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ABSTRACT

Bovine Herpesvirus 1 (BHV-1) is an economically important viral agent causing
infectious bovine rhinotracheitis (IBR), infectious pustular vulvovaginitis (IPV),
infectious pustular balanoposthitis, encephalitis, conjunctivitis, enteritis, abortion and
immunosuppression in cattle. The virus which is frequently found in bovine semen
can be transmitted by artificial insemination internationally, and is correlated with
reduced fertility and abnormal fetal development. Therefore, the detection of BHV-1
in artificial insemination centres and semen banks is of prime importance to the
cattle industry. The objective of this study was to optimize virus isolation, dot blot
hybridization and the polymerase chain reaction (PCR) for detection of BHV-1 in
bovine semen and to compare the sensitivity of these three methods for detection of
BHV-1 in bovine semen.

In bovine seinen artificially infected with BHV-1, the samples diluted 1:20 in tissue
culture medium showed the least cytotoxicity and inhibition of viral cytopathic etfects,
allowing detr:ction of 1 TCIDsy/100 pl of BHV-1 by virus isolation. The inhibition of
PCR amplification of BHV-1 in bovine semen was eliminated by dilating the samples
at 1:20 in tissue culture medium. The best PCR amplification was obtained when
semen was diluted 1:20 and when reaction buffer of pH9.0 with 1.0 mM MgCl, was
used. Under these conditions, the PCR followed by ethidium bromide staining could
detect 1 TCID,y/100ul of BHV-1, whereas PCR followed by Southern biot
hybridization could detect 0.01 TCID4,/100ul of BHV-1. The presence of foreign
DNA, such as bovine sperm DNA or salmon sperm DNA increased the sensitivity of
dot blot hybridization in detecting BHV-1, allowing detection of 20,000 TCID;,/100ul
of BHV-1 in neat semen.

Two 18 month-old, BHV-1 seronegative bulls were experimentally infected with 2 ml
of 10° TCID,/50 pl of BHV-1 via their prepuces. The semen samples, nasal swabs,
prepucial swabs and serum samples were collected 7 days before infection and on
days 0, 4, 10, 20, 30, and 40 after infection. Only the semen sample of Bull 1
collected at day 4 was positive by dot blot hybridization, and semen samples from
both bulls at day 4 were positive by either virus isolation or PCR with ethidium
bromide staining. On the other hand, semen 5amples which were collected from both
bulls on days 4, 10, 20, and 30, and from Bull 1 at day .0 after infection, were
positive by PCR with Southern blot hybridization. =~ PCR with Southern blot
hybridization was the most sensitive method, detecting the virus for the longest
period. Both bulls developed detectable antibody at day 10, which was later than the
virus shedding at day 4 detected by virus isolation, dot blot hybridization and PCR.
These observations confirmed the BHV-1 infection of bulls and emphasized the need
for early and sensitive c'iagnostic methods.




This study showed that PCR with Southern blot hybridization is the most sensitive
method for detection of BHV-1 in bovine semen, followed by virus isolation and PCR
with ethidium bromide staining. The dot blot hybridization protocol used in this
study was the least sensitive of all the methods studied.
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CHAPTER 1: GENERAL INTRODUCTION AND LITERATURE REVIEW

1.1 General introduction

Bovine herpesvirus-1 (BHV-1) is the cause of infectious bovine rhinotracheitis (IBR),
infectious pustular vulvovaginitis (IPV), infectious pustular balanoposthitis (IPB), and
also has been incriminated in causing encephalitis, conjunctivitis, enteritis, and
abortion in cattle (Wyler et al, 1989; Straub, 1990). BHV-1 also causes
immunosuppression and infected animals become highly susceptible to secondary
bacterial infections such as Pneumonic pasteurellas, the number one cause of mortality
in feedlot cattle in North America (Yates, 1982; Donkersgoed and Babiuk, 1991).
Like other herpesviruses, BHV-1 can establish latency in clinically normal animals,
with subsequent intermittent episodes of re-excretion (Wyler et al., 1989). The virus
cannot be eliminated from the host following infection, and vaccination can only
prevent the clinical disease but not the establishment of latency (Wyler et al., 1989;
Drunen Littel-van den Hurk et al., 1993 ). The virus is frequently found in bovine
semen (Kahrs ¢t al., 1980; Kupferschmied et al., 1986; Weiblen et al., 1992; Philpott,
1993) and can be transmitted by artificial insemination internationally (Philpott,
1993), when semen containing virus meay be diluted and inseminated in many
susceptible females (Drew et al, 1987). Infected semen is also associated with

reduced fertility and abnormal fetal development (Wyler et al., 1989; Miller, 1991).




Therefore, the detection of BHV-1 in artificial insemination centres and semen banks

is of prime importance to the cattle industry.

The current methods used to detect the presence of BHV-1 in bovine semen include
the "Cornell Semen Test" (Schultz et al., 1982) and virus isolation (Wyler et al., 1989).
The "Cornell Semen Test" is expensive, time consuming, and does not identify the
specific samples (ie., the bull) which contain the virus because usually more than 100
semen samples are pooled prior to testing. Virus isolation in cell culture is impeded
by the cytotoxicity of semen and its inhibition of viral cytopathic effects (CPE) (Wyler
et al., 1989; Ackermann et al., 1990; Weiblen et al., 1992). Clearly, there is a need
for rapid and inexpensive diagnostic tests for the detection of BHV-1 in bovine

senen.

In recent years, molecular based techniques, such as dot-blot hybridization and the
polymerase chain reaction (PCR) have stimulated strong interest in the area of
diagnostic virology (Paul, 1990; Wolcott, 1992; Williams and Kwok, 1992). Several
laboratories have described the detection of BHV-1 genome by various hybridization
techniques, using different cloned BHV-1 DNA fragments as probes (Dorman et al,,
1985; Dunn et al., 1925; Pacciarini et al., 1988; Brunner et al., 1988). Pacciarini et
al. (1988) found hybridization of DNA extracted from semen samples with a
radioactively labeled specific BHV-1 DNA fragment to be a very sensitive method.

However, Brunner et al. (1988) compared several hybridization methods with immuno




electron microscopy and various cell culture techniques, and concluded that the most
sensitive method was a special cell culture technique. The PCR assay for BHV-1
detection was described by Viltek (1993) who used 22 bp oligomers from the BHV-1
gl gene as primers. A nested PCR assay targeting a portion of BHV glIV gene was
reported by Wiedmann et al. (1993) and was found to be comparable to the Cornell
Semen Test for detection of BHV-1 in bovine semen. Engelenburg et al. (1993)
reported a PCR assay using a primer pair which targets BHV-1 glII gene, and found
the PCR -as more rapid and sensitive than a virus isolation method. Recently, PCR
to the thymidine kinase (TK) gene region was developed by Kibenge et al. (1994) and
Yason et al. (1995). Three BHV-1 strains from American Type Culture Collection
(ATCC) and 9 BHV-1 field isolates from Atlantic Canada were detected by this PCR
protocol (Kibenge et al., 1994). The specificity of the primers for the BHV-1 TK
gene was confirmed by failure to amplify DNA in a BHV-1 TK deletion mutant
strain, 2 strains of BHV-4, a feline herpesvirus, an equine herpesvirus, a bovine
adenovirus, and noninoculated bovine cell cultures (Kibenge et al., 1994). In the
present study, this newly developed BHV-1 TK PCR was optimized and tested in
bovine semen. The PCR product was labeled and used as a probe for detection of

BHV-1 in bovine semen by dot blot hybridization.




1.2 Aims of this study

The main objective of this study is to compare dot blot hybridization, PCR and virus

isolation in detecting BHV-1 in bovine semen. The specific objectives are as follows:

1. To optimize dot blot hybridization, PCR and virus isolation for detection of BHV-
1 in artificially infected bovine semen.
a) Optimization of virus isolation to eliminate the cytotoxicity and viral
inhibition factors in bovine semen.
b) Optimization of dot blot hybridization to increase the sensitivity of
BHV-1 detection in semen.
c) Optimization of the sample preparation and reaction conditions for
PCR to eliminate the PCR inhibition factor present in bovine semen

and increase the sensitivity.

2. To compare the sensitivity of the optimized dot blot hybridization, PCR and virus

isolation for detection of BHV-1 in bovine semen artificially infected with BHV-1.

3. To compare the sensitivity of dot blot hybridization, PCR and virus isolatioa for

detection of BHV-1 in the semen of bulls experimentally infected with BHV-1.




1.3 Historical perspective and current knowledge on bovine herpesvirus 1 (BHV-1)

1.3.1 Historical background and classification

An outbreak of an apparently new upper respiratory disease of cattle was described
in USA in the 1950’s ( Schroeder and Moys, 1954; Miller, 1955). The disease was
named infectious bovine rhinotracheitis (IBR) (McKercher et al., 1955), when a viral
agent was isolated (Madin et al., 1956). This virus was considered to be the same
agent that caused infectious pustular vulvovaginitis (IPV), which was also known in
Europe as exanthema coital vesiculosum ("Bléschenausschlag") (Gillespie et al., 1959).
Besides IBR and IPV, the virus was also found to be involved with other conditions
such as balanoposthitis, conjunctivitis, abortion and enteritis (Wyler et al., 1989).
The virus could produce a wide range of illnesses similar to that caused by human
herpesviruses (Mohanty, 1978), and met the morphological criteria of the herpesvirus
group (Armstrong et al, 1961). It was designated "bovine herpesvirus 1" (BHV-1)
a member of the family Herpesviridae, subfamily Alphaherpesvirinae (Roizman et al.,

1981).

Bovine herpesvirus 1 used to be divided into three groups or subtypes based on the
clinical manifestations and restriction endonuclease analysis patterns: Subtype 1
causes primarily respiratory infections; subtype 2 causes primarily genital infections
(Engels et al,, 1981; Metzler et al,, 1985; Misra et al., 1983). Subtype 3 which is

primarily associated with neurologic infections (Metzler et al., 1986), is now called




bovine encephalitis herpesvirus (BEHV) (Brake and Studdert, 1985) and classified
as bovine herpersvirus 5§ (BHV-5) (Roizman et al., 1992). However, it cannot be
assumed that a specific clinical syndrome is definitely caused by a specific virus

subtype (Donkersgoed and Babiuk, 1991).

1.3.2 Clinical infection of BHV-1

1.3.2.1 Infectious bovine rhinotracheitis

Infectious bovine rhinotracheitis is the most prominent and best-known disease
caused by BHV-1. The incubation period described by different authors varies from
2-3 days (McKercher, 1973 ) to 20-60 days (Chow et al, 1956) depending on
exposurz dose, route and other factors (Kahrs, 1977). The disease is characterized
by fever, increased respiratory rate and persisting harsh cough, anorexia, depression,
and in milking cows, by a severe drop in milk production and emaciation (Gibbs and
Rweyemamu, 1977). A clear dischafge from nares develops within a day or two and
the mucosa of the nares becomes hyperaemic hence the name "red nose" (Miller,
1955). In the early stages the profuse nasal discharge is clear but later becomes
mucopurulent. Excessive salivation is noticed in some animals, but oral lesions are
uncommon (Gibbs and Rweyemamu, 1977). In newborn calves, BHV-1 can also
cause ulcerative stomatitis, esophagitis, and rumenitis, with or without focal hepatic

necrosis (Dungworth, 1993).




The tracheitis could be detected by auscultation, but lung sounds are normal. The
acute stage of the disease usually lasts from 5 to 10 days after which most animals
recover rapidly. In approximately 10% of affected animals the respiratory form of
IBR . .y be complicated with secondary bacterial pneunomia or superimposed viral
infections. The animals that develop secondary bacterial pneunomia often die.
These conditions are more likely to occur in the stressful environment of feediots
(Wyler et al., 1989). Conjunctivitis can be uni- or bilateral and is associated with
large amount of purulent discharge in cattle with typical IBR. The conjunctivae are
hyperaemic and oedematous, and in severe cases eversion of the eyelids occurs

(Gibbs and Rweyemamu, 1977).

1.3.2.2 Infectious pustular vulvovaginitis/balanoposthitis

Although BHV-1 is primarily associated with respiratory disease, it also affects the
reproductive system. Infectious pustular vulvovaginitis is another classic syndrome
of BHV-1 infection. It was also known as "Bldschenausschlag" in German-speaking
countries as early as 19th century (McKercher, 1963). Acute IPV usually develops
1-3 days after mating and is obviously painful, for frequent micturition and tail
swishing are usually tne first characteristic signs noticed. On closer examination the
vulva is seen to be oedematous and hyperaemic with small pustules disseminated over
the mucosal surface. In some cases, the pustules coalesce to form a yellowish-white
fibrinous membrane. The membrane soon becomes detached resulting in tne

formation of ulcers. During this time, the vulva may be swollen. A small amount
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of exudate is discharged from the vulva throughout the course of the disease. The
acute stage of the disease lasts from 2 to 4 days, during which time the animal may
have a fever and reduced milk production (Kendrick, 1958). The virus can also cause
severe necrotizing lesions in the uterus and ovary, and can produce temporary

infertility (Miller, 1991).

In Holland, BHV-1 was isolated from bulls with infectious pustular balanoposthitis
(IPB) and orchitis, and it was found that the isolate produced IPV in heifers (Bouters
et al, 1960). Outbreaks of IPB have also been described in bulls at artificial
insemination centres (Huck et al., 1961; Loretu et al,, 1974). The virus has been
isolated from apparently clinically normal bulls (Saxegaard, 1966, 1970; Orischot et
al., 1993) and stored samples of frozen semen collected from clinically normal bulls
(Spradbrow, 1968). IPB also develops after an incubation period of 1-3 days.
Lesions similar to those seen in the vagina and vulva develop on the mucosa of the
penis and prepuce. Secondary bacterial infection of these lesions is usual. In
uncomplicated cases, healing occurs within 10-14 days, but some animals may lose
their libido or find erection and ejaculation painful and take several weeks before

resuming regular mating (Gibbs and Rweyemamu, 1977).

1.3.2.3 Abortion
The most severe effect of BHV-1 as a reproductive pathogen is seen in pregnant

animals. If the infection becomes systemic, the virus can pass through the uterine




epithelium and kill the conceptus, leading to either embryonic death and resorption
or abortion (Miller, 1991). The abortion usually occurs after an incubation period
of 3-6 weeks, mainly between the 5th and 8th month of pregnancy. Under field
conditions about 25% of pregnant cattle may abort during a disease outbreak (Wyler
et al,, 1989). Focal hepatic necrosis is the most characteristic lesion in bovine fetuses

aborted during BHV-1 infection (Dungworth, 1993).

