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Summary

Bovine viral diarrhea virus (BVDV) is a significant pathogen associated with gastrointestinal, respiratory, and reproductive
diseases of cattle worldwide. It causes continuous economic losses to the cattle industry primarily due to decreased reproductive
performance. The ability of virus to cross the placenta during early pregnancy can result in the birth of persistently infected (PI)
calves. Persistently infected animals are generally much more efficient transmitters of BVDV than transiently or acutely infected
animals because they are capable of shedding large quantities of virus throughout their lives and are considered the primary
reservoirs for BVDV. Due to the nature of viral infections, there is no treatment to fully cure an animal of a viral infection. All
control programs which are in use in many countries of the world, mainly depend upon the detection of PI animals, eliminating them
and preventing their return into the herds. Detection of PI animals at early stage, particularly soon after birth is of significant benefit
to implement BVDV control programs. Available diagnostic tests such as virus isolation (VI), immunohistochemistry (IHC),
Antigen-Capture ELISA (ACE), and reverse transcriptase polymerase chain reaction (RT-PCR) are used for detection of PI cattle.
Each method to detect BVDV has advantages, disadvantages, and applicability for different diagnostic situations. The reliability of

diagnostic tests is optimized by choosing the appropriate sampling strategy on the basis of animal age.
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Introduction

Bovine viral diarrhea virus (BVDV) as a small,
enveloped single-stranded positive sense RNA virus,
about 12.5 kb, is a member of the genus Pestivirus,
family Flaviviridae. BVDV is a common infection of
cattle worldwide so that most herds are at risk for
infection. The broad nature of the disease, transmittance,
and lack of treatment have made it a globally enzootic,
and one of the most significant cattle diseases (Tautz et
al.,2003; Gunn et al., 2005; Uzal et al., 2016).

The infection can cause severe economic losses due
to decreased fertility and milk production, slow fetal
growth, diarrhea, respiratory symptoms, reproductive
dysfunctions such as abortion, teratogenesis, embryonic
resorption, fetal mummification and stillbirth, immuno-
logical dysfunctions, concurrent infections, impaired
herd performance, and the dreaded state of persistent
infection (PI) in calves (Deregt and Loewen, 1995;
Brock, 2004). Although BVDV is named for its primary
host, its prevalence in non-bovine species has become
increasingly recognized. To date, the virus has been
isolated in over 40 species and serological evidence
indicates that most wild ruminants are susceptible to
BVDV infection. In addition to wildlife, multiple
domestic non-bovid species have also been reported to
carry and spread the disease. There is evidence of
transient infection (TI) within most of these species,

resulting in the familiar BVDV syndromes of
reproductive insufficiency, respiratory disease, and
immunosuppression (Nielsen et al., 2000; Vilcek and
Nettleton, 2006).

With regard to potential of BVDV infection in
farmed and free-ranging wildlife, the risk of transmission
of the disease from wildlife to cattle remains unknown
(Uzal et al., 2016). Bovine viral diarrhea virus has been
found in sheep, goats, pigs, buffaloes and wildlife,
although the chance of transmission to or from cattle has
not been fully established. Transmission between sheep
and cattle has been experimentally proven (Deregt ef al.,
2005; Vilcek and Nettleton, 2006; Lamm et al., 2009).
Isolation of the virus in wild ruminant animals such as
deer and elk in North America has been reported (Vilcek
et al., 2000; Grooms and Keilen, 2002).

Epidemiological investigations have shown that
demographic factors such as herd size and density are
significant predictors for the prevalence of infection in
populations where BVDV is endemic (Ezanno et al.,
2008; Talafha et al., 2009; Van Campen, 2010). Higher
seroprevalences are observed in herds with purchased
animals from different sources (Lindberg and Houe,
2005; Ezanno et al., 2008). Because of the error-prone
nature of the RNA polymerases responsible for
replication of viral RNA, BVDV is highly mutable.
Therefore, there is a range of virulence among BVDV
isolates, varying from subclinical infections or mild
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clinical disease to severe fatal syndromes. Persistently
infected cattle are an important reservoir of virus and
shed large amounts of virus throughout their lives
spreading virus among cattle herds. All control programs
which are in use in many countries of the world, largely
depend on the detection and removal of PI animals, and
prevention of introduction of PI animals in the herds with
biosecurity programs and/or vaccination. This paper aims
to review various aspects and complications of detection
and control of persistent BVDV infections in cattle
herds.

