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ABSTRACT

Aujeszky’sdiseasevirus (ADV) belongsto Herpesviridae family and isan important etiological agent which
infects pigs causing economic losses in swine producing countries worldwide and international trade
restrictions to products of swine origin. An eradication program for ADV was established in Santa Catarina
State since 2001. The last outbreak was reported in July 2004 and since then none has been reported. The
disease has been controlled with the use of a genetic modified vaccine and elimination of seropositives.
Aiming the characterization of ADV isolated in the South of Brazil in the last twenty years (1983-2003), a
retrospective study based on the genomic analysis of the isolates through a digestion of viral genomic DNA
with restriction enzyme BamHI wasdone. Thirty-seven ADV samplesisolated from swine from the States of
Santa Catarina, Parana and Rio Grande do Sul were analyzed. Theseisolates were compared to the reference
strains NIA-4, Bartha and Begonia. The most predominant genomic arrangement was type Il found in 33
samplesisolated in Santa Catarina State and in oneisolate from Rio Grande do Sul State. Genomic arrangement
typel, characteristic of vaccine strainswasidentified in 2 isolatesfrom Parana State and in 1isolatefrom Rio

Grande do Sul State.
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INTRODUCTION

Aujeszky’s Disease (AD) or Pseudorabies (PRV) isavira
infection of pigs caused by a Suid Herpesvirus-1, amember of
Herpesviridae Family, Alphaherspesvirinae Sub-family. The
disease is considered an important cause of economic lossesin
pig husbandry worldwide due to respiratory distress, nervous
and genital disorders and mortality, according to the age of the
host and the virulence of thevirusstraininvolved (9). Moreover,
the presence of theinfection in swine herds causesinternational
trade restrictions to products of swine origin.

The pig is the only natural host of PRV in which, after a
primary infection, a latent infection is established in sensory
ganglia of the central nervous system and lymphoid tissue of

the tonsils (18). Reactivation of latent infections can occur at
any time of stress(3). Latently infected pigs are considered the
source of infection for a diverge range of secondary hosts,
which include horse, cattle, sheep, goats, dogs and cats, and
many feral species. In these species, the infection is frequently
fatal (6). PRV consists of an enveloped nucleocapsid that
surrounds a linear genome of about 145 kb of DNA which
codifies for about 100 proteins. Only one serotype of PRV is
recognized, but differences between some strains can be
demonstrated by panels of monoclonal antibodies. PRV strains
can aso be differentiated by biological and physical markers.
Genomic differences, as revealed by restriction endonuclease
analysis (REA), can aso be used to differentiate PRV strains,
producing useful information in epidemiological studies (9).
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In order to reduce economic lossesin pig production, many
countries have implanted eradication programs based on the
use of a genetic modified vaccine (17). In the State of Santa
Catarina, Brazil, theinfection of pigswith PRV wasconsidered
endemic until the establishment, in 2001, of aprogram to control
and eradicate Aujeszky’ s disease organi zed by Embrapa Swine
and Poultry (13). The program measuresinclude two protocols,
total depopulation of herds with AD outbreaks or with
seroprevalence higher than 10% and differencial serology of
breeding pigs and elimination of seropositives. These measures
proved to be very efficient and since July, 2004 no cases of AD
have been notified (12). However, Aujeszky’s disease in the
border states of Rio Grande do Sul and Parana States is
considered sporadic, being the last diagnostic and elimination
of the disease reported in 2003, with no further cases since
then (4).

Aiming to deepen the study of characterization of PRV
strains isolated in Santa Catarina State in twenty years (1983-
2003), comparing these strainswith othersisolated in Rio Grande
do Sul and Parana State and with PRV reference strains, this
article describe the characterization of PRV strainsbased onthe
genome analysis of isolates according to restriction patterns
showed after the digestion of genomic viral DNA with restriction
enzymeBamHlI.

