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Abstract
Bovine viral diarrhea (BVD) is prevalent worldwide and causes high economic 
losses in cattle due to a variety of disease syndromes. BVD is caused by three 
bovine pestiviruses, bovine viral diarrhea virus 1 (BVDV-1), BVDV-2 and HoBi-
like pestivirus (HoBiPeV) with considerable genetic and antigenic heterogeneity. 
Bovine pestiviruses belong to the Pestivirus genus within the Flaviviridae family 
that also comprises the genera Flavivirus, Hepacivirus and Pegivirus. As per the 
latest (10th) ICTV report, pestiviruses have been classified into 11 approved spe-
cies, including bovine pestiviruses, which have been classified into species, 
Pestivirus A, Pestivirus B and Pestivirus H. The term BVDV in this chapter com-
monly refers to all the three bovine pestiviruses. The pathogenesis of BVDV 
infection is complex, with infection pre- and post-gestation leading to different 
outcomes. BVDVs are highly successful to persist and spread in their host popu-
lations due to their unique ability to produce persistent infection through evasion 
of adaptive immune response and innate immune response. Recent advances in 
diagnostic methods, nucleotide sequencing, and computer-assisted phylogenetic 
analyses have so far identified 21 BVDV-1 subtypes (BVDV-1a to BVDV-1u), 4 
BVDV-2 subtypes (BVDV-2a to BVDV-2d) and 4 HoBiPeV subtypes (HoBiPeV-a 
to HoBiPeV-d). Providing acquired immune protection against BVDV is chal-
lenging due to the antigenic diversity among BVDV strains and ability of BVDV 
to infect the fetus. Both killed and live attenuated vaccines have been reported to 
be effective in the field, and recent advancements in molecular studies have 
helped toward future development of new-generation vaccines against 
BVD. However, over the years, vaccination alone has not resulted in the elimina-
tion of BVDV-related clinical disease or a significant reduction in BVDV losses. 
All successful BVDV control programs are based on identification and removal 
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of PI animals, movement controls, strict biosecurity and surveillance. To date, 
BVDV control programs without vaccination have been implemented success-
fully in Scandinavian countries, Austria and Switzerland, while control with vac-
cination has been used in Germany, Belgium, Ireland and Scotland. This chapter 
will focus on advances in research involving all aspects of BVDV with special 
emphasis on molecular biology, genetic and antigenic diversity, diagnosis, pre-
vention and control besides discussion on future perspectives.
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14.1	 �Prologue

Bovine viral diarrhea (BVD) is one of the major economically important viral dis-
eases of cattle and is prevalent in cattle populations worldwide. From its discovery 
in 1946 to the present date, without doubt BVD is one of the most complex infec-
tious diseases encountered in veterinary medicine with regard to its pathogenesis, 
diagnosis, management and control. Bovine viral diarrhea virus (BVDV) causes 
BVD and mucosal disease (MD) and is highly complex, with respect to the hetero-
geneity in genetic and antigenic properties, host spectrum, host-virus interaction, 
virulence and immune response. Although its impact on cattle health and produc-
tion remained underestimated for long time, the economic impact has recently been 
appreciated with control programs being implemented in several countries in Europe 
with an ultimate goal of BVD eradication.

Bovine viral diarrhea (BVD) was first reported in the USA in 1946 (Olafson 
et al. 1946) in association with epizootics of acute disease characterized by fever, 
leukopenia, reduced milk yield, high rates of abortion, diarrhea and erosive lesions 
of the digestive tract of cattle. The symptoms were similar to rinderpest (RP) with 
morbidity of 33–88% and mortality of 4–8%. In the 1950s, a special form of viral 
diarrhea called mucosal disease (MD), with hemorrhages and intestinal erosions, 
was reported in Iowa, USA (Ramsey and Chivers 1953). However, the relationship 
between the two illnesses could be established after many years, when it was clear 
that both BVD and MD were caused by BVDV.

Two biotypes of BVDV exist based on their effects on cell cultures, the non-
cytopathic (ncp) and cytopathic (cp). First isolation of ncp BVDV from BVD clinical 
cases was reported by Lee and Gillespie (1957), while cp BVDV was isolated first by 
Underdahl et al. (1957). Although BVD could be reproduced early experimentally, it 
took many years until the 1980s when MD could be experimentally reproduced, 
hypothesis of immune tolerance was proved, and mechanisms of persistent infection 
(PI) and pathogenesis of MD were established (Malmquist 1968; McClurkin et al. 
1984; Brownlie et al. 1984). Only ncp BVDVs establish persistent infections, while 
cp BVDV is generated in PI animals by mutations in ncp BVDV and causes MD.
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In 1987, BVD associated with thrombocytopenia, hemorrhage and high mor-
tality was reported in US dairy herds (Perdrizet et al. 1987) followed by other 
reports from the USA and Canada (Bolin and Ridpath 1992; Pellerin et al. 1994). 
The causative agent involved in these outbreaks was identified as BVDV-2 and 
the classical BVDV strains identified earlier were termed as BVDV-1 (Ridpath 
et  al. 1994). First identified in fetal bovine serum originating from Brazil in 
2004, HoBi-like pestivirus has recently been recognized as a bovine pathogen in 
Europe, South America and Asia that causes clinical symptoms akin to the clas-
sical BVDV-1 or BVDV-2 infections (Schirrmeier et al. 2004; Liu et al. 2009; 
Bauermann et al. 2013; Mishra et al. 2014).

Animal health economics highlight the importance of the disease and play a 
major role in decision-making process regarding selection of control strategies. 
Although prevalence rates vary, BVDV is prevalent in most of the cattle popula-
tions. BVDV infection causes significant economic losses in cattle production 
and the economic impact varies within and between countries (Richter et  al. 
2017). Direct losses due to BVDV occur on account of increased morbidity and 
mortality in adult cattle due to acute infection, reduced milk yield, respiratory 
disorders, extended calving interval, reproductive disorders such as repeat breed-
ing and abortions, congenital defects, increased neonatal mortality, non-thriving 
and death among young stock besides the costs for treatment and prevention 
(Houe 2003). BVDV-induced indirect losses arise due to implementation of con-
trol programs and trade restrictions.

BVDV can have devastating effects on the economy of individual dairy farm-
ers which has been seen in the form of severe acute BVD outbreaks in many 
countries in North America and Europe, specifically in the USA, Canada and 
Germany. Significant differences exist in the virulence of BVDV strains, and 
both BVDV-1 and BVDV-2 have high or low virulent strains, and hence wide 
differences in economic impact due to BVD have been reported in various coun-
tries (Houe 1999). A recent study on direct financial losses due to BVDV infec-
tion in 15 countries around the world over the past 30 years has shown that direct 
financial losses due to BVDV were in the range of 0.50–687.80 USD per animal 
and the average direct losses were higher per dairy cow than per beef cow 
(Richter et al. 2017). Another study analyzed the data of 31 published studies 
undertaken around the world during 1991–2015 and has shown that the economic 
impact of BVD ranges from 0 to 552 GBP per cow per year and is based on out-
come of the disease (Yarnall and Thrusfield 2017). Despite variation in calcula-
tion methods, calculation of economic losses has been a significant motivator for 
considering implementation of BVD control programs and mitigation activities 
in many countries in Europe.

The aim of this chapter is not only to summarize the available facts on BVDV but 
also to critically analyze the data and highlight recent advances on BVDV taxon-
omy, molecular biology, epidemiology, diagnosis and control.
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14.2	 �Taxonomy

Bovine pestiviruses belong to the Pestivirus genus in the family Flaviviridae that 
also comprises the genera Flavivirus, Hepacivirus and Pegivirus. As per the ninth 
report of the International Committee on Taxonomy of Viruses (ICTV), the 
Pestivirus genus was comprised of four approved species, Bovine viral diarrhea 
virus 1 (BVDV-1), Bovine viral diarrhea virus 2 (BVDV-2), classical swine fever 
virus (CSFV), and border disease virus (BDV), and four tentative species, namely, 
Giraffe-1 pestivirus; Pronghorn antelope pestivirus; atypical bovine pestivirus, also 
termed as BVDV-3 or HoBi-like pestivirus; and Bungowannah virus (Simmonds 
et al. 2012). While several other pestiviruses have been proposed as additional spe-
cies including the atypical porcine pestivirus (APPV), Linda virus, bat (Rhinolophus 
affinis) pestivirus and Norway rat pestivirus, there was no change in the taxonomy 
of Pestivirus genus by ICTV during 1999–2017.

Pestiviruses have several characteristics that differentiate them from other mem-
bers of the Flaviviridae family. The two proteins unique to the Pestivirus genus are the 
Erns envelope glycoprotein, which has RNase activity, and the nonstructural protease 
Npro, which releases itself autocatalytically from the polyprotein. On the basis of 
genetic and antigenic characteristics, the four existing Pestivirus species have been 
demarcated using a range of criteria including complete coding nucleotide sequences 
that differ by more than 25%, displaying >10-fold differences in cross-neutralization 
titers, and may have differing or overlapping host range (Becher et al. 2003). Based on 
genetic analysis, several genotypes or subtypes within Pestivirus species have been 
proposed, but these subdivisions have not yet been officially approved.