Biotypes and strains of BVDV

The genus Pestivirus is composed of four recognized
species, BVDV-1 and BVDV-2 (previously referred to as
genotypes 1 and 2), classical swine fever virus and
border disease virus (Tautz et al., 2003; Uzal et al.,
2016).

There are hundreds of different strains of the virus,
characterized by viral nucleotide sequence comparison or
by monoclonal antibody (MADb) serotyping, which can
also be categorized under two biotypes based on their
growth characteristics in cell cultures (Ridpath et al.,
2010). The rare cytopathic (CP) biotype will damage
tissue cultures and the much more common non-
cytopathic (NCP) will not. Biotypes apparently behave
differently in vivo. Non-cytopathic strains have a tropism
for leukocytes, lymphoid organs and the respiratory tract,
while CP strains are more restricted to the digestive tract
(Bezek et al., 1994).

The syndromes caused by the two biotypes differ
mainly in the occurrence and severity of disease that they
cause upon infection. Both biotypes can cause disease in
cattle, however, in the great majority of viruses (about
90%) isolated in the laboratory, all of the PI, and the
more severe forms of the disease are caused by the NCP
biotype (Kelling, 2004; Fulton et al., 2006; Birk et al.,
2008; Neill et al., 2008). Cytopathic biotypes have only
been isolated in connection with outbreaks of mucosal
disease (MD) and the NCP biotype is commonly found
in nature and causes PI in animals (Bezek ef al., 1994;
Peterhans et al., 2003; Schweizer et al., 20006).
Cytopathic BVDV arises from rare mutations of the NCP
strains. Non-cytopathic viruses are associated with the
majority of BVDV infections (>90%) and can cause mild
to severe TI as well as PI. Cytopathic biotypes cause MD
when PI cattle become superinfected with a CP BVDV
(Bolin et al., 1985).

In general, transient BVDV infections can be divided
into five categories: acute, severe acute, hemorrhagic
infection, bovine respiratory disease, and immuno-
suppression-only. In addition to these five syndromes,
BVDV can also cause chronic disease and MD in PI
animals (Evermann and Ridpath, 2002). The importance
of acute TI in the transmission and maintenance of
BVDV within a population of animals (domestic and
wild) should not be underestimated. These TI animals are
responsible for up to 93% of all in utero infections that
result in the birth of PI calves (Wittum et al., 2001).
Therefore, most all PI animals come from TI dams, but
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the source of the virus for the TI infection is a PI animal.

The BVDV can be divided into two species or
genotypes (BVDV-1 and BVDV-2), which may be
differentiated from each other and from other
Pestiviruses by MAD directed against the E2 protein, or
by genetic analysis of different regions of the genome
(Pellerin et al., 1994; Paton et al., 1995; Ridpath, 2010).
Furthermore, both genotypes are divided into subtypes.
At least fifteen subgenotypes of BVDV-1 and two
subgenotypes of BVDV-2 have been identified (Ridpath
et al., 2010).

Genotypes 1 include the classic isolates, which are
commonly used in laboratory reference and vaccine
strains. Genotype 2 includes BVDV strains associated
with high mortality acute and peracute infections,
thrombocytopenia and hemorrhaging (Vilcek et al.,
2001). Although both genotypes cause disease, severe
cases of clinical disease may be more commonly seen
with the BVDV-2 genotype (Kelling, 2004). BVDV-1
strains are predominant in most part of the world,
whereas BVDV-2 was recognized as the cause of severe
acute haemorragic disease in North America (Pellerin et
al., 1994), being more recently reported in Europe and
Asia with low virulence (Letellier et al., 1999; Luzzago
et al., 2006; Ridpath, 2010; Khodakaram-Tafti et al.,
2016). Furthermore, a new Pestivirus species, tentatively
called HoBi-like (BVDV3), or atypical Pestivirus, was
recently identified in fetal bovine serum imported from
Brazil to Europe. These viruses are genetically and
antigenically related to BVDV-1 and 2 and cause disease
similar to that traditionally associated with BVDV
infections. HoBi-like viruses may not be detected by
conventional BVDV diagnostic techniques. These
viruses have been identified in Brazil, Southeast Asia,
and Europe (Schirrmeier et al., 2004; Uzal et al., 2016).

