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The purpose of this article is to provide an overview of genetic, antigenic,
and biologic diversity among bovine viral diarrhea viruses (BVDV), and to
discuss the impact of that diversity on disease manifestations, diagnostic
testing, and disease control strategies. The genetic diversity that occurs
among isolates of BVDYV is characteristic of RNA viruses that exist in
nature as quasispecies (a swarm of viral mutants). The basis for the viral
quasispecies phenomenon will be discussed briefly and related to recent
evidence for the existence of BVDYV as a quasispecies. The genetic diversity
that occurs among BVDYV is reflected in the antigenic diversity found among
viral isolates worldwide. The persistently infected (PI) animal is considered
important for maintaining BVDYV in nature, and as being a primary source
of virus for other cattle. PI cattle may also serves as a source of viral genetic
variants that may be “‘selected”” by non-PI cattle when infected with virus.
The emergence and establishment of genetic and antigenic variants of
BVDYV also is affected by selective pressure applied to the virus by the innate
and adaptive host immune responses. The array of disease manifestations
seen during infection with BVDV, and the corresponding pathogenic pro-
cesses, may be attributed to viral diversity; however, the definitive viral
markers for tissue tropism or virulence have yet to be identified.

* Corresponding author.
E-mail address: groomsd@cvm.msu.edu (D.L. Grooms).

0749-0720/04/$ - see front matter © 2004 Elsevier Inc. All rights reserved.
doi:10.1016/j.cvfa.2003.11.009


mailto:groomsd@cvm.msu.edu

52 S.R. Bolin, D.L. Grooms | Vet Clin Food Anim 20 (2004) 51-68

Basis for diversity
Quasispecies

Compared with DNA viruses, RNA viruses are highly mutable. Positive-
strand RNA viruses, like BVDYV, are subject to genomic modifications that
involve point mutations or recombination of RNA. The latter may be homol-
ogous (involving recombination of viral RNA [self-RNA]) or nonhomol-
ogous (involving recombination of RNA from another BVDV [nonself]
or from the infected host). Point mutations are a regular occurrence in
RNA viruses, which have mutation frequencies that approach 10~* base
substitutions per base site. This means that any given base in the viral
genome is expected to undergo mutation once in every 10,000 replications of
the viral RNA. At that frequency of mutation, a 10,000 base RNA virus
(BVDYV has about 12,300 bases in its genome) is essentially guaranteed at
least one point mutation (single base change) per replication cycle of the
viral RNA [1-4]. The high frequency of point mutations primarily is
attributable to the error-prone viral RNA polymerases responsible for
replication of viral RNA.

As an explanation for the above, the parent RNA virus (virus that infects
a cell) must undergo two rounds of replication of its RNA to produce viable
progeny. The first round of replication produces an RNA that is com-
plementary to the RNA contained in the parent virus. The complementary
RNA then serves as the template for a second round of replication that
produces the RNA that is packaged into the progeny viruses. Multiple
copies of complementary RNA are produced from each virion that infects
a cell, and multiple copies of progeny RNA are produced from each strand
of complementary RNA. A point mutation that occurs during replication of
the complementary strand of viral RNA will carry over to each strand
of progeny RNA produced from that template, creating a clone of viral
progeny expressing that particular mutation. A point mutation that occurs
during replication of the progeny RNA from the complementary RNA
template will be unique to that individual progeny (Fig. 1). Because there are
two rounds of replication of RNA for each cycle of viral replication, and
each round of replication of viral RNA has a mutation frequency of 104,
the expected number of point mutations per viral genome per replication
cycle of virus may exceed 1 (mutation rate >1). Thus, each progeny virus
will differ from the parent virus by 1 or more point mutations, and a swarm
of viral mutants is created with each cycle of viral replication. The swarm of
viral mutants forms a quasispecies.