The taxonomy of pestiviruses was problematic for long, since the earlier 
Pestivirus species names had been derived from names of virus isolates, which were 
based on host range and disease attributes. Hence, a new uniform naming system, 
analogous to that used for species belonging to Pegivirus and Hepacivirus genera of 
Flaviviridae, has been approved by ICTV recently for Pestivirus species with the 
format Pestivirus X, where X represents a different capital letter for each species 
without change in virus isolate names (Smith et al. 2017). The four existing species 
have been designated as Pestivirus A, which comprises of Bovine viral diarrhea 
virus 1 (BVDV-1); Pestivirus B, which comprises of Bovine viral diarrhea virus 2 
(BVDV-2); Pestivirus C, which comprises of Classical swine fever virus (CSFV); 
and Pestivirus D, comprising of Border disease virus (BDV) along with seven addi-
tional species. Atypical bovine pestivirus or Hobi-like pestivirus (HoBiPeV) or 
BVDV-3 belongs to the species Pestivirus H.

14.3	 �BVDV Structure

The BVDV virions are enveloped, spherical particles which are 40–60 nm diameter 
in size. The BVD virus particle is composed of a core region, consisting of the 
genomic RNA coated with structural capsid or core protein which is surrounded by 
a lipid envelope. The capsid is about 30  nm diameter and appears as an 
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electron-dense inner core (Horzinek et al. 1971). Cryo-electron microscopy of puri-
fied BVDV virions has recently shown that viral particles display an electron-dense 
capsid surrounded by a phospholipid bilayer with no visible spikes and most BVDV 
particles are 50 nm diameter in size and about 2% are 65 nm in size, suggesting 
some size flexibility during BVDV morphogenesis (Callens et al. 2016). However, 
whether BVDV capsid is icosahedral or not remains to be determined in future.

The lipid bilayer envelope is made up of three virus-encoded glycoproteins, Erns, 
E1, and E2. The heavily glycosylated Erns glycoprotein is loosely associated with the 
virus particle and is secreted in soluble form by infected cells, while E1 and E2 
glycoproteins are integral membrane proteins and E1-E2 heterodimer is essential 
for BVDV entry. BVDV particles have a higher concentration of Erns than E1 and 
E2. Due to the pleomorphic nature of envelope and association of BVDV particles 
with host cells, it is extremely difficult to achieve highly purified infectious particles 
by ultracentrifugation and identification by electron microscopy. The buoyant den-
sity of virion in sucrose is 1.134 gm/ml and molecular weight of the virion is esti-
mated as 6.0 × 107 (Lindenbach et al. 2013). Similar to other enveloped viruses, 
BVDV is inactivated by organic solvents and detergents, but it is resistant to low pH 
unlike flaviviruses.

14.4	 �Genomic Organization

Similar to other pestiviruses, BVDV genome consists of a positive-sense single-
stranded RNA of about 12.3 kb size. However, the size may vary up to 16.5 kb due to 
insertions, genomic duplications, and genomic recombination events (Becher et al. 
1999). No subgenomic RNA is transcribed during BVDV replication and the plus 
strand genomic RNA only represents the viral mRNA and codes all viral proteins.

The genomic organization of BVDV is similar to all the recognized pestiviruses 
(Fig.14.1). The RNA genome codes for a polyprotein of about 3900 amino acids in 
1 large open reading frame that is flanked by 5′- and 3′-untranslated regions (UTR) 
of about 400 and 200 nucleotides, respectively. The translated polyprotein is then 
processed by viral and cellular proteases resulting in 12–13 proteins, Npro; C (cap-
sid); the envelope proteins Erns, E1, and E2; and nonstructural proteins p7, NS2, 
NS3, NS2–3, NS4A, NS4B, NS5A and NS5B (Lindenbach et  al. 2013). The 
arrangement of proteins in the polyprotein is NH2–Npro/C/Erns/E1/E2/p7/NS2/NS3/
NS4A/NS4B/NS5A/NS5B–COOH.

The 5′-UTR of BVDV has a stable stem loop structure (Ia hairpin), which is 
involved in both translation initiation and replication of the viral RNA (Grassmann 
et  al. 2005). BVDV RNAs do not possess a 5′-cap and is not polyadenylated at 
3′-end. The internal ribosomal entry site (IRES), located toward the end of 5′-UTR 
and first part of Npro, directly recruits the small ribosomal subunit, positions it at the 
translational start site, and promotes start of translation even in the presence of a 
non-AUG codon (Poole et al. 1995; Pestova et al. 2008). The 3′-UTR has a con-
served stem-loop structure, and the single-stranded domain at the 3′-end of the 
genomic RNA is necessary for efficient RNA replication. Significant variation 
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exists in the length of 3′-UTR sequence among pestiviruses including 
BVDV. Although BVDV 3′-UTR is less conserved than 5′-UTR, it has both con-
served and variable parts. BVDV-1 isolates have an eight-nucleotide repeat sequence 
(TGTATATA) in the variable part of 3′-UTR, while BVDV-2 isolates contain 
TGTAAATA repeat sequence.

Polyprotein processing occurs co-translationally and begins with the 
N-terminal autoprotease (Npro) release. The Npro, found only in pestiviruses, is 
responsible for cleavage at its own carboxy-terminus, thereby releasing amino-
terminus of the C protein (Stark et al. 1993). The C/Erns cleavage occurs by cel-
lular signal peptidase (SPase) and signal peptide peptidase (SPPase), while 
processing at the Erns/E1, E1/E2, E2/p7 and p7/NS2 borders is carried out by 
SPase (Rumenapf et al. 1993). The processing of NS2 and NS3 occurs by prote-
ase located within NS2, whereas all processing downstream of NS3 is done by 
NS3 protease. NS4A acts as a cofactor of the NS3 protease and is essential for 
NS4B/NS5A and the NS5A/NS5B site processing.

BVDV strains exist as two biotypes, non-cytopathic (ncp) and cytopathic (cp). 
Cytopathic viruses result following changes in the NS2/3 protein coding region 
leading to generation of NS2 and NS3 proteins. These genomic changes include 
point mutations, genomic duplications, and insertion of cellular mRNA sequences 
(Meyers and Thiel 1996; Kummerer and Meyers 2000). The genomic changes in the 
Npro, capsid and NS4B have also been reported in some cp strains of BVDV.

Fig. 14.1  Genome organization of BVDV and encoded proteins. The schematic representation of 
the genomic RNA (upper part) and the encoded proteins (below) is shown
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14.5	 �Viral Structural and Nonstructural Proteins

With the exception of Npro, the first coding region of the ORF encodes the structural 
proteins which are integral components of the viral particle. These include the capsid 
or core protein and three glycoproteins, Erns, E1 and E2. BVDV capsid protein C is 
highly basic and binds RNA with low affinity. The Erns glycoprotein, present on the 
virus particle and in virus-free supernatant or in the blood of infected cells, exhibits 
several unusual characteristics including its exceptional membrane anchor and 
RNase activity (Lindenbach et al. 2013). Erns is highly glycosylated and commonly 
exists as disulfide-linked homodimers (Hulst and Moormann 2001). RNase activity 
of Erns is responsible for both single-stranded and double-stranded RNA degradation, 
which is considered important in limiting the host innate immune response. However, 
the enzyme becomes active only in endoplasmic reticulum environment and when it 
gets separated from the viral genome by the lipid envelope.

The E1 and E2 glycoproteins are integral membrane proteins and interact to form 
disulfide-linked E1-E2 heterodimers which are responsible for BVDV entry and 
infectivity (Ronecker et al. 2008). The structure and function of E1 is not yet known 
and antibodies against E1 are not found in infected animals. However, it has recently 
been proposed that E1 contains the fusion peptide necessary for the fusion during 
entry. The 53 kDa BVDV E2 glycoprotein is responsible for virus attachment, gen-
eration of neutralizing antibodies, and host tropism (Weiland et  al. 1990; Liang 
et al. 2003). BVDV E2 in general is 373 amino acids long and contains 17 cysteine 
residues in the homodimer form with four highly conserved N-glycosylation sites. 
BVDV E2 possesses three domains, domain I and II contain neutralizing epitopes 
that are exposed on the viral surface, while the domain III acts as an anchor.

The first nonstructural protein, Npro, is an autoprotease and is unique to pestivi-
ruses and comprises 168 amino acids in all the pestiviruses detected so far. In 
BVDV-infected cells, it inhibits interferon (IFN-1) production and thereby inter-
feres with antiviral activity of the host cell. Although earlier studies showed that Npro 
is a papain-like cysteine protease with Glu22-His49-Cys69 building a catalytic 
triad, a subsequent study classified it into C53 protease family (Rawlings et  al. 
2012). BVDV Npro crystallographic study has revealed that a catalytic dyad of His49 
and Cys69 is responsible for proteolytic activity of Npro (Zogg et al. 2013). The p7 
nonstructural protein, existing as free p7 or E2-p7, has ion channel activity and a 
role in assembly of infectious progeny virus.

The NS2 and NS3 proteins are found predominantly as the unprocessed NS2/3 in 
cells infected with ncp viruses and primarily as NS2 and NS3 in cells infected with 
cp viruses, but recent studies have shown that cleavage of NS2/3 is necessary for 
replication of ncp viruses very early in the infection (Meyers and Thiel 1996; Lackner 
et al. 2004; Mishra et al. 2010). The NS2 protease is essential for efficient NS2-3 
cleavage, while cellular Jiv protein acts as an essential cofactor for ncp viruses (Tautz 
et al. 1996; Lackner et al. 2004). Insertions of cellular sequences or duplication of 
BVDV genomic sequences commonly occurs in NS2-3 region. The 80 kDa NS3 
protein is immunogenic and possesses two distinct enzymatic activities, the 
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N-terminus serine protease domain, which along with cofactor NS4A is necessary 
for proteolytic cleavage of viral polyprotein beyond NS3 and virus viability, and the 
C-terminus RNA helicase and NTPase domain that participates in RNA replication.

