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Evidence of Aujeszky’s disease in wild boar
in Serbia
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Abstract

Background: Aujeszky’s disease is a viral disease of suids caused by Suid Herpesvirus 1. The disease has worldwide
distribution with significant economic impact. In Serbia, there is neither an Aujeszky’s disease eradication nor
national vaccination programme of domestic pigs.
Since clinical symptoms of Aujeszky’s disease are not specific, it is important to establish a link between clinical
signs and presence of ADV active infection in wild boars. The aim of this study was to investigate the possibility of
active infection within wild boar showing signs of ADV and also to examine relationship between isolates from
domestic pigs and wild boar. Having in mind that virus has not been previously isolated from wild boars in Serbia,
we report the first isolation of Suid Herpesvirus 1 from this species in Serbia.

Results: Tissue and serum samples from 40 wild boars from eastern Serbia were examined for evidence of
Aujeszky’s disease (AD). Suid Herpesvirus 1 (SHV1), the cause of AD was isolated on PK15 cell line from three tissue
samples, inducing cytopathic effect (CPE) with syncytia forming, and viral genome was detected by polymerase
chain reaction (PCR) in eight samples. Genetic analysis of us4, us9 and ul49.5 partial sequences showed high
homology between ADV isolates from wild boars and between isolates from wild boars and domestic animals.
Neutralizing antibodies were not detected by virus neutralisation test (VNT) in sera from four out of eight PCR
positive wild boars suggesting recent infection in those animals.

Conclusions: This is the first demonstration of Aujeszky’s disease virus (ADV) in the wild boar population in Serbia
although seroconversion has been detected previously.
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Background
Aujeszky’s disease (AD) is a viral disease of suids caused
by Suid Herpesvirus 1 (SHV1) [1], also referred to as
Aujeszky’s disease virus (ADV). The virus belongs to the
genus Varicellovirus, subfamily Alphaherpesvirinae, fam-
ily Herpesviridae. It has a double-stranded DNA genome
composed of 143461 nucleotides with more than 70
open reading frames homologues to related Alphaher-
pesviruses [2]. Based on restriction fragment length
polymorphism (RFLP) analysis patterns, ADV can be
divided into four major genotypes [3]. But according to
partial gC (ul44) coding region, it is possible to divide
ADV into five genotypes that appear to be unspecific to
countries or continents [4].

AD is also named pseudorabies (PR) and the virus
Pseudorabies Virus (PRV), because carnivores and pigs
may display neurological signs which can be similar to
rabies.
Wild boar (Sus scrofa) are the natural host, but a wide

range of species can be infected with SHV1 [5]. Wild
boars are known as reservoirs for many important infec-
tious diseases in domestic animals, such as classical
swine fever, brucellosis and trichinellosis. Also, they can
play a role of reservoirs for zoonotic diseases such as
hepatitis E, tuberculosis, leptospirosis and trichinellosis
[6]. Worldwide distribution, great potential of adapta-
tion, fast reproductive rate and complex social behaviour
make wild boar almost ideal reservoir species [7].
However, some diseases, like AD can sporadically

occur in free living wild boars under natural conditions.
Occurrence of these diseases is facilitated by social
stress, age related change from passive to active immunity,
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individual susceptibility to ADV infection and environ-
mental conditions [8].
AD has worldwide distribution [9]. The economic im-

pact of AD is significant, consequently many developed
countries (Belgium, Czech Republic, Denmark, Germany,
Ireland, Cyprus, Luxembourg, Netherlands, Austria,
Slovenia, Slovakia, Finland, Sweden, UK) have eradicated,
or are in the process of eradication of the infection from
domestic pigs1. AD may also be controlled nationally by a
vaccination programme. In Serbia, there is neither an AD
eradication nor national vaccination programme of
domestic pigs. Vaccination is conducted on individual vol-
untary basis only. Only in commercial farms, pigs are
regularly vaccinated to reduce potential losses due to AD
and therefore AD has rarely been reported in swine.
In Serbia, intensive pig production is located in the