Transmission

The main transmission route in infected herds is
direct contact with a PI animal. The horizontal
transmission of BVDV may be direct or indirect via
inhalation or ingestion of virus contaminated materials
(Lindberg, 2003). Horizontal transmission occurs mainly
by contacts with virus-shedding animals, but PI and TI
animals excrete the virus in different amounts (Houe,
1995). Transmission between small ruminants and cattle,
both ways, has been demonstrated (Carlsson, 1991;
Carlsson and Belak, 1994; Paton et al., 1995) and BVDV
has been isolated from many other captive and free-
living ruminants which are considered a potential source
of virus (Luken, 1995). Bovine viral diarrhea virus has
also been isolated from pigs (Terpstra and Wensvoort,
1988); but their importance in transmission is unclear.
Although the prevalence among pigs has been related to
contact with cattle (Luken, 1995), BVDV infection in
pigs with no indication of virus transmission from cattle
has also been described.

Common mechanisms of horizontal transmission
include: fomites (feed, water, and equipment such as
nose tongs, milk bottle nipples, and needles), palpations
(if the same pair of gloves are worn for all exams),
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secretions and excretions (urine, facces, mucus, milk),
crowding (can also increase transmission if animals are
infected with the respiratory type of BVDV), and vectors
(horse flies, stable flies, head flies, face flies) have also
been shown to transmit BVDV (Niskanen et al., 2000;
Niskanen and Lindberg, 2003; Bolin and Grooms, 2004;
Schirrmeier et al., 2004; Stringfellow et al., 2005;
Lindberg et al., 2006).

If a cow is PI, its fetus will become infected. The
virus has the ability to cause transplacental infection
resulting in different outcomes depending on the stage of
gestation at which the acute infection takes place, leading
to fetal death, malformations, acute syndromes of the
neonate, immune tolerance and lifelong viral persistence
(Peterhans et al., 2003). Recently, BVDV antigen was
detected in two neonate calves with clinical signs of
congenital tremor (Taghipour Bazargani et al., 2011).

Other mechanisms of vertical transmission include:
contaminated semen, embryo transfer, and contaminated
modified live vaccines. Infected bulls can shed BVDV in
semen for prolonged periods, and cattle have been
infected following insemination with frozen semen from
these animals (Schlafer et al., 1990; Houe, 1995; Falcone
et al., 1999; Givens et al., 2003; Niskanen et al., 2003;
Stringfellow et al., 2005; Bielanski et al., 2009).

Transient infection and classical BVD

Bovine viral diarrhea virus gains access to the
oropharyngeal mucosa by ingestion or inhalation.
Following contact with the mucosal lining of the mouth
or nose, initial replication occurs in epithelial cells with a
predilection for the palatine tonsils and newly assembled
viruses egress via exocytosis. The virus is able to spread
systemically through the blood stream. Spread can occur
through both free virus in the serum and virus infected
leucocytes. In males, BVDV replicates in the seminal
vesicles and the prostate gland.

The outcome of TI and ensuing viremia is probably
related to several factors including genotype and
virulence of the virus, age of host, immune and
physiologic status of the host, and whether or not the
animal is pregnant, and if so, the age of pregnancy, and
also the presence of other pathologic agents (Brodersen,
2004).

The majority of TI is caused by NCP viruses.
Infected animals shed virus in nasal and oral secretions,
less so in feces and urine. This form of infection is
important in pregnant cattle because of the ability of the
virus to cross the placenta and cause intrauterine
infections of the fetus (Brodersen, 2004; Smith et al.,
2008).

Infection of immunocompetent, seronegative, non-
pregnant animals in 70-90% of cases results in
subclinical infection or mild clinical disease. In a few
situations, animals, mainly more than 6 months old, a
clinical syndrome as classical BVD develops. After an
incubation period of 5-7 days, the affected animals
develop fever, leukopenia and viremia that may persist
up to 15 days. The virus is present in leukocytes (buffy
coat), especially lymphocytes and monocytes, and in

plasma. The clinical symptoms include lethargy,
anorexia, mild oculonasal discharge, diarrhea, mild oral
erosions and ulcers (Uzal et al., 2016).

