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B Ndoog tov Aujeszky (Wevdorvooa).
Mua maArd amxelhn Yo Tn Uy eovn YoLeoTeopia;
Mépog II. Emionuoloyia, avooia, TogoAnyn xat 1 Te€Y0V0a ®aTAGTAOT 0TV
EALdda.
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! Egyaotijoio Mixpofroloyiag xat Aowuwddv Nooqudtwv, Kenpviatouxr Zyol, Aotototédeto Mavemotijuto Osooalovixng
2 Egyaatijoto Mixpofioloyias xat lapaoiroloyiag, xa
3 Khwiaerj HlaBoloyiag, Turjua Kenviaroueijs, Syoir Emotnudy Yyeiog, Havemioriuio Oeooaliog
* Eoyaotijoto lodoyiag, Krnviatouxij Zyol, Iavemiorijuto I'dvong, Bédyto.

ABSTRACT. Aujeszky’s disease (AD) (or pseudorabies) is an important viral disease of swine causing neurological signs in
neonatal pigs, respiratory problems in fatteners and reproductive disorders in breeding stock. Swine is the only natural host of
Aujeszky’s disease virus (ADV) and the only species that can survive its infection. Its transmission is mainly through nose-to-nose
contact, but several other ways may apply. Both antibody- and cell-mediated immune responses occur following ADV infection,
while maternal immunity can protect the pigs depending on their level and the virulence of the infecting strain. Virus glycoproteins
may, also, play a role in immunity with that of gC and gD being the most important. Prevention and control of ADV is based on
proper vaccination and biosecurity measures, while eradication has been practiced in various ways depending on the situation.
The current vaccines are based on deletion of certain proteins and are effective. Despite the fact that the disease has been eradicated
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from many developed countries, AD is still endemic in Greece. Findings of recent emergence of AD in Greek farms and the
possibility of its eradication are discussed.

Keywords: Aujeszky’s Disease, epidemiology, immunity, control, vaccination

HHEPIAHWH. H voéoog tov Aujeszky elvor po. cofar] LoyEVig vOoOg TOU XO{QOU 1) OOt YLOL TTQMTY PO TEQLYQUPNLE TO
1813 ota fooewdr). H véoog tov Aujeszky mapovotdet mayrooma eEGmAmon, av xou el eXOLLmOE] 0md 0QRETES UVOUTTUYUEVES
¥ WEeS omtmg elvan n Tepuavia, n Avotoia, n Zovndia, n Orhavdio, n Aavia, to Béhywo na to Hvopévo Baoilero. 2ty EMAada,
1 VO0O0g epgpavitetan evonuxT ®ou Tad To YEYOVOS GTL 0 1O OgV Tonralel coPfaQd TEOBANUATA OTIC XTNVOTQOPIRES LOVADES
ta tedevtaia 20 yeovia. AvoTuydg, OUme, 1 OLroTTH TOV EUPOMACUHY MG UTOTELEOUN THS TOOOPATHS OLKOVOIXTG ®QIONG,
EYEL EMAVAPEQEL TO TEOPANUAL TS VOGO EVA 0TO TEOOXIVI0. O %0(Q0G Elva UOIKOS EEVIOTHG TOU LOU RO UTOQEL VOL ETULBLIITEL
uetd amd mpoopory. H petddoom tov yivetan ®uQimg ne XoVIvy enag, wotéoo aQxetol dhhot tpdmol evoyomotovvial. Téoo
1 XUI®Y] GO0 %L 1) KUTTOQLRY OVOOL0L EVEQYOTTOLOUVTOL XATd TY) LOAUVON UE TOV L0, EVA 1] UNTOLXY] AVOOTX UTTOQEL VOL TTUREYEL
QTOTELEOUOTIXY TTQOOTOOT0L 0T YOLQIOLCL, TTAVTOL 08 OYEON UE TO. ETITENA TNS ROL TO AOLUOYOVO OTELEYOC. OL YAUROTQWTEIVES
TOU 100 alCovy, emiong, oho otV avooia ue xvetdtepo autd tov gC rar gD. H modhym rat o €Leyyog g vooou Paoiteton
OTOVG TAXTIROUS EUPOMAOUOUS RO OF UETEO PLOCOPALELUS, EVED 1) EXQITMOT TE €yLve ue SLdpoQoUs TOOTOUS avALoya ue TV
natdotaon omyv tegloxy. H avooomoinon tov xoigou amévavtt 0Tov 10 WoQEl Vo emttteuy 0l ne ) xoNOooToinon eEAATTMUEVNS
howpoyovou duvaung Lovtavdv 1 adgavoromuévayv eppoliny. H avamtuin T YEVETIUIE WY OVIXIC 0ONYNOE OTNV TTOQAOXELY]
euPoriomv, To 0molo ATOTENOTVY ONUOVTIXG OTTAO YLOL TNV GVTLUETMILON ROL TOV EAEYYO TG VOOOU. ¢ 6,TL agoed v EAAdda,

TOQOVOLALETOL EVOL OVVTORO LOTOQXG %o culnTeitan 1) mboavotnta exoilmong TOU VOO UOTOG.