1.3.2.4 Encephalitis

Encephalitis was originally identified as a clinical syndrome of BHV-1 infection on
the basis of CPE in cell culture (Eugster et al., 1974), positive fluorescent antibody
staining using conjugated BHV-1 antisera, and serum neutralization tests (Friedli and
Metzler, 1987). More recently the encephalitic isolates have been categorized as
bovine herpesvirus 5 (BHV-5) (Roizman et al,, 1992) according to the restriction

enzyme patterns and DNA dot blot hybridization analysis (Engels et al., 1986).

Diarrhoea, enteritis, dermatitis and mastitis have also been observed occasionally
during BHV-1 infection (Wyler et al., 1989). Mild or subclinical infection of BHV-1
is also common (Gibbs and Rweyemamu, 1977). The virus also causes
immunosuppression of the host which results in high mortality due to severe
secondary bacterial infections (Yates, 1982). The clinical aspecis of BHV-1 had been
reviewed in detail by Gibbs and Rweyemamu (1977), Yates (1982), Wyler et al

(1989), and Straub (1990).




1.3.3 Pathogenesis

Usually, the virus enters the body via the mucous membranes of the upper
respiratory tract causing IBR, while IPV/IPB results from infection via the mucous
membranes of the genital tract. Another possibility is the entry of the virus by way
of the conjunctival epithelium. Oral infection has been suspected but not confirmed
(Straub, 1990). The virus replicates at the primary sites of infection causing lesions
(Gibbs and Rweyemamu, 1977). In vitro experiments have shown that BHV-1 can
replicate not only in epithelial cells, but also in cells of the submucosa and connective
tissue (Yates, 1982). It was suggested that IPV/IPB was caused by introduction of the
virus to the mucosa of the genital tract by coitus or other external agents, rather than
from a viraemic phase associated with a BHV-1 lesion elsewhere in the body. This
is due to the fact that no virus could be detected in the genital tracts of the calves
inoculated intranasally. Furthermore, the genital and respiratory infections due to
BHV-1 rarely occur together in the same animal or even in the same herd (Straub,

1990).

After primary infection, BHV-1 is transported subsequently by monocytes and
probably other white blood cells via the blood stream to the target organs (Nyaga and
McKercher, 1979). Viraemia is weak and transient, a phenomenon which might be
due to the small number of infected leucocytes in the circulation (Peter et al., 1966).
Another route of spread may occur along peripheral nerves as with herpes simplex

virus, especially in establishing latency (Wyler et al., 1989). Ganglioneuritis was
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observed following BHV-1 inoculation (Narita et al.,, 1981, 1982) and BHV-1 DNA
was found in neurons of trigeminal and sacral ganglia (Ackermann et al., 1982). The
significance of viral spread through intercellular bridges is not yet clear. It was
presumed that this spreading mechanism may be important for viral propagation after
reactivation because during this stage, cell to cell transmission may be shielded from
neutralizing antibodies (Roizman et al,, 1992). It may be hypothesized that a spread
through intercellular bridges only plays a role in local infections and not in systemic

infections.

Events leading to abortion are maternal infection, viraemia, placental infection,
peracute generalized fetal infection and finally fetal death (Kendrick, 1973; Miller,

1991).

1.3.3.1 Latency

Like other herpesviruses, BHV-1 can establish a latent or persistent infection in
sensory ganglionic neurons of the infected host (Ackermann et al., 1982; Rock et al.,
1986). The virus can persist in a latent state for the lifetime of an infected host
without virus shedding, or it can be periodically reactivated, and cause extensive
clinical disease to the host with concomitant virus shedding (Homan and Easterday,

1983; Rock et al.,, 1982).
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After entry into the host, BHV-1 replicates initially in epithelial cells at the site of
infection and then spreads by retrograde axonal transport to the sensory ganglia
where it can either replicate or establish latency. Virus can be reactivated by natural
or artificial stimuli which stress the animal, e.g. transport (Thiry et al, 1987),
parturition (Thiry et al., 1985), immunosuppressive treatment with corticosteroids
(Sheffy and Davies, 1972), superinfection with another microorganism (Msolla et al.,
1983) or treatment with dexamethasone (Narita et al., 1981). Reactivation may lead
to replication in the peripheral nervous system, following which the virus may be
transported either back to the periphery or to the central nervous system (Fraser and

Valyi-Nagy, 1993).

A latency-related (LR) transcriptional activity has been found in trigeminal ganglia
of rabbits which have been experimentally infected with BHV-1 (Kutish et al., 1990).
This LR gene maps to a region of the viral genome which overlaps immediate-early
transcription unit 1 and inhibits its activity (Bratanich et al, 1992). The promoter
which regulates expression of the LR gene is contained within a 980-bp Pstl fragment
(Jones et al., 1990). Viral infection also positively regulates LR promoter activity. The
cis-acting sequence within the LR promoter is responsible for a neuronal cell type
expression, nerve growth factor and the trans-activation by viral or virus-induced
factors (Bratanich and Jones, 1992). Besides the viral genes and the neuronal cellular

factors, the immune system of the host is assumed to be involved in establishment
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and reactivation of latency of herpes simplex virus (Fraser and Valyi-Nagy, 1993).

On the other hand, the role of the immune system in latency of BHV-1 is not clear.

1.3.3.2 Immunosuppression

Some viral infections may temporarily suppress humoral and/or cell-mediated immune
responses. Herpesvirus infections, including BHV-1 infection, are immuno-
suppressive. The mechanisms involved in such generalized immunosuppression are
not fully understood, but may result from the replication of the virus in lymphocytes
and/or macrophages (Fenner et al., 1993). It was found that BHV-1 can cause a
drop in T cells and null cells and depression in responses to T-cell mitogens. The
virus also interferes with alveolar macrophage function by depressing macrophage-
mediated cytotoxicity and interleukin-1 synthesis, and thus easily allows secondary
bacterial infections in stressed calves (Tizard, 1992; Forman et al., 1982; Bielefeldt

et al., 1986; Jericho and Carter, 1985).

1.3.4 Molecular biology of the virus

1.3.4.1 Genome structure

The BHV-1 genome is a linear double-stranded DNA molecule of approximately 140
kilobase pairs (kbp) which exhibits the typical arrangement of group D herpesvirus
genomic DNA (Roizman et al,, 1992). It is composed of a unique long segment U},

(104 kbp) and a unique short segment Ug (11kbp) flanked by the inverted repeat
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sequence IRg and TRy (Mayfield et al, 1983). The short region can invert its
orientation relative to U, resulting in the existence of two isomeric forms (Wirth et
al., 1989). Nothing is known about possible functions of this flip-flop mechanism, and

the biological implications of this inversion are not known either.

Within the cells, BHV-1 genomes serving as templates for DNA replication are
circular molecules. Progeny DNA is formed as head-to-tail concatemers which are
subsequently cleaved into unit-length BHV-1 DNA (Hammerschmidt et al., 1988).
In replicative intermediates, therefore, template DNA as well as progeny DNA
exhibit covalently joined left and right genomic termini. The mechanisms involved
in circularization and concatemer cleavage are still poorly understood
(Hammerschmidt et al., 1988). An immediate-early transcription over joined genome
ends was observed during the lytic infection, which suggested that circles are present

at the initial stage of infection (Fraefel et al., 1993).

The present size estimates of the genome and unique long and short segments are
based on restriction endonuclease (RE) mapping; their range may in part reflect the
properties of individual BHV-1 strains, and in part minor differences in methodology
and interpretation. Restriction endonuclease mapping was also used to tentatively
classify BHV-1 into subtypes (Bratanich et al., 1991; Engels et al 1981): BHV-1.1
(IBR-like strains) and BHV-1.2 (IPV-like strains). It was found that both subtypes

have abortifacient property (Miller et al., 1991a) and the RE patterns changed during

14




host animal passage by acute infection or reactivation of latency (Whetstone et al,,
1989). These observations suggest that application of RE analysis in studies of BHV-

1 has limitations.

The BHV-1 genome encodes more than 40 polypeptides (Metzler et al., 1985; Misra
et al,, 1981), but only a few of them have been linked to specific genes. So far, the
nucleotide sequence of the whole genome is not available, but the compiecte DNA
sequence of the Ug (Leung-tack et al., 1994), and the genes coding for the gl
(Lawrence et al., 1986), glI (Simard et al., 1990), glII (Fitzpatrick et al., 1989), gIV
(Tikoo et al.,, 1990) and gH glycoproteins (Meyer et al., 1991), thymidine kinase
(Bello et al., 1992), DNA polymerase (Owen and Field, 1988), four immediate-early
proteins (Wirth et al., 1991), and the VP8 major protein (LaBoissiere et al., 1992)
have been described. The functions of these genes and their products are discussed

below.

1.3.4.2 Glycoproteins

Eleven glycoproteins were identified in the virion envelope of the BHV-1 and in the
plasma membrane of infected cells (Drunen et al., 1986). These glycoproteins have
important biological and immunological functions, for example, they affect attachment
and penetration of the virus into the cell (Manservigi et al., 1977; Sarmiento and
Spear, 1979) and mediate the immune responses of the host to the viral infection

(Norrild et al., 1980).
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Glycoprotein gl of BHV-1, with apparent molecular weight of 130K, belongs to a
group of homologous glycoproteins that have been detected in all herpesviruses
analyzed to date and is essential for viral replication ( Drunen Littel-Van Den Hurk
et al,, 1 '92). A number of functions have been ascribed to this glycoprotein, such as
attachment and penetration into susceptible cells (Liang et al., 1991a), induction of
cell to cell fusion (Fitzpatrick et al., 1988, 1990) and the induction of neutralizing
antibodies (Drunen Littel-van den Hurk and Babiuk, 1985). It is also a major target
for the immune response of the host during BHV-1 infection (Collins et al., 1985;
Van Drunen Littel-van den Hurk and Babiuk, 1986) and it confers protection from
BHV-1 challenge in cattle (Babiuk et al., 1987; Drunen Littel-van den Hurk et al,,

1990), which makes it a suitable subunit vaccine candidate.

Little is known about gl for which only two non-neutralizing monoclonal antibodies
(MADbs) have been obtained so far ( Drunen Littel-van den Hurk et al., 1984; Friedli

and Metzler, 1987).

Glycoprotein glIl, a homologous glycoprotein to gC of herpes simplex virus, is a
major viral glycoprotein of approximately 90K and assembles into homodimers. It
is located on the virion envelope and on the surface of infected cells ( Drunen Littel-
van den Hurk et al., 1984; Marshall et al., 1986; Okazaki et al., 1986). It has been
proposed to be a membér of an immunoglobulin superfamily. Therefore, it is

presumed to be implicated in the complex host-virus relationships governing the
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immunology of the virus infection (Fitzpatrick et al., 1989). Although gllI is not an
essential protein for virus propagation, it plays a dominant role in virus attachment
to a heparin-containing cellular receptor in cell culture (Liang et al,, 1991b), and
appears to be responsible for maintaining virus replication efficiency in cattle (Liang
et al., 1992). The glycoprotein is also a major target of immune responses at both

the humoral and cellular levels (Babiuk et al., 1987; Fitzpatrick et al., 1989).

Glycoprotein gLV is an integral component of the virion envelope and appears to be
essential for virus replication (Fehler et al., 1992). It is the major glycoprotein of
approximately 71K which elicits high titers of complement-independent neutralizing
antibodies (Babiuk et al., 1987; Hughes et al., 1988), followed by glII and gl in that
order. It has also been implicated in virus adsorption (Hughes et al., 1988; Liang et
al., 1991a), penetration (Fehler et al., 1992; Hughes et al., 1988), and cell fusion

(Tikoo et al., 1990).

Three glycoproteins of BHV-1 other than glycoproteins gl, gll, glII and gIV, with
relative molecular weights of 108, 93, and 42 K, were identified by MAb analyses
(Baranowski et al., 1993). These glycoproteins were detected in infected cell lysates.
Some of the anti-108K glycoprotein MAbs neutralized BHV-1 infectivity and some
of the non-neutralizing MAbs were able to reduce plaque development. It was

presumed that these glycoproteins are involved in viral entry into the cell and in cell-
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to-cell spread of the virus (Baranowski et al., 1993). There is no published

information regarding the other glycoproteins.

1.3.4.3 Thymidine Kinase

Like other herpesviruses, the BHV-1 genome encodes a viral thymidine kinase (TK).
Although it is not essential for viral replication in vitro or in vivo (Weinmaster et al.,
1982; Kit, 1985; Mittal and Field, 1989), it appears to play an important role in
pathogenicity and has attracted much attention because it is a potential target for
chemotherapy or attenuation of vaccine strains, and provides a useful selective
marker for genetic studies and diagnosis of BHV-1 infection. The BHV-1 induced
TK can be distinguished from host cell TK by its ability to use CTP in place of ATP
as the phosphate donor (Wyler et al., 1989). This virus-specific enzyme is required
for the activation of the antiviral agent Acyclovir. In order for Acyclovir to inhibit
viral DNA synthesis, it must first be phosphorylated to Acyclovir monophosphate by
the virus-encoded thymidine kinase and this activation confers a high degree of
selectivity on the drug (Elion, 1982). Furthermore the enzyme appears to be
important in the establishment and maintenance of neural latency (Field, 1985) and
TK negative mutants generally have markedly reduced neuropathogenicity (Field and
Owen, 1988). The ability to attenuate otherwise virulent viruses by chemically or
genetically altering the functioning of their viral TK genes has been an important
avenue of vaccine development (Kit and Qavi, 1985; Kit et al., 1985; Kit and Kit,

1986). The iocations and nucleotide sequences sf the TK gene of different BHV-1
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strains have been reported (Kit and Kit, 1986, Bello et al., 1987; Mittal and Field,
1989; Smith et al., 1990; Bello et al., 1992). Comparison of these sequences revealed
major differences which have been attributed to sequencing errors (Mittal and Field,
1989; Smith et al., 1990). A primer pair was designed from the TK gene region for
detection of BHV-1 by PCR (Kibenge et al.,, 1994; Yason et al., 1995). This primer
pair was specific for BHV-1 strains, and did not amplify BHV-4 strains, and a feline

and an equine herpesvirus (Kibenge et al.,, 1994).

