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ABSTRACT

Acute and latent infections with the Brazilian LA031 strain of Aujeszky�s disease virus (ADV) were
established in mice. Ultraviolet irradiated ADV administered subcutaneously was a successful way to
establish latent infection. The presence of ADV was detected by PCR. Two sets of 22-mer primers were
synthesized and used to amplify gG glycoprotein gene sequences in acute and latent infected trigeminal
nerve ganglia. The specificity of the amplification was verified by dot-blot hybridization.
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INTRODUCTION

Aujeszky disease virus (ADV), the causative agent of
Aujeszky disease (AD), is an important pathogen in swine.
The disease is characterized by a wide spectrum of clinical
manifestations, including nervous and respiratory symptoms.
A characteristic of AD is that the acute phase of the disease is
frequently followed by life long latency (4,14,15,20) and
transmission to uninfected animals occurs regardless the
presence of serum antibodies (3). Eradication campaigns have
been undertaken in a number of countries (21). Considerable
effort was devoted to understand the ADV latency at cellular
and molecular levels. The mechanisms of maintenance and
reactivation of the latent state in swine are poorly understood
at the present time and the true epidemiological significance of
latency in swine has not been unequivocally proved.
Determining the occurrence of ADV latency requires a sensitive
assay system and the polymerase chain reaction (PCR) makes
possible the amplification of rare DNA sequences (1,11,23).

The mice have been useful in developing laboratory models
of latency for alphaherpesviruses, including ADV (8,17,19). As
a sensitive host, the mouse has been also used to characterize
ADV strains (7,22).

This report describes the establishment of acute and latent
infection in mice with a virulent Brazilian strain of ADV, the
establishment of latency in trigeminal nerve ganglia and the
application of PCR for the detection of ADV DNA sequences.
The specificity of the amplification was verified by dot-blot
hybridization.

MATERIALS AND METHODS

Mice. BALB/c mice were bred on site and maintained as a
randomly bred closed colony.

Virus. The ADV strain LA031, isolated from the tonsils and
spleen of a 30 day-old piglet coming from a herd in which the AD
was detected, was provided by Dr. C. H. Panzenhagen, LARA
Pedro Leopoldo, MG (5). This strain was maintained in a
mycoplasma free swine kidney cell line (SK-6). The growth medium
consisted of Dulbecco�s Modified Eagle�s Medium (DMEM) with
2 mM glutamine, 15 mM HEPES, supplemented with 10% fetal
bovine serum, gentamicin (50 µg/ml) and amphotericin B (2.5 µg/
ml). The SK-6 monolayers were inoculated at a multiplicity of
infection (MOI) of 0.01 TCID

50
/cell. The virus containing medium

was clarified by low speed centrifugation and the cell-free medium
titrated by the microtiter method (13).
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Infection of experimental mice. Only six weeks old
female mice were used. They were divided into two
experimental groups of ten animals (A, B) and housed in
separate cages. Care of the mice was provided according to
the guidelines for use and care of laboratory animals of UFAW
(24). Mice food and tap water were provided ad libitum. Each
mouse in group A received by the subcutaneous route 0.1 ml
of ultraviolet inactivated LA031 strain of ADV (titer ³
107 TCID

50
/ml). The viral suspension (10 ml) was placed in a

plastic Petri dish (150 mm) with gentle rocking and then UV
irradiated for 30 sec with germicidal UV lamp (G15T8) at a
fluency rate of 0.9 w/m2. UV light fluency was measured by
using a Black-Ray UV meter (UV Products Inc., San Gabriel,
CA, USA). Group B was given by the subcutaneous route
0.1 ml of phosphate-buffered saline and the same kind of
inoculation was done three weeks later. The last dose four
weeks later was in the same fashion as group A, 0.1 ml of
virulent LA031 strain of ADV (titer 107 TCID

50
/ml)

subcutaneously in the right rear leg. The ADV serologic status
of all mice (group A and B) was assessed by ELISA using
serum samples collected by tail bleeding at the time of
inoculation with virulent virus (6).

ADV detection in the experimental mice. Mice (groups A
and B) were examined daily for characteristic signs of AD or
death. Surviving mice were kept in isolation for 60 days post-
inoculation and then euthanized with chloroform. The trigeminal
nerve ganglia of dead or killed mice were collected and placed
on ice in TEN (10 mM Tris-HCl, pH 8.0; 1 mM EDTA; 10 mM
NaCl). Homogenization was carried out by placing the ganglia
in a sterile 2.0 ml glass homogenizer containing 0.2 ml of TEN.
The trigeminal nerve ganglia were homogenized completely
using ten stokes of the plunger. Cell debris were pelleted by
centrifugation at 2000 x g for 10 min. The supernatant was
adjusted to 1% Nonidet P40, 1.0 mg proteinase K/ml and
incubated at 55°C for 1-3 hours.