AéEers evgernoiaons: Nooog tov Aujeszky, emdnuoroyia, avootia, ELeyyoc, euoiaonds

EPIDEMIOLOGY

ADV is spread all over the world, in parts of
Europe, Southeast Asia and America. The virus has,
also, been detected in Cuba, Samoa and Rwanda
(Center for Food Security & Public Health 2006). In
Europe, AD has been eradicated in Germany, Austria,
Sweden, The Netherlands, Denmark, Belgium and the
United Kingdom, while it has never been reported in
countries such as Norway, Finland and Malta (Pejsak
and Truszczynski 2006). In the United States of
America, after application of an eradication program,
all states were classified as free of the disease since
June 2007. Canada and New Zealand are, also, free of
ADV (Center for Food Security & Public Health
2006). Although ADV has been eradicated from many
countries throughout the world, the virus is still present
in populations of wild boar or feral swine. Therefore,
these populations should be considered as potential
ADV source of infection for domestic pigs. In
countries that are free of ADV, vaccination is prohi-
bited. Greece belongs to the countries where the
disease is enzootic. According to an old serological
survey in pigs in 1969, 20.8% of the collected samples
from several regions of Greece were positive to
antibodies against ADV. In 1983, there was an extreme
increase in AD cases in the pig population following
the import of breeding animals (Papatsas et al. 1995,
Papadopoulos et al. 1996).

Swine is the only natural host of the virus,
although ADYV can infect a large number of species
including cattle, sheep, goats, cats, dogs and foxes (in
fur farms) as well as wildlife (raccoons, opossums,
skunks and rodents). Infections in horses are rare
(Center for Food Security & Public Health 2006).
Despite an anecdotal report about three dubious cases
of Swine Herpesvirus-1 (SHV-1) infections in man
(Tischer et al. 2010), there is no evidence that it can
infect humans and higher primates (Mettenleiter
2000). ADV causes neurologic disease, characterized
by severe pruritus and encephalitis leading to death, in
species other than pigs. The fact that the pig is the only
species that can survive an ADV infection means that
eliminating the virus from swine can lead to era-
dication of the disease (Mettenleiter 2000). Dead-end
hosts such as dogs, cats or wildlife animals may trans-
mit ADV from an infected herd to another, although
these animals survive only 2-3 days after being infected.

ADYV can be transmitted between swine most often
via direct (nose to nose) contact (Pensaert and Kluge
1989). Transmission via inhalation of aerosolized virus
can, also, occur. Contact with contaminated vaginal
mucosa or semen is another likely way of infection
during breeding. The fact that only a number of
animals in a farm become infected with ADV supports
the opinion that the virus is not as contagious as it was
thought to be. The percentage of infected animals can
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vary between 10% and 90% (Pejsak and Truszczynski
2006). However, during a primary outbreak of ADV in
an immunologically naive herd, the virus can spread as
fast as within a week, causing abortions in pregnant
sows, deaths of all newborn piglets, reduced growth
and respiratory distress in fatteners (Kritas 1994).

ADYV seems to be stable under various environ-
mental conditions. It can persist for up to 7 hours in air
(with a relative humidity of >55%) and it may travel
through aerosols for up to 2 km depending on weather
conditions. The virus can, also, survive for up to 7 hours
in non-chlorinated water, for 3 days in nasal washings
and for 4 days in straw bedding. ADV is inactivated by
drying, sunlight and high temperatures (>37°C) due
to the presence of a lipid envelope acquired from the
host cell (Pejsak and Truszczynski 2006).

IMMUNITY

Infection of pigs with ADV results in an immune
response, which provides clinical protection to rein-
fection with a virulent strain. Several factors seem to
be involved in this immune response (Nauwynck 1997).

Interferon and spontaneous cytotoxicity by natural
killer cells seem to participate in the early steps follow-
ing infection (Martin and Wardle 1984, Wittman and
Ohlinger 1985).