1.3.44 Regulation of BHV-1 gene expression

Like other herpesviruses, the expression of BHV-1 genes during infection in cell
culture is temporally regulated (Seal et al, 1991). The viral proteins, can be
categorized as immediate early (a), early (p) or late (y) depending upon the order
of their synthesis in the infected cell (Carpenter and Misra, 1991). The a genes are
transcribed first in the absence of virus protein synthesis, and functional a gene
products are required for the expression of § genes, while B gene expression occurs
at the start of virus protein synthesis and prior to virus DNA synthesis. The products
of P genes shut off « gene expression and turn on the expression of y genes. The ¥y
genes require the onset of virus DNA synthesis. The y gene producis, mostly
structural components of the virion, turn off the expression of p genes. At least one
y gene product designated as an a trans-inducing factor has been introduced into cells

during infection to induce « gene transcription (Roizman and Sears, 1990; Seal et al,,
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1991). The late gene products can be divided further into 2 subclasses. The y1
genes are expressed earlier than y2, and are affected minimally if viral DNA
replication is interrupted. The y2 genes are expressed later in infection and are not

expressed if viral DNA synthesis is blocked (Carpenter and Misra, 1991).

Of the genes of BHV-1 which have been mapped and sequenced, 4 belong to the
immediate-early kinetic class. The « genes are grouped in two divergent transcription
units with start sites located in the inverted repeats (Wirth et al., 1991; Wirth et al.,
1992; Fraefel et al., 1993). Transcription unit 1 specifies three alternatively spliced
BHV-1 transcripts, with a common noncoding leader sequence under the control of
a single promoter (Wirth et al., 1991; Wirth et al., 1992; Fraefel et al., 1993).
Transcription unit 2 specifies an a« RNA which encodes BHV-1 infected cell protein
22 (BICP 22), the homolog of ICP 22 of herpes simplex virus type 1 (HSV-1) ard

related proteins of other herpesviruses (Fraefel et al,, 1994).

The BHV-1 virion contains an abundance of a protein that has been designated VP8,
which is aiso the most abundant viral protein in infected cells, and has been shown
to be located in the tegument (Marshall et al., 1986). The structure of VP8 showed
considerable homology with the product of the UL47 reading frame of herpes simplex
virus 1, which encodes major tegument proteins VP13/VP14 (Carpenter and Misra,

1991; LaBoissiere et al,, 1992)
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1.3.5 Epidemiology and economic importance

1.3.5.1 Geographic distribution

Descriptions of clinical signs and antibody prevalence studies indicate a worldwide
distribution of BHV-1 infections (Straub, 1990). Low sporadic to enzootic disease
occurrence is reported from many countries in America, Europe, Asia, Australia and

New Zealand (Ludwig, 1983).

BHV-1 infection causes serious economic losses all over the world due to animal
death, abortions, decreased milk production and loss of weight. IBR outbreaks cost
American farmers $ 25,000,000 annually, whereby the greatest detriment is a drop in
milk production and secondary loss due to abortion. In the United Kingdom, the
direct losses to the beef industry due to respiratory diseases, including IBR, could be
as much as £ 5.7 million annually. In Switzerland, abortions were the main causes of
loss of income and an eradication prbgram costing 110 million SFr.is in its final stages

( Wyler et al., 1989).

1.3.5.2 Transmission and BHV-1 in semen
The virus can be easily transmitted directly from one animal to another through

respiratory, ocular and reproductive secretions of infected cattle, where large
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quantities of virus are shed. Because of this mechanism, close contact among animals
is responsible for the high rate of transmission ( Donkersgoed and Babiuk, 1990).
In feedlots, crowding and mixing of animals allow the efficient spread of the virus (

Donkersgoed and Babiuk, 1990).

A further source of infection is semen. BHV-1 is the most commonly reported viral
contamination in semen (Philpott, 1993). It can persist in frozen semen for over a
year (Chapman et al., 1979). Both clinical and subclinical infections are followed by
persistent latent infections that can be reactivated with virus shedding in semen
(Kahrs et al.,, 1976; Orischot et al., 1993) . The risks of transmission are increased
by the techniques of artificial insemination, where a single ejaculate may be diluted
and inseminated into many susceptible cows (Kupferschmied et al., 1986). When
susceptible cattle are inseminated with BHV-1 contaminated semen, the infection can
be introduced into previously uninfected herds or areas (Miller, 1991). Although
insemination with contaminated semen does not assure full blown infection (Kahrs
et al,, 1977), it might result in reduced fertility and abnormal fetal development

(Parsonson and Snowdon, 1975; Miller, 1991).

Some countries require imported semen to be collected from BHV-1 seronegative

bulls. However, there is no assurance that seronegative bulls are not shedding virus

(Kohler and Kubin, 1972; Kahrs et al 1976, 1977). Several countries also require
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imported semen to be certified free of BHV-1. But the current methods for

detection of BHV-1 in semen lack sensitivity, and are time consuming and expensive.

1.3.6 Control

The control of BHV-1 infection is usually a combination of management procedures
and a vaccination program ( Donkersgoed and Babiuk, 1991). The aim of every
control program is either to control the clinical disease or to eliminate the viral
infection (Wyler et al., 1989). The prevalence and severity of BHV-1 infections in
different countries has a direct impact on control and eradication programs (Wyler
et al,, 1989). Control programs depend also on conditions of animal breeding and
management, i.e. different programs may be useful and necessary for dairy cattle
farms, calf-breeding farms, fattening farms, artificial insemination and embryo transter
centres (Wyler et al,, 1989). Some of the management procedures for BHV-1

respiratory infection have been reviewed by Donkersgoed and Babiuk (1991).

1.3.6.1 Vaccination

Vaccination is commonly used worldwide for control of BHV-1 infection. Only
Switzerland and Denmark, and one district in France control BHV-1 infection by
eradication without vaccination (Wyler et al., 1989). Other countries are running a
combined vaccination / eradication program, and emphasize seronegativity of animals
kept in artificial insemination centres and bull breeding herds (Kahrs, 1977; Straub,

1990; Donkersgoed and Babiuk, 1991).
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Several BHV-1 modified 1« virus (MLV) vaccines are available for intranasal or
intramuscular administration as single or combination products. The MLV vaccines
produce a rapid immune response, relatively long duration of immunity and can
induce local mucosal immunity (Todd et al., 1971; Jericho et al., 1982; Bordt et al,,
1976; Sutton, 1980). However, several problems have been reported with MLV
vaccines. In some cases, MLV vaccines have failed to prevent BHV-1 induced
respiratory tract disease and conjunctivitis in cattle (Curtis and Angulo, 1974; Hyland
et al, 1975; Jensen et al., 1976). This may be due to the improper storage causing
inactivation of the MLV vaccines. Besides being easily inactivated by physical or
chemical agents, changes in the genomes of BHV-1 vaccines have been reported after
one passage in the host and these changes varied according to the tissue from which
the virus was isolated (Whetstone et al.,, 1989). Vaccination of cattle with MLV
vaccine can reduce the clinical signs, but cannot prevent either the vaccine strain or
the field strain of BHV-1 from establishing latency nor to be reactivated (McKercher
and Crenshaw, 1971; Kucera et al., 1978; Pastoret et al., 1980). Some MLV vaccines
can cause abortion and should not be administered to pregnant animals (Mitchell,
1974; Miller et al., 1991b). There is also evidence that MLV vaccines of BHV-1
induce immunosuppression in cattle, resulting in increased susceptibility to other

infections (Yates, 1982).

Another group of BHV-1 vaccines is inactivated vaccines. This group of vaccines

does not cause abortion, immunosuppression or latency, although it does not prevent
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the establishment of a latent infection by field strains ( Donkersgoed and Babiuk,
1991). The major concern of the inactivated BHV-1 vaccines is their lack of efficacy.
These vaccines are generally not used in feedlot cattle because natural exposure to
the virus and disease may occur before adequate immunity develops 7 - 10 days

following administration of the second dose (Hjerpe, 1990).

Recently, molecular biology and protein purification techniques have been employed
in the development of genetically engineered attenuated BHV-1 vaccines as well as
nucleic acid-free subunit vaccines. The crude BHV-1 envelope proteins, the purified
glycoproteins, and glycoprotein mixtures were tested as subunit vaccines (Morein and
Simons, 1985; Israel et al., 1988; Trudel et al., 1988; Drunen Littel-van den Hurk et
al.,, 1990; Drunen Littel-van den Hurk et al., 1992b). With the genetic engineering
approaches, it is possible to identify important virulence factors of potential vaccine
agents, and then delete the gene(s) encoding these factors, and propagate the
recombinant virus in culture (Liang et al., 1991b,c). These approaches include
nucleic acid metabolism mutants ( Kit and Qavi, 1985; Kit et al., 1986; Whetstone
et al 1992; Liang et al, 1993) , glycoprotein gene mutants ( Liang et al,, 1991b;
Rijsewijk et al., 1992; Engelenburg et al., 1992), viral tegument protein gene mutants
( Goding and O’Hare, 1989; Carpenter and Misra, 1991;Zhang et al,, 1991), and
cytokine-expression mutants (Ramshaw et al., 1987). In general, the virulence
factors to be deleted should also be non-essential for virus replication, so that the

deletion does not constitute a lethal effect on mutant viruses ( Drunen Littel-van den
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Hurk et al.,, 1990). Also, in order to facilitate the vaccination strategy for BHV-1, the
vaccine strain should have a marker so that vaccinated animals can be readily

differentiated from naturally infected animals (Wyler et al., 1989).

1.3.6.2 Antiviral drugs

A wide variety of drugs have been tested for their antiviral effects on herpesviruses,
particularly herpes simplex virus, and have been shown to be effective or partially
effective in vitro or in vivo (Clercq et al., 1980, 1981; Myers et al., 1982; Richards et
al., 1982). However, when these drugs were tested against BHV-1, mainly in vitro,
most of them were shown to be ineffective in nontoxic doses (Babiuk et al., 1983).
Interferon is one of the few agents that had antiviral effects against BHV-1 (Wyler
et al., 1989). Treatment of calves with bovine recombinant a1 interferon prior to
challenge with BHV-1 reduced dramatically the clinical disease by preventing
secondary bacterial infecticns (Babiuk et al., 1985). Even though interferon-treated
animals shed slightly less virus from their nasal passages than did untreated animals,
this reduction was not significant (Babiuk et al, 1985). It was suggested that
interferon had a greater immuno-modulatory effect than a direct antiviral effect

(Babiuk et al., 1985).
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1.4 Laboratory diagnosis

1.4.1 Viral antigen detection

The most common technique for BHV-1 detection in the diagnostic laboratory is
virus isolation in cell culture (Wyler et al., 1989; Straub, 1990). When the samples,
usually nasal, eye and genital swabs or fresh tissues from cases of abortion, are
inoculated in primary bovine cell cultures, BHV-1 can cause characteristic herpesviral
cytopathic effect (CPE). However, the identity of the virus needs to be confirmed
by immunofluorescent (IF) or virus neutralization (VN) test (Leary and Splitter,
1992). Virus isolation used to be considered as the most sensitive method for BHV-1
detection (Edwards et al., 1983; Brunner et al., 1988; Donkersgoed and Babiuk,
1991). The disadvantage of this technique is the dependence on cell culture which
needs a long "turn-around" time (Wyler et al,, 1989). Moreover, latent infection in
the nervous system cannot be detected ( Kahrs et al., 1980; Bratanich and Jones,

1992).

More effort has been directed toward detection of BHV-1 in bovine semen by virus
isolation, since seminal plasma has been shown to be toxic for cell cultures and
contains CPE inhibitors (Kahrs et al., 1977; Kupferschmied et al., 1986; Pacciarini et
al., 1988; Brunner et al,, 1988). Several variations of cell culture techniques, with
modifications of semen preparation and treatment have been tested. These include

dilution of semen ( Brunner et al., 1988; Weiblen et al., 1991), extensive washings
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after adsorption (Darcell et al, 1977; Drew et al, 1987), centrifugation steps
(Brunner et al., 1988) and trypsin pretreatment of semen to eliminate toxicity
(Bielanski et al., 1988). Several methods have been shown to be useful, but the

sensitivity was still unsatisfactory.

Some other techniques, such as electron microscopy (EM), various IF techniques and
immunoperoxidase staining of fixed tissues or of impression smears were tested as
alternatives to virus isolation (Wyler et al.,, 1989). These methods are rapid, but not
as sensitive as virus isolation (Wyler et al., 1989). In addition, IF is often masked by

autofluorescence of tissues, such as lung ( Donkersgoed and Babiuk, 1991).

1.4.2 Specific viral antibody detection

In the diagnosis of BHV-1 infections, serological tests are used to detect the
antibodies to the virus. For the exportation of animals and semen, cattle may be
required to be antibody negative, which means that they have never been infected
and thus not latently infected; or alternatively if vaccinated, show no rise in zatibody
titre, which means not acutely infected or showing reactivation of latent virus (Detegt

et al., 1993).

For a long time the neutralization test has been the most commonly used test for the
detection of BHV-1 specific antibodies, and still is the reference test in eradication

programs (Wyler et al., 1989). Deregt et al. (1993) stated that the sensitivity of the
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neutralization tests could be improved by increasing the incubation time and using
complement. The disadvantage of the neutralization test is its dependence on cell
culture. Alternative tests have been evaluated, such as IF techniques, agarose gel
diffusion tests, and various enzyme-linked immunosorbent assay (ELISA) techniques
(Wyler et al, 1989). Meanwhile the ELISA has been used to replace other
serological tests, since it does evade use of cell culture and is rapid and economical
(Wyler et al., 1989; Ackermann et al., 1990). But false positive results of ELISA
were repoited at an artificial insemination centre (Darcel, 1992), and therefore the

reliability of ELISA needs to be further evaluated.

The biggest disadvantage of serological tests for BHV-1 detection is that maximal
virus replication and shedding occur between three and six days after infection, which
is before development of detectable antibody ( Donkersgoed and Babiuk, 1991).
Also some latently infected animals have very low antibody titers, or may even test
seronegative, if they are not stressed and virus reactivation does not occur over a long
period of time (Deregt et al., 1993). Virus isolation from the semen of seronegative

bulls has been reported (Kupferschmied et al., 1986, Guerin, 1989).