ELISA. Dynatech Immulon 96 well plates were used in the
indirect ELISA performed as described elsewhere (6). The
highest dilution which gave a distinct measurable difference
between the control (uninoculated mouse) and the test serum
was taken as the titer.

Sample preparation for PCR. The proteinase K digestion
tube was cooled off and 0.1 ml 5.0 M KAc was added. After
30 min. on ice, sediment was pelleted by centrifugation and the
supernatant collected in a new tube and the DNA precipitated
with ethanol. The precipitate was dissolved in 10 mM Tris-HCl,
pH 7.4, 1 mM EDTA with 1 µg/ml RNase.

DNA amplification. Primers were selected from the
nucleotide sequence flanking the 260 bp sequence located
within the Bam HI Q fragment containing the sequences of the
ADV gG gene (16). Primer designations and sequences were:
LVCA1 5� CACAGCTCAACAATGAAGTGGG (22 mer) and
LVCA2 5� TCCGAGGAGCGGGACGATACGT (22 mer). PCR

amplification was carried out in a final volume of 50 µl. Viral
DNA (200 to 500 ng) was added to amplification mix (1X Taq
polymerase buffer - 10 mM Tris-HCl pH 8.3, 50 mM KCl, 1.5 mM
MgCl

2
, 0.001% gelatine, 0.5% Tween 20 and 10% glycerol),

100 µM of each dNTP and 20 pmol of each primer. Two rounds
of cycle reactions were set. The first round was performed with
a denaturation step at 95°C for 1 min, annealing at 47°C for
1 min. and extension at 72°C for 1 min. This was followed by a
second round of 30 thermal cycle reactions of denaturation at
94°C for 1 min., annealing at 58°C for 1 min and extension at
72°C for 1 min. The last cycle was followed by an extended
polymerisation step for 5 min at 72°C.

Electrophoresis of the PCR products. To visualize the
amplification yield, 15 µl amounts of the PCR products were
run on 2.0% agarose gels at 100V for 45 min in TBE 0.5X. To
analyse the PCR products the gels were stained with ethidium
bromide (9).

Hybridization of the PCR products. To control the
specificity of the amplification, the PCR products were
analysed by both electrophoresis and DNA dot-blot
hybridization. Briefly, 3.0 µl of the amplification mixture were
spotted on a nitrocellulose membrane filter (Life Technologies)
in a Dot-Blot apparatus manifold (Life Technologies,
Gaithersburg). The filter was prehybridised in 6X SSC (0.03 M
sodium citrate, 0.3 M NaCl), 0.5% SDS, 0.1% BSA 5X Denhart�s
solution and 100 µg/ml denaturated salmon sperm DNA for
3 h at 56°C. Hybridization was carried out in the same solution,
only salmon sperm DNA was substituted by a biotin labelled
probe. The filter was incubated at 45°C for 18 h. Three washing
steps, of 30 min each, were carried out at 45°C in 2X SSC. The
signals of the biotin label were detected as described in the
protocol of Life Technologies (Gaithersburg, MD). The
hybridization probe was prepared by digesting the 260 bp
amplified product with Bam HI to produce a 196 bp internal
fragment. Following digestion, the probe reaction mixture was
prepared by a procedure using the Glassmax DNA isolation
system (Life Techologies, Inc) to produce the purified
fragment. This fragment was labelled with biotin- 7-dATP by
nick translation using the recommended protocol (Life-
Technologies).

RESULTS

Clinical observations of experimental mice. All mice in
group A exhibited positive ADV serologic status by ELISA
(OD values between 0.43 and 0.672) by the time of challenge
and all mice in group B showed no detectable level of antibodies
(OD values below 0.152). In group A, no clinical signs were
observed after exposure to virulent virus. All mice in group B
were severely affected and died 6-7 days after receiving infective
virus, showing characteristic signs of AD infection. These signs
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included cycles of prostation and hyperexcitability, anorexia,
ataxia, paresis, paraplegia and pruritus.

Amplification of ADV DNA. Amplification with primers
LVC A1 and A2 yielded a PCR product of 260 bp. This product
was clearly visualized as a sharp band on agarose gels (Figs.
1A e 1B) on all trigeminal nerve ganglia collected three weeks
after challenge of group A mice and also in group B mice
collected at the time of death. No amplification was detected
in the DNA control sample from BHV-1 and SK-6 cells.

Hybridization of the PCR products. Analysis with the
specific probe by means of dot-blot hybridization hybridized
to all amplification products placed on a nylon membrane. No
hybridization was observed in the BHV-1 and SK-6 DNA (Fig.
1C).