Antibodies against ADV can be demonstrated by
serum neutralization test or by ELISA in the serum of
pigs starting at 5-10 days post infection. These anti-
bodies belong to IgM or IgG subclasses. IgM anti-
bodies show a peak around 7 to 15 DPI and diminish
to undetectable levels around 14 to 25 DPI. IgG anti-
bodies reach their maximum around 14 DPI and
persist for several months. IgA antibodies may, also,
be detected from 10 DPI with a maximal titer at 13
DPI. In excretions such as saliva and tears, only IgM
and IgA antibodies have been detected from 6 to 8§ DPI
and they reach a peak around 8 to15 DPI (Rodak et al.
1987, Kimman et al 1992a).

Neonatal piglets with colostrum-derived anti-
bodies usually have 12-16 times higher serum neutrali-
zation (SN) titers than their mother (McFerran and
Dow 1973, Kritas 1994). The SN titers of the pigs may
range from 2 to 512 and seem to be higher in the litters
from sows vaccinated with inactivated vaccine com-
pared to the litters from sows vaccinated with live
vaccine (Andries et al. 1978, Kritas 1994). The half-life

of the colostrum-derived antibodies is 10-13 days.
Maternally derived antibodies persist in the blood until
8-14 weeks of age and may interfere with the formation
of antibodies at vaccination (Pensaert et al. 1982, Van
Oirschot and De Leeuw 1985). High SN titers (272-
354) were able to protect neonatal pigs against disease
and almost entirely against neural invasion and spread
upon challenge with a virulent strain of ADV (Kritas
etal. 1997a, 1999a). On the other hand, low SN titers
(2-3) offered clinical protection, but did not protect
pigs against neuroinvasion, particularly via the
olfactory pathway, which is readily accessible to the
virus due to pigs anatomy (Kritas et al. 1997a, 1999a).

Suckling pigs with maternal antibodies and pigs
immune after vaccination are protected against clinical
disease. However, there is no definite correlation
between antibody titers and protection. While some
pigs with undetectable SN titers may be protected
against disease, others with detectable SN titers may
not (Andries et al. 1978, Van Oirschot and Gielkens
1984, Van Oirschot et al. 1984, Martin et al. 1986). The
level of maternal antibodies and the virulence of the
infecting strain may both play a role concerning the
protection (Kritas et al. 1997, 1999). Besides, it is not
always necessary that protective antibodies are neutra-
lizing. Kritas and co-workers, after passive admini-
stration of non-neutralizing monoclonal antibodies,
had shown that antibodies, are involved in protective
mechanisms of the nervous tissue of the host species
against spread of ADV, and particularly within the
trigeminal pathway (Kritas et al. 1999¢). In addition, it
appears that there is no relation between in vitro
neutralizing ability of antibodies and the protection
that they provide against ADV spread within swine
nervous system (Kritas et al. 1999c¢).

Antibody-dependent complement mediated lysis
of ADV-infected cells and antibody-dependent cell-
mediated cytotoxicity (ADCC) have been demon-
strated (Ashworth at al. 1979, Martin et al. 1984, 1986,
Wittmann and Ohlinger 1985). The appearance of
ADCC coincides with the appearance of IgG in the
serum (Wittman and Ohlinger 1985). Neutrophils,
lymphocytes and monocytes are involved in ADCC
(Ashworth at al. 1979).

Cytotoxic T-lymphocytes, also, seem to be involved
in the immune response against ADV. Zuckermann et
al. (1990) showed that infection of pigs with ADV
results in the appearance of cytotoxic T-lymphocytes
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specific against ADV proteins.

Glycoproteins have been identified as the major
antigenic proteins of ADV (Todd et al. 1987). Glyco-
protein gC seems to be a major immunogen of ADV,
since in sera of pigs that recovered from ADV
infection, a major fraction of the neutralizing activity
was directed against gC (Ben-Porat et al. 1986).
Monoclonal antibodies against gC may neutralize
ADV without complement (Humpl et al. 1984,
Wathen et al. 1985, Marchioli et al. 1988) and passive
immunization with some anti-gC monoclonal anti-
bodies protects pigs against lethal ADV infections
(Marchioli et al. 1988). Experiments have shown that
g¢Cis more important than gE, gl or gG with regard to
the induction of cytotoxic T lymphocytes of pigs
(Zuckermann et al. 1989b, 1990). In mice, active
immunization with a gC mutant was markedly less
effective in eliciting neutralizing antibodies, cytotoxic
T-lymphocytes and protection against challenge com-
pared to immunization with gE-, gl- or gG-negative
mutants (Zuckermann et al. 1989b, 1990).