Severe acute BVD

Since the early 1990s, a syndrome of severe acute
BVD has been recognized with high morbidity and
mortality in susceptible animals. Primary infections with
a few highly virulent BVDV-2 strains caused this
syndrome with peracute to acute course and signs of
fever, sudden death, diarrhea, or pneumonia. The
pathogenesis of BVDV-2 is most frequently linked to
increased strain virulence (Luzzago et al., 2001; Fulton
et al., 2006). Production of inflammatory cytokines, in
response to widespread infection of mononuclear
phagocytes has been postulated as a cause of this severe
disease (Chase et al., 2004). In some cases, a
thrombocytopenic syndrome with clinical symptoms
including epistaxis, hyphema, mucosal hemorrhages,
bleeding at injection sites and bloody diarrhea, is
superimposed on the alimentary syndrome. The
mechanism of thrombocytopenia is not completely
defined, although infected megakaryocytes in the bone
marrow undergo necrosis (Peterhans et al., 2003;
Ridpath, 2005).

Fetal infections

During pregnancy, BVDV has the ability to cross the
placenta and cause intrauterine infections. The outcome
of BVDV fetal infections in susceptible heifers and cows
is dependent on the age of the fetus when exposed
(Brock, 2003). When a pregnant seronegative cow is
infected with a NCP BVDV biotype, the virus can be
easily transferred to the fetus. Fetal infection during the
first trimester of gestation can result in abortion, fetal
mummification and formation of several different types
of congenital anomalies such as cerebellar hypoplasia,
cataracts, retinal degeneration, optic neuritis, skeletal
malformations, hypotrichosis, and general growth
retardation (Deregt and Loewen, 1995; Brock, 2003;
Brodersen, 2004; Grooms, 2004; Smith and
Grotelueschen, 2004; Khodakaram-Tafti and Ikede,
2005). Some researchers believe that abortions may
appear at any time during pregnancy and are not
necessarily associated with the time of infection
(Lindberg, 2003). If the fetus survives the early infection,
they invariably become PI (Grooms, 2004; Khodakaram-
Tafti and Ikede, 2005; Uzal et al., 2016). In fact, most
new PI detected in an infected herd will be the result of
TI in dams with a normal immune response (Moennig et
al., 2005). Persistently infected calves remain viremic for
life, and are immunotolerant to homologous NCP BVD
viruses.

Persistent infection

Several factors have influenced the persistence of
BVDV in cattle. A non-lytic infection produced by NCP
BVDV strains and the ability to evade the host immune
response is the primary mechanism of persistence. When
NCP biotype of BVDYV infects the dam during the first
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trimester, the immature immune system of fetus is not
able to develop a sufficient immune response yet and the
virus produces the PI. Because the immune system of the
fetus now recognizes the virus as part of its make-up, the
virus will remain in the calf as long as it lives.
Persistently infected animals are viremic (virus-positive
and antibody-negative or seronegative), continually shed
large amounts of BVDV in all body secretions including:
nasal discharge, saliva, semen, faeces, etc. These animals
serve as a major reservoir of virus for within the herd as
well as the mechanism for maintaining BVDV in the
cattle population (Fig. 1) (Brock, 2003; Grooms, 2004;
Zimmer et al., 2004). Because the PI calves serve as one
of the main reservoirs that maintain BVDV within the
cattle population and BVDV spreads through most
organs in the animal, but no lesions are present, it is
exceedingly important to identify and remove these
animals from the herd. Persistently infected cattle excrete
the virus throughout their, life being a source of infection
for other animals in a herd (Houe, 1999; Fray et al.,
2000).

Pregnant female whose
fetus may become
infected.

Cow and calf that may both
develop acute infections. Cow may
suffer from infertility.

PI calf constantly
shedding BVD virus

ﬂ to herdmates

Calves exposed to PI calf may develop
pneumonia, diarrhea, etc.

Herd bull that may become acutely infected
and then expose cows while breeding.

Fig. 1: PI cattle excrete the virus throughout the life being a
source of infection for other animals in a herd

The age-specific prevalence of PI is greatest at birth
and decreases with age. Approximately 50% of BVDV
PI calves will die during the first year of life due to other
pathogens that affect PI animals more severely
(Smirnova et al., 2008). Some PI calves can survive until
maturity and if they are retained for breeding, their
offspring is always PI but often fails to survive. PI bulls
can produce semen of an acceptable quality, but may be
associated with infertility (Moennig et al., 2005). Voges
et al. (1998) have reported a case of a bull that was
strongly sero-positive and non-viraemic but persistently
shed the virus in the semen.