Virus replicates in many cells in the infected host and several replication
cycles may occur in 1 day. The number of times that a point mutation can
occur at one base site in 1 day of viral replication can exceed 1 million
during the peak of infection, when the viral load may be 10* to 10* infectious
particles per milliliters of plasma [5]. The potential to create new viruses is
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Fig. 1. A swarm of viral mutants generated during viral replication due to the high mutation
frequency of an RNA virus. The open octagon to the left represents the parent virus. Octagons
with patterns represent complementary RNA that has a point mutation. The point mutation in
the complementary RNA carries over to the progeny RNA, forming clones of viruses with like
mutations. Additional mutations (a through x) occurred in replication of the progeny RNA
from the complementary RNA template.

tremendous; however, under neutral conditions that do not provide
a selective advantage for one of the mutants, the mutant swarm tends to
maintain a master base sequence that reflects the base sequence of the parent
virus. This is because most point mutations are either deleterious for
survival of the virus, and are not carried forward, or they do not give the
viral mutant a competitive advantage that allows it to dominate the mutant
swarm. However, the ability to constantly generate mutants allows RNA
viruses to adapt quickly to host responses and, in some cases, establish
chronic or persistent infections using a variety of mechanisms [6,7].

Selective forces

The ability to evade the immune response and establish a chronic
infection would prolong shedding of virus and enhance viral survival in
nature. Viruses that exist as a quasispecies have the potential to create
a series of mutants that stay one step ahead of the adaptive immune system,
thereby prolonging infection and extending the time when the virus may be
transmitted to a new host. Such viruses also have the potential to infect
a host that has an existing immune response due to prior exposure with
virus. The larger the dose of virus that is in the initial inoculum during
transmission to a new host, the greater the chances are that a mutant virus is
present that can evade an existing immune response. Interestingly, a swarm
of mutant viruses may possess a molecular memory that retains genetic
mutants that demonstrated a selective advantage during previous cycles of
viral replication [8,9]. Thus, when the viral swarm encounters an exigent
circumstance, such as infection of a host with an existing immune response
or with a physiologic disturbance like fever [10], mutants already are present
that were successful previously in a similar circumstance.
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Viral mutants that are of low virulence would seem best fit for adaptation
to the host and persistence in nature. Those viruses would have few adverse
effects on the host, allow host survival, and may have a prolonged period of
viral shedding. In the case of BVDV, most viral isolates are of low virulence
and noncytopathic in biotype. This is consistent with a virus that is well
adapted to its host. However, low virulence and host survival may be
selected against in a process that favors viral mutants that are more ““fit” for
replication in the host [11]. Viral mutants that replicate to a higher titer than
the parent virus would have a competitive advantage and soon dominate the
mutant swarm. This process could favor emergence of virulent viruses that
exhibit enhanced viral replication, which in turn, could lead to extensive
tissue damage and a burst of viral shedding in high numbers. The release of
high numbers of virus improves the chance of viral transmission, making
virulence a positive trait and giving virulent virus a competitive advantage
over less virulent viruses [12]. In the case of BVDYV, this might explain the
periodic emergence of virulent BVDV that produce large outbreaks of
disease [13].

Bovine viral diarrhea viruses the quasispecies

Recent studies have shown that BVDYV exists as a quasispecies. Those
studies have focused on the 5'untranslated region of the viral RNA. This
region of the viral genome is relatively conserved, due to its important role
as a ribosomal entry site for production of viral protein, as the site for
initiation of replication of virion RNA, and for its role in encapsulation of
the viral RNA in viral progeny [14-19]. However, altered base sequence in
this region of the viral genome has been identified after passage of the virus
in cell culture, and has been detected in viral RNA that was extracted from
tissues of an infected animal [20,21]. The ability to mutate rapidly allows
a virus like BVDYV to quickly produce mutants that are better fit to replicate
in the host. As an example, mutations were created in the 5’ untranslated
region of viral RNA that impaired viral replication. The created mutations
were “‘repaired” within a few rounds of viral replication in cell culture [18].
The repair was done by natural selection of spontaneous mutants that were
better fit for replication than the parent virus.

Populations of genetic variants of BVDYV also have been identified within
individual PI cattle [22]. The genetic variants had different amino acid
sequences in the immunologically important E2 envelope glycoprotein, an
important target of viral neutralizing antibody. Variation in amino acid
sequence of the E2 protein may benefit a virus during an acute infection by
allowing escape from the immune response. However, antigenic variation in
viral proteins in the PI animal likely would be detrimental to the virus. This
is because immunotolerance in a PI animal is specific to the persistent
BVDYV; hence, antigenic variation would likely trigger an immune response
against that population of mutant virus. There would be selective pressure
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to maintain antigenic continuity during persistent infection. However, the
detection of genetic variants in PI cattle suggests that those animals may
enhance the diversity of BVDYV by serving as a source of viral variants that
can infect other cattle. Also, this may explain the presence of viral
neutralizing antibodies that are occasionally found in PI cattle with no
known exposure to BVDV from an outside source.