The NS4A protein functions as a cofactor for the NS3 serine protease and has an 
important role in the morphogenesis of virions. NS4B is predicted as an integral 
membrane protein localized at intracellular membranes and is associated with RNA 
replication complex. NS5A co-localizes with membrane-bound NS4B and NS5B in 
the RNA replication complex and BVDV NS5A is tolerant to some deletions but its 
role in viral replication is not clear. The NS5B protein, containing GDD and NTPase 
functional motifs, acts as RNA-dependent RNA polymerase and functions as the 
major protein in genomic RNA replication, and C-terminus of BVDV NS5B is 
important for morphogenesis of virions.

14.6	 �BVDV Attachment and Entry

BVDV entry into bovine cells involves virion attachment to cellular receptors, inter-
nalization, and membrane fusion. Bovine CD46 has been reported to act as a cel-
lular receptor for BVDV (Maurer et al. 2004), but it may not be sufficient and some 
unknown elements may be required for BVDV entry. For initiating the infection 
process, BVDV E1-E2 heterodimer binds the cellular receptor. BVDV entry into 
bovine cells occurs through clathrin-dependent endocytosis and endosomal fusion 
in a pH-dependent manner (Grummer et al. 2004; Krey et al. 2005), and a similar 
mechanism exists for entry into ovine cells (Mathapati et al. 2010).

Following uncoating and release of the genomic RNA, transcription and transla-
tion of viral proteins take place in cellular cytoplasm. However, the mechanisms of 
viral assembly and release from the cell following translation and maturation of 
viral proteins are not clear at present. BVDV virions are assembled in the endo-
plasmic reticulum (ER) along with final post-translational modifications. The viral 
proteins are maintained exclusively in the ER and Golgi bodies, hence are not 
displayed on the cell surface.

14.7	 �BVDV Replication

BVDV replication takes place in cellular cytoplasm. Following IRES-mediated ini-
tiation of translation, BVDV replication process begins with a positive strand repli-
case complex consisting of viral and cellular components formed at the 3′-terminus 
of the genome. The replicase complex catalyzes transcription of positive-sense 
RNA into full-length complementary negative-sense RNA, which then acts as tem-
plate for synthesizing additional positive-sense RNA, using a semiconservative 
asymmetric replication model (Warrilow et al. 2000). In comparison to negative-
sense RNA, a large amount of newly synthesized positive-sense RNA is generated. 
In this model, three virus-specific RNAs, a double-stranded replicative form (RF), a 
partially single-stranded and partially double-stranded replicative intermediate (RI) 
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and a single-stranded viral RNA are involved. The same positive-sense genomic 
RNA acts as a template for both replication and translation. Regulation of this pro-
cess is mediated by secondary structure of IRES in the 5′-UTR. The budding of 
BVDV takes place in endoplasmic reticulum, where the RNA-core complex is 
packed in envelopes (Schmeiser et  al. 2014). Following assembly, virions are 
released from the cell through the secretory pathway.

14.8	 �Genetic and Antigenic Diversity

BVDV strains show high genetic diversity, which results from accumulation of 
point mutations, homologous and non-homologous RNA recombination. Variation 
in evolutionary rates (5.9  ×  10−4    to  9.3  ×  10−3 substitutions/site/year) has been 
reported for BVDV-1. Mutations may lead to producing a population of viruses, 
called quasispecies, with each possessing a small number of nucleotide differences 
from the population mean. Like other RNA viruses, BVDV isolates exist as quasi-
species in infected animals. A recent study has shown that similar to classical 
BVDVs, differences exist between the swarms circulating within HoBiPeV PI ani-
mals from the same inoculum suggesting involvement of host factors in the selec-
tion of genetic variants in PI animals (Weber et al. 2015). Besides the reports of 
homologous RNA recombination in BVDV-1 and BVDV-2, generation of cp BVDV 
variants with a variety of genomic alterations following non-homologous RNA 
recombination has been described. BVDV antigenic diversity happens by replica-
tion in vaccinated or previously infected animals, but a recent study has shown that 
antigenic changes may arise in absence of an immune response.

Genetic typing of BVDV strains is important for BVD epidemiology and control. 
Accurate genetic typing of BVDV has been obtained from the application of 
advanced molecular techniques such as reverse transcription polymerase chain 
reaction (RT-PCR), next-generation sequencing, and phylogenetic analysis. 
Although sequence analysis of the highly conserved 5′-UTR is mostly used for the 
classification of pestivirus isolates into species level, segregation into subtypes/sub-
genotypes within each species is more accurate by analysis of complete Npro and E2 
genes (Becher et al. 2003; Vilcek et al. 2001, 2004; Yesilbag et al. 2017). However, 
discrepancies in allocation of some BVDV isolates into subtypes have been reported 
either due to inconsistent use of different genomic regions or inconsistent use of 
methods for phylogenetic analysis. Additionally, antigenic similarity detected by 
monoclonal antibody (MAb) binding and cross-neutralization assays with homolo-
gous and heterologous antisera is used for determining antigenic diversity of BVDV 
strains (Paton et al. 1995; Becher et al. 2003; Dias et al. 2017).

So far, BVDV-1 has been segregated into 21 subtypes (1a–1u), while BVDV-2 
has been segregated into 4 subtypes (2a–2d) and HoBiPeV has been segregated into 
4 subtypes (a–d). Global distribution of BVDV subtypes is shown in Table 14.1. In 
India, all the three bovine pestivirus species, Pestivirus A, Pestivirus B and Pestivirus 
H and two genotypes/subtypes of BVDV-1 (1b, 1c), BVDV-2 (2a, 2b), and HoBiPeV 
(c, d) within these species have been detected so far (Mishra et al. 2011, 2014).
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14.8.1	 �Genetic and Antigenic Diversity of BVDV-1

BVDV-1, which belongs to species Pestivirus A, is prevalent worldwide. Although 
initially divided into two subtypes, BVDV-1a (NADL-like) and BVDV-1b (Osloss-
like), BVDV-1 isolates originating from different countries could be segregated into 
11 subtypes subsequently (Vilcek et  al. 2001). Further studies on genetic typing 
have revealed existence of at least 21 subtypes of BVDV-1 (Yesilbag et al. 2014, 
2017; Giammarioli et  al. 2015) and additional subtypes is likely in the future. 
Despite accurate distribution of BVDV subtypes in individual countries and conti-
nents is unknown, the published reports have revealed that BVDV-1b is the pre-
dominant subtype worldwide, followed by BVDV-1a and 1c. BVDV-1b is the 
predominant subtype in Europe, Asia and Americas, while BVDV-1c is predomi-
nantly prevalent in Australia and Mexico. Extensive genetic diversity of BVDV-1 
has been reported from several countries in Europe and also in Turkey, China and 
Japan, but it is comparatively lesser in Americas, Africa and Australia as well as in 
India.

Although BVDV-1 isolates are antigenically closely related than BVDV-2 or 
HoBiPeV, significant antigenic differences between BVDV-1 subtypes have been 
found similar to that observed between BVDV-1 and BVDV-2 or HoBiPeV. Hence, 
significant antigenic differences should be taken into consideration while develop-
ing vaccines and designing effective control programs. Significant antigenic differ-
ences have been reported between BVDV-1a and BVDV-1b strains in Europe 
(Becher et al. 2003), between BVDV-1a, BVDV-1b and BVDV-1c strains in Chile 
and the USA (Pizarro-Lucero et al. 2006; Ridpath et al. 2010), between BVDV-1e 
and BVDV-1 k strains in Switzerland (Bachofen et al. 2008), and between BVDV-1n 
and BVDV-1o and BVDV-1a, BVDV-1b, BVDV-1c and BVDV-1j strains in Japan 
(Nagai et al. 2008).

14.8.2	 �Genetic and Antigenic Diversity of BVDV-2

Although distributed in all continents, BVDV-2 strains are genetically less diverse 
than BVDV-1 and occur less commonly than BVDV-1. Although BVDV-2 has been 
divided into four (2a–2d) subtypes, the strain belonging to 2d subtype is question-
able due to a single report from Argentina. BVDV-2a is the most prevalent subtype 
in all continents, while BVDV-2b has been detected in Americas (Brazil, Argentina, 
Uruguay, USA), Europe (Portugal, Spain, Slovakia, Turkey) and Asia (India, China), 
and BVDV-2c has been detected only in Europe (Germany, Ireland) and North 
America (USA). BVDV-2 can occur also in sheep and goats. In sheep, BVDV-2a 
has been detected in the USA and Italy, while BVDV-2b has been reported from 
India (Mishra et  al. 2008b) and Turkey (Yesilbag et  al. 2008). However, only 
BVDV-2a subtype has so far been reported in goats (Mishra et al. 2007a) and sig-
nificant antigenic variation between BVDV-2 subtypes has not yet been observed.