1.4.3 Comnell Semen Test
In the Cornell Semen Test, pooled samples of semen are inoculated into susceptible

calves or sheep (Schultz et al., 1982). Subsequent serological testing of the inoculated
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animals can reveal the types of pathogens that were present in the semen sample.
This method has several disadvantages. First it is not possible to recognize which
specific samples are contaminated, since usually more than 100 semen samples are
pooled together (Schultz et al., 1982). Moreover, semen is usually extended to high
dilutions before it is stored in straws, and because only one or two semen Straws per
ejaculate are examined, small amounts of BHV-1 would probably not be detected
(Drew et al., 1987). In bulls with subclinical BHV-1 infection, virus titers in nine
straws varied between 10 and 1,000,000 median tissue culture infective dose (TCIDs;)
indicating that not all straws from one ejaculate contain virus, particularly when the
virus titre is low (Orischot et al., 1993). Second, animal isolation facilities are
required and subsequently the overall cost of this test is fairly high. Thirdly,
seroconversion of the animals inoculated with semen takes up to 3 weeks, resuiting

in long turnaround time (Schultz et al., 1982).

1.4.4 Molecular bio-techniques in diagnostic virology

In the last decade, an intensive effort has been made to expioit the detection of viral
nucleic acid as a diagnostic tool. Moleculax biotechniques, such as nucleic acid
hybridization and polymerase chain reaction (PCR), were extensively employed
(Paul, 1990; Wolcott, 1992; Williams and Kwok, 1992). These methods are
considered to be rapid, sensitive, specific and relatively less labour intensive for
detection of virus in many situations, such as when the virus grows poorly in tissue

culture or present in low titer, or the viral nucleic acid is not sufficiently expressed
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for detection by immunochemical methods, or the virus is incorporated into the host

genome, or the virus establishes a latent infection (Williams and Kwok, 1992).

1.4.4.1 Nucleic acid hybridization

Nucleic acid hybridization is one of the nucleic acid based detection methods that is
becoming increasingly popular. The principle is that single stranded DNA (ssDNA)
will hybridize by hydrogen bonded base pairing to another strand of DNA (or RNA)
of complementary sequence. The specific viral genome can be detected by a radio-
isotope, biotin or digoxigenin labeled, chemically synthesised probe or a probe cloned
in a bacterial plasmid or bacteriophage (Paul, 1990; Wolcott, 1992). There are
several different formats for nucleic acid hybridization, for example, dot-blot
hybridization, in situ hybridization and Southern blot hybridization (Williams and
Kwok, 1992). Several laboratories have described the detection of BHV-1 genome
by various hybridization techniques, using different cloned BHV-1 DNA fragments
as probe (Dorman et al,, 1985; Du:-n‘n et al., 1986; Rock et al., 1986; Andinc et al.,
1987 ; Pacciarini et al., 1988; Belak et al., 1988). The BHV-1 DNA was detected in
epithelial cells of nasal swabs by dot-blot hybridization (Dorman et al.,, 1985) or in
situ hybridization (Dunn et al., 1986). Beldk et al (1988) also used samples of nasal
or preputial swabs from infected cattle for detection of BHV-1 DNA by direct filter
hybridization. Pacciarini et al (1988) found hybridization of DNA extracted from
semen samples with a radioactively labeled specific BHV-1 DNA fragment to be a

very sensitive method. However, Brunner et al. (1988) compared several
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hybridization methods with immunoele ‘tron microscopy and various cell culture
techniques, and concluded that the most sensitive method was a special cell culture
technique. Viltek et al (1993) also pointed out that detection of BHV-1 in nasal
swabs and nasal washings by virus isolation in cell cultures was mure sensitive and

reliable than hybridization, but it was more time consuming anc !iborious.

1.4.4.2 Polymerase chain reaction (PCR)

Since the rapid, nonisotopic nucleic acid based diagnostic systems could only be
developed for target sequences which were highly abundant, the application of nucleic
acid hybridization in clinical diagnosis for viral diseases had long been a problem,
until the in vitro amplification system, PCR was developed (Wolcott, 1992; Williams
and Kwok, 1992). PCR is a method for in vitro amplification of specific DNA
sequences. Synthesis of the target DNA sequence is directed by two oligonucleotides
which bracket the target sequence on opposite strands of the DNA. By using a
thermostable DNA polymerase, the reaction can be repeatedly cycled through
alternating thermal DNA denaturation, and primer extension reuction steps in a
single tube until sufficient amplification of the target sequence has been achieved.
Typically, a 10-fold amplification of the target can be achieved in 2-4 h through 30
therma! cycles (Wright and Wynford-Thomas, 1990; Wolcott, 1992; Wiliiams and

Kwok, 1992).
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Reports on the application of PCR to the diagnosis of virus infections are also
accumulating at an exponential rate (Kocher and Wilson, 1991). PCR has the
potential and demonstrated usefulness for detection of both DNA and RNA viruses
of various virus families (Williams and Kwok, 1992). The method has great
advantage in detection of uncultivable viruses, neonatal viral infection, and latent viral
infections. It has also been used in viral typing, monitoring drug and treatment
efficacy, characterization of genetic variants, identification of new viruses and

simultaneous detection of muitiple viral agents (Williams and Kwok, 1992).

The PCR method has also been applied to the detection of BHV-1. The first PCR
assay was described by Viltek (1993) who used 22 bp oligomers from the BHV-1 gl
gene as primers. A nested PCR assay targeting a portion of BHV-1 gIV gene was
reported by Wiedmann et al (1993) and was found to be comparable to the Cornell
Semen Test for detection of BHV-1 in bovine semen. Another PCR assay for
detection of BHV-1 in bovine semen was described by Engelenburg et al. (1993).
By using a primer pair which targets BHV-1 glII gene, these authors were able to
detect 5 molecules of BHV-1 DNA in 50 ul of bovine semen, and found PCR io be
more rapid and sensitive than a virus isolation method ( Engelenburg et al., 1993).
In order to develop a sensitive, specific and rapid diagnostic method, and
differentiate the BHV-1 field strains and TK-ve strains which have potential to be
used as vaccine strains, a PCR protocol utilizing TK gene based primers was

developed and the PCR product was used as a DNA probe in dot blot and Southern
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blot hybridizations (Kibenge et al.,, 1994; Yason et al., 1995). This method was found
to be sensitive, specific and rapid for detection of BHV-1 in cell culture supernate
(Yason et al., 1995), and it could detect several strains of BHV-1 and differentiate
BHV-1 from other bovine herpesviruses (Kibenge et al., 1994). The application of
this method for detection of BHV-1 in bovine semen ar ' how it compares to virus

isolaticn and dot blot hybridization is the subject of this thesis.
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CHAPTER 2: MATERIALS AND METHODS

2.1 Cells, virus and semen

2.1.1 Cells

Bovine fetal testis (BFT) cells, passage 2-4 were used in this study. The primary cell
culture of BFT were obtained by processing fresh bovine fetal testes, using standard
tissue culture procedures (Yason et al,, 1995). Briefly, the bovine fetal testes from
a local abattoir (Hub Meat Packers, Moncton, New Brunswick) were transported to
the laboratory in Eagle’s minimal essential medium (EMEM) (Sigma, St. Louis, Mo.,
USA) containing 50 pg/ml of Penicillin. 50ug/ml of Streptomycin, and 4 pg/mil of
Fungizone (GIPCO BRL Canada, Burlington, Ontario). The testes were washed
three times in the same media and rinsed three times in phosphate buffered saline
(PBS; 0.52 M Na(l, 0.053 M Na,HPO,, 0.015 M KH,PO,, pH 7.0). They were then
digested at 37°C for 1 h in 100 ml using Dispase (Boehringer Mannheim, Laval,
Quebec). The mixture was filtered through three layers of sterile gauze and
centrifuged for 10 min at 700 X g. The pellet was resuspended with 60 ml of growth
medium consisting of L-15 (Leibovite, ICN Biomedicals Inc., Costa Mesa, California,
USA) with 10% fetal bovine serum (FBS Bockneck, Toronto, Ontario), and was then
seeded into three 75ml tissue culture flasks (Fisher Scientific, Montreal, Quebec).
The primary BFT cells were incubated at 37°C for 5-7 days. Before harvesting, the

BFT cells were suspended in freezing medium consisting of L-15 with 20% FBS and
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10% dimethylsulfoxide (DMSO; Fisher Scientific), aliquoted and stored in liquid

nitrogen.

2.1.2 Virus
The virus strain used in this study, BHV-1 LA ATCC/1, was obtained from American
Type Culture Collection (ATCC, Rockville, Maryland, USA) and was passaged once

in BFT cells.

2.1.3 Bovine semen

The bovine semen was obtained from Eastern Breeders (Fredericton, New
Brunswick) and several straws were pooled before aliquoting. The semen was
aliquoted intc 2 ml in each tube and stored at -76°C. For experiments using semen
artificially infected with BHV-1, the samples were prepared as shown in Table 1.
Ten-fold serial dilutions from 10! to 10°® of the virus infected tissue culture supernate
were prepared in neat semen, semc;,n diluted 1:5, 1:10, 1:20, and 1:50, and in EMEM

(Table 1). One milliliter aliquotes of these samples were stored at -76°C until use.
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Table 1. Bovine semen samples artificially infected with BHV-1 for use in this study.

Dilution of Neat® 1:5° 1:10° 1:20° 1:50° EMEM®
virus stock?
10! Al Bl C1 D1 E1 F1
10° | A2 B2 C2 D2 E2 F2
103 A3 B3 C3 D3 E3 F3
10% A4 B4 C4 D4 E4 F4
10° AS BS Cs D5 ES F5
10°¢ A6 B6 C6 D6 E6 F6
107 A7 B7 C7 D7 E7 F7
108 | A8 B8 Cs D8 E8 F8
Control® A9 B9 C9 D9 E9 F9

2 The concentration of the BHV-1 LA stock was 10° TCID,/100pl.
® All the semen samples were dilutzd in EMEM; Neat denotes undiluted bovine
semen.

¢ Samples without virus were used as negative controls.
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2.2 Virus isolation

2.2.1 Optimization of virus isolation procedure

Two methods, a standard virus isolation procedure and a modified virus isolation
procedure were compared to determine the optimal condition for isolation of BHV-1
from bovine semen. As shown in Table 1, the sensitivity of virus isolation was
evaluated by diluting virus from 10 to 108 dilution of the virus in neat, 1:5, 1:10,

1:20, and 1:50 semen dilutions, and in EMEM.

2.2.2 Standard virus isolation procedure

For use in virus isolation, the frozen BFT cells were thawed and propagated in
growth medium for 1-2 days in 24-well plates with round coverslips. The cell
monolayers were washed three times with PBS, and then inoculated with 100 ul of
each sample preparation. After 1 h incubation at 37°C, maintenance medium which
consisted of EMEM with 2% FBS was added, followed by further incubation at 37°C

for 5 days with daily microscopic examination for CPE.

2.2.3 Modified virus isolation procedure
This procedure was modified by Darcell et al. (1977) from the standard procedure
above, in order to eliminate the cytotoxicity and viral inhibitor in bovine semen. In

the modified procedure, the cell monolayers were washed three times with PBS after
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1 h incubation with the samples, and before the maintenance medium was added.

CPE was also examined daily for 5 days.

2.2.4 Fluorescent antibody (FA) test

The BHV-1 CPE on BFT cells was confirmed using the fluorescent antibody (FA)
test as follows: Coverslips were harvested at 5 days post inoculation, rinsed with PBS,
and fixed in acetone for 10 min at room temperature. Five microlitres of diluted 1:10
fluorescein isothiocyanate (FITC) conjugated antibody against BHV-1 (VMRD lInc,
Pullman, Washington, USA) was placed on the coverslips, and incubated at 37°C for
30 min in a humidified chamber. They were then washed in commercially available
wash buffer (VMRD) for 10 min, briefly rinsed in distilled water and were mounted
on glass slides with mounting medium (VMRD). They were then examined using

fluorescence microscopy (Axioplan 451888, Carl Zeiss Inc., Don Mills, Ontario).

2.3 Dot blot hybridization

2.3.1 Optimization of dot blot hybridization procedure

Bovine semen samples Al-A4, D1-D4, F1-F4 and A9, D9, F9 (Table 1) prepared in
section 2.1.3 were used to determine the optimal dilution of bovine semen for use in
dot blot hybridization for detection of BHV-1. Two different sample volumes, 0.1 ml

and 2 ml, were used.
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2.3.2 Viral DNA extraction and preparation of dot blots

The viral DNA was extracted using the procedure described by Kibenge (1992) with
modifications as follows: the samples were centrifuged at 735 X g for 30 min at 4°C
to remove the cells. The virus was pelleted from the supernate by ultracentifugation
at 134,000 X g for 4 h at 4°C in SW28 rotor (Beckman, Mississauga, Ontario) and the
pellet was resuspended in 500 ul of TE buffer (10 mM Tris-HC], 1 mM EDTA,
pH8.0). The virus was digested by adding 50 pl of 20 mg/ml Proteinase K (GIBCO
BRL), 25 ul of 10% sodium dodecyl sulfate (SDS; Boehringer Mannheim, Laval,
Quebec) with incubation at 37°C for 18 h (Kibenge et al., 1994). Viral DNA was
extracted by phenol-chloroform and was precipitated in ethanol. Briefly, an equal
volume of Tris-buffered phenol/chloroform/isoamyl (25:24:1) was added to the
sample, and the mixture was vortexed for 30 s, and centrifuged at 8000 X g. The top
aqueous layer was re-extracted once in phenol/chloroform/isoamyl then in
chloroform/isoamyl (24:1), and the DNA was precipitated from the aqueous phase
by adding 0.1 vol. of 3M sodium acetate, pH 5.2 and 2 vols. of cold absolute ethanol
(Commercial Alcohol Ltd. Quebec) and leaving at -70°C for at least 2 h. Before use,
the DNA was washed once with 70% ethanol, dried for 5 min in a Speedvac System
(Savant, Farmingdale, New York, USA), and resuspended in 200 ul of TE buffer.
One microlitre of RNase A (Pharmacia Biotech. Inc., Baie d’Urfé, Québec) was
added to each sample and incubated at 37°C for 1 h, followed by phenol/chloroform
extraction and ethanol precipitation as before. The DNA free of RNA was

resuspended in 200 pl TE buffer and stored at -20°C prior to use.
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The purified viral DNA was denatured by boiling for 3 min and quickly chilled on ice
for 10 min. It was then applied on nylon membranes prewetted with 20X SSC
solution (3M NaCl, 0.3M sodium citrate, pH 7.0), using a 96-well Bio-Dot
microfiltration unit (Bio-Rad). The nylon membranes were baked at 80°C in a
vacuum oven (Precision Scientific Inc., Chicago, Illinois, USA) for 2 h to bind nucleic

acid to the membranes.