Even though viral variants can be detected in a PI animal, the swarm of
viral mutants as a whole maintains a stable master, or consensus, sequence
over time. This has been shown for the relatively stable 5’ untranslated
region of the viral RNA and for the highly variable E2 envelope glyco-
protein [23,24]. Similarly, the master sequence remains relatively stable in
individual animals and in groups of animals during outbreaks of acute
disease [25]. This relative stability allows use of molecular epidemiology to
track a specific virus involved in a series of disecase outbreaks. It also
suggests that the genetic diversity and multiple viral genotypes found among
BVDYV in a large geographic area like North America is due to the gradual
accumulation of mutations in BVDYV of several different origins, as opposed
to extremely rapid evolution of a single BVDV.

Although there is a tendency to maintain the master sequence of a virus
under neutral conditions, the immune response of the infected host creates
a nonneutral condition, and may select viral variants. This has been seen
on farms that harbor multiple PI cattle, which likely originated from a
single outbreak of acute infection in immunocompetent pregnant cattle.
Comparison of the BVDYV from those animals showed that the viral isolates
were similar; however, antigenic differences could be detected among the
viral isolates [26]. The selection of the antigenic variants likely occurred
during the acute infection of the dams of those PI cattle and resulted in
transplacental transmission of slightly different BVDV to a group of
fetuses.

Viral biotypes

In addition to having a high frequency of point mutations, RNA viruses
also have a propensity for recombination [5,27,28]. This allows RNA viruses
to exchange segments of their genomes and potentially create new viral
species. Recombination in BVDV RNA has been shown to be either
homologous, involving self-viral RNA, or heterologous, involving nonself-
viral RNA or host cell RNA [29-35]. In BVDYV, recombination of RNA has
not been shown to create new viral species (a new viral genotype), but it can
cause a switch in viral biotype. Two biotypes of BVDV (cytopathic and
noncytopathic) exist in nature. The viral biotypes are characterized by their
ability to cause cytopathic effect and cell death in cultured cells. Cytopathic
BVDV induce cytoplasmic vacuolation and death of susceptible cultured
cells within a few days of infection. Noncytopathic BVDV establish an
inapparent persistent infection in cultured cells.
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Noncytopathic BVDV is more prevalent in nature, and serves as the
parent virus from which cytopathic BVDV arise after homologous or
heterologous recombination in the noncytopathic viral RNA. The re-
combination usually occurs in the genomic region encoding the NS2-3
nonstructural protein of the noncytopathic BVDV and results in the
insertion of either self or foreign RNA into the NS2-3 coding region. The
genome of the resulting cytopathic BVDYV is essentially identical to that of
the parent noncytopathic BVDV except for the insert of additional RNA.
The recombination event causes the large NS2-3 protein of noncytopathic
virus to split into two smaller proteins that are termed NS-2 and NS-3. The
NS-3 protein is considered a molecular marker of cytopathic virus and
the cause of cytopathic effect [36]. Reversion of cytopathic BVDV back to
the noncytopathic biotype also occurs. The resulting noncytopathic BVDV
usually lose the ability to express of the NS-3 protein, but some non-
cytopathic BVDV have been identified that retain expression of the NS-3
protein without causing cytopathic effect in cultured cells [37,38].

Genetic and antigenic diversity
Viral genotypes and genetic diversity

The high frequency of mutation, propensity for recombination, and
selective pressure from immune responses stimulated by natural infection
or vaccination has led to the creation of a large assortment of genetic and
antigenic variants of BVDV. The genetic variants can be grouped based on
the homology of aligned nucleic acid sequences from various segments of
the viral genome [39—45]. The segments of the viral genome used most
frequently for phylogenetic analyses (typing or grouping) of BVDV are the
5" untranslated region and the immediately adjacent region that encodes
the NP viral protein. The array of BVDV form genotypes, subgenotypes
within genotypes, and isolates within subgenotypes. Current viral taxonomy
places BVDYV in the genus Pestivirus in the family Flaviviridae. Pestiviruses
segregate into at least five (possibly six) viral genotypes [42,43]. Those
genotypes are classical swine fever virus, bovine viral diarrhea virus type 1,
bovine viral diarrhea virus type 2, border disease virus, and a genotype
represented by a single viral isolate termed Giraffe-1.