N. Mishra and S. Kalaiyarasu



265

14.8.3	 �Genetic and Antigenic Diversity of HoBiPeV

Although less commonly found, clinical disease following natural HoBiPeV infec-
tions is similar to that caused by classical BVDV-1 and BVDV-2 infections. Till 
2014, all the previously reported HoBiPeV strains, except the Thai and Bangladesh 
strains, were found to be closely related genetically. However, our previous work on 
the basis of sequence analysis of combined datasets of 5′-UTR and full Npro gene 
showed that HoBiPeV strains can be classified into three subtypes with two highly 
divergent HoBiPeV lineages co-circulating in Indian cattle (Mishra et  al. 2014). 
Further studies have shown that HoBiPeV strains can be classified into 4 subtypes 
(a–d). HoBiPeV-a has been detected in South America (Brazil) and Europe (Italy) 
and as contaminants of FBS, while HoBiPeV-b has been reported from Bangladesh 
and HoBiPeV-c and HoBiPeV-d have been detected in India (Mishra et al. 2014; 
Giammarioli et  al. 2015). Marked antigenic differences exist between BVDV-1, 
BVDV-2 and HoBiPeV, while minor to moderate antigenic variation among 
HoBiPeV-a field isolates has been reported recently in Brazil.

14.9	 �Epidemiology of BVD

A large number of variables, such as clinical, pathological, virological, serological 
and production measures can be used to quantify the occurrence of BVDV infec-
tions. Long presence of antibodies (often lifelong) in acutely infected animals and 
presence of virus in PI animals throughout their life make prevalence studies more 
suitable for BVD. Sensitivity and specificity of diagnostic tests play a key role in 
determining true prevalence of BVDV infection. BVDV antibody prevalence stud-
ies are useful mostly in unvaccinated populations. Overall, PI animals play a major 
role in virus transmission than transiently infected cattle, since they shed virus in 
large amounts in all bodily fluids throughout their life, while virus shedding is lim-
ited to only for a few days or weeks in most other viral diseases of livestock. Vertical 
transmission and transmission through semen also play vital roles in epidemiology 
and BVDV is introduced into a susceptible herd mostly by introduction of PI ani-
mals or pregnant animals carrying a PI fetus.

14.9.1	 �Abroad

BVDV infections are widespread throughout the world except in a few countries in 
Europe, where it has been eradicated or in final stages of eradication. Cattle of all 
ages are susceptible to BVDV infection and are the primary hosts. Buffaloes and 
domestic non-bovid species including sheep, goats, new world camelids and swine 
have also been reported to carry and spread BVDV. Natural infection of BDV in 
cattle has been reported with clinical signs similar to BVD. Despite variation in 
prevalence rates among surveys, BVDV infection is endemic in many populations 
having 1–2% of the cattle being persistently infected (PI) and > 90% of the cattle 
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being antibody positive. Variations in BVDV prevalence rates among different 
countries or regions or introduction of virus into BVDV-naïve herds is often deter-
mined by cattle population density, cattle trade and pasturing practices.

BVDV prevalence is high in areas with high cattle population density and larger 
herds. BVDV-1 and BVDV-2 are distributed in all continents, while HoBiPeV has 
so far been reported in South America, Europe and Asia. Geographical patterns in 
distribution of BVDV-1 subtypes have been reported around the world. BVDV-1 
subtypes, 1m, 1n, 1o, 1p, and 1q have been found only in some countries in Asia, 
while 1f, 1g, 1h, 1k, 1l, 1r, 1s and 1t have been found exclusively in Europe. Besides 
cattle, buffaloes, sheep and goats, a number of BVDV-1 subtypes have been identi-
fied in wild ruminants. BVDV-1a has been detected in Canadian bison; BVDV-1b in 
alpaca, pudu, Canadian bison and bongo; BVDV-1c in yak and deer; BVDV-1d in 
roe deer; BVDV-1f in mouse deer; and BVDV-1j in deer (Vilcek and Nettleton 
2006; Mishra et al. 2008a).

BVDV-2, first detected in cattle of the USA and Canada in association with hem-
orrhagic disease with high mortalities, was found later in several other countries of 
South America, Europe and Asia and also in Australia (Vilček et al. 2005). BVDV-2a 
is the predominant BVDV-2 subtype circulating around the world. A very special 
case of fatal disease with high mortalities in cattle resulting from infection with 
BVDV-2c isolates consisting of 3 genomic variants (dup+, dup1

−, dup2
−) has been 

reported in Germany (Jenckel et al. 2014). The recent association of HoBiPeV with 
severe respiratory and reproductive disease and mucosal disease in cattle and respi-
ratory disease in small ruminants has raised concerns (Bauermann et  al. 2013; 
Weber et al. 2015). Natural HoBiPeV infection in cattle has so far been reported 
sporadically in Brazil, Italy, Thailand, India and Bangladesh, but in some regions 
like in Northeastern Brazil, HoBiPeVs have been more frequently detected in cattle 
than BVDV-1 and BVDV-2. Natural infection has also been reported in buffalo in 
Brazil and in sheep and goats in China.

14.9.2	 �India

Serological evidence of BVDV infection in cattle in India was first reported in 
1981 in Orissa State (Nayak et al. 1981) followed by a report from Gujarat State in 
1989. A seroepidemiological study on sera collected from 17 states then demon-
strated an overall apparent BVD seroprevalence rate of 17% in cattle in most parts 
of the country (Sudharsana et al. 1999). Subsequently, varying rates (up to 52%) of 
BVD seroprevalence in cattle and buffaloes in different parts of the country involv-
ing both commercial dairies and small holder units have been reported. Besides 
cattle and buffaloes, serological evidence of BVDV infection has been reported in 
sheep and goats (Mishra et al. 2009), in yaks (Mishra et al. 2008a), and also in mit-
hun (Singh et al. 2017). A BVDV seroprevalence study involving sheep and goats 
from 13 states during 2004–2008 reported a true prevalence rate of 23.4% in sheep 
and 16.9% in goats and provided evidence of BVDV-1 infection predominantly and 
BVDV-2 occasionally (Mishra et al. 2009).
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Although earlier studies indicated serological evidence of BVDV infection, the 
conclusive evidence of BVDV in Indian cattle was provided by virus isolation and 
subsequent phylogenetic analysis of BVDV isolates in 2004 (Mishra et al. 2004). 
The phylogenetic analysis of 13 BVDV isolates originating from cattle in eastern, 
northern, and western India in 5′-UTR and Npro genes revealed that they belong to 
BVDV-1b subtype and are closely related (Fig. 14.2). In the same year, BVDV-1 was 
also reported in lambs showing RVF-like symptoms (Yadav et al. 2004). Although 
systematic surveillance studies involving all the states are lacking, genetic typing of 
BVDV strains collected during later studies revealed that BVDV-1b is the predomi-
nant subtype circulating in cattle (Mishra et al. 2007b, 2014; Behera et al. 2011). 
Further studies have reported existence of BVDV-1b and BVDV-1c subtypes in buf-
faloes (Mishra et al. 2007b) and in sheep and goats (Mishra et al. 2012). Besides 
domestic ruminants, BVDV-1 was detected in yaks (Bos grunniens) in the Himalayan 
region for the first time and phylogenetic analysis revealed that they belonged to 
BVDV-1c subtype (Mishra et  al. 2008a). It seems that BVDV has evolved well-
developed strategies to become successful in replicating in different animal species.

BVDV-2a was detected in cattle from Jammu & Kashmir State in 2011 and recently 
in bull semen from Tamil Nadu (Behera et al. 2011; Mishra et al. 2018). BVDV-2a has 
earlier been detected in goats from Northern India, while BVDV-2b has been reported 
in sheep from Western India (Mishra et al. 2007a, 2008b). Molecular epidemiology 
studies on BVDV-2 have provided evidence of circulation of genetically divergent 
BVDV-2a strains in Southern India and in Northern India (Fig. 14.3).

Fig. 14.2  Genetic typing of Indian cattle BVDV-1 isolates in 5′-UTR and Npro regions. The 
unrooted tree was based on partial sequence analysis of the 5′-UTR (245 nt) and the Npro (385 nt) 
and was prepared using the neighbor-joining method (Kimura 2-parameter method, transition/
transversion 2.0). Sequences of BVDV isolates from India are labelled in bold and other sequences 
were taken from GenBank. The Npro sequences of strains 519, 721, Deer NZ1, and Deer GB1 have 
the following GenBank Acc. numbers: AF144464, AF144463, U80903 and U80902. Numbers 
over branches indicate the percentage of 1000 bootstrap replicates. (Reprinted from our work 
Mishra et al. 2004)
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Natural infection with HoBiPeV, an emerging bovine pestivirus, was identified 
recently in cattle in the states of Maharashtra, Punjab and Chhattisgarh while conduct-
ing systematic surveillance in cattle from 21 dairy farms across India. Molecular char-
acterization of HoBiPeV strains revealed co-circulation of two novel and divergent 
lineages of HoBiPeV (c, d) in India (Fig. 14.4), highlighting the independent evolution 
of at least 3–4 lineages of HoBiPeV strains globally (Mishra et al. 2014). These novel 
findings extended the knowledge on the epidemiology and genetic diversity of 
HoBiPeV strains globally which is important for management and control of BVD.