2.3.3 Preparation of the BHV-1 DNA probe
A PCR product 183 bp long from the BHV-1 TK gene (Kibenge et al., 1994) was
radiolabeled to make the probe. Fifteen microlitres of the PCR product were run
on 1% low-melting temperature agarose gel. The band was visualized by staining with
ethidium bromide (EB) and the DNA was recovered as described by Falson (1992).
Briefly, bands were carefully cut from the agarose gel in the smallest volume possible.
The volume was estimated by weight and an equal amount (w/v) of TE bufter, pH
8.0 was added. The agarose was melted at 65°C for 5 min. Then an equal volume
of Tris-buffered phenol was added and the mixture was centrifuged at 8000 X g in
a microfuge for 3 min. The aqueous layer was re-extracted with phenol/chloroform
and the DNA was recovered from the aqueous layer by precipitation with 0.1 vol. of
LiC! (Fisher Scientific) and 2.5 vol. of cold absolute ethanol at -70°C overnight.
The DNA was then radiolabeled using the Random Primer Labeling Kit (GIBCO
BRL Canada) following the manufacturer’s protocol. Five microlitres of the PCR

product in TE buffer were heated in a boiling water bath for 5 min and quickly
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cooled on ice for 10 min. To the solution, 2 pl dCTP, 2 pl TTP, 2 pl dGTP, 15 ul
of random primer buffer, 5 ul [«-**P] dATP (Amersham, Oakville, Ontario) and 13
pl distilled water were added. One microlitre of Klenow fragment was added and the
mixture was incubated for 1 h at room temperature. The reaction was stopped by
adding 5 ul stop buffer, and the volume was brought to 102 pl by adding 47 ul
distilled water. The mixture was passed through a spun column (glass wool, Biogel;
Bio-Rad, Richmond, California, USA) by centrifugation at 200 X g for 5 min to
remove the unincorporated radioisotope label. Two microlitres of the solution were
taken into 4 ml of scintillation counting fluid (Beckman) to determine the

radioactivity in counts per minute (cpm).

2.3.4 Prehybridization and hybridization:

Before hybridization with the probe, the filter was treated with prehybridization
buffer (5X SSC, 5X Denhardt’s [0.1% wt/vol Ficoll, 0.1% wt/vol polyvinylpyrrolidone,
0.1% wt/vol bovine serum albumin]‘, 50mM sodium phosphate (pH 6.8), 0.1% wt/vol
SDS, 250 pg/ml salmon sperm DNA, 50% vol/vol formamide, 100 pg/ml tRNA)
overnight at 42°C. The buffer was drained and fresh hybridization buffer, which is
similar to the prehybridization buffer but contained 1 X Denhardt’s solution, 20 mM
sodium phosphate, pH 6.8, and 0.2% SDS, was added at a rate of 1 ml/10 em? of
filter. Equal volumes of probe solution and hybridization buffer were mixed, heated
for 2 min in a boiling water bath, and snap frozen on ice for 10 min. The probe was

then added to the hybridization bag containing the filters, to a final concentration of
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3 X 10° cpm per filter. The filters were incubated oveinight at 54°C in a shaking

water bath.

Excess and non-specifically bound probe were removed by high stringency washing.
This consisted of washing in 2X SSC/0.1% SDS twice for 15 min each at room
temperature, 0.1X SSC/0.1% SDS twice for 15 min each at room temperaiure and
0.1X SSC/0.1% SDS twice for 30 min at 55°C. The filter was blotted on Whatman
paper (Whatman Int. Ltd., Maidstone, England) to remove excess fluid. Filters were
subjected to direct autoradiography using Kodak X-Omat diagnostic film (Picker

International, Dartmouth, Nova Scotia) at -70°C for 72 h.

2.3.5 Dot blot hybridization of salmon sperm DNA artificially infected with BHV-1
Bovine sperm DNA was extracted from 2 ml of neat bovine semen following the
methods described in section 2.3.2 for viral DNA extraction. The DNA pellet was
resuspended in 200 ul TE buffer and quantitated in the GeneQuant RNA/DNA
Calculator (Pharmacia) . An equivalent amount of salmon sperm DNA (Sigma) was
diluted in TE buffer. Ten-fold serial dilutions of BHV-1 stock were then prepared
in the neat and the 1:20 diluted salmon sperm DNA solutions. These samples and
the samples with equivalent amounts of virus in EMEM were processed for dot blot

hybridization as described in sections 2.3.2 and 2.3.4.
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2.4 Polymerase chain reaction (PCR)

2.4.1 PCR reagents

The PCR was performed in a DNA Thermocycler 480 (Perkin-Elmer Canada,
Dartmouth, Nova Scotia) in GeneAmp™ reaction tubes (Perkin Elmer Canada).
The reagentsy Tag DNA polymerase (SU/ul), 10X Taq polymerase buffer (500 mM
KCl, 100 mM Tris-HCl, pH 9.0, 1% triton X-100), and 25 mM MgCl, were purchased
from one source (Bio-Can Scientific, Mississauga, Ontario). The dNTP mixture,
dATP, dCTP, dGTP, and TTP (20mM each) were prepared from 100 mM stocks
(Pharmacia). Ampliwax gems were from Perkin Elmer Cetus, glycerol was from
Sigma, and Primers IBR TK1 and IBR TK2 (Kibenge et al., 1994) were purchased
from the Regional DNA Synthesis Laboratory, University of Calgary, Calgary,
Alberta. The IBR TK1 (sense) primer is located from nucleotides 975-995, and the
IBR TK2 (antisense) primer originates from nucleotides 1137-1156 of the TK gene
of BHV-1 strain 6660 (Mittal and Field, 1989). The nucleotide sequences of the
primers were: 5-AGA CCC CAG TTG TGA TGA ATG C-3’ for IBR TK1 and 5’ -

ACA CGT CCA GCA CGA ACA CC-3 for IBR TK2 (Kibenge et al., 1994).

2.4.2 Standard PCR procedure
The standard PCR procedure used in this study is a modification of the
accompanying protocol of Ampliwax™ PCR Gem 100 (Perkin Elmer Cetus) (Yason

et al., 1995}, The primers (400 pM each), dNTPs (200 pM each), 1.5 mM MgCl,, 2.5
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ul of 10X Taq polymerase buffer and enough water to make 20 pl were combined in
GeneAmp™ reaction tube with one drop of AmpliWax™. The mixture was sealed
by heating at 80°C for 10 min, followed by 1 min at 25°C. Then 10 ul of 10X Taq
polymerase buffer, with 10% glycerol, 2.5 units of Tag polymerase and enough water
to a total volume of 60 ul were added above the sealed wax layer. The viral DNA
was extracted from each sample as described in section 2.3.2 and resuspended into
20ul TE buffer. Then the samples were added to the upper layer of reagents and
made to a final PCR mix volume of 100 pl. The PCR was performed in DNA
Thermocycler 480 (Perkin Elmer Cetus). The PCR mixture was amplified by an
initial denaturation step of 95°C for 1 min, followed by 34 cycles of denaturation at
95°C for 1 min, primer annealing at 61°C for 1 min, and extension at 72°C for 1 min,
and a last cycle of 95°C for 1 min, 61°C for 1 min and 72°C for 5 min. Following the

amplification, the PCR mixtures were stored at -20°C.

2.4.3 PCR using nucleic acid releasing cocktail

A proprietary nucleic acid releasing cocktail, GeneReleaser™ (Bioventures Inc.,
Murfreesboro, Tennessee, USA), that releases DNA from cells in a form suitable for
amplification by PCR was used with a PCR thermocycle program according to the
manufacturer’s instructions. Instead of viral DNA extraction, one microlitre of each
sample was lysed in a total volume of 20 ! of the resuspended GeneReleaser™ using
the thermocycle program protocol. Then the PCR reagents were added to the same

reaction tube and PCR was performed in a total volume of 100 pl containing a final
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concentration of 1 X Tag polymerase buffer, 1.0 mM MgCl,, 2.5 units of Taq
polymerase, 0.2mM of each dNTP, 10% of glycerol, 0.4 uM of each primer, and one
Ampliwax gem (Kibenge et al, 1994). The PCR cycles were performed under

conditions as described in section 2.4.2.

2.4.4 Analysis of PCR products

Both agarose gel electrophoresis with EB staining and Southern blot analysis were
used to detect the PCR products. Fifteen microlitres of PCR were run on 2% agarose
in 1X TBE buffer for 2 h at 125V. For the Southern blot hybridization, the agarose
gel was immersed in alkali (1.5 M NaCl, 0.5M NaOH) in a dish, rocking gently for
15 min and repeating once with fresh solution to denature the DNA. The gel was
immersed into neutralizing solution (3M NaCl, 1.0M Tris-HC! pH 8.0) for 15 min.
The DNA was then transferred from the gel to a nylon filter membrane (Amersham,
Oakville, Ontario) by capillary action (Sealey and Southern, 1990). The nylon
membrane was baked for 2 h at 80°C in a vacuum oven to fix the DNA to the filter.
The probe prepared as described in section 2.3.3 was added onto the filter to a final
concentration of 9 X 10° cpm. Filters were prehybridized and hybridized with the
probe and exposed to Kodak X-Omat diagnostic film at -70°C for 72 h as described

in section 2.3.4.

2.4.5 Optimization of PCR procedure
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The sample preparation and reaction conditions of PCR for detection of BHV-1 were
optimized for use with bovine semen. The samples with BHV-1 diluted 10" in neat
scinen, 1:5, 1:10, and 1:20 diluted semen, and in EMEM were tested to determine
the best dilution of semen that can be used for PCR. Further optimization was done
using a PCR optimization kit (PCR Optimizer ™, Invitrogen Corporation, San Diego,
California, USA) to determine the optimal MgCl, and pH in the reaction butfer for
detection of BHV-1 by PCR. The buffers of pH 8.5, 9.0, 9.5 and 10.0 with MgCl,
concentrations of 1.5 mM, 2.0 mM, 2.5 mM and 3.5 mM were tested (Table 2). In
addition, since the reaction buffer used for PCR is at pH 9.0 and Mg?* free (Kibenge
et al., 1994, Yason et al., 1995), the optimal concentration of MgCl, was again
determined in Taq polymerase buffer, pH 9.0, with MgCl, concentrations of 0.0 mM,

0.5 mM, 1.0 mM, 1.5mM, 2.0 mM, 3.0 mM.
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Table 2. The pH and MgCl, concentrations of the sixteen reaction buffers tested

using the PCR Optimizer™ Kit (Invitrogen).

MgCl, concentration (in mM)
pH 15 | 2.0 2.5 3.5
8.5 A B C D
9.0 E F ‘ G H
9.5 I I K | L
10.0 M N 0 [ P
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2.5 Experimental infection of bulls with BHV-1

2.5.1 Virus inoculation and sample collection

Two 18 month-old, BHV-1 seronegative bulls were experimentally infected with 2 ml
of 10° TCID,,/100u! of BHV-1 LA strain via their prepuces. The virus was passed
once in BFT cell culture and the infectivity of the virus stock was determined by
titration on microtiter plates witk BFT cells. Semen samples, nasal swabs, preputial
swabs and blood samples were collected 7 days before infection and on day 0, 4, 10,
20, 30, and 40 after infection. The swab samples were stored in 2 ml of transport
medium (EMEM with 50 ug/ml of Penicillin, 50pg/ml of Streptomycin, 10 pg/mi of
Gentamicin, 4 pg/mi of Fungizone, 3.65 g/1000 ml of HEPES, 0.8 g/ 1000m] of sodium
bicarbonate and 2% of FBS) at -70°C. The serum was separated from the whole
blood by centrifugation at 2,060 X g for 5 min at 4°C, and then stored at -20°C. The

semen samples were stored at -70°C.

2.5.2 Virus isolation

The bovine semen samples were diluted 1:20 in EMEM to eliminate the cytotoxiicity
and inhibition of CPE, and virus isolation was done using the standard procedure
described in section 2.2.2. The swab samples were filtered through 0.22 nm low
protein binding filters (Millipore Co., Bedford, Maryland, USA). One hundred

microlitres of each sample were inoculated on the BFT cell monolayers in 24-well
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plates, and incubated at 37°C with daily examination for CPE as described in section

222

2.5.3 Dot blot hybridization

Two mililitres of a semen sample were centrifuged at 735 X g for 30 min at 4°C to
remove sperm cells. The virus was pelleted by ultracentrifugation at 134,000 X g for
4 h in SW28 rotor (Beckman) at 4°C. The viral DNA was extracted, dot blotted on
the nylon membranes, and hybridized with radiolabeled probe as described in section

2.3.4.

2.5.4 Polymerase chain reaction (PCR)

The PCR was ﬁerformed as described in section 2.4.3 with modifications as optimized
in section 2.4.5. Briefly, the semen samples were diluted 1:20 in EMEM to eliminate
the inhibition factor of PCR amplification. One microlitre of each sample was added
in a total volume of 20 ul of the resuspended GeneReleaser™ (Bioventures Inc.)
using the thermocycle program protocol. Then the PCR reagents were added in the
same reaction tube and PCR was performed in a total volume of 100 u! containing
a final concentration of 1 X Taq polymerase buffer, 1.0 mM MgCl,, 2.5 units of Taq
polymerase, 0.2mM of each dNTP, 10% of glycerol, 0.4 pm of each primer, and one
Ampliwax gem. Both agarose gel electrophoresis with EB staining and Southern blot

hybridization analysis (section 2.4.4) were used to visualize the PCR products.
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2.5.5 Virus neutralization test

The virus neutralization (VN) test was done in BFT cells and 100 TCIDgy25ul of
BHV-1 as described in the protocol of the Regional Diagnostic Virology Laboratory,
Atlantic Veterinary College. Briefly, all the serum samples and the positive and
negative sera were inactivated at 56°C for 30 min before testing. Twenty five
microlitres of medium ( EMEM with 100 u/mi Penicillin, 100 pg/ml of Streptomycin
and 15% of FBS) werc added to each well of the 96-well microtiter plate. Then 25
ul of each test serum sample and controi sample were added in the wells using two
horizontal rows. Two-fold dilutions of the serum from 1:2 to 1:2048 were made in
wells from rows 2 to 12 and twenty five microlitres of BHV-1 100 TCID;y/25 pl were
added into each well and the plate was incubated at 37°C for 1 h. Fifty microlitres
of BFT cells with a concentration of around 10%ml were added to the wells and
incubated at 37°C for 5 days. Then the CPE was identified by microscopy and crystal
violet staining (Fisher Scientific). The VN titer which is the highest dilution of serum

which neutralized 100 TCID,, of BHV-1 was recorded for each sample.