Glycoprotein gD is, also, a major immunogen of
ADV. Monoclonal antibodies against gD can neutra-
lize ADV without complement (Eloit et al. 1988, Coe
and Mengeling 1990) and can passively protect pigs
against lethal ADV infections (Marchioli et al. 1988).
Active immunization of pigs with gD resulted in
production of neutralizing antibodies and conferred
protection against ADV infection (Marchioli et al.
1987, Mukamoto et al. 1991). Suckling piglets born
from sows previously immunized with gD glycoprotein
had neutralizing antibodies in their blood and were
protected against virulent virus (Mukamoto et al.
1991).

Glycoprotein gB is, also, involved in the develop-
ment of immunity against ADV. In sera from infected
pigs, a fraction of the neutralizing activity was directed
against gB (Ben-Porat et al. 1986). Monoclonal anti-
bodies against gB may neutralize ADV without
complement (Wittmann and Rziha 1989) and may
confer passive protection to pigs against lethal ADV
infection (Marchioli et al. 1988).

Glycoprotein gE seems to play a less important
role than gC and gB in immunity against ADV. Ben-
Porat and co-workers (1986) have shown that
convalescent pig sera have no or little neutralizing
activity against gE. Monoclonal antibodies directed to

gE neutralize ADV in the presence of complement
(Eloit et al. 1988). Passively administered anti-gE
monoclonal antibodies protected mice against ADV
lethal infection (Fuchs et al. 1990), while no data are
available in pigs.

Anti-gl monoclonal antibodies do not neutralize
virus in the absence of complement (Eloit et al. 1988).

Glycoprotein gG does not induce neutralizing
antibodies and immunization of mice with gG, it did
not protect against lethal ADV infections (Thomsen
et al. 1987).

PREVENTION AND CONTROL

The prevention strategy against AD is
characterized by control measures such as stamping
out infected herds, test-and-removal of infected pigs,
vaccination programs or a combination of these above
measures (Stegeman 2000). These are escorted by
restriction of swine movements, decontamination and
disinfection of material and equipment, biosecurity
procedures for persons with access to pigs and faci-
lities, as well as rat control strategies. Domestic
animals other than swine, such as dogs and cats, should
be kept out of the facilities, as they may be infected
with the virus and transfer it to the herd.

However, the principal control measures depend
on the situation found in every country or area:

1. In countries free of ADV, depopulation of any
infected herd is the only choice, in addition to strict
biosecurity and prevention measures (Pejsak and
Truszczynski 2006).

2. In countries or areas not yet free of ADV, but
with the intention to become free, primary reduction
of the virus spread by systemic vaccinations with DIVA
(Differentiating Infected from Vaccinated Animals)
vaccines at least for 3 years is necessary. All breeding
animals, as well as the nursery pigs, need to be regular-
ly vaccinated until less than 10% of the sows and none
of the fattening pigs are tested infected. Intensive
testing of the animals for the presence of virulent ADV
with a differentiating ELISA and their removal will
eventually establish an ADV-free status (Pejsak and
Truszczynski 2006).

3. In some countries, vaccination is not followed by
the removal of positive animals. In that case, although
AD might be present, there are no clinical signs of the
disease. The application of a vaccination program in
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those countries is crucial for the control of the disease.
Vaccination against ADV will “keep down” the
manifestation of typical clinical signs without eradi-
cating the disease (Papatsas et al. 1995).

VACCINATION

The cornerstone for the control of AD is
vaccination. In general, vaccination reduces the clinical
signs of ADV, although it does not prevent the spread
and the development of latent infection by the virulent
virus. The aim of vaccination in an eradication cam-
paign is not only to induce clinical protection, but
primarily to stop transmission of infections within and
between herds by inducing herd immunity. Both
attenuated and inactivated vaccines can be used
(Kritas 1994). In ADV endemic areas, it is strongly
recommended that all newly induced breeding animals
in the herd should be vaccinated, while breeding
animals must be vaccinated regularly. In addition,
piglet vaccination can further assist against the
circulation of the virus in the herd. Vaccination of pigs
must be implemented at 10 and 14 weeks of age, if they
are born to vaccinated sows, or at 6 and 10 weeks of
age, if they are born to unvaccinated ones (Pejsak and
Truszczynski 2006).