MATERIALSAND METHODS

Viruses and cells

Thirty-seven PRV strainsisolated from 1983 to 2003 in South
Brazil by Embrapa Swine and Poultry (CNPSA) and by Animal
Heslth Diagnostic Center (CEDISA) werestudied (Teble 1). Most
sampleswereisolated from brain and lungs of pigs. Onesample
wasisolated fromabrain of adog. Ssmple EVI 011/03 wasisolated
during an outbreak of AD in the North of Rio Grande do Sul
State, in2003 (4). ThestrainsNIA-4 (1), Bartha(10) and Begonia
(Intervet International B.V. Holland) were used as reference
virusesfor REA. All viruseswere cultured in swinekidney cells
(SK6) grownin F10-199 medium (Ham F10 + Earle's199; Cultilab)
or inswinetestiscells (ST) grown in RPMI-1640. The medium
was supplemented with gentamicin (10mg/mL ), fungizon (1 mg/
mL) and 5% fetal calf serum.

Genomic DNA extraction

Confluent SK6 or ST cellswereinfected with field strains of
PRV at a multiplicity of infection of 0.1 - 1. When cytopatic
effect reached 90-100% (30 h), the culture medium was clarified
(5.000 x g for 20 minutes) and the supernatant centrifuged on a
sucrose cushion 25% at 100.000 x g for 2 hoursat 4°C. Thevira
pellet wasre-suspended in TEN (Tris-Cl 10 mM, pH 7.4; NaCl,
150 mM; EDTA 1 mM, pH 8.0) and treated with 1% sodium
dodecy! sulfate (SDS) and 100 pg/uL proteinase K for 1 h at
37°C. After digestion, the viral DNA was extracted once with
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phenol, precipitated with cold ethanol, re-suspended in TE pH
8.0 and maintained at 4°C (16).

Restriction endonucleaseanalysis(REA)

Vira DNA was digested with restriction enzyme Bam Hl
under the conditions recommended by the manufacturer (New
England Biolabs). Digested DNA were subjected to
electrophoresis at 10V for 20 hours on a 0.6% agarose gel in
Tris-Borate-EDTA (45 mM Tris, 45 mM borateand 1 mM EDTA).
The gels were stained with ethidium bromide (5 ug/mL) and
photographed under UV light. Genomic typing of PRV isolates
was performed according to Herrmann et al. (8).

RESULTSAND DISCUSSION

Thirty-seven PRV gtrainsisolated in the South of Brazil during
aperiod of 20 years(1983-2003) were andyzed through adigestion
of vira DNA with restriction enzyme (Table 1). According to
Herrmann (8), four genomic arrangement are described based on
migration patterns of the three major fragments appeared after
digestion of viral genomic DNA with BamHI. Thegroup | viruses
aresimilar to or identical to the published Bam HI DNA pattern
(15). Thegroup 11 strainslack onefragment (No. 2) of group | but
possess two new fragments (above and below fragment 4). The
genomic typelll lacksarestriction site between the fragments 2
and 9 (7), with the appearance of afragment (2+9) just below the
fragment 1 (Fig. 1). According to the criteria established by
Herrmann (8), most i sol ates showed agenomic arrangement type
Il (34 isolates) and threeisol ates showed agenomic arrangement
typel (Table 1). Genomic type I11 was not observed. Moreover,
intermediates of the two genome types do exist (li and Ili,
respectively). Variations of group | have an additional fragment
below fragment 4, and variations of group |1 have only one new
fragment above fragment 4 (Fig. 2). Following this new
subdivision, the isolates could be separated in genomic
arrangement typel (1isolate), li (2isolates), Il (18isolates) elli
(16 isolates). The occurrence of intermediary genomes could be
explained by the existence of successive re-infections, which
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Figure 1. Schematic presentation of PRV genomictypes(l, Il e
I1) based on the migration of the first three fragments obtained
after digestion of viral genomic DNA with restriction enzyme
BamHlI (2).
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Table 1. Origin and description of PRV virusstrains