The viral genotypes are about 60% similar to each other in their base
sequence. Subgenotypes within a genotype are designated by a number
followed by a lower case letter (BVDYV typela, 1b, lc, etc.). Subgenotypes
are about 80% to 85% similar to each other. Each subgenotype includes
a group of viral isolates that usually are 90+ % similar to each other.
Currently, 11 subgenotypes of BVDV type 1 and two subgenotypes of
BVDYV type 2 have been identified [42,44,45]. Recent phylogenetic surveys
suggest that there are regional differences in the distribution of viral
genotypes and subgenotypes [44,46—49]. The regional distribution of viral
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genotypes and subgenotypes likely reflects historic routes for movement
of cattle, vaccine usage over time, and geographic isolation of cattle
populations. As the result of different selective pressures and management
practices, BVDV has evolved into the array of genotypes and subgenotypes
present today. There is some linkage of viral genotypes and subgenotypes
with clinical manifestations of disease including thrombocytopenia, re-
productive failure, or pneumonia [13,39,40,49-51]. Also, regional bias may
occur as to the viral genotype or subgenotype involved with the various
disease forms that are seen after infection with BVDV.

Antigenic diversity

The genetic diversity seen among BVDYV results in extensive antigenic
diversity. Monoclonal antibodies raised against a diverse array of BVDV
identify a fairly large number of epitopes (single antigenic sites) on the
immunologically important viral proteins. The large number of epitopes
allows use of panels of monoclonal antibodies to differentiate BVDV based
on their antigenic profile [40,41,52,53]. Most field isolates of BVDV show
unique patterns of monoclonal antibody binding when reacted with a large
panel of monoclonal antibodies raised against several different viruses. In
fact, BVDVs that are antigenically alike in monoclonal antibody assays are
difficult to find.

Viruses are readily segregated into genotypes by patterns of monoclonal
antibody binding. Similarly, segregation of BVDYV into genotypes can be
done using convalescent serum or postvaccinal serum in viral neutralization
assays [39-41,54-56]. Separation of viruses into subgenotypes using poly-
clonal serum and viral neutralization assays has proven difficult. Even
though antigenic differences likely exist between subgenotypes, the variable
antibody response that occurs among cattle after infection or vaccination
makes separating viruses into subgenotypes using polyclonal antibody
uncertain. In contrast to antibody raised in response to viral infection,
polyclonal antibody raised in cattle, sheep, or mice against the E2 envelope
glycoprotein expressed in either baculovirus or vaccinia virus appears to be
extremely virus specific, and may be able to separate viral isolates into
different subgenotypes [57,58]. In summary, BVDYV exists as an antigenically
diverse array of viruses that manage to retain some antigenic similarity with
each other and with other pestiviruses. Thus, all BVDV are serologically
related, but the strength of that relationship will vary.

Consequences of diversity
Diversity of clinical disease

The clinical outcome following infection with BVDV is complex and
dependent on multiple factors that are agent, host, and environmentally
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related. Host factors that can influence the clinical outcome of infection
include whether the host is immunotolerant or immunocompetent to
BVDYV, immune status (passive from colostral antibodies or active from
exposure or vaccination), pregnancy status in females, gestational age of
the fetus at the time of infection, level of environmental stress at the time
of infection, and concurrent infection with other pathogens. It is well
established that variation in virulence exists between different BVDV
1solates. However, the basis for clinical variation at the virus level is not
understood.