%
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CHAPTER 3: RESULTS

3.1 Optimization of virus isolation of BHV-1 in artificially infected bovine semen

samples

The infectivity titer of the BHV-1 stock was determined to be i0° median tissue

culture infective doses (TCIDs,) per 100pl.

Two virus isolation procedures which were tested on different dilutions of bovine
semen containing 10-fold serial dilutions of the virus suspension were used to
determine the best dilution of semen which would reduce the cytotoxicity of semen

in cell culture and reduce the BHV-1 CPE inhibition.

Table 3 shows the results of virus isolation in primary BFT cell cultures using the
standard procedure. FA staining ;;vith conjugated BHV-1 antiserum was used to
differentiate CPE from cytotoxicity, and to confirm viral replication in BFT cell
cultures. All the neat and 1:5 diluted bovine semen samples were cytotoxic to the
BFT cells. Cytotoxicity was not observed in the semen diluted 1:10. However, at this
semen dilution, BHV-1 could only be detected by CPE and FA up to a dilution of
105, while in 1:20 and 1:50 diluted semen samples, virus diluted up to 10 could te
detected. This indicated the existence of inhibition of BHV-1 replication and CPE

by bovine semen (designated R on Table 3). Consequently, 1:20 was selected as the
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best semen dilution for detection of BHV-1, being free of cytotoxicity and free of

inhibition of BHV-1 replication and CPE. The minimum amount of virus detected

in 1:20 diluted bovine semen by the standard virus isolation procedure was

determined to be 1 TCID;,/100p1.
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Table 3. Isolation of BHV-1 from different dilutions of bovine semen in primary

BET cell cultures using the standard procedure followed by FA test.

Dilution of virus Neat” 1:5° 1:10° 1:20° 1:50° EMEM®
stock®
10 T-* T- +€ + + +
10 T- T- + + + +
10° T- T- + + + +
10 T- T- + + + +
10° T- T- + + + +
10°¢ T- T- - + + +
107 T- T- . - ; ;
108 T- T- - - - -
Control® T- T- - - ; .

* The concentration of the BHV-1 LA stock is 10° TCIDs,/100ul.

b Neat = undiluted bovine semen; Other semen samples were diluted in 1:5, 1:10,
1:20, or 1:50 in EMEM,; Virus diluted in EMEM was used as control for identification
of cytotoxicity, and viral replication and CPE irhibitor.

¢ T denotes Cytotoxicity; - denotes negative and + denotes positive for CPE and FA.

¢ Control = negative control, i.e. no virus.
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The results of the virus isolation using the modified procedure are shown in

Table 4. The cytotoxicity of bovine semen to the BFT cells was found only in the
neat semen samples. Cytotoxicity was not observed in any of the diluted semen
samples. In addition, the inhibition factor of BHV-1 replication and CPE in bovine
semen was not observed with this procedure. However, BHV-1 could only be
detected up to a virus dilution of 107, which was 10-fold less virus (i.e. 10
TCID,,/100u1) than that detected using the standard virus isolation procedure. The
standard procedure was therefore compared with dot blot hybridization and PCR,
and was used as the optimized virus isolation procedure for detection of BHV-1 in

bovine semen from experimentally infected bulls.
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Table 4. Isolation of BHV-1 from different dilutions of bovine semen in primary

BFT cell culture using the modified procedure followed by FA test.

Dilution of viru, | Neat®  1:5° 1:10° 1:20° 1:506  EMEM®
stock®
10! T-° +¢ + + + +
10 T- + + + + +
10 T- + + + + +
10 T- + + + + +
107 T- + + + + +
10° T - - . ] .
107 T- . . - ] ;
10 | T- - ; ] ) ]
Control* T- - - . . .

2 The concentration of the BHV-1 LA stock is 10° TCID4,/100ul.

b Neat = undiluted bovine semen; Other semen samples were diluted in 1:5, 1:10,
1:20, or 1:50 in :EMEM; Virus diluted in EMEM was used as control for
identification of cytotoxicity and virus replication and CPE inhibitor.

¢ T denotes Cytotoxicity; - denotes negative and + denotes positive for CPE and FA.
¢4 Control = negative control, i.e. no virus.
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3.2 Optimization of dot blot hybridization in artificially infected bovine semen
samples.

In order to verify the sensitivity of the dot blot hybridization method for detection of
BHYV-1 in semen samples and to determine if there are factors which may influence
virus detection in bovine semen by dot blot hybridization, serial dilutions of the BHV-
1 stock (10 to 10*) were made in neat bovine semen, semen diluted 1:20 and in
EMEM. For easy comparison to virus isolation, 0.1 ml of each sample was used to
prepare viral DNA for dot blotting. All dot blots were probe-negative at this sample
volume. When the sample volume was increased to 2 ml, BHV-1 viral DNA could
be détec-ted, the neat semen samples giving the strongest reaction of all the sample
dilutions tested (Fig. 1). No signal was observed in the negative control samples of
the neat semen and of semen diluted 1:20. As shown in Figure 1, dot blot
hybridization detected 107 dilution of BHV-1 stock in neat semen, 102 dilution of the
virus in semen diluted 1:20 and 10 dilution of the virus in EMEM. Therefore, the
minimum amount of virus de‘tectec‘l by dot blnt hybridization was with neat bovine

semen, and was determined to be 20,000 TCID,y/100ul.
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N 10°10°107%10" P

Neat

Figure 1. Detection of BHV-1 DNA in different dilutions of bovine semen by dot
blot hybridization. Lane N denotes no BHV-1 in EMEM, bovine semen diluted 1:20
or in neat bovine semen. Lanes 10* to 107 denote decreasing 10-fold dilutions of
BHV-1 in EMEM, bovine semen diluted 1:20 or in neat bovine semen. Lane P
denotes BHV-1 stock (10° TCID,,/100ul) as positive control. The neat bovine semen

samples gave the best results and could detect 10 of BHV-1 stock.
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3.2.1 Artificially infected salmon sperm DNA samples

The neat bovine semen was determined to containi 40 pg/ml of sperm DNA. When
BHV-1 was resuspended in salmon sperm DNA solution, the dot blot hybridization
method detected 10 dilution of BHV-1 stock in 40 pg/ml salmon sperm DNA and
107 dilution of the virus in the 2 pg/ml salmon sperm DNA (Fig. 2). These results
demonstrated that dot blot hybridization of samples with higher concentrations of
total DNA gave better sensitivity, confirming the initial observation that higher
dilutions of BHV-1 could be detected in neat bovine semen than in diluted semen.
The 10-fold more virus detected with salmon sperm DNA (10* dilution of BHV-1
stock) than with bovine sperm DNA (10 dilution of BHV-1 stock) may be due to
the fact that pure salmon sperm DNA was used compared to bovine sperm DNA

which was extracted from bovine semen.
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Figure 2. Detection of BHV-1 DNA in different dilutions of salmon sperm DNA by
dot blot hybridization. Lane N denotes no BHV-1 in EMEM, 2 pg/ml salmon sperm
DNA solution or in 40 pg/ml salmon sperm DNA solution. Lanes 10 to 107 denote
decreasing 10-fold dilutions of BHV-1 in EMEM, 2 pg/ml salmon sperm DNA
solution or in 40 pg/ml salmon sperm DNA solution. Some non-specific binding of
the probe occurred on the filter and can be differentiated from the specific dot blot
hybridization signals by the shape and the position of the dots. The samples
containing 40pg/ml of salmon sperm DNA gave the best result and could detect 10

of BHV-1 stock.
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3.3 Optimization of polymerase chain reaction in artificially infected bovine semen

samples

3.3.1 PCR using standard procedure

When the PCR with standard procedure was used for detection of BHV-1 in different
dilutions of bovine semen, the PCR product of 183 bp long could be detected on the
agarose gel by EB staining. However, since this method involved a lot of sample
manipulations, it was associated with cross contamination. In addition, the sensitivity
of virus detection was influenced by the DNA purification and extraction procedures,

and therefore could not be determined accurately.

3.3.2 Optimization of sample preparation for PCR using nucleic acid releasing
cocktail

When the established reaction conditions of PCR with nucleic acid releasing cocktail
(GeneReleaser™) for detection of‘ BHV-1 in tissue culture media were used on the
infected bovine semen samples, no virus was detected in neat bovine semen indicating
the existence of a PCR inhibitor (Fig. 3). This inhibitior could be eliminated by
dilution of bovine semen. When different dilutions of ‘.ovine semen (1:5, 1:10, 1:20
and EMEM) with equal amounts of BHV-1 were used, the semen diluted 1:20 gave
the best amplification result. The band on the agarose gel using this dilution was as

intense as the band in the EMEM sample (Fig. 4). Therefore, the 1:20 dilution of
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bovine semen was selected for use in PCR amplification from bovine semen with

GeneReleaser™,
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<183 bp

Figure 3. Detection of BHV-1 by PCR with GeneReleaser™ in EMEM and in neat
bovine semen. Lane M denotes molecular weight markers (GIBCO BRL Canada);
Lane 1 denotes 10! of BHV-1 in EMEM; Lane 2 denotes 10" of BHV-1 in neat
bovine semen; Lanes 3 and 4 denote EMEM and neat bovine semen without BHV-1
as negative controls; Lane 5 denotes carryover control in which the distilled water was
used instead of sample, respectively. The PCR product was detected in the EMEM
sample in Lane 1 but was not detected in the bovine semen sample which contained
the same amount of virus in Lane 2. This indicated the presence of a PCR inhibitor

in neat bovine semen.




Figure 4. Detec'ion of BHV-1 by PCR with G - eReleaser™ in different dilutions
of bovine semen. Lane M denotes moleculas weight markers (as in Figure 3); Lanes
1-4 denote 167 of BHV-1 in EMEM, semen diluted 1:5, semen diluted 1:10, and
semen diluted 1:20, respectively. Lane 5 denotes carryover control (as in Figure 3).

The 1:20 diluted bovins semen sample gave the best result.
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3.3.3 Optimization of reaction conditions for PCR using nucleic acid releasing cocktail
It was decided to optimize the pH and MgCl, concentration of the PCR buttfer tor
use with nucleic acid releasing cocktail (GeneReleaser™) and bovine semen. The
best amplification results with the primer pair IBR TK1/IBR TK2 were obtained
when the buffer contained 1.5 mM of MgCl, at pH 8.5 (Fig. 3), or 2.5 mM of MgCl,
at pH 9.5 (Fig. 6). When the concentration of MgCl, was further optimized for the
commercially available Taqg polymerase buffer at pH 9.0, it was determined that the
optimal MgCl, concentration was 1.0 mM for detection of BHY-l in bovine semen
diluted 1:20 (Fig. 7), while for the tissue culture media samples it was 1.5 mM (Fig.

8).
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Figure 3. Opti'miza\tion of pH and MgCl, concentration for detection of BHV-1 by
PCR with GeneReleaser™ in 1:20 diluted bovine semen (step 1). Lanes A, B, C, D,
F, J, N denote reaction buffers containing 1.5 mM of MgCl, at pH 8.5, 2.0 MgCl, at
pH 8.5, 2.5 mM of MgCl, at pH 8.5, 3.5 mM MgCl, at pH 8.5, 2.0 mM of MgCi, at
pH 9.0, 2.0 mM of MgCl, at pH 9.5, and 2.0 mM of MgCl, at pH 10.0, respectively
(See also Tabie 2). Lane W denotes molecuiar weight markers (GIBCO BRL
Canada). Lane X denotes carryover control (as in Fig. 3). The reaction mixture
containing 1.5 mM MgCl, at pH 8.5 (Lane A) was the best condition for detection

of BHV-1 in 1:20 diluted bovine semszn
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Figure 6. Optimization of pH and MgCl, concentration for detection of BHV-1 by
PCR with GeneReleaser™ in 1:20 diluted bovine (step 2). Lane E, G, H, [ K, L,
M, O, and P denote reaction buffers containing 1.5 mM of MgCl, at pH 9.0, 2.5
MgCl, at pH 9.0, 3.5 mM of MgCl, at pH 9.0, 1.5 mM MgCl, at pH 9.5, 2.5 mM of
MgCl, at pH 9.5, 3.5 mM of MgCl, at pH 9.5, 1.5 mM of MgCl, at pH 10.0, 2.5 mM
of MgCl, at pH 10.0, and 3.5 mM of MgCl, at pH 10.0 respectively (See also Table
2). Lane W denotes molecuiar weight markers (GIBCO BRL Canada). Lane X
denotes carryover control (as in Fig. 3). The reaction mixture containing 2.5 mM
MgCl, at pH 9.5 (Lane K) was the best condition for detection of BHV-1 in 1:20

diluted bovine semen.
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Figure 7. Optimization of MgCl, concentration for detection of BHV-1 in bovine

semen diluted 1:20 by PCR with GeneReleaser™ in Taq polymerase buffer, pH 9.0.

Lane M denotes molecular weight markers (GIBCO BRL Canada); Lanes 1 - 6

denote the MgCl, concentrations (in mM) of 0, 0.5, 1.0, 1.5, 2.0, and 2.5; Lane N

denotes carryover control (as in Fig. 3). The reaction mixture containing 1.0 mM

MgCl, (Lane 3) was the best condition for detection of BHV-1 in 1:20 diluted bovine

semen.
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Figure 8. Optimization of MgCl, concentration for detection of BHV-1 in EMEM

by PCR with GeneReleaser™ in Taq polymerase bufter, pH 9.0. Lane M denotes

molecular weight markers (GIBCO BRL Canada); Lanes 1 - 7 denote the MgCl,

concentrations (in mM) of 0, 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0; Lane N denotes carryover

control (as in Fig. 3). The reaction mixture containing 1.5 mM MgCl, (Lane 4) was

the best condition for detection of BHV-1 in EMEM.
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Under these optimized conditions, 1 TCID/100u! of BHV-1 could be detected in
1:20 diluted bovine semen by PCR with EB staining (Fig. 9). Prior to this
optimization of MgCl,, the minimum of BHV-1 in 1:20 diluted bovine semen that
could be detected by PCR using the PCR buffer at pH 9.0 which contains 1.5 mM
of MgCl,, with EB staining was 100 TCID;/100 ul of sample (Fig. 10). Therefore,
the sensitivity of BHV-1 PCR for bovine semen samples diluted at 1:20 was increased
100-fold following optimization for MgCl, concentration. This sensitivity was further
increased when EB staining was replaced by Southern blot hybridization, detecting
0.01 TCID;,/100 pi of sample (Fig. 11). Thus, PCR with Southern blot hybridizaztion
was the most sensitive of the methods studied for detection of BHV-1 in bovine

semen (Table 5).
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Figure 9. Sensitivity of PCR with EB staining for detection of BHV-1 in bovine
semen diluted 1:20 after optimization for MgCl, concentration. Lane M denotes
molecular weight markers (GIBCO BRL Canada); Lanes 1 to 7 denote 10" to 107
of BHV-1 in bovine semen diluted 1:20 in EMEM; Lane N denotes carry over
control (as in Fig. 3). Under the optimized reaction conditions, the PCR could detect

10 of BHV-1 stock in 1 ul of 1:20 diluted bovine semen.
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Figure 10. Sensitivity of PCR for detection of BHV-1 in bovine semen diluted 1:20
before optimization for MgCl, concentration. Lane M denotes molecular weight
makers (GIBCO BRL Canada); Lanes 1 to 7 denote 107 to 10" of BHV-1 in bovine
semen diluted 1:20 in EMEM; Lane 8 denotes carryover control (as in Fig. 3).