Calves that are born PI are sometimes weak. Once an
animal is PI, it is always infected. PI calves may appear
normal, but are frequently poor doers having reduced
growth rates, immunosuppression, increased morbidity
and mortality because they are more susceptible to many
calthood diseases, such as pneumonia. Most PI calves
succumb to MD usually between the ages of 6 months
and 2 years (Odeon et al., 2003; Uzal et al., 2016).

The prevalence of BVDV PI cattle has typically been
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observed in the range of 0.5% to 2% (Brock, 2003;
Peterhans et al., 2003; Smith et al., 2008), although the
prevalence of PI within herds is variable and may be as
high as 25-30% when a large number of naive cows,
early in pregnancy, have been exposed to NCP BVDV.
The success of any program to eradicate BVDV from a
cattle population depends on the ability to detect all PI
animals (Peterhans et al., 2003; Zimmer et al., 2004;
Smith et al., 2008; Van Campen, 2010; Nelson et al.,
2015).

Mucosal disease

This clinicopathologic syndrome occurs when PI
animals become infected with a closely related CP strain
of BVDV, or probably more commonly, when the virus
causing the persistent congenital infection spontaneously
develops a recombination encoding NS3. The result is an
overwhelming infection that destroys cells and to which
the animal is incapable of responding (Uzal ef al., 2016).
Mucosal disease is characterized by a high mortality rate
with animals dying usually within 1-2 weeks after the
onset of clinical signs. Post-mortem examinations reveal
erosions and ulcers in the mucosa at various sites along
the gastrointestinal tract (Baker, 1987).

Mucosal disease in nature is probably a rare event
because several factors have influenced the occurrence of
MD cases. First, an animal must be PI with BVDV.
Second, superinfection of the PI animal with an
antigenically similar CP BVDV or the generation of a
mutant virus is required for it to occur (Tautz et al.,
2003). Both NCP and CP biotypes are consistently found
in animals that come down with MD (Kummerer ef al.,
2000; Bolin et al., 2004). However, post mortem
examination of PI calves that succumbed to MD revealed
high levels of CP virus in enteric tissues (Brownlie,
1990).

This syndrome affects all ages of PI cattle but often
occurs between the ages of 6 months and 2 years.
Extensive ulceration of the gastrointestinal tract is the
most prominent lesion. Characteristic clinical signs of
MD include anorexia, fever, diarrhea, dehydration,
presence of lesions in the mucous of the digestive tract,
necrosis of lymphoid tissue, hoof inflammation, and loss
of condition and death (Wilhelmsen et al., 1991; Kelling,
2004). Dermatitis is a sign frequently present in MD and
is the common finding of BVDV in skin biopsy
specimens in PI cattle, confirming the tropism of the
virus for the epithelial cells (Wilhelmsen ef al., 1991;
Dabak et al., 2007).

Pathology
Gross pathology

At necropsy, it is often difficult or impossible to
differentiate cases of severe acute BVD caused by
BVDV-1 or BVDV-2 and cases of MD. Perhaps the only
exception is severe acute BVD associated with
thrombocytopenic syndrome which has remarkable
hemorrhagic lesions caused by highly virulent strains of
BVDV-2. Fulminant severe acute BVD or MD closely
resembles rinderpest clinically and grossly. At the onset
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the animal is febrile, with serous to mucoid nasal
discharge (Uzal et al., 2016). The pathological lesions
are confined in several body systems. The main
pathological findings include widespread mucosal
congestion, deep and extensive ulcerations in dorsal and
lateral epithelia of the tongue, gums, hard palate, mucosa
of the oesophagus, pillars of the rumen, mucosa of the
abomasum and small intestine. It is common for the
presence of blood clots of several diameters to attach to
the mucosa of the ileum, some of them anatomically
associated with the Peyer’s patches. In general, the
mesenteric lymph nodes are large, edematous and
hemorrhagic (Campbell, 2004; Liebler-Tenorio et al.,
2006; Lunardi et al., 2008; khodakaram-Tafti et al.,
2015). Interstitial emphysema, pneumonia and fibrinous
pleural adherences are commonly found in the
respiratory tract. Petechial haemorrhages can be present
in epicardium and myocardium. In aborted fetuses, the
principal lesions include conjunctivitis, pneumonia,
thymus hypoplasia and non-specific myocarditis.
Placental lesions consist mainly vasculitis, edema,
congestion and haemorrhage with some degeneration and
necrosis (Liebler-Tenorio et al., 2006).

