHV-1 vaccines are often highly related genetically and antigenically
while more heterogeneity is described amongst field strains of the virus (Fulton et al., 2013).
Furthermore, while BoHV-1 is the viral genotype most commonly associated with reproductive
disease in cattle, recent reports have suggested that BoHV-4 (Czaplicki and Thiry, 1998; Deim et
al., 2007; Chastant-Maillard, 2015) and BoHV-5 (Kirkland et al., 2009) may also be associated
with reproductive disease in cattle. However, Lee et al., (2015) detected no significant difference
in serum neutralization titer when using either vaccinal or field strains as the test virus in the
assay, indicating that significant cross-protection exists between BoHV-1 strains. While cross-
protection between viral species is less understood, evidence of heterologous protection between
BoHYV species has also been documented (Spilki et al., 2004; Anziliero et al., 2011).
Vaccinations for BoHV genotypes other than BoHV-1 are not currently available. This meta-
analysis was limited to studies involving BoHV-1 vaccination and challenge. Evaluation of
cross-protection between subgenotypes of BoHV-1 was beyond the scope of the analysis.

However, given the decrease in abortion risk in field conditions and after various challenge

11



types, results of this meta-analysis suggest some amount of heterologous protection between
viral strains.

While MLV BoHV-1 vaccines have been the subject of several safety studies (Sprott and
Forrest, 2001; Spilki et al., 2005; Bolton et al., 2007), anecdotal reports of lack of vaccinal
efficacy or abortions caused by MLV vaccination persist. While this meta-analysis demonstrates
the benefit of vaccination, examination of the individual studies included in the analysis reveals
that in only one of the 15 studies were no abortions seen in the vaccinated group. In other words,
though vaccination is demonstrably effective at reducing the abortion rate, few vaccines are able
to completely prevent all abortions, particularly following virulent viral challenge. Even when
used according to label conditions, MLV vaccines may be associated with subsequent abortions
involving BHV-1 in a small number of pregnant cows (e.g., one in 235 heifers aborted with
detected BHV-1 in one study) (Ellsworth et al., 2003). Additionally, recrudescence of the virus
may subsequently infect the fetus and thus, abortions may appear to be associated with
vaccination if natural exposure occurred previously. Consequently, though slight, the risk of
abortion following MLV vaccination should not be completely discounted. The risk of MLV
vaccination causing abortion is small, particularly when label directions are followed, and should
not overshadow the potential benefits of BoHV-1 vaccination in the reduction of abortion risk.

This meta-analysis included only controlled primary studies. Case reports, open letters,
and uncontrolled studies were not considered for further analysis. While these types of reports
potentially contain additional information regarding the efficacy of BoHV-1 vaccination, they
increase the risk of confounding and bias (Berlin and Golub, 2014). The advantage of meta-
analyses is the clustering of studies that are similar but not necessarily identical; thus,

heterogeneity is inherent in meta-analyses. By limiting the data in this meta-analysis to primary
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controlled studies we have sought to minimize heterogeneity and bias although the results of all
meta-analyses must be interpreted and applied with an understanding of the limitations of the
analysis. In this case, primary controlled studies were chosen for further analysis as they
represent the study type with the highest strength of evidence.

This meta-analysis provides quantitative evidence for the benefit of BoHV-1 vaccination
in the reduction of abortion risk in cattle. Results of this study demonstrate a significant decrease
in abortion risk following BoHV-1 vaccination. Both MLV and inactivated vaccination decreases
the risk of abortion following viral challenge by approximately 60%. Vaccination was associated
with a decrease of more than 35% in the abortion risk under field conditions when viral
challenge could not be ascertained. As demonstrated in this study, vaccination alone does not
completely preclude the risk of abortion; thus, the practice serves as a valuable tool for
decreasing abortion risk but should be coupled with sound biosecurity principles to optimize

reproductive herd health.
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Tables
Table 1. Description of studies included in the meta-analysis. For each study listed in the left-hand column, the study population,

vaccine type, and viral challenge characteristics are given. Abbreviations: BoHV-1 - bovine herpesvirus 1; BVDV - bovine viral

diarrhea virus; IN - intranasal; IT - intratracheal: 1V - intravenous; MLV - modified-live; N/A - not available.