14.10	 �Risk Factors

Several risk factors have been associated with BVDV infection which may vary 
between different geographical regions and cattle rearing practices. The presence of PI 
animals in the vicinity of susceptible animals is considered as the highest proven risk 
of BVDV infection and spread. Purchase of animals without BVDV testing is a 

Fig. 14.3  Genetic typing and relationship of Indian BVDV-2 strains originating from cattle, sheep 
and goats in the 5′-UTR and Npro regions. The phylogenetic tree was prepared based on 240 nt in 
the 5′-UTR and 474 nt in Npro gene using neighbor-joining method in MEGA version 6.0. Numbers 
in nodes indicate the percentage of 1000 bootstrap replicates that support each group. BVDV 
strains (cattle) labelled as filled triangles originated from Southern India, while BVDV-2 strains 
Ind 141353 (cattle), Ind 5197 (goat) and Ind 51966 (sheep) originated from Northern India. 
(Reprinted from our work Mishra et al. 2018)
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Fig. 14.4  Phylogenetic tree and genetic relationship of Hobi-like pestivirus (HoBiPeV) strains 
from Indian cattle with globally circulating HoBiPeV strains. The tree was based on the combined 
datasets of 5′-UTR (239 bp) and Npro (504 bp) sequences and the maximum likelihood tree was 
generated using concatenated datasets of 5′-UTRand Npro under the GTR + gamma substitution 
model in RAXML. Numbers indicate the percentage of 1000 bootstrap replicates that support each 
phylogenetic branch. The HoBiPeV isolates from India are labelled red, and previously reported 
Indian isolates of BVDV-1 and BVDV-2 are labelled blue. (Reprinted from our work Mishra et al. 
2014)
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high-risk factor in high prevalence regions than low prevalence regions. Some of the 
other risk factors include cattle on common pasture, sheep in pasture with cattle, over 
pasture fence contact, mixing of herds in pasture, wild animals in pasture, exchange of 
calves, large herd size, high cattle density, movement of animals pregnant with PI 
calves (Trojan animals), infection in contiguous farms, veterinarian reusing needles 
between farms, use of artificial insemination without testing semen for BVDV, use of 
contaminated live attenuated vaccine and livestock trade such as import of live cattle.

14.11	 �Host Range

BVDV has a wide host range and infects a variety of animals, both domesticated and 
wild. Among the domesticated ruminants, it infects cattle, buffalo, sheep, goats, and 
yaks, while among wild ruminants it infects buffalo, eland, Canadian bison, alpaca, 
pudu, bongo, deer, roe deer, mousedeer, reindeer, giraffe, European bison, chamois, 
pronghorn antelope and mithun. BVDV has been isolated in over 40 species of rumi-
nants, and serological evidence indicates susceptibility of most free-ranging rumi-
nants to BVDV infection (Vilcek and Nettleton 2006). Serological evidence of 
BVDV infection has also been reported in European rabbits. Although natural infec-
tion with BVDV occurs mainly in cattle, sheep and goats, it occurs also in pigs. 
Natural infection with BDV occurs mostly in sheep, but has also been reported in 
cattle and goats in many countries, whereas natural infection of CSFV and 
Bungowannah virus found in pigs has not been reported in cattle. However, natural 
or experimental BVDV persistent infection has been reported in mountain goats and 
domestic goats, domestic sheep, swine, alpaca, eland, mule deer, white-tailed deer 
and mouse deer and PI animals pose greatest risk of BVDV transmission.

14.12	 �Transmission

BVDV transmission occurs through several modes. BVDV spreads horizontally 
within a herd while vertical transmission occurs from cow to calf. PI animal results 
following infection of fetus with ncp BVDV in the first or second trimester (45–
125 days) of pregnancy, before maturation of its immune system. The most com-
mon method of producing PI calves is through primary acute BVDV infections of 
pregnant cows. However, PI cows also invariably give birth to PI calves. Capability 
to cause fetal infections is exclusively a biotype-specific property of ncp 
BVDV. Horizontal transmission occurs not only by viremic transiently infected (TI) 
animals but also by PI animals that shed virus lifelong in all secretions, such as 
nasal and ocular discharges, milk/colostrum, semen, urine and feces (Van Campen 
and Frolich 2001). PI animals are the principal reservoirs of BVDV transmission, 
while TI animals transmit BVDV transiently and occasionally.

Semen from transiently infected bulls can transmit BVDV infection and virus 
can be detected up to 28 days in such bulls (Kirkland et al. 1994). In contrast, in 
both raw and extended semen of PI bulls, BVDV concentration remains high and 
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semen from PI bulls infects susceptible animals consistently. Persistent testicular 
infection (PTI) occurs following acute BVDV infection in bulls. BVDV persists in 
semen or testicular tissue of these non-viremic and seropositive bulls, and seronega-
tive cows may be infected via artificial insemination. Environmental conditions 
favoring crowding and aerosol transmission enhance the chances of BVDV trans-
mission from acutely infected calves having respiratory form of BVDV infection. 
Transient shedding of vaccine strains in animals vaccinated with modified live BVD 
vaccine has been reported with probable consequences of secondary transmission to 
pregnant animals in contact with vaccinated animals (Fulton et al. 2003).

BVDV can be transmitted indirectly from contaminated pens, rectal examination 
gloves, hypodermic needles, nose tongs, BVDV-contaminated live vaccines, and 
ambient air (Niskanen and Lindberg 2003). Sufficient evidence exists regarding the 
spread of BVDV from domestic ruminants to wild ruminants. But there is no con-
clusive evidence that BVDV spreads from wild ruminants to domestic ruminants. 
However, serologic data from camels and roe deer strongly suggest circulation of 
BVDV in these animals independent of cattle, sheep and goats.

The four main factors which affect BVDV transmission are infectiousness (viru-
lence) of the virus strain, the number of adequate contacts per time period between 
infectious and susceptible animals, the prevalence of infectious animals in a herd 
and the presence of truly susceptible animals.

14.13	 �Immunopathobiology

14.13.1	 �Pathogenesis

BVDV replicates in epithelial cells and lymphoid tissues of the oropharynx follow-
ing infection via oronasal route. The phagocytic cells carry BVDV and/or BVDV-
infected cells to peripheral lymphoid tissues leading to viremia that occurs 2–4 days 
after exposure and spreads BVDV to internal organs. The pathogenesis of BVDV is 
a complex interaction between the agent, host and environmental factors, and hence 
clinical signs are highly variable (Baker 1995). The virulence of BVDV strains and 
biotype of BVDV (ncp and cp) are the major determinants from the agent’s side, 
while immune status, immune competence and stage of pregnancy are the major 
determinants from host’s side.

In cultured cells infected by cp BVDV strains, there is rounding up and detach-
ment of cells and cells die due to apoptosis, whereas in cells infected by ncp BVDV, 
no microscopically detectable alterations are seen. But both cp and ncp BVDV iso-
lates induce apoptosis of T and B cells in vivo. Moreover, ncp viruses are prepon-
derant in nature and pathogenic to the host and establish persistent infection upon 
fetal infection leading to lifelong virus shedding by PI animals. The host interac-
tions with BVDV are highly variable, ranging from lack of immune response to a 
purifying immune response and from lack of clinical signs to highly lethal infection. 
Hence, disease is not obligatory for BVDV replication in PI animals or for viral 
transmission. Reproductive failure or immunosuppression are major consequences 

14  Bovine Viral Diarrhea Virus



272

of BVDV infections because of its affinity for the fetus and for cells of lymphatic 
organs. Strong affinity of BVDV for lymphoreticular tissues causes necrosis in 
lymph nodes and spleen and destruction of Peyer’s patches. The four major syn-
dromes associated with BVDV pathogenesis are acute infection, transplacental 
infection, persistent infection and mucosal disease.

14.13.2	 �Acute Infection

Acute BVDV infections in cattle develop when seronegative and immunocompetent 
cattle are infected with BVDV and the disease may be subclinical, severe acute, or 
chronic. The majority of postnatal BVDV infections are inapparent and virulence of 
BVDV strains is the key determinant of outcome of acute infection. Incidences of 
field cases of acute BVDV infection associated with thrombocytopenia, severe clin-
ical signs and mortality in all age groups have been reported with death of about 
40,000 animals, due to high virulent strains of BVDV-2 (Perdrizet et  al. 1987; 
Carman et al. 1998). However, subsequent studies showed that BVDV-1 is able to 
induce hemorrhagic disease and all the three bovine pestiviruses, BVDV-1, BVDV-2 
and HoBiPeV, encompass strains of high, moderate, and low virulence (Ridpath 
et al. 2000; Decaro et al. 2012; Mishra et al. 2014). Moreover, virulence is not cor-
related with the biotype, since all the three bovine pestiviruses have both ncp and cp 
strains. The differences in replication have a great impact on the virulence of BVDV 
strains, since strains that produce highest degree of viremia result in the most severe 
clinical symptoms (Walz et al. 2001). Acute BVDV infection also causes immuno-
suppression by depletion of both B and T lymphocytes thereby leading to suppres-
sion of immune functions in the infected animal. BVDV-induced immunosuppression 
not only directly causes enteritis but also predisposes calves to development of 
bovine respiratory disease (BRD) and secondary bacterial infections and enhances 
severity of bovine rota viral enteritis. Chronic viral shedding may also occur follow-
ing acute infection, which has been reported in some bulls, where BVDV was found 
in semen for up to 7 months.