Histopathology

The principal microscopic lesions reveal severe
lymphocyte depletion and haemorrhages in peripheral
and general lymph nodes and lymphoid follicles of
Peyer’ s patches (Odeon ef al., 2003; Chase et al., 2004).

Microscopical examinations confirm the epithelial
cell necrosis and vacuolation are present in the basal
stratum and spinosum stratum of the squamous epithelia
of the tongue and oesophagus. The epithelia of rumen
could present cell necrosis and a mild non-suppurative
inflammatory reaction. Lymphocyte infiltration, hyaline
degeneration and fibrinoid necrotizing vasculitis of
mesenteric and submucosal arterioles, epithelial necrosis,
vacuolation and destruction of the epithelium of the
crypts of Lieberkuhn are the prominent findings in the
small intestine, cecum and colon. The affected crypts can
be dilated and contained large amounts of cell debris
with mixed neutrophils and macrophages (cryptitis) and
herniated to submucosa (Fig. 2) (Khodakaram-Tafti and
Miller, 2006; Liebler-Tenorio et al., 2006; Khodakaram-
Tafti et al., 2015).

In respiratory tract, an acute catarrhal inflammation

T AN o

Fig. 2: Ileum. Cryptitis and herniation of the crypts into the
submucosa. The herniated crypts were dilated with mucus and
cellular debris (bar = 150 um)

in nasal cavity and trachea can be observed. The lungs
could present moderate congestion and lymphocytic
interstitial reaction (Baule et al., 2001). In aborted fetus,
histopathological changes are also noted in the
cerebellum consisting of necrosis and depletion of the
external germ layer (Swasdipan ef al., 2002).

Diagnosis

There are different reliable methods for the detection
of BVDV infected animals and, more importantly,
differentiate acutely infected from PI animals because
the identification and removal of PI animals that serve as
the natural reservoirs is essential in preventing the spread
of BVDV. Available methods to detect PI cattle include
VI, RT-PCR, THC, AC-ELISA which are some of the
most commonly used tests to detect the presence of a PI
animal (Table 1).

Virus isolation (VI)

Culture and identification of BVDV from clinical
specimens remains the “gold standard” diagnostic
technique (Sandvik, 2005). Since BVDV appears to
replicate best in lymphoid cells, samples that contain this
cell type should be considered. The samples would
include whole blood, buffy coat, lymphoid tissues such
as Peyer’s patches, mesenteric lymph nodes, spleen and
thymus from postmortem cattle or aborted fetuses. Buffy
coat cells, whole blood, washed leukocytes or serum are
suitable for isolation of the virus from live animals
(Cornish et al., 2005).

Unfortunately, VI methods are labor intensive and
take several days to be completed, and may not
differentiate between TI and PI animals, unless positive
cattle are re-tested and remain positive at a later date of 3
weeks (Cornish et al., 2005; Edmondson et al., 2007). In
addition, colostral antibodies may temporarily reduce the
amount of free virus in the serum of young calves and
make the test less sensitive so that the virus from PI
calves cannot be detected easily in serum by VI (Palfi et
al., 1993). However, the virus can be isolated from
mononuclear cells from calves receiving colostrum, but
special procedures are needed.

Antigen-capture enzyme (ACE)-linked immunosorbent
assay

Antigen-capture  enzyme-linked immunosorbent
assay has good sensitivity, specificity and repeatability
for detecting antigen from BVDYV; it is a robust,
economical method of identifying PI cattle, easy to
transfer and to perform (Bleak and Ballagi-Pordawy,
1993; Pacheco and Lager, 2003; Farjanikish et al., 2013).