Before optimization of reaction conditions, the PCR could only detect 102 of BHV-1

stock in 1 ul of 1:20 diluted bovine semen.
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Figure 11. Southern blot hybridization of the agarose gel from Fig. 9. Lanes 1to 7
denote iO“ to 107 of BHV-1 in bovine semen diluted 1:20 in EMEM; Lane N
denotes carryover control (as in Fig.. 3). Under the optimized reaction conditions, the
PCR with Southern blot hybridization could detect 10 of BHV-1 stock in 1 ul of 1:20

diluted bovine semen.
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3.4 Comparison of the sensitivity of dot blot hybridization, PCR amplification and
virus isolation for detection of BHV-1 in bovine semen

As shown in Table 5, dot blot hybridization could detect 20,000 TCID4,/100 pl of
BHV-1 in neat bovine semen samples, while virus isolation, and PCR with EB
staining could detect 1 TCID,,/100 pl of BHV-1 in bovine semen samples diluted
1:20. Since the semen samples have to be diluted 1:20 before being tested by virus
isolation or PCR to eliniinate the cytotoxicity, viral replication and CPE inhibitor and
PCR inhibitor, the minimum amount of BHV-1 that can be detected in a semen
sample by virus isolation or by PCR with EB staining is therefore 20 TCID;,/100 ul.
When corrected for the dilution factor, these two methods are still more ..cnsitive
(1000-fold more) than the dot blot hybridization method. PCR with Southern biot
hybridization was the most sensitive method, detecting 0.01 TCID4,/100ul of BHV-1
in 1:20 diluted bovine semen samples, which is equivalent to 0.2 TCIDsy/100 ul of

BHV-1 when corrected for the dilution factor for semen samples.
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Table 5. Comparison of the sensitivity of dot blot hybridization, PCR amplitication

and virus isolation for detection of BHV-1 in artificially infected bovine semen

Amount of Dot blot PCR amplification® Virus
virus hybridization® isolation®
(TCID4y/100u1) EB staining Southern blot
2X 10° +° + + +
2X 10° + + n +
2X 10 + + + +
2X 10° - + + +
2X 10° - + + +
2X 10' - + + +
2X 10° - - + .
2X 107 - ; + ]
2X 10?2 - - . .

2 Dot blot hybridization was done on neat bovine semen; PCR amplification und virus
isolation were done on bovine semen samples diluted 1:20 and corrected for the
dilution factor.

b + denotes positive; - denotes negative for CPE (virus isolation) or 183 bp product
(PCR amplification) or hybridization signal (dot blot or Southern blot).
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3.5 Experimental infection of bulls

3.5.1 Clinical signs

Following virus inoculation, balanoposthitis was observed in Buli 1 at day 10 and in
Bull 2 at day 20. This was manifested as a small amount of crcamy exudate on the
preputial hairs, swelling of prepuce, hyperaemia of the penis with small pustules
disseminated over the preputial and penile mucosa accompanied by blood and
mucopurulent discharge (Figs 12 A and B). These signs were still visible on the
preputial and penile mucosa 40 days after virus inoculation. Bull 2 also developed
a fever at day 10. No typical clinical signs of the respiratory form of IBR were

observed in any of the bulls.
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Figure 12 A. Balanitis following experimental infection of Bull 1; There are pustules
on peniie mucosa.:
B. Posthitis following experimental infection of Bull 2. The figure shows the swollen

prepuce and cre: my exudate.
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3.5.2 Virus isolation

Bovine semen samples collected at day -7, 0, 4, 10, 20, 30, 40, and nasal swabs and
preputial swabs collected at day -7, 4, 10, 40 from both bulls, were screened for BHV-
1 by virus isolation. As shown in Table 6, two semen sampies and two preputial
swab samples collected 4 days after virus inoculation were positive by virus isolation.
The semen and preputial swab of Bull 1 had CPE in all the 4 test wells, while the
semen and preputial swab of Bull 2 had CPE only in 3 out of the 4 test wells. No

virus was isolated from any of the nasal swab samples.
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Table 6. Results of virus isolation for detection of BHV-1 from samples collected

from experimentally infected bulls.

Time of Semen Preputial swabs Nasal swabs
sample
Bulll | Bull2 Bull 1 Bull 2 Bull 1 Bull 2
collection®
Day -7 b - - - - -
Day0 - - ND* ND ND | ND
1r

Day 4 + = + + - -
Day 10 - - - - - -
Day 20 - - ND ND ND | ND
Day 30 - - ND ND ND ND
Day 40 - - - - - -

* Day -7: 7 days before inoculation, and days after inoculation.

b +: CPE in all 4 wells; -: No CPE in any of the 4 wells; +: CPE in less than 4 wells.

¢ ND denotes not done
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3.5.3 Dot blot hybridization
All bovine semen samples collected were processed to obtain BHV-1 DNA, and were
subjected to dot blot hybridization. Only the day 4 semen sample collected from Bull

1 showed a hybridization signal (Fig. 13).

-7 0 4 10 20 30 40

Bull 1
Bull 2

Figure 13. Detection of BHV-1 in bovine semen by dot blot hybridization. Lanes -7,
0, 4, 10, 20, 30, 40 denote samples collected 7 days before inoculation, on the
inoculation day, and 4, 10, 20, 30, and 40 days after inoculation. Only the sample

collected from Bull 1 at day 4 was positive by this method.
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3.5.4 Polymerase chain reaction

All the semen samples were subjected to PCR. The two saiwaples collected at day 4
from both bulls yielded the 183 bp PCR product detectable by EB staining of agarose
gels (Figs 14 and 15). No DNA band was seen with the negative control samples.
When the same gels were analyzed by Southern blot hybridization, all the semen
samples of Bull 1 collected after inoculation had the 183 bp PCR product, while 4
samples of Bull 2 collected at days 4, 10, 20, 30 had the PCR product (Figs 16 and

17).
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Figure 14. Detection of BHV-1 in semen from experimentally infected Bull 1 by
PCR with EB staining. Lane M denotes molecular weight markers (GIBCO BRL
Canada); Lanes A to G denote semen collected 7 days before inoculation, and 0, 4,
10, 20, 30, and 40 days after inoculation. Lane N denotes carryover control (as in

Fig. 3). The sample in Lane C, which was collected at day 4, was positive.
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Figure 15. Detection of BHV-1 i aen from experimentally infected Bull 2 by
PCR with EB staining. Lane M « tes molecular weight markers (GIBCO BRL
Canada); Lanes A to G denote semen collected 7 days before inoculation, and 0, 4,
10, 20, 30, and 40 days after inoc: ‘ion. Lane N denotes carryover control (as in

Fig. 4). The sample in Lane C, which was collected at day 4, was positive.
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Figure 16. Detection of BHV-1 in semen from experimentally infected Bull 1 by
PCR with Southern blot hybridization of gel in Fig. 14. Lanes A to G denote semen
collected 7 days before inoculation, and 0, 4, 10, 20, 30, and 40 days after inoculation.
Lane N denotes carryover control (as in Fig. 4). The weak bands on the filter were
as a result of the X-ray film being accidentally moved during exposure. The samples
collected before infection (Lanes A and B) were negative, and all the samples

collected after infection (Lanes C to G) were positive.
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Figure 17. Detection of BHV-1 in semen from experimentally infected Bull 2 by
PCR with Southern blot hybridization of gel in Fig. 15. Lanes A to G denote semen
collected 7 days before inoculation, and 0, 4, 10, 20, 30, and 40 days after inoculation.
Lane N denotes carryover control (as in Fig. 4). The samples collected before
infection (Lanes A and B) were negative, and the samples collected at day 4, 10, 20,

and 30 (Lanes C to F) were positive.
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3.5.5 Virus neutralization test

The experimental bulls did not have a BHV-1 antibody tiire until 10 days after virus

inoculation when titres of 1/12 for Bull 1 and 1/6 tor Bull 2 were detected . Bull |

had antibody titres of 1/24, 1/24, and 1/48, while Bull 2 had titres of 1/12, 1/16, and

1/16 on days 20, 30, and 40, respectively (Fig. 18).
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Figure 18. Virus Neutralization (VN) antibody response of Bulls infected with BHV-
1. The VN antibody titre is expressed as a mean of positive values following log,
transformation of reciprocal titres. Both bulls started to develop a detectable
antibody titre at day 10. The antibody titres were increasing till the last day of

sample collection. Bull 1 developed a higher antibody titre than Bull 2.
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3.6 Comparison of the sensitivity and specificity of dot blot hiybridization, polymerase
chain reaction and virus isolation for detection of BHV-1 in bovire semen samples

from experimentally infected bulls

All semen samples collected before inoculation were iiegative for BHV-1 by dot blot
hybridization, PCR, and virus isolation. Thus the specificity of all the methods used

in this study was 100% within the limits of the study.

As shown in Table 7, nine positive results were detected by PCR with Southern hiot
hybridization, while 2 positive results were each obtained by virus isolation and by
PCR with EB staining. Only one positive result was detected by dot blot
hybridization. All these methods detected virus 4 days after virus inoculation, which
was tie earliest sample collected post infection. In contrast PCR with Southern blot
hybridization detected virus also 10 days after virus inoculation, and this test
rer»al ~d positive for both bulls 36 days after virus inoculation and for Bull 1 even
4 s after virus inoculation, which was the last sample collected in this study.
These results contirmed the initial observation that PCR with Southern blot

hybridization was the most sensitive method for detection of BHV-1 in bovine semen.
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Table 7: Comparison of dot blot hybridization, PCR and virus isolation for detection

of BHV-1 in semen from experimentally inoculated bulls.

Days Dot blot PCR Virus isolation
Pr \ hybridization EB staining Southern blot
Bulll Bull2 Bulll Bull2 Bulll Bull2 Bulll Bull2
-7 b - - - - - - -
0 - - - - ; - -
4 + R + + + + + +
10 - - - - + + - -
20 - - - - + + - -
30 - - - - + + - -
40 | - - - - + - - -

a PI denotes post-inoculation; -7 denotes seven days before inoculation.
b. denotes negative; + denotes positive for CPE (virus isolation) or 183 bp product

(PCR amplification) or hybridization signal (Dot blot or Southern blot hybridization).
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CHAPTER 4: DISCUSSION AND CONCLUSION

Bovine herpesvirus 1 (BHV-1) is one of the major infectious agents which can be
transmitted between cattle by natural service or artificial insemination (Kahrs et al,,
1980; Drew et al,, 1987; Orischot et al., 1993; Philpott, 1993). The current methods
for detection of BHV-1 in bovine semen have limitations with regard to sensitivity,
time and cost (Wyler et al,, 1989). Recent molecular biotechniques, such as nucleic
acid hybridization and PCR have stimulated strong interest in the area of BHV-1
detection (Brunner et al.,, 1988; Pacciarini et al., 1988; Viltek et al., 1993; Viltek,
1993; Engelenburg et al., 1993; Wiedmann et al., 1993; Kibenge et al., 1994; Yason
et al,, 1995). In this thesis, dot blot hybridization and PCR, targeting the BHV-1
thymidine kinase (TK) gene region (Kibenge et al., 1994; Yason et al., 1995), were
compared with virus isolation in BFT cell culture for detection of BHV-1 in bovine
semen. Virus isolation in cell culture is the "gold standard" for detection of BHV-1

infections.

4.1 Virus isolation

Currently, virus isolation, the routine method for detection of BHV-1 in bovine
semen, has been variously modified. For example, a pelleting method, a dilution
method and an extensive washing method (Brunner et al., 1988) are frequently used
to reduce the cytotoxicity of bovine semen. In the dilution method, several dilutions

(110, 1:20, 1:40, 1:64, or 1:128) of bovine semen have been used for virus isolation
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(Bielanski et al., 1988; Weiblen et al., 1992; Orischot et al., 1993). Clearly, there is
no uniform standard procedure for virus isolation from bovine semen samples. In the
present study, the semen dilution for BHV-1 isolation was optimized by modifying the
standard procedure used for BHV-1 isolation at the Atlantic Veterinary College
Regional Diagnostic Virology Laboratory and a modified washing procedure
described by Darcell et al. (1977). Based on the results obtained, the best way to
detect BHV-1 in bovine semen by virus isolation on primary BFT cell cultures was
to use semen diluted 1:20 by the standard procedure. This dilution compietely
eliminated the cytotoxicity and inhibition of BHV-1 replication and CPE by bovine
semen. The procedure could detect 1 TCID4,/100] of BHV-1 in 1:20 diluted bovine
semen. In the modified washing procedure, although the cytotoxicity was eliminated
at 1:5 dilution 6f bovine semen and the inhibition of BHV-1 replicaton and CPE were
never observed, a minimum of 10 TCID4,/100u1 of BHV-1 could be detected in the
diluted bovine semen samples. Thus, 4 times less diluted sample could be used with
the modified washing procedure which had 10 times lower sensitivity than the
modified standard procedure. Consequently, the modified washing procedure was 2.5
times less sensitive than the modified standard procedure. It was also more laborious
than the modified standard procedure since it required an extra washing step.
Therefore, the modified standard procedure was selected for use in the subsequent

experiments of this study.
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4.2 Dot blot hybridization

Different dilutions of semen were evaluated for detection of BHV-1 in bovine semen
by dot blot hybridization to determine if there were factors that may influence the
result. It was observed that virus in the undiluted bovine semen samples - ave the
strongest hybridization signal, followed by virus in semen diluted 1:20 and last by virus
in EMEM samples. The same phenomenon was observed when the equivalent
amount of virus in different dilutions of salmon sperm DNA was examined, suggesting
that the sperm DNA may act as a carrier in the BHV-1 DNA extraction procedure,
thereby increasing the sensitivity of the dot blot hybridization method. The
effectiveness of salmon sperm DNA also indicated that use of pure foreign DNA as

a carrier can increase the sensitivity of the dot blot hybridization method.