It is important to realize that despite wide genetic and antigenic diversity
of BVDYV isolates, most viral isolates are capable of inducing some com-
mon clinical syndromes. All noncytopathic BVDV isolates appear capable
of infecting the fetus resulting in abortion, congenital defects, or the
development of immunotolerance and subsequent persistent infection (it
should be noted that persistent infection has not been observed with
cytopathic isolates of BVDV). The virus is known to have an affinity for
cells involved in immunity, and is capable of inducing some degree of
immunosuppression. The majority of both type 1 and type 2 BVDYV isolates
are of low virulence and induce subclinical to very mild disease [59]. Most
animals infected with BVDV undergo subclinical infections that result in
mild fever, leukopenia, and development of serum-neutralizing antibodies.
Subclinical infections explain the positive serum neutralization titers to
BVDYV that is found in the majority of unvaccinated cattle. It has been
previously estimated that 70% to 90% of BVDYV infections occur without
manifestation of clinical signs [60].

When BVDYV infections result in clinical disease, it has historically been
referred to as BVD. Most clinical presentations of BVDV infection are mild,
consisting of lethargy, anorexia, fever, diarrhea, and decreased milk
production in lactating cows. Beginning in 1993, an atypical form of
BVDYV infection, referred to as severe BVD, was recognized in Canada
[13,39]. The disease had a peracute course, caused high morbidity, and
resulted in a substantial number of deaths in all age groups. This new form
of BVDV infection killed approximately 25% of veal calves in certain
regions of Canada [39]. Clinical disease in the Canadian outbreak was
characterized by fever, pneumonia, and sudden death in all age groups of
cattle [13]. Viral isolates obtained from these severe acute outbreaks were
genotype 2 BVDV. Acute BVDV infections in cattle also can cause a
hemorrhagic syndrome [61,62]. These infections are characterized by severe
thrombocytopenia, bloody diarrhea, epistaxis, hemorrhages on mucosal
surfaces, hyphema, bleeding from injection sites, pyrexia, leukopenia, and
death [61]. Thus far, only noncytopathic type 2 BVDV has been associated
with the hemorrhagic syndrome [40,61].

Although type 2 BVDV has been associated with many of the
documented outbreaks of severe BVD and hemorrhagic syndromes, it
should be emphasized that type 1 BVDYV isolates are capable of resulting in
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severe disease [44]. Outbreaks of severe clinical disease consisting of
diarrhea, rapid dehydration, and death have been observed in association
with isolation of type 1 BVDV (Dr. Kenny Brock, personnel communica-
tion). Additionally, type 2 BVDYV isolates of low virulence are common, and
are likely to predominate over virulent type 2 isolates [63]. Regardless of
viral genotype, there is a continuum of virulence among the different BVDV
isolates that ranges from causing subclinical to mild disease to isolates that
cause severe, life-threatening clinical syndromes.

It is well established that acute BVDYV infection can result in
immunosuppression [64]. BVDV-induced immunosuppression increases the
host’s susceptibility to other pathogens, and may enhance the patho-
genicity of coinfecting pathogen. Concurrent stress on the host at the time of
BVDYV infection is undoubtedly additive to the viral-induced immunosup-
pression. Synergistic effects of BVDV infection have been demonstrated
with Mannheimia haemolytica, bovine herpesvirus-1, and bovine respiratory
syncytial virus. Bovine viral diarrhea virus infections also have been
associated with concurrent salmonellosis, Escherichia coli, bovine papular
stomatitis, rotavirus, and coronavirus infections. Comparative experimental
studies demonstrate that differences in the effect of BVDV isolates on cells
of the immune system can be significant [65—68]. In calves experimentally
inoculated with either a low virulence type 1 virus, a low virulence type 2
virus (7937) or a high virulence type 2 virus (890), a corresponding 21%,
49%, and 65% drop in white blood cell count was observed between day of
infection and day 12 postinfection [67]. These differences are most important
when combined with other disease exposures such as those that may occur in
a commingle feedlot environment.

The role of BVDYV in the bovine respiratory disease has been reviewed
recently [69]. In the United States, BVDV has been reported as the most
common virus isolated from outbreaks of bovine respiratory disease.
Experimentally, it has been difficult to reproduce respiratory disease with
BVDYV alone, but synergistic effects have been documented between BVDV
and M haemolytica [70], bovine herpesvirus-1 [71], and bovine respiratory
syncytial virus [72]. Experimental studies have suggest that some BVDV
isolates have more pulmonary tropism and are more likely to be associated
with bovine respiratory disease than others [50,73,74].