The ACE, a relatively new assay available as a
commercial test kit, uses MAD to capture viral antigen
Erns glycoprotein (gp48). This structural protein is
secreted from infected cells during virus replication and
can be detected directly in blood, buffy coat cells,
plasma, sera, ear notches or tissue extracts, producing
reliable results (Brinkhof et al., 1996; Frey et al., 1996;
Kuhne ef al., 2005; Kennedy et al., 2006a; Hill et al.,
2007). For testing whole blood or peripheral blood
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Table 1: Suggested diagnostic laboratory tests for the detection of PI infected animals (Larson et al., 2004)

Test Cost Advantages Disvantages Specimens/shipping
Virus isolation Moderate to -Gold standard for  -Slow procedure -Whole blood (10 ml) or serum (2-3 ml) and
1-3 week turnaround high cost BVDV -Labor-intensive tissue samples
-High specificity -Potential false negative due to interference  -Send in container with cold packs
-Virus is available by maternal Ab -Do not freeze the samples
for study at a later  -Retest positive animals in 3-4 weeks to
date distinguish between PI and TI
Immunohistochemistry (IHC) Low cost -High sensitivity -Labour-intensive -Skin samples-ear notch and tissue samples
2-5 day turnaround -Usually  identifies -Formalin usage -Send fresh on wet ice or stored in 1:10 volume
only PI -Will not generally identify generally  of 10% neutral buffered formalin
-TI animals usually  identify TI animals -Sample can be held in formalin for several
test negative weeks
Antigen-Capture ELISA of serum Low cost -High sensitivity -Potential false negative due to the -Serum (2 ml)
1-2 day turnaround -Easy to carry out interference by maternal antibodies -Send in insulated container with cold packs
-Variation of viremia
-To distinguish between PI and TI animals,
retest 3 weeks later
Antigen-Capture ELISA of skin Low cost -High sensitivity -Will generally not identify TI animals -Skin samples-ear notches
1-2 day turnaround -Usually  identifies -Send in insulated container with cold packs
only PI animals -Do not allow to dry out
-TI animals usually
test negative
Antigen-Capture ELISA of tissue/leukocytes Low cost -High sensitivity -Labor-intensive to prepare buffy coat -Whole blood (10 ml) using EDTA or heparin

1-3 day turnaround

Polymerase chain reaction (PCR) Moderate to high -High sensitivity

1-3 day turnaround cost (can be  -Can detect 1 ng/ml
reduced pooling BVDV RNA
samples)

-Not used in a large screening

-Potential of false positive due to laboratory
contamination

-Retest samples in 3 weeks to distinguish
between PI and TI animals

-Tissues
-Send in insulated container with cold packs

-Whole blood (10 ml) or serum (2-3 ml)
-Ear notches in red top tubes

-Milk, semen and tissues

-Send in insulated container with cold packs

leukocytes in the past often ACE was used (Saliki et al.,
2000; Saliki and Dubovi, 2004).

Agreement between ELISAs performed on serum or
skin and PCR has been reported to be 100% (Hill et al.,
2007). For ear notches samples, a sensitivity of 100%
and specificity of 99.6% was reported using the
commercially available kit on ear tagging obtained from
PI animals (Kennedy et al., 2006a, b; Edmonson et al.,
2007). Some researchers reported differences between
the results obtained using sera and ear notches samples.
Both samples from PI calves were tested using ACE, and
while sera samples were negative after intake of
colostrum, the ear tissue samples were positive for
BVDV at all time points (Kuhne et al., 2005). The ACE
test cannot be used reliably on pooled samples from any
source.

Immunohistochemistry (IHC)

Because of reduced cost and ease of sample
collection, IHC staining of formalin-fixed, paraffin-
embedded skin biopsies is widely used for the detection
of PI animals (Brodersen, 2004).

After the first report using skin biopsies as method of
detection of PI cattle in 1996, where the agreement of
IHC and VI in positive and negative animals was 100%
(Thur et al., 1996), other studies have shown similar
results (Njaa et al., 2000; Grooms et al., 2002). Previous
studies described pronounced immunostaining in the
basal epithelial cells of epidermis and hair follicles,
subcutaneous stromal cells, endothelial cells of blood
vessels and hepatocytes (Figs. 3, 4) (Thur et al., 1996;
Njaa et al., 2000; Grooms and Keilen, 2002; Brodersen,
2004; Liebler-Tenorio et al., 2004; Saliki and Dubovi,
2004; Cornish et al., 2005; Loneragan et al., 2005;
Khodakaram-Tafti and Miller, 2006; Luzzago et al.,
2006; Hilbe et al., 2007a, b; Bedekovic et al., 2011;
Khodakaram-Tafti et al., 2016). It should also be noted
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that THC can detect virus in TI animals so care must be
taken in interpreting positive results.