14.13.3	 �Transplacental Infection

The major economic impact of BVDV is due to its ability to cause intrauterine and 
transplacental infection in cattle, which may result from acute infection during or 
immediately before pregnancy and contaminated semen through artificial insemina-
tion or natural service. The outcome of BVDV fetal infection depends on the stage 
of development of the fetal immune system at the time of infection. Fetal infections 
during the first two trimesters of gestation may have severe reproductive conse-
quences and may result in persistent infections, fetal death and abortion, or congeni-
tal anomalies (Brownlie et al. 1998). Dual infection of the fetus with both BVDV-1 
and BVDV-2 has also been reported. Although abortions due to BVDV occur mostly 
in the early stages of gestation (< 125 days), abortions in the late phase of gestation 
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do occur. Necrotizing inflammatory reaction with mononuclear cell infiltration in 
several tissues of fetus has been reported. The intrauterine infection of an immune-
competent fetus in late gestation is similar to that of acute BVD. BVDV-induced 
congenital anomalies mostly occur during mid-gestation (80–150 days) and may 
involve the nervous system, eye, immune system, integumentary system, musculo-
skeletal system, or respiratory system.

14.13.4	 �Persistent Infection

Pestiviruses including BVDV use novel strategies to persist and spread in the host 
population through persistent infection. PI animals develop following infection of 
fetus with ncp BVDV strains during the first trimester of gestation, before the devel-
opment of lymphoid tissues and functional immune responses and the immunotoler-
ance is specific to the persisting BVDV strain (McClurkin et al. 1984). Primary acute 
BVDV infection of pregnant cows is the predominant cause of producing PI calves, 
although PI cows most often give birth to PI calves, whereas Trojan cow, a non-PI cow 
carrying a PI fetus, is immune to BVDV and possesses significantly higher antibody 
titers during mid-late pregnancy. The ability to cause persistent infection is exclu-
sively a biotype-specific feature of ncp BVDV. Immunotolerance develops through 
selective evasion of innate immunity in the fetus by inhibition of IFN-I synthesis fol-
lowing ncp BVDV infection in addition to complete avoidance of the adaptive immune 
system. However, immune tolerance is BVDV strain specific and immune response is 
induced in PI animals following infections with other BVDV strains (Fulton et al. 
2003). BVDV remains widely distributed in organs and secretions of PI animals and 
these animals may live for several years without any immune response to the persist-
ing BVDV strain. Besides cattle, persistent infection occurs also in buffaloes, sheep, 
goats, alpacas, mouse deer, mountain goats and white-tailed deer.

14.13.5	 �Mucosal Disease

Mucosal disease (MD) is a sporadic disease of cattle, in which mostly 6–24-month-
old animals succumb, but it may arise in adult animals. MD is highly fatal and is 
associated with the presence of closely related ncp and cp biotypes of BVDV in 
these animals. The first hypothesis on the mechanism of MD was that it develops 
only in PI animals. The second hypothesis was that animals suffering from MD 
always harbor a cp virus along with the persisting ncp strain (Bolin et  al. 1985; 
McClurkin et  al. 1985). Then it was established that close antigenic relationship 
between ncp and cp strains from the same animal is obligatory for development of 
MD (Meyers et al. 1991). Mucosal disease arises in PI animals by complex muta-
tions of the ncp biotype to a cp biotype, or by superinfection of PI animals with a cp 
BVDV. In acute MD, genome analyses showed cp strain-specific genomic altera-
tions which are mainly due to recombination events resulting in insertion of cellular 
sequences or duplications and deletions of viral sequences. The genomic alterations 
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enhance NS3 protein production, which provides an apoptotic signal for the infected 
cells. Cp strains have been reported earlier for BVDV-1 and BVDV-2 and recently 
for HoBiPeV. Insertion of ubiquitin coding sequences upstream of the NS3 gene 
and insertion of host-cell origin Jiv sequences within NS2 upstream of the NS2/3 
cleavage site are the most commonly observed genomic changes (Tautz et al. 1993; 
Becher and Tautz 2011).

In animals suffering MD, strikingly higher numbers of cp BVDV-infected cells 
have been found compared to ncp-infected cells in PIs before outbreak of MD. In 
chronic MD, the antigenic properties of the persisting ncp and the superinfecting 
exogenous cp viruses are more divergent, and such animals suffer clinically for a 
prolonged period. In some cases, MD can develop several weeks after superinfec-
tion and is known as late-onset MD, and cp viruses in them are recombinants 
between cp and ncp viruses, where structural genes are shared by ncp viruses and 
nonstructural genes are shared by cp viruses. Direct cell damage by cp BVDV is the 
major mechanism of disease in PI animals suffering from MD, while cp BVDV is 
mostly attenuated in acutely infected animals.

14.14	 �Clinical Signs

The manifestations of BVDV infections are complex and remain a challenge for the 
practitioners and researchers and BVD usually refers to acute infection in seronega-
tive immunocompetent cattle. Most of the BVDV infections in adults are subclinical 
or mild. However, some strains produce severe disease with mortality. After 
5–7 days of incubation period, there is fever, depression, inappetence, oculonasal 
discharge, and occasionally oral lesions such as erosions and shallow ulcerations 
(Baker 1987). In calves, respiratory and gastrointestinal symptoms occur, with 
occasional fatal enteritis. Growth is retarded and PI calves mostly die before wean-
ing. BVDV produces venereal infections in bulls and semen from PI bulls is infec-
tive and failure of conception in cows occurs due to fertilization failure. Repeat 
breeding and more number of services per conception are common in BVDV-
infected herds. Semen quality is reduced because of low motility and abnormal 
morphology of sperm cells. The prominent characteristics of mucosal disease are 
bloody diarrhea along with fever, anorexia, ataxia and general debility. Mortality is 
often 100% and within 15 days after onset of clinical signs (Baker 1987). During 
postmortem, extensive ulcerative lesions in the gastrointestinal tract, affecting espe-
cially the GALT in the mucosa, are observed.

14.15	 �Immunity and Immunosuppression

Immune responses to BVDV develop following vaccination, infection, exposure to 
cross-reactive pestiviruses, or by passively through colostrum. Antibody response to 
BVDV is detectable 2–3 weeks post-infection and may plateau after about 10–12 weeks 
and may persist for long. Passive antibodies protect neonatal calf from BVDV 
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infection but interfere with vaccination. Structural proteins, E2 and Erns and nonstruc-
tural protein NS3 (P80) are immunodominant proteins and induce significant anti-
body responses following BVDV infection. The E2 glycoprotein elicits neutralizing 
antibodies and is the major determinant of protective immunity, whereas Erns and NS3 
elicit non-neutralizing antibodies (Donis et al. 1988). BVDV-1 E2 protein has one 
immunodominant epitope, while BVDV 2 has three and virus neutralizing test (VNT) 
is used to correlate protective immunity. Cattle vaccinated with inactivated vaccines 
develop a weak NS3 antibody response, while a strong NS3 antibody response is 
elicited following natural infection or vaccination with modified live vaccine.

BVDV causes general inhibition of cellular immune responses in cattle. Mild (10–
20% decrease) or severe lymphopenia (50–60% decrease) is found depending upon 
the virulence of the BVDV strain and cytotoxic T-lymphocytes (CD8+) are affected 
more than helper T-lymphocytes (CD4+) cells (Brodersen and Kelling 1999). BVDV 
affects bovine monocytes, dendritic cells and macrophages and may alter function of 
TLRs, expression of cytokines and costimulatory molecules in bovine monocytes and 
macrophages resulting in an adverse effect on their ability to stimulate Th cells.

Interactions of BVDV and immune system are complicated and variable. The 
ncp BVDV elicits humoral immune response faster and traffics to more immune 
organs of mucosal immunity. Besides, BVDV antigen from ncp strains persists lon-
ger in immune tissues than the cp strains. BVDV cp strains elicit higher CMI 
response, while ncp strains avoid production of CMI response. Elimination of the 
adaptive immune response via infection before self-non-self-discrimination and 
inhibition of innate immune response are perfect strategies adopted by ncp BVDV 
for generation of PI animals. To inhibit innate immune response, ncp BVDV 
employs several strategies including preventing IFN-1 induction through Npro and 
Erns and strictly controls their RNA replication. BVDV Erns and Npro are crucial in 
establishment and maintenance of persistent infections and inhibit the innate 
immune response (Meyers et al. 2007).

14.16	 �Diagnosis

The control of BVD is highly dependent on confirmed laboratory diagnosis that 
defines exposure of an individual animal or population to BVDV.  The clinician 
should have a clear intention about the diagnosis approach and communicate it to 
the laboratory. Laboratory diagnosis of BVD is either aimed at detecting BVDV, 
viral antigen, viral RNA, or antibodies against BVDV. Dramatic improvements have 
been made in laboratory methods for diagnosing BVDV infections during the last 
20 years. In spite of recent advances in BVDV diagnosis, virus isolation and identi-
fication still remain the gold standard technique. Like other diseases, diagnosis of 
BVDV is an art that involves accumulation of data (laboratory test results) and 
reasoning from the data (interpretation).

BVDV-free animals upon testing are negative for antibody, antigen and virus, 
while acutely infected animals or immunocompetent fetuses are antibody positive 
and generally antigen or virus negative. PI animals in contrast are positive for 
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antigen or virus and negative for antibody. Since acutely infected animals become 
positive for BVDV antibodies within 2–3 weeks post-infection, testing for antibody 
4–8 weeks after initial testing can distinguish between acute and persistent infection 
in animals with positive antigen ELISA or RT-PCR results. Confirmatory diagnosis 
of mucosal disease relies on confirmation of PI status followed by isolation of both 
cp and ncp BVDV from the affected animal. However, it can also be confirmed 
based on identification of PI and characteristic pathological lesions. It is of utmost 
importance that only well-validated diagnostic tests should be employed for provid-
ing confirmatory diagnosis of BVD.