SampleNo. Species Year of isolation Origin Genomictype
Bartha? NI 1960 Lomniczi etal., 1987 I
Begobnia® NI NI Intervet International B.V, Holanda I
NIA-42 NI NI Baskervilleetal., 1973 I
438/84 Swine 1984 Toledo, Parana li*
536/84 Swine 1984 Toledo, Parana li
137/89 Swine 1989 Erechim, Rio Grande do Sul I
1158/02 NI 2002 NI Il
607/83 Swine 1983 Faxinal dos Guedes, Santa Catarina Il
659/83 Swine 1983 Faxinal dos Guedes, Santa Catarina 1]
843/83 Swine 1983 Faxinal dos Guedes, Santa Catarina 1]
879/34 Swine 1934 [pumirim, Santa Catarina Il
266/86 Swine 1986 Xanxeré, SantaCatarina Il
542/87 Swine 1987 Xanxeré, SantaCatarina Il
733/87 Swine 1987 Xanxeré, SantaCatarina Il
89/83 Swine 1938 Chapecd, Santa Catarina Il
247/89 NI 1989 NI Il
347/89 Swine 1989 Riodo Sul, Santa Catarina Il
1479/01 Swine 2001 Xanxeré, SantaCatarina 1]
1717/02 Swine 2002 Concoérdia, Santa Catarina Il
1718/02 Swine 2002 Concoérdia, Santa Catarina Il
1468/02 Swine 2002 Itapiranga, Santa Catarina Il
008/02 Swine 2002 Pres. Castel o Branco, Santa Catarina Il
1817/03 Swine 2003 Riodo Sul, Santa Catarina 1]
EVI011/03 Swine 2003 Pinheirinho do Vale, Rio Grandedo Sul Il
227/83 Swine 1983 [pumirim, Santa Catarina [i
447/83 Canine 1983 Seara, Santa Catarina Il
467/83 Swine 1983 Xanxeré, SantaCatarina [l
100/84 Swine 1984 Xanxeré, SantaCatarina i
1044/84 Swine 1984 Xanxeré, SantaCatarina i
605/86 Swine 1986 Xaxim, SantaCatarina i
1108/88 Swine 1988 Riodo Sul, Santa Catarina [l
267/89 Swine 1989 Riodo Sul, Santa Catarina [l
06/90 Swine 1990 Riodo Sul, Santa Catarina [l
1455/01 Swine 2001 Concoérdia, Santa Catarina i
1702/02 Swine 2002 Seara, Santa Catarina Il
1265/02 Swine 2002 Pres. Castel o Branco, Santa Catarina Il
1266/02 Swine 2002 Pres. Castel o Branco, Santa Catarina Il
1336/02 Swine 2002 Seara, Santa Catarina Il
1951/02 Swine 2002 Pres. Castel o Branco, Santa Catarina Il
1867/02 Swine 2002 Brago do Norte, Santa Catarina [l

aReference strains; *i: intermediary; NI: Not informed

can promote viral recombination (8). Differently of what was
found by Herrmann (8), there was no relationship between the
isolation year and distribution of the genome types. For
comparison, it was included, as reference strains, the Northern
Ireland Aujeszky-4 (N1A-4), Barthaand Begoniastrains (thelast
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oneisthe vaccine strain used in the AD eradication program in
course in Santa Catarina State). All the vaccine strains could be
grouped astype |, but they were significantly different in their
DNA pattern because they lack the fragment Bam HI/ 7, which
correspondsto apart of USregion of PRV genome (11).
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Figure 2. Redtriction profiles of PRV isolates after digestion of
viral genomic DNA with BamHI. L1 and L14: molecular ladder
Hindll1/EcoRl, L2: Begonia, L3: 1479/01, L4: 438/84, L5: 1108/88,
L6: 1265/02, L 7: 1266/02, L.8: 1951/02, L 9: 1867/02, L 10: 447/83,L11:
467/83, L12: 879/84, L13: 347/89. Black arrows: Fragmentssize
of DNA digest. White arrows: fragments considered for typing.

PRV isolates representative of genomic arrangement type |
arefound in the United States and Central Europe, whileisolates
showing the genomic arrangement type Il are predominantly
found in Central Europe and Japan. Thegroups!1l (genometype
[11) and IV (genome type 1V) are strictly limited to isolates
originating from Northern Europe and Thailand, respectively (8).