Animals Vaccine Challenge
Total Gestation
Study Name Type Number Type Route Day Virus
Aono etal., 2013 (1) | Beef Cattle 3552 Inactivated | Field Study 30-120 Field
Aono et al., 2013 (2) | Beef Cattle 1094 Inactivated | Field Study 30-120 Field
Aono et al., 2013 (3) | Beef Cattle 1325 Inactivated | Field Study 30-120 Field
Cravens et al., 1996 Heifers 20 MLV [\ 177-187 BoHV-1
Ficken et al., 2006 Heifers 29 MLV v 193-215 BoHV-1
Beef Infected BVDV and
Givens et al., 2012 Heifers 30 MLV Peers 181-218 BoHV-1
Lactating
Pereira et al., 2013 (1) Dairy 338 MLV Field Study 30-120 Field
Lactating
Pereira et al., 2013 (2) Dairy 130 MLV Field Study 30-120 Field
Lactating
Pereira et al., 2013 (3) Dairy 556 MLV Field Study 30-120 Field
Lactating
Pereira et al., 2013 (4) Dairy 282 MLV Field Study 30-120 Field
Pospisil, et al., 1996 Cows 30 Inactivated IT/IV N/A BoHV-1
Saunders, et al., 1972 Heifers 33 MLV IN 175 or 235 BoHV-1
Smith et al., 1978 Beef Cattle 31 Inactivated IN 180-270 BoHV-1
Beef
Zimmerman et al., 2007 Heifers 35 Inactivated \Y/ ~180 BoHV-1
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Figure 1. Flow diagram of sources identified for evaluation of the effect of bovine herpesvirus 1 vaccination on abortion. A
search for pertinent articles using four relevant scientific databases (PubMed, Web of Science, CAB Abstracts, and AGRICOLA) was
performed and the reference lists of retrieved articles and relevant review articles were searched to identify studies of interest. Results

and reasons for exclusion are presented. PRISMA flow chart template (adapted from Moher et al., 2009).

Figure 2. Forest plot of the meta-analysis of the effect of BoHV-1 vaccination on abortion. The study names included in the
analysis are shown on the left with their corresponding effect size (shaded diamond), 95% confidence interval (ClI), and relative
weight to the overall meta-analysis. The overall effect size (0.404; 0.283-0.576) is shown at the bottom. The dotted vertical line
represents a risk ratio (RR) of 1; studies whose CI does not include a value of 1 demonstrates a significant difference between

vaccinates and unvaccinated controls.

Figure 3. Forest plot of the meta-analysis of the effect of MLV BoHV-1 vaccination on abortion. The study names included in the

analysis are shown on the left with their corresponding effect size (shaded diamond) and 95% confidence interval (CI) with the overall

effect (0.42; 0.26-0.68) shown at the bottom.
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Figure 4. Forest plot of the meta-analysis of the effect of inactivated BoHV-1 vaccination on abortion. The study names included
in the analysis are shown on the left with their corresponding effect size (shaded diamond) and 95% confidence interval (Cl) with the

overall effect (0.37; 0.21-0.67) shown at the bottom.

Figure 5. Forest plot of the meta-analysis of the effect of vaccination on abortion following intentional BoHV-1 challenge. The
study names included in the analysis are shown on the left with their corresponding effect size (shaded diamond) and 95% confidence

interval (Cl) with the overall effect (0.18; 0.12-0.27) shown at the bottom.

Figure 6. Forest plot of the meta-analysis of the effect of BoHV-1 vaccination on abortion in field studies. The study names

included in the analysis are shown on the left with their corresponding effect size (shaded diamond) and 95% confidence interval (CI)

with the overall effect (0.64; 0.51-0.82) shown at the bottom.
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Study Name Risk Ratio 95%Cl Rel. Weight
Aonc et al, 2013 (1) 0.452 0.213-0.958 86
Aono etal, 2013 (2) 0.562 0.295-1.070 L1
Aono et al, 2013 (3) 0.713 0.415-1.225 10.6
Cravens et al,, 1996 0.143 0,032-0.636 40
Ficken ot al., 2006 0.183 0.070-0.479 69
Givens et al, 2012 1571 0.070-35 458 12
Pereira et al, 2013 (1) 0.508 0.275-0.938 99
Pereira ot al, 2013 (2) 1171 0.372-3.683 57
Peraira et al., 2013 (3) 0.736 0.456-1.188 11
Pereira ot al, 2013 (4) 0.692 0.352-1.360 93
Pospisil et al, 1996 0.083 0.012-0.601 26
Saunders etal, 1972 0.088 0.014-0.654 27
Smith et 3l 1978 0.071 0.004-1.142 15

Zimmerman et al., 2007 0.165 0.063-0.432 69
Zimmerman et al., 2013 0.231 0.119-0.443 9.4
Overall Effoct 0.404 0.283-0.576

P11

0.01
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