Several laboratories have described the detection of BHV-1 genomic DNA in
different cell cultures and clinical samples by various hybridization techniques
(Dorman et al., 1985; Dunn et al., 1986; Rock et al., 1986; Andino et al,, 1987 ;
Pacciarini et al.,, 1988; Belak et al., 1988). Although different BHV-1 genomic DNA
fragments were used as probes in these studies, all were cloned in plasmid or
bacteriophage vectors.  Another method of producing probe sequences is by
manufacturing synthetic oligonucleotides. Although these probes are single stranded
and commercially available, it requires a detailed knowledge of the target sequence
to produce them and they are limited to short pieces of 15-30 nucleotides long

(Wolcott, 1992). This method was used to synthesize the probes used to detect PCR
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products by dot blot hybridization (Viitek, 1993; Wiedmann et al, 1993). In the
present study, the PCR product was first used as the DNA probe for detection of
BHV-1. In comparison with other methods, PCR can produce a large amount of
DNA for use as a probe more quickly and conveniently (Wright and Wynford-
Thomas, 1990). A disadvantage of this method is that the Tag polymerase used in
PCR does not have the 3’-5" exonuclease "proof-reading" function, and as a result, it
has a relatively higii error rate in PCR (Cha and Thilly, 1993). Each Taq polymerase-
induced error, once introduced, will be amplified exponentially during subsequent
cycles. When these products are used as probes in dot blot hybridization, they can
be associated with decreased sensitivity and specificity. Consequently, it is essential
to sequence PCR products. The error rate in PCR could be reduced by optimization
of the reaction conditions, careful selection of target sequences and by using freshly
made PCR products rather than cloned PCR products for making probes (Kocher

and Wilson, 1991).

4.3 Polymerase Chain Reaction

A standard PCR protocol was developed by Kibenge et al. (1994) for detection of
BHV-1 using the primer pair selected in the coding region of the BHV-1 TK gene
(Kibenge et al., 1994; Yason et al., 1995). This primer pair was used because of the
following reasons: (i) the TK region has the most sequence information available on
BHV-1; (ii) BHV-1 can be differentiated from BHV-5 in the TK gene sequences

(Smith et al., 1991); and (iii) BHV-1 with a deleted TK gene can potentially be used
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as vaccine strains (Kit et al., 1986), and therefore this primer pair would be able to
differentiate the BHV-1 field strains from the vaccine strains (Kibenge et al., 1994).
The specificity of the primers for the BHV-1 TK gene was confirmed by failure to
amplify DNA in a BHV-1 TK deletion mutant strain, 2 strains of BHV-4, a feline
herpesvirus, an equine herpesvirus, a bovine adenovirus, and noninoculated bovine

cell cultures (Kibenge et al., 1994).

When the PCR method, using the standard DNA purification procedure of proteinase
K and RNase A digestion, followed by phenol-chloroform extraction (Kibenge et al,,
1994; Yason et al., 1995) was used on bovine semen, BHV-1 DNA could be amplified
and the PCR inhibitor in semen was not evident. However, since this method
involved excessive sample manipulation, it was associated with cross contamination,
and took at least 2 days to complete. Moreover, the sensitivity of this procedure
could not be established because of loss of varying amounts of DNA during the

purification and extraction procedure.

The high sensitivity of PCR makes it prone to false-positive results, since a single
contaminant molecule may be amplified to a large amount. Cross contamination by
previously amplified nucleic acids, which give false-positive results, is currently the
greatest impediment for using PCR as a diagnostic tool (Wright and Wynford-
Thomas, 1990; Rys and Persing, 1593). In order to minimize the chances of false

positive reaction in this study, the following precautions were observed: (i) separate
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rooms were assigned for aliqoting and preparation of clean reaction mixes,
amplification and analysis of clean PCR products; (ii) use of aerosol resistant tips
throughout the procedure; (iii) separate freezer for storage of clean reagents,
specimen and PCR products; (iv) separate laminar flow hoods, tube openers and
pipettes for clean reagents, unprocessed specimens and PCR products; (v) using
undiluted 5.25% sodium hypochlorite (Javex) to clean the tube openers and the
working area; (vi) wearing disposable gloves and changing them frequently; (vii)
autoclaving reagents whenever possible and storing them in small aliquots; and (viii)
last and most important, incorporation of a carryover control, in which distilled water
was used instead of the sample, in each test or after every five samples (Yason et al.,
1995). However, these procedure: still could not prevent cross contamination when
the BHV-1 DNA was amplified by the standard PCR protocol, since the tubes had
to be opened several times during sample preparation. It was therefore desirable to

develop a protocol which involved less sample manipulation.

When the GeneReleaser™ PCR method (Kibenge et al., 1994) was used in the
present study, the DNA purification and extraction protocol was replaced by a one
step sample preparation and 10 min thermocycle program. The GeneReleaser™
procedure efficiently minimized the cross contamination, and reduced the sample
preparation time from 2 days to 10 min. It also increased the sensitivity of the PCR

method by requiring less specime . volume to give a positive 1esult. However, BHV-1

in neat bovine semen could not be detected by the GeneReleaser™ procedure, which
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indicated the presence of a PCR inhibition factor in bovine semen. A PCR inhibition
factor in bovine semen was also reported by Wiedmann et al (1993), and these
authors used Chelex in the DNA preparation to eliminate this factor. However, this

still involved a lot of preparation steps.

In the present study, the PCR inhibition factor was eliminated by diluting bovine
semen 1:20 in EMEM, as was done for the virus isolation procedure to eliminate the
cytotoxicity, and BHV-1 replication and CPE inhibitor. This dilution protocol with
the GeneReleaser™ procedure could detect a minimum of 100 TCID4y/100ul of
BHV-1 in 1:20 diluted bovine semer. Thus compared to virus isolation which could
detect at least 1 TCID,,/100p! of the virus, the sensitivity of this protocol was not

satisfactory, hence the optimization of the reaction conditions.

Since the Mg?* concentration affects many reaction parameters in PCR, such as
primer annealing, strand dissociation temperatures of both template and PCR
product, product specificity, formation of primer-dimer artifacts, and enzyme activity
and fidelity, it is strongly recommended to optimize the Mg?* concentration for each
individual PCR protocol (Williams, 1989; Innis and Gelfand, 1990). Therefore, a
commercial PCR Optimizer Kit (Invitrogen) was used to optimize the pH and Mg**
concentration of the PCR with GeneReleaser™ for bovine semen. The reaction
buffers which contained 1.5 mM of MgCl, at pH 8.5 and 2.5 mM of MgCl, at pH 9.5,

gave the best amplification results. However, the commercially available Tugq
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polymerase buffer which was used in this study has a pH of 9.0. One millimolar of
MgCl, was determined to be the optimal concentration at pH 9.0 for detection of
BHV-1 in bovine semen diluted 1:20, while 1.5 mM MgCl, was the optimal
concentration for tissue culture media samples. Thus bovine semen samples required
less Mg®* than tissue culture media samples. This would be expected since bovine
semen contains 3.5 mM of Mg?** and has a pH of 6.4-7.8 (Hafez and Garner, 1993),
while tissue culture medium (EMEM, Sigma) contains only 0.8 mM of Mg®* and has
a pH of 7.2. Perhaps high Mg** concentrations such as in neat bovine semen
inhibited the PCR at low pH buffers, since the 1:20 semen dilution in EMEM which
effectively reduced the Mg?* concentration also eliminated the inhibitor. Some other
components in bovine semen, such as K*, Ca** (Hafez and Garner, 1993), may also
influence the yield of the PCR product (Innis and Gelfand, 1990). The sensitivity of
BHV-1 PCR in bovine semen samples was increased 100-fold following the
optimization of MgCl, concentration. The GeneReleaser™ procedure on bovire
semen diluted 1:20 could detect 1 TCID,/100p! of BHV-1 by EB staining, which was

equivalent to the sensitivity of the optimized virus isolation procedure.

The sensitivity of PCR can be further increased by the method used to detect the
PCR product (Kawai et al., 1993; Holmstrom et al., 1993). Generally, PCR-amplified
DNA is identified by gel electrophoresis followed by EB staining. This detection
method reveals the size of the amplified product and is a good and simple

confirmatory test. In the present study, Southern blot hybridization was used to
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increase the sensitivity of PCR for detection of BHV-1 in bovine semen. The
GeneReleaser™ PCR method followed by Southern blot hybridization could detect
a minimum of 0.01 TCID;,/100u! of BHV-1 in bovine semen diluted 1:20, which is

100-fold less virus than that which could be detected with EB staining.

4.4 Comparison of dot blot hybridization, PCR and virus isolation for detection of
BHV-1 in artificially infected bovine semen

In the present study, both virus isolation and PCR with EB staining method were
about 20,000-fold more sensitive than dot blot hybridization for detection of BHV-1
in the experimentally infected bovine semen samples. In semen from the naturally
infected bulls, since the semen had to be diluted 1:20 prior to testing either by virus
isolation or by PCR amplification, the difference between the sensitivity of either
virus isolation, or PCR, and dot blot hybridization would be reduced to 1000-fold.
However, PCR with Southern blot hybridization was the most sensitive method for
detection of BHV-1 in bovine semer;, being 100 times more sensitive than either virus
isolation or PCR with EB staining. Although the sensitivity of dot blot hybridization
was not satisfactory, the technique does not need special expensive equipment as
required for PCR, and as such has the potential for use in resource-poor clinical

settings.
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4.5 Detection of BHV-1 in bovine semen of experimentally infected bulls

In the present study, the virus neutralization (VN) test was used to monitor the
infections in the bulls after experimental inoculation with BHV-1 via the prepuce.
The production of detectable antibodies by VN test begins approximately 8-12 days
post infection and may persist for at least 5 years (Gibbs and Rweyemamu, 1977).
We could not detect any VN antibody from both bulls until 10 days after inoculation.
This was almost at the same time as when the clinical signs of balanoposthitis were
observed. These observations indicated that the virus was released into semen before

the bulls developed detectable antibody and clinical signs.

The antibody titers of both bulls kept increasing and reached the highest level on day
40, which was the last day of sample collection. Bull 1 had more severe clinical signs
of infection and developed a higher VN titer than Bull 2. In addition, more virus was
detected by virus isolation, dot blot hybridization and PCR in bovine semen samples

collected from Bull 1 than from Bull 2.

The PCR protocol can be completed in a few hours, while it takes at least 7 days to
obtain a result by virus isolation. Even PCR with Southern blot hybridization takes
only § days, and it is much mo.e sensitive than virus isolation. The earliest time of
virus detection was 4 days post infection when the first sample was taken post-
inoculation. It is possible that virus could have been detected by PCR with Southern

blot hybridization as early as 24 hours after infection via the prepuce although results
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would not have been known until 5 days post infection. This would still be sooner
than a serological positive result. The detection of virus in semen samples collected
4 days after infection but before detectable VN antibody emphasizes the need for

sensitive and early diagnostic methods for BHV-1 infection.

The interval and the duration after inoculation when the virus can be detected in
different samples is variable depending upon the method used for virus detection
(MacLachlan et al,, iJ94). This is the first report on the use of PCR and dot blot
hybridization to study the duration of BHV-1 detection after animal inoculation. The
data obtained in this study are consistent with the pathogenesis of BHV-1 infection
in the reproductive tracts of bulls (Snowdon, 1965). The weak signal of PCR with
Southern blot hybridization of the semen sample from Bull 1 on day 20 and the
negative result of the semen from Bull 2 on day 40 in the present study suggested
these could be intervals during which there is little or no virus shedding in semen.
The similarity of the virus isolation results of the preputial swabs and semen samples
in the present study supports the suggestion by Straub (1991) that natural infection
of the semen usually occurs during ejaculation which results in free virus in the
seminal plasma. No virus was detected in the genital tracts of cattle inoculated
intranasally (Snowdon, 1965; Straub, 1990). Our data showed that virus could not be
recovered in the nasal swabs of bulls inoculated with BHV-1 via the prepuce. These
observations lead us to speculate that in adult animals, BHV-1 replicates and causes

lesions at the primary site of infection, rather than from a viremia phase.
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4.6 General discussion and conclusion

In the present study, dot blot hybridization, PCR and virus isolation for detection of
BHV-1 in bovine semen were optimized, and the sensitivity, specificity, and time
spent in the diagnostic laboratory were compared for detection of BHV-1 in bovine
semen. Artificially infected bovine semen samples were used to optimize the four
methods examined in this study. The cytotoxicity, inhibition of viral replication and
CPE and the PCR inhibition factors in bovine semen could be eliminated by dilution
of the bovine semen 1:20. The presence of bovine sperm DNA or salmon sperm
DNA increased the sensitivity of BHV-1 detection by dot blot hybridization. After
the optimization of MgCl, concentration in diluted semen samples, the sensitivity of
the PCR method followed by EB staining was equivaient to that of the optimized
virus isolation method. Both virus isolation and PCR with EB staining were 1000
times more sensitive than dot blot hybridization. The PCR follcwed with Southern
blot hybridization was 100 times more sensitive than either virus isolation or PCR
followed by EB staining. In the semen samples collected from experimentally
infected bulls, only one semen sample was positive by dot blot hybridization, and two
semen samples were positive by either virus isolation or PCR with EB staining, while
9 semen samples were positive by PCR with Southern blot hybridization. PCR with
Southern blot hybridization was the most sensitive method detecting the virus for the
longest period. Both bulls developed detectable antibody by day 10, which was later

than the virus shedding detected by day 4. This observation confirmed the BHV-1
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infection of bulls and emphasized the need for early and sensitive diagnostic methods

of BHV-1 in bovine semen.

This study showed that PCR with Southern biot hybridization is the most sensitive
method for detection of BHV-1 both in artificially infected semen samples and in
semen collected from experimentally infected bulls, followed by both virus isolation
and PCR with EB staining. The dot blot hybridization protocol used in this study was
the least sensitive of ali the methods studied. However, the requirement of dot blot
hybridization for no special equipment makes it a potential method to be develcped

for BHV-1 detection in resource-poor clinical settings.
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