The reproductive consequences of BVDV are reviewed elsewhere in this
publication. In brief, BVDYV infections have been associated with infertility,
early embryonic deaths, a variety of congenital defects, and fetal infection
with seroconversion. Most importantly, fetal infection between 30 and 125
days of gestation can result in the development of immunotolerance to the
virus and the subsequent birth of calves that are PI with BVDYV. Cattle
PI with BVDV serve as the major virus reservoir and source of virus
transmission within and between farms. Differences in reproductive
outcomes are most dependent on time of infection. Differences in the
ability of individual BVDV isolates to cause reproductive failure have not
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been well documented, although it has been speculated that differences exist
[41]. Review of diagnostic laboratory data by Evermann supports this
conclusion by finding that type 1 BVDYV isolates were more commonly
associated with persistent infections, congenital defects, and weak calves,
while type 2 BVDYV isolates were more commonly found in aborted fetuses
[49]. Experimental studies provide evidence that different BVDYV isolates
have different fetal tissue tropisms, and this difference may result in different
fetal pathologies and clinical outcomes [75,76]. In a dose titration study
comparing the ability of a type 1 and type 2 isolate to cross the placenta and
infect the fetus, fetal infection occurred in four of four heifers challenged
with 107,10%,10°, and 10" CCIDsy/dose of type 2 virus while occurring in
four of four, four of our, three of four, and zero of four heifers challenged
with 10%,10%,10%, and 10> CCIDsy/dose of type 1 virus, respectively [77].
Results form this study suggested that some BVDYV isolates might be more
likely to cross the placenta than others, although the reason for this is
unknown.

Mucosal disease (MD) is a unique clinical syndrome that occurs in cattle
PI with BVDYV [78]. MD occurs when cattle that are immunotolerant to, and
PI with a NCP biotype of BVDV, become infected with a CP biotype of
BVDV that shares close homology with the persistently infecting non-
cytopathic virus. Thus, not every combination of NCP and CP virus will
result in MD. It is believed that the CP-BVDV most commonly arises de
novo from the NCP, persistently infecting BVDV by molecular rearrange-
ment. External sources of the CP virus can occur as demonstrated by the
documented occurrence of MD following the use of modified-live BVDV
vaccines and experimental studies where MD was produced by superinfec-
tion with CP-BVDYV. Cytopathic and noncytopathic biotypes are repre-
sented in type 1 and type 2 genotypes, and MD has been documented to
occur in both genotypes. Differences between viral genotypes in MD
presentation has not been documented.

Diagnostic challenges

Both organism and immune response detection methods are used to
diagnose BVDV. Diagnostics target viral antigens (immunoperoxidase
microtiter assay, antigen ELISA, immunohistochemistry, fluorescent anti-
body), genomic material (PCR, in situ hybridization) or BVDYV specific anti-
bodies (virus neutralization, antibody ELISA). These assays have varying
risks for failure when used to detect an organism with the capability of
having a diverse genetic and antigenic makeup, such as BVDV.

Antigen detection assays rely on either monoclonal or polyclonal
antibodies to detect BVDV specific antigens. Polyclonal antibodies derived
from hyperimmunized swine or calves are generally broadly reactive as they
contain antibodies directed against multiple epitopes, many of which are
conserved among viruses. Monoclonal antibodies are specific for one
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epitope, and if that epitope varies between viruses, binding of the
monoclonal antibody can fail. Most antigen detection assays use polyclonal
antibodies or a pool of monoclonal antibodies to provide the broadest
reactivity and capability of detecting a diverse population of BVDYV isolates.

PCR detects and amplifies genetic sequences that are unique to the
organism of interest. The accuracy of PCR is dependent on the ability of
PCR primers to specifically bind to target genetic material unique to the
organism of interest. The difficulty that can arise with PCR is identifying
genetic material that is unique to the organism of interest yet stable
enough that it does not change significantly over time. Many PCR
methodologies have been reported for detecting BVDV [79-83]. Primers
have been designed that are capable of detecting a wide variety of field
samples [84-87]. Diagnostic PCR primers primarily have been directed
against the 5’ untranslated region of BVDV where nucleotide homology
can be as high as 95% between isolates [88], thus allowing for high
epidemiologic sensitivity.