The development of marker vaccines and the use
of diagnostic tests (differential ELISA) can play an
important role in disease eradication and control
programs, as it was determined in the ADV eradi-
cation program in the U.S. (Foley et al. 2005). During
that campaign, the use of gene-deleted vaccines in
conjunction with diagnostic tests was able to differen-
tiate infected from vaccinated animals, in a strategy
that finally led to eradication of the disease from swine
herds (Foley et al. 2005). In The Netherlands, in which
an eradication campaign was developed in 1993, ADV
was eradicated in 2002, as shown by the absence of gE-
positive pigs (Bouma 2005).

The development of genetically engineered
vaccines against ADV has been one of the most
important factors in the control of the disease (Kritas
et al. 1997b). Such vaccines are produced by the
deletion of specific genes from the genome of the virus.
The deleted genes encode certain proteins that
determine the virulence of the strain, while they are
not responsible for the induction of immunological
response. Although the role of gE is not fully esta-
blished, it is believed that gE plays an important role

in the transmission of ADV between cells and the
movement of ADV in the neurons. In addition, TK
enzyme is necessary for the replication of ADV in the
neurons (Kit et al. 1985, Tenser 1991, Kritas et al.
1999b). Therefore, deletion of both these proteins
results in a high degree of vaccine attenuation and a
live vaccine safe for the pigs. Besides genetically
engineered deletion mutant vaccines, there are live
vaccines containing gE-strains that have been atte-
nuated by natural methods, such as the continuous
passages through cell cultures (Bartha strain). In
recent years, the emergence of DNA vaccines may play
an important role in the prevention of ADV infection
in the future. According to Rooij et al. (2005), the
DNA vaccination with a plasmid encoding gD of PRV
in pigs provides protective immunity against the
infection with a wild virus strain.

The situation in Greece and the possibility of a
national eradication program.

Up to 1973, sporadic cases of AD in bovine, sheep
and mink had been diagnosed in Greece. According to
a serological survey in pigs from several regions of
Greece in 1969, 20,8% of the collected samples was
positive to antibodies against ADV. The first clinical
report with virus isolation in this species was on May
1974. Two more clinical cases with high mortality of
suckling piglets had been reported on January 1976
and February 1977. In 1983, scattered outbreaks of the
disease in all territory had followed the import of
breeding animals from other European countries. The
first measures were isolation of the affected herds and
vaccination of all healthy herds with inactivated or
attenuated vaccines (Papadopoulos 1989, Papatsas et
al. 1995, Papadopoulos et al. 1996).

Greece has many important advantages over
several European countries, which had already
eradicated ADV (Papadopoulos et al. 1996):

® The low density of the pig population (7 pigs/km?
in Greece, when in Holland it is 400 pigs/km?, in
Belgium 230 pigs/km? in Germany 73 pigs/km?, in
Italy, Portugal, Spain and France between 20 and 30
pigs/km?).

® The type of the units is principally farrow-to-
finish having their own feed mill. Thus, entrance of
virus in the farms can be better prevented when
compared to the fattening type of units.

® As a country that imports most of its breeding
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stock, an ADV-free status of animals can be required
from breeder countries.

® Vaccinations with live or inactivated gE-
vaccines are regularly applied in the majority of the
organized farms.

Unfortunately, no national strategies for the
eradication of ADV have ever been applied in Greece.
Vaccination against ADV supresses the manifestation
of typical clinical signs. This fact combined with the
recent economical crisis has led some farmers to
abandon vaccination against ADV. It is important to
keep in mind that vaccination does not eliminate the
virus and that latent virus will “come up” in the
population when a “chance” will occur. Indeed, the
presence of a virulent ADV strain was recorded in
many farms requiring health management assistance
after non-response to intensive treatments (Kritas et
al. 2011). All these farms had a history of interruption
in their AD vaccination program. In most of these
cases, weight gain depression and respiratory signs in
fatteners, or manifestation of reproductive problems

were observed (Kritas personal communication).

Based on our health management experience, we
recommend and encourage farmers on the following
main issues:

® Systematic application of gE~ vaccine (live or
inactivated) on the breeding stock and the fatteners
(live vaccine) of the farm.

® The purchase of only gE™ replacement stock.

® Supportive measures such as application of “all-
in, all-out” system, strict biosecurity/ quarantine
measures for animals and visitors, prevention of stressy
conditions.

® In the case that farmers wish to quit ADV
vaccination, this should be done not based on clinical
or post mortem findings, but on intense laboratory
testing of the current and incoming stock. A qualified
herd health management specialist on infectiology
should direct such procedures plus all appropriate
additional measures. B
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