InBrazil, previouswork hasidentified genomic arrangement
type Il as the most predominant in 28 out of 30 PRV isolates
anaysed (14). Inthat work, al 19 PRV isolatesfrom SantaCatarina
State showed a genomic arrangement type I1. Similarly, in this
study, all 33 PRV isolates from Santa Catarina State showed a
genomic arrangement type 1. An unexpected finding was the
identification of an sample stored in our laboratory, which was
isolated from pigsin 1989, from a commercial herd located in
Erechim, Rio Grandedo Sul. According to D’ AviladaSilva(4),
excepting theAD outbreak occurredin Rio Grande do Sul State
in 2003, outbreaks of AD haven't been described since 1954.
Moreover, the virus isolated in 1989 showed a genomic type
never found beforein that State (genomic arrangement typel),
once PRV isolates from the recent outbreak (2003) showed a
genomic arrangement typell. In Brazil, PRV isolates showing a
genomic arrangement type | had only been identified in pigs,
from S&o Paulo State, in 1986 and 1990 (14). In our work, two
other samples isolated in Toledo, Parand State in 1984 were
characterized as genomic arrangement type li.

In South America, PRV isolates showing a genomic
arrangement type | wereidentified by Echeverria(5) in Argenting,
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where AD is considered endemic. In this manner, considering
that the main source of infection for PRV isthelatently infected
pig, we suppose that there is a possibility that PRV isolates
with agenomic arrangement type | have beenintroducedin Rio
Grande do Sul State by importation of latently infected pigs, or
through the transit of latently infected wild pigs.

In conclusion, REA, in the classification of PRV, are useful
to epidemiological investigations producing helpful information
to theidentification of the source of infectioninagiven outbreak.
It allowed usto find agenomic type in Rio Grande do Sul State
which was never identified. However, according to Kluge (9),
although it is possible to say with a high degree of certainty
that virus strains are different, it is not possible to say with the
same certainty that virus strains with genomic similarities and
identical biological markersare unique and the same. Itindicates
that more investigation has to be done in order to differentiate
such virus strains.

RESUMO

Caracterizacéo de amostrasdo virusde Aujeszky
isoladas naregido Sul do Brasil nos Gltimosvinte
anosatravésde analisederestricdo enzimatica

OvirusdadoencadeAujeszky (VDA) pertencenteafamilia
Herpesviridae € um importante agente etiolégico que infecta
suinos causando perdas na producéo de suinos no mundo
inteiro e restricbes para 0 comércio internacional de suinos ou
de seus subprodutos. No estado de Santa Catarina, Brasil, foi
instituido em 2001 um programa de erradicacéo da doenca de
Aujeszky (DA). O tltimo surto daDA foi reportado em julho de
2004 e desde entdo ndo foram notificados mais casos. A doenca
tem sido controlada com o0 uso de uma vacina geneticamente
modificadae eliminac&o de animais soropositivos parao VDA.
Visando caracterizar amostras do VDA isoladas nos Gltimos
vinteanos (1983-2003) naregido Sul do Brasil, foi realizado um
estudo retrospectivo baseado na andlise do genoma dos virus
isolados de acordo com os perfis de restricdo apresentados
aposadigestdo do DNA gendmico viral com aenzimaBamHI.
Foram analisadas trinta e sete amostras isoladas de suinos
oriundos dos estados de Santa Catarina, Parana e Rio Grande
do Sul. Os isolados foram comparados com as amostras de
referéncia NIA-4, Bartha e Begbdnia. O arranjo gendmico
predominante, encontrado em 33 amostras isoladas em Santa
Catarinaeem umaisoladano Rio Grandedo Sul, foi odotipoll.
O arranjo gendmico do tipo |, caracteristico de amostras de
virus vacinal foi identificado em duas amostras isoladas no
Parand e em umaamostraisoladano Rio Grande do Sul.

Palavras-chave: virus da doenca de Aujeszky, suinos, andlise
com endonuclease de restricdo
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