14.16.1	 �Conventional Methods

14.16.1.1	 �Virus Isolation
Virus isolation (VI) is the gold standard test for BVDV diagnosis and is the OIE 
recommended test for certifying individual freedom of infection during interna-
tional trade. VI relies on the growth of BVDV in specific cell lines, such as MDBK 
or BT (bovine turbinate) followed by detection using specific antibodies or molecu-
lar methods. The cells and serum used for VI should be BVDV free and BVDV 
antibody free. As most of the BVDV isolates are of ncp biotype, detection by immu-
nostaining or immunofluorescence using Erns- or NS3-specific monoclonal antibod-
ies is recommended. In case of cp (cytopathic) strains, a characteristic cytopathic 
effect is observed. VI detects viremia in individual animals and is used to confirm 
the PI status of animals with positive ear notches, serum, or whole blood buffy 
coats. Microplate immuno-peroxidase assay in 96-well plates is commonly used for 
PI animal detection. However, these methods suffer certain limitations such as vary-
ing sensitivity and slower test results and colostral antibodies can mask BVDV in PI 
animals and interfere their detection.

In case a pestivirus is isolated during virus isolation, it has to be characterized 
antigenically further for identification of the agent, using a panel of monoclonal 
antibodies specific for BVDV-1, BVDV-2, or BDV in a microplate immunoperoxi-
dase method (Paton et al. 1995). The interpretation of results needs caution due to 
serological cross-reactivity among pestiviruses.

14.16.1.2	 �Antigen ELISA
Direct detection of viral antigen in leukocytes, serum, or ear notch samples can be 
done by pestivirus antigen capture ELISA (PACE), and several commercial BVDV 
antigen ELISA kits are available which can be used in most of the veterinary diag-
nostic laboratories. PACE is usually recommended for PI screening, but it also 
detects some transiently infected animals, so a follow-up sample 4–6 weeks later is 
tested to confirm PI status. The test is based on a sandwich principle using mono-
clonal antibodies and usually detects BVDV NS2-3 or Erns antigen in peripheral 
blood leukocytes, plasma, or serum. Skin biopsies or ear notches have become a 
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popular sample for PI testing by PACE, since PI animals are consistently detected 
by PACE tests regardless of antibody status and the site of the biopsy. Although the 
test is easy to perform and rapid, it suffers from low sensitivity and specificity. 
Besides, false positives are not unusual. Erns mAb-based PACE is preferable since it 
can detect all the three species of bovine pestivirus, BVDV-1, BVDV-2 and HoBiPeV 
(Mishra et al. 2014). Moreover, antigen capture ELISAs based on the detection of 
the p80 (NS3) protein of BVDV have diagnostic gaps prior to the age of 90 days 
both for serum and ear notches, instability of the p80/NS3 protein and the stronger 
inhibitory effect of colostral antibodies.

14.16.1.3	 �Immunohistochemistry (IHC)
Immunohistochemistry using ear notch tissue samples detects PI animals with 
100% sensitivity and hence is one of the popular methods of BVDV Ag detection. 
While IHC is considered robust, it has many disadvantages in that it is subjective 
and restricted to tissue samples and is labor intensive, requiring experienced staff 
and its unreliability for use on samples stored in formalin for >15 days.

14.16.1.4	 �BVDV-Specific Antibody Detection
Serological tests for BVDV can be used to determine previous exposure of animals 
to BVDV, colostral antibodies in calves and immune response in vaccinated animals 
and in confirmation of acute infection. However, antibody-negative animals should 
be further tested for BVDV or Ag to rule out PI status. High prevalence of antibod-
ies is indicative of current infection at a herd or region level. Although several anti-
body detection methods such as AGID, dot ELISA, and microsphere-based 
immunoassay have been reported, the virus neutralization test (VNT) and Ab ELISA 
are most commonly used.

14.16.1.5	 �Virus Neutralization Test (VNT)
VNT is the gold standard test to detect anti-BVDV antibodies, although antibody 
ELISA can alternatively be used (OIE 2017). For demonstration of seroconversion, 
both acute and convalescent sera should simultaneously be tested. The test is based 
on determination of 50% neutralizing end point and both cytopathic and non-
cytopathic strains of BVDV can be used. Most preferably local isolates of BVDV-1, 
BVDV-2 and HoBiPeV must be used as low levels of antibody to BVDV-1 may not 
be detectable by a VNT that uses only BVDV-2 and vice versa. A differential neu-
tralization test against a BDV strain should also be carried out simultaneously for 
serological differential diagnosis of BVD as BDV can also infect cattle naturally 
and serological cross-reactivity occurs.

14.16.1.6	 �BVDV Antibody ELISA
BVD antibody ELISA is useful for screening large number of cattle herds for sero-
logical diagnosis of BVD in unvaccinated animals. Both mAb-based competition 
ELISA and indirect ELISA are available commercially and used for detection of 
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BVDV antibodies in serum, milk and bulk milk. Being rapid and cost effective, Ab 
ELISA is an efficient and economical alternative to VNT. But in BVDV-vaccinated 
animals, the usefulness of ELISA tests is fairly limited, while in unvaccinated popu-
lations and in eradication phase, it has more utility. Moreover, VNT detects a rise in 
Abs following vaccination or infection, while Ab ELISAs fail in this regard. Caution 
should be taken in result interpretation, since some commercial BVDV antibody 
ELISA kits have been reported to yield false-negative results when serum samples 
of calves harboring HoBiPeV antibodies were tested.

14.16.2	 �Modern Methods

Newer technologies are constantly being developed and evaluated for their use in 
BVDV diagnostic testing through genome detection and/or amplification. Besides, 
nucleotide sequencing and sequence analysis have dramatically improved the 
molecular epidemiology of BVDV in detecting new and divergent strains and in 
tracing the origin of outbreaks.

14.16.2.1	 �RT-PCR
In BVDV-infected cattle, viral RNA is detectable early and for a longer duration 
than virus isolation. RT-PCR employing pooled serum and milk samples has been 
found useful in identifying PI animals during BVDV surveillance. RT-PCR assays 
are able to detect acutely infected animals, PI animals and animals vaccinated 
with modified live vaccines, but follow-up testing is necessary to define the status 
of positive animals. Several RT-PCR protocols have been developed and evaluated 
and are being used for BVDV diagnosis. A range of samples, including blood, 
milk, follicular fluid, saliva, and tissue samples, can be tested successfully by 
RT-PCR (Dubovi 2013). The most widely used protocol utilizes primers 324/326, 
which is targeted at the highly conserved 5′-UTR and is pestivirus specific, but it 
fails to detect the highly divergent HoBiPeV strains. However, HoBiPeV-specific 
RT-PCR has recently been reported. Differentiation between BVDV-1, BVDV-2 
and BDV is also possible by nested RT-PCR.  However, extreme precautions 
should be taken during nucleic acid-based tests due to false-positive cases arising 
from cross-contamination, and a positive RT-PCR does not define the clinical 
status of an animal in a single animal test or in a pooled sample. Although several 
modifications of nucleic acid detection methods, such as RT-PCR ELISA, micro-
array, and LAMP tests, have been reported, real-time RT-PCR and RT-PCR are 
most commonly used for BVDV diagnosis.

14.16.2.2	 �Real-Time RT-PCR
As real-time RT-PCR assay provides simultaneous quantitation and genotyping of 
BVDV, it is used more commonly now not only during BVD outbreaks but also for 
routine BVDV diagnosis, due to its rapidity in obtaining the results. Several real-
time PCR assays, in uniplex, duplex, or multiplex formats, are available 
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commercially for diagnosis and genetic typing of BVDV and differentiation from 
other pestiviruses using primers and probes targeted at 5′-UTR (Hoffmann et al. 
2006; Baxi et al. 2006; Willoughby et al. 2006; Liu et al. 2008).

14.16.2.3	 �Sequencing and Next-Generation Sequencing
Genetic typing of BVDV provides useful information during BVD epidemiology 
and control. The more accurate genetic typing of BVDV strains is achieved from 
nucleotide sequencing or next-generation sequencing data followed by phyloge-
netic analysis. Although sequence analysis of 5′-UTR can be used for pestivirus 
species assignment, sequence analysis of complete Npro and E2 genes or combined 
datasets can classify them more accurately into genotypes/subtypes (Becher et al. 
2003; Vilcek et al. 2001; Mishra et al. 2014). Recently, analyses of whole genome 
sequencing data of BVDV strains are being more frequently used.