Assays to detect virus neutralizing (VN) antibodies also are affected by
BVDYV diversity. As a result of nonstandard assay procedures, neutralizing
BVDV antibody titers reported by different laboratories can vary sig-
nificantly [89]. A significant variable that can differ from laboratory to
laboratory is the reference virus used in the neutralizing assay. In a study
by Vaughn, 14 animal diagnostic laboratories were asked to run BVDV VN
antibodies on split serum samples collected from 11 calves [89]. The average
of the 11 calves reported by each lab ranged from 1:18 to 1:2028. It was
concluded that different BVDV reference strains being used in the VN
assays likely account for some of the observed lab-to-lab variation. VN
antibody titers may be dramatically different depending on the viral
genotype with which the animals are exposed to. In a study using
seroconversion in unvaccinated heifers as an indicator for circulating
BVDYV, it was observed that type 2 VN antibody titers were always highest
if the actual virus circulating on the farm was type 2 BVDYV (Table 1) [90].
The same observation was made for type 1 VN antibodies and type 1 virus.
Therefore, using a VN assay designed to detect type 1 antibodies (assay
using a type 1 reference virus) in a herd where type 2 virus is circulating
may yield significantly different results than a VN assay using a type 2

Table 1
Bovine viral diarrhea virus type 1 and 2 virus neutralizing antibody titers of five 12-month-old
unvaccinated heifers from a farm where type 2 bovine viral diarrhea virus was found circulating

Animal ID Type 1 VN titer Type 2 VN titer
216 <4 <4
219 8 > 4096
224 16 > 4096
224 4 204

226 4 1024
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reference virus. When using virus VN assays as a BVDV diagnostic tool,
requesting both type 1 and 2 viral neutralizing antibody titers should be
considered.

Vaccination failure

Diversity among BVDYV is a suspected cause of vaccination failure
[91-96]. However, several studies have shown that a BVDV type 1
immunization induces clinical protection against a type 2 challenge
[91,97-101]. Although protecting cattle against clinical disease is important,
it may not be sufficient in terms of controlling reproductive failure. A key
component in controlling BVDYV is preventing fetal infections that result in
the birth of calves PI with the virus. Preventing fetal infection and the
subsequent sequela involves controlling virus exposure and enhancing
BVDYV specific immunity in susceptible dams. An important issue is the
ability of immunity developed against one virus strain to crossprotect
against heterologous BVDYV strains effectively enough to prevent fetal
infection. Several field studies suggest that immunologic protection against
heterologous BVDV challenge may be incomplete with respect to fetal
protection [93-96]. Early vaccines were developed with little knowledge of
their ability to provide fetal protection. Currently, efficacy data on fetal
protection is not required for approval of vaccines for BVDYV in the United
States [102]. Experimental studies attempting to address fetal protection
are limited, and have focused primarily on immunity developed following
vaccination. Results of vaccine fetal protection studies have been mixed,
and are often dependent on the challenge model (see article on
Reproductive Consequences of BVDYV for further details). Most trials have
involved killed vaccines, and efficacy has ranged from 25% to 100%. In
studies evaluating the fetal protection efficacy of a modified-live vaccine,
Cortese and Brock demonstrated 88% and 58% fetal protection in heifers
immunized one time with a commercially available type 1 modified-live
BVDYV vaccine and challenged at 75 days in gestation with type 1 or type 2
BVDV, respectively [103,104]. Except for different challenge viruses, these
studies were conducted similarly, suggesting that the vaccine was less likely
to stimulate a fetal protective immunity against type 2 viruses compared
with type 1 viruses. Other studies have not fully evaluated protection
against multiple viruses.

Summary

The potential consequences of BVDYV genetic and antigenic diversity are
far ranging. The complexity of clinical presentations associated with BVDV
likely arises from factors encoded by the virus genome. More importantly,
prevention and control of BVDV may be complicated by diagnostic and
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immunization failure resulting from virus diversity. Evolutionary pressures
will continue to drive further diversity, making control of BVDV challeng-
ing. Current and the potential for future BVDV strain diversity should be
considered when designing BVDV control programs both at the individual
farm and national herd level.
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