The advantages of the ear notch skin biopsy samples
are include: they can be obtained easily and quickly,

Fig. 3: Ear-notch skin from a persistently infected calf.
Immunopositivity for BVDV as finely brown cytoplasmic
granules are observed in the cytoplasm of basal cells and other
cells of epidermis, (IHC, bar = 40 um)

Fig. 4: Liver. Positive immunostaining to BVDV antigen in
hepatocytes and Kupffer’s cells (IHC, bar = 150 pum)
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require less skill to obtain, provide a visible marker for
the animal having been sampled, and these samples
contain a high concentration of BVDV antigen. In
addition, THC to detect BVDV on skin biopsies is a
good, fast and sensitive method, and the presence of
maternal anti-BVDV antibodies therefore does not
interfere with the detection of the BVDYV antigen in the
ear notch sample as it does with serum or plasma
samples (Brodersen, 2004; Hilbe et al., 2007b). This
could potentially allow testing calves of any age,
regardless of whether they received passive antibodies to
BVDV via colostrum. Saliki and Dubovi (2004)
recommended THC or ACE from ear notch tissue
samples to test cattle of all ages for BVDV. Two
techniques performed on ear notches, IHC and ACE
were compared for detection of BVDV PI animals. Both
IHC and ACE detected 100% of PI calves (Cornish et
al., 2005).

Recent studies support the conclusion that
conventional tests may be replaced by the IHC on fixed
tissues and ACE on unfixed tissues, and with these
methods PI animals in a herd can be easily detected and
eradicated (Hilbe et al., 2007b).

Reverse transcriptase polymerase chain reaction (RT-
PCR)

During the past 10 years, the RT-PCR has gained
widespread use as a routine diagnostic method for
BVDV (Smith et al., 2008). Recently, PCR has been
used for BVDV detection in numerous clinical samples
including serum, blood (buffy coats), tissues, fetal fluids,
milk, nasal swab and soaked skin supernatant of PI
animals (Drew et al., 1999; Renshaw et al., 2000;
Stokstad et al., 2003; Kennedy, 2006; Young et al.,
2006; Edmondson et al., 2007; Tajima et al., 2008;
Khodakaram-Tatfti et al., 2016).

In PI calves, RT-PCR test is a reliable diagnostic
method at all ages and it has been demonstrated that RT-
PCR is able to detect BVDV even in the presence of
maternal antibodies to BVD virus that influence results
obtained by VI, and ELISA (Bruschke et al., 1998;
Letellier et al., 1999; Luzzago et al., 2001; Saliki et al.,
2004; Goyal, 2005; Sandvik, 2005).

Some researchers tested pooled samples (pooled
serum, milk and buffy coat samples or pooled ear notch
phosphate buffered saline) by RT-PCR to screen many
animals. If the pooled sample is positive by RT-PCR,
samples are tested individually by PCR or ACE to
identify the respective BVDV positive animal (Munoz-
Zanzi et al., 2000; Kennedy et al., 2006; Khodakaram-
Tafti et al., 2016). The pooling could provide an initial,
rapid, cost-effective method of screening cattle herds for
BVDV PI animals.

Complete agreement among IHC and ACE from skin
samples, VI from white blood cells (WBC) lysates, and
RT-PCR from WBC lysates from PI calves with BVDV
was reported (Cornish et al., 2005). In the same way,
using THC as the relative gold standard, the RT-PCR has
shown a sensitivity and specificity of 100% and 99%,
respectively (Hilbe et al., 2007). As with IHC, RT-PCR

can detect TI animals, so retesting of PCR positive
animals may be necessary to establish PI status.

Because BVDV is an endemic disease in cattle
populations in most parts of the world and due to its high
prevalence and persistent economic losses in dairy and
beef herds, it is considered one of the most significant
infectious pathogens in the livestock industry. Due to the
nature of infection, there is no treatment to fully cure an
infected animal and the key lies in prevention of disease.
Persistently infected animals in the domestic and wild
populations are important reservoirs of the virus and
shed large amounts of virus throughout their lives and it
spreads among herds. All control programs which are in
use in many countries, largely depend upon the detection
and removal of PI animals, and preventing the
introduction of PI animals in the herds. Detection of PI
animals at early stage, particularly soon after birth is of

significant benefit to implement BVDV control
programs.
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