14.17	 �Prevention and Control

Vaccination against BVDV has been commonly used to prevent BVDV infection by 
enhancing immunity in cattle populations with an aim to prevent or reduce clinical 
disease and prevent the spread of infection within a herd by reducing BVDV vire-
mia and preventing fetal infection and generation of PI calf. At present, both modi-
fied live vaccine (MLV) and killed vaccines are used to control BVD. Vaccination 
may reduce the incidence of acute and persistent infections but may not prevent all 
infections in individual animals and vaccination failure is likely due to failure in 
broad protection arising from existence of three bovine pestivirus species (BVDV-1, 
BVDV-2 and HoBiPeV) and multiple subtypes. Currently most of the commercially 
available BVD vaccines contain antigens of BVDV-1a, BVDV-1b, BVDV-2a, or 
bivalent vaccines of different combinations, but no vaccine is available against 
HoBiPeV. Vaccination is only successful when a minimum coverage of the popula-
tion is achieved with maximum number of non-susceptible animals. Although vac-
cination has been effective in field conditions, when used as a lone measure, it has 
not resulted in the elimination of BVDV-induced clinical disease or a significant 
reduction in BVDV losses (Ridpath 2013).

Although initially it was thought that control of BVDV infection is not possible, 
a range of well-planned control strategies have been designed over the years, with 
successful implementation of BVDV control programs in many European countries. 
The common strategies for control programs are identification and removal of PI 
animals, movement control of infected animals, strict farm biosecurity and surveil-
lance. BVD control programs without use of vaccination have been used success-
fully in Scandinavian countries, Austria and Switzerland, whereas control with 
vaccination has been implemented in Germany, Belgium, Ireland, and Scotland 
(Moennig and Becher 2018). While compulsory and systematic control programs 
have been found most successful than voluntary control programs, there is a lack of 
official guidelines on BVD control in most of the countries.
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14.18	 �Vaccines

14.18.1	 �Inactivated Vaccines

Since protection against homologous strains is better than heterologous viral 
strains, multivalent vaccines containing both BVDV-1 and BVDV-2 are better 
than monovalent vaccines. Development and use of BVD vaccine based on the 
predominant subtypes of BVDV circulating in a country has been advocated as 
the most viable option. BVDV-inactivated vaccine elicits primarily a humoral 
response targeted mainly at E2 glycoprotein with minimal cell-mediated response. 
As inactivated vaccines contain viral antigen(s) incapable of replication, the risk 
of adverse effects in vaccinates and the fetus in pregnant animals is minimal. 
Hence, it is safe and can be administered at any stage of gestation. But protective 
immunity is shorter, and booster doses are required for its efficacy, and neonatal 
pancytopenia, associated with the use of inactivated vaccines with powerful adju-
vants, has been reported in several European countries. Fetal protection varies 
from incomplete to satisfactory. Despite inactivated vaccines are predominantly 
used, several countries allow the use of inactivated BVD vaccine before breeding, 
while some countries implement use of inactivated vaccine first followed by mod-
ified live BVD vaccine (two-step vaccination). Use of inactivated BVDV vaccine 
first and then vaccination with a live attenuated vaccine after 4 weeks have shown 
long-lasting immunity in vaccinates and in prevention of fetal infection following 
BVDV-1 and BVDV-2 challenge (Moennig et al. 2005).

14.18.2	 �Live Attenuated Vaccines

Live attenuated or modified live vaccine (MLV) against BVD was initially devel-
oped in the early 1960s, and more MLVs were produced and used subsequently. 
Besides generating antibody responses against E2, MLV vaccines are better 
inducers of CD4+ and CD8+ T-cells immune responses and provide a solid fetal 
protection (Reber et al. 2006). Although quite efficacious, the MLV vaccines have 
safety concerns due to possibility of reversion of virulence of attenuated virus, its 
ability to cause in utero infections, ovarian lesions leading to infertility in cows 
and mucosal disease, risk of contamination with adventitious viruses, and immu-
nosuppressive effects. Hence, the MLVs are not recommended in the first 6 months 
of unvaccinated pregnant animals especially with ncp BVDV which may cross the 
placenta and infect the developing fetus. Most of the modern MLVs are prepared 
using cp BVDV vaccine strains. Vaccination with MLVs is not advised in calves 
younger than 6 weeks. To improve the safety of MLVs, a mutant ncp BVDV virus 
strain was developed with the deletion of Npro gene and inactivation of endoribo-
nuclease activity of Erns and found to elicit immune response without crossing the 
placenta of pregnant cattle (Platt et al. 2017).
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14.18.3	 �Recombinant and Vectored Vaccines

The protective efficacy of BVDV E2 antigen has been shown using various deliv-
ery platforms like viral vectors and DNA immunizations or as a recombinant pro-
tein produced in various expression systems. However, these vaccines are not 
available commercially either due to prohibitive cost or low protective efficacy. 
An adenovirus vectored subunit vaccine against BVDV, consisting of recombinant 
adenoviruses expressing three novel mosaic polypeptide chimeras targeting Npro, 
E2, and NS2-3 antigens has been reported recently and is promising (Lokhandwala 
et al. 2017). The prototype vaccine has been shown to induce higher BVDV-1-
specific neutralizing antibody titers and lower clinical scores in calves following 
BVDV-2 challenge, compared to higher BVDV-2-specific neutralizing antibody 
titers found after MLV vaccination.

14.18.4	 �DIVA Vaccines

Although marker vaccines which allow differentiation of infected from vaccinated 
animals (DIVA) by serological tests have been successfully used in many other 
animal viral diseases, in the case of pestiviruses including BVDV, the benefit of a 
marker vaccine is questionable, because the PI animals, which are the main sources 
of infection, do not produce antibodies against the homologous strain. However, 
serological DIVA test may be useful in countries or regions where BVDV has been 
eradicated, and search for novel strategies should continue to find a solution.

14.19	 �Antivirals

There is no specific treatment for BVDV-infected animals currently, but several 
strategies have been tried in vitro and in vivo to identify the antivirals. Treatment 
of PI animal with DB772 (2-(2-benzimidazolyl)-5-[4-(2-imidazolino) phenyl] 
furan dihydrochloride) has shown decrease in the viral load of infected calves but 
it caused rapid selection of drug-resistant mutants (Newcomer et  al. 2013). 
Similarly, iminosugar N-butyldeoxynojirimycin (NB-DNJ), an endoplasmic retic-
ulum α-glucosidase inhibitor, has an antiviral effect against BVDV.  Antiviral 
activity of bovine bovIFN-α and boIFN-τ against BVDV was tried but was unsuc-
cessful, and boIFN-τ reduced the BVDV level in serum transiently when injected 
into PI cattle, but virus titer returned to the pre-administration level at the end of 
the treatment course. Essential oil of Ocimum basilicum (basil) and monoterpenes 
were reported to inhibit BVDV in an in vitro experiment.
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14.20	 �Other Measures

14.20.1	 �Identification and Removal of PI Animals

PI animals act as BVDV reservoirs and permanently shed large amounts of infectious 
virus. Hence, identification and removal of PI animals are the hallmark of BVDV 
control. Virological screening using cost-effective BVDV antigen ELISAs and molec-
ular tests have been found useful in identification and elimination of PI animals in 
successful control programs. All Scandinavian programs were successful following 
this method without vaccination, and the countries became mostly free from BVDV 
after a few years. Following success in Scandinavian countries, this approach was 
then implemented in Austria and Switzerland with promising outcomes.

14.20.2	 �Biosecurity

Strict farm biosecurity should be taken into account as a part of any BVD control 
program due to the vulnerability of susceptible herds to reinfection by PI animals. 
Purchase or trade with untested cattle is the predominant factor of BVDV introduc-
tion. Reports of high prevalence of BVDV-1 and BVDV-2  in sheep and BVDV 
transmission from sheep to cattle pose hindrances to the success of BVD control 
and eradication programs. Similarly wild ruminants also present a potential threat 
during grazing of cattle in certain geographical areas.

14.21	 �Conclusions

Molecular analyses during the last two decades have deciphered several astonishing 
features of BVDV and have added significantly on virus/host interplay, but many 
aspects of BVDV biology including the genetic basis of attenuation are still obscure 
and await further work at the molecular level. Similarly, problems associated with 
classification and nomenclature of pestiviruses including BVDV should be resolved 
soon and so also the subtype assignment criteria and consistency in phylogenetic 
analyses methods and target genes. Due to the recognition of severe acute BVDV 
infections earlier and with involvement of novel BVDV-2c strains recently, monitor-
ing the role of newly emerging strains of BVDV on disease severity and on acute 
and persistent infections should be continued in the future, and acute BVDV infec-
tions with mucosal lesions should not be ignored. The genetic and antigenic hetero-
geneity of bovine pestiviruses, diverse host range, and clinical outcomes pose 
challenges for both laboratory diagnosis and clinical diagnosis. With regard to diag-
nosis, virus isolation should be carefully undertaken by eliminating cross-
contamination from laboratory handling and identification of BVDV in unusual 
hosts should be reported with caution. Moreover, no uniform approach exists in 
selection of correct BVDV strains for use in serological studies, selection of antigen 
ELISA kits and the use of correct cells for virus isolation. Inconsistencies in 
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selection of primers and probes to detect existing and new BVDV strains and other 
pestiviruses and development of new tests for detection and differentiation of all the 
three species of bovine pestiviruses have to be resolved in the near future. As cur-
rently available BVD vaccines, consisting of BVDV-1 or BVDV-2 strains, provide 
only limited protection against HoBiPeV strains, future strategies should aim at 
development of efficient vaccines having ability of broad protection and complete 
protection from fetal infection. Since contact of cattle with other domestic and wild 
ruminants can favor BVDV transmission, and there is a risk of introduction of 
HoBiPeV, surveillance strategies may be reviewed to ensure optimal performance 
of laboratory diagnostic tests for identification of PI animals.
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