DISCUSSION

In swine the serum virus neutralization antibody titer
induced by vaccination has little predictive value on the degree
of protective immunity provided by ADV vaccines. Vaccine
efficacy is best evaluated by comparing the effects that
challenge exposure to virus has on vaccinated and control
animals under standard laboratory conditions (10). For ADV
vaccines, a challenge dose of virus sufficient to cause
dysfunction or death in 80% of control pigs is desired. The
severity of signs following challenge exposure depends on the
virulence of the viral strain, dose of virus and route of exposure
(12). The LA031 strain of ADV can be considered a classical
example of a Brazilian virulent strain. This strain has been studied
before and its DNA fingerprinting has been previously reported
(5). Inoculated mice (group A) with detectable level of antibody
at the time of challenge were protected. In contrast, all mice in
group B that had no detectable level of antibody developed
clinical signs of ADV and died. In group A, where there was no
evidence of disease, the trigeminal nerve ganglia were shown
to contain latent ADV when examined by PCR. The UV
inactivated virus conferred good protection against disease
but the challenge virus did replicate in these animals and was
able to establish latency in the trigeminal nerve ganglia. Our
findings in mice support the contention stated before that
successful vaccination of swine against ADV does not prevent
superinfection (10). Further experiments with other animal
herpesviruses, such as those for infectious bovine
rhinotracheitis and Marek�s disease, does not prevent
reinfection either. In our experience (data not shown), the
characteristics of the model will be influenced by the choosen
challenge virus strain, the route of infection and the presence
of preexisting neutralizing antibodies. Our data suggest that
exposing animals by subcutaneous route, avoiding antibodies
at the mucosal level, even in the presence of circulating
antibodies, is not enough to prevent replication of the challenge
virus.

Other goals in this experiment were to set a simple means
to successfully establish latency and provide a sensitive and
convenient detection method for acute and latent infection.
The results of the present study indicate the potential
usefulness of the PCR using primer sequences derived from
the gG gene as a mean of detecting ADV infection. Dot-blot
hybridization further confirmed the specificity of amplification.
The present experiment indicates that the probe, when
hybridized to PCR products, provides specificity and sensitivity
and does not cross-hybridize with other members within the
family Herpesviridae, as described before (2).

The present mouse model of acute and latent ADV
infection differs from other model, already published in that
they used passive transfer of antibody, nasal or conjunctival
route of inoculation and gI- swine non virulent ADV strain
Bartha (17). In contrast, we provide evidence that a full virulent

Figure 1. Detection of ADV DNA in trigemial nerve ganglia. Panel
A: PCR amplification of gG sequences of latently infected mice (lanes
c to n). Lane a is 100pb DNA Ladder. Lane b is positive control ADV
DNA. Lane o is negative control BHV-1 DNA. Panel B: PCR
amplification of gG sequences of acutely infected mice (lanes c to n).
The controls are the same as in panel A. Panel C: Dot blot hibridization
analysis using biotin 7-dATP proble to determine specificity of ADV
DNA amplification. Ca: latent infection. Cc: acute infection. No signal
was evident in negative controls for Ca and Cc (b and d).
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field ADV strain can establish latency in the trigeminal nerve
ganglia after subcutaneous rear leg inoculation in animals with
circulating antibodies. Besides, the results reported here
indicate the condition of optimization for the amplification
of gG sequence and the use of non radioactive probe to
confirm the specificity of the amplification product. This ADV
latency model can also be further explored to design
diagnostic strategies, including sensitivity detection methods,
besides being a tool for optimization of the molecular
diagnostic methods. In addition, the unsolved question of
whether ADV latency can be established at non-neural sites
and what kinds of cells are involved can be addressed. Finally,
the model can be used to explore the protective quality of
different kinds of antibodies in AD. One can speculate that
the production of secretory antibodies will provide greater
protection than circulating ones, an assumption that can also
be confirmed using this model.
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RESUMO

Infecção aguda e latente em camundongos expostos a uma
amostra virulenta do vírus da doença de Aujeszky

Infecções dos tipos aguda e latente foram obtidas em
camundongos infectados com a amostra brasileira LA031 do
vírus da doença de Aujeszky (ADV). A administração
subcutânea da amostra de ADV irradiada com luz ultravioleta
foi indispensável para se estabelecer a infecção latente. A
presença do ADV em animais foi detectada por PCR.
Oligonucleotídeos de 22 mer foram sintetizados e usados para
amplificar sequências do gene da glicoproteína gG no gânglio
do nervo trigêmio em camundongos com infecção aguda e
latente. A especificidade da amplificação foi verificada por
hibridização do tipo dot-blot.

Palavras-chave: vírus da doença de Aujeszky, reação em cadeia
da polimerase; hibridização dot-blot.
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