north part of the country, in the Autonomous Province
of Vojvodina. In this area AD has moderate impact on
intensive pig production, with the 32.8 % ADV sero-
prevalence in unvaccinated breeding pigs [10]. Pusic
et al. [10] demonstrated that the swine population in
Vojvodina region, the most developed region in Serbia
with the biosecurity measures most applied, was enzoo-
tically infected with ADV and that vaccination was only
performed on large commercial farms. Those farms were
usually surrounded by small backyard holdings with
occasionally vaccinated animals, which presented a po-
tential source of infection. Due to vaccination with at-
tenuated vaccine of Bartha strain, which is not a marker
vaccine, seroprevalence attributed to the natural infection
is difficult to estimate. The sampling has been done in this
region where the virus can be transferred from wild to
domestic pigs since it is separated from Vojvodina only by
the river Danube.
Clinical AD in wild boar has rarely been seen, al-

though Gortazar et al. [11] described an outbreak in wild
boar in Spain. It has been demonstrated that the virus
could be successfully isolated from latently infected wild
boars [12]. Serosurveillance studies have demonstrated
that the prevalence of AD could be high within the
European wild boar population, indicating a potentially
significant wildlife reservoir of ADV [13]. Seroprevalence
ranges from 0 % in the Netherlands and Sweden [14, 15]
to more than 50 % in Croatia [16] and central Italy [17]
and 100 % in Spain, on local level [18]. As documented
in Germany, continuous parallel increase of both AD
seroprevalence and wild boar population density implies
the correlation of these two parameters [19].
Within the Classical Swine Fever (CSF) monitoring

programme in Serbia, 20 % of wild boars tested annu-
ally for CSF were also tested for ADV antibodies. The
Monitoring is issued annually by The Ministry of
Agriculture and Environmental protection and prescribes
the number of samples to be collected for each district.

Hunting season in Serbia lasts from April 15th to
February 28th for boars and young wild boars up to
60 kg and from July 1st to December 31st for sows,
although hunting is the most intensive from November to
February. Specified percent of wild boars were subjected
to AD serology tests, either VNT or ELISA. ADV sero-
prevalence in different regions varies with the highest per-
centage found in the east - 83 % as average for the last
three years (unpublished data).
Until 2011, vaccination of wild boar against classical

swine fever has been performed in hunting grounds in
Serbia. Wild boars have been trapped, vaccinated, ear
tagged and released back in the nature. Classical swine
fever vaccine used for wild boar vaccination was pro-
duced by local company and composed of CSF C strain
and attenuated ADV Bartha strain viruses. Therefore,
unintentionally, some wild boars had been vaccinated
against AD. The wild boar population in Serbia is
estimated at around 20000 animals, with density of
0.2 - 1.38 animals/km2.
Natural transmission of Suid Herpesvirus 1 requires

close contact between animals such as during coitus,
licking, or nuzzling. Although, in high density commer-
cial farms, sneezing and short distance droplet spreads
are major routes of transmission [20].
The clinical presentation of ADV infection depends

on the virulence and initial dose of virus; and also
the age, immunological and reproductive status of the
host [21]. Within wild boar, Gortazar et al. [11] re-
ported that young animals were mostly affected, be-
tween four and eight months of age, with 14 %
mortality. Although there is no evidence of any differ-
ent susceptibility and disease course between wild
and domestic pigs, it has been shown that strains
from free-living wild boars differed genetically from
those isolated from domestic pigs, but that both
might have had a common origin [1, 22].
An important mechanism of ADV persistence, charac-

teristic of all Alphaherpesviruses, is lifelong latency
within the peripheral nervous system.
Diagnosis of Aujeszky’s disease can be achieved using

various tests including viral isolation, molecular biology
(PCR) and serology.
Since clinical symptoms of Aujeszky’s disease are

not specific, it is important to establish a link be-
tween clinical signs and presence of ADV active infec-
tion in wild boars. The aim of this study was to
investigate the possibility of active infection within
wild boar showing signs of ADV and also to examine
relationship between isolates from domestic pigs and
wild boar. Having in mind that virus has not been
previously isolated from wild boars in Serbia, we re-
port the first isolation of Suid Herpesvirus 1 from this
species in Serbia.
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Methods
Samples
Fourty samples were received from Eastern Serbia (44°
22′1.417″N, 21°44′28.524″E) during the period Novem-
ber 2014 – January 2015, collected by hunters, for clas-
sical swine fever monitoring which was compulsory for
each hunting ground. During that period, hunts were
organised by local hunting associations every Sunday,
and samples from each hunt were independently sent to
the laboratory. According to the CSF monitoring plan,
each sample set consisted of spleen, kidney, blood and, if
possible, tonsils. Commonly used practice was that
hunters at spot took samples and therefore, due to diffi-
cult sampling, tonsils were rarely submitted. Hunters
were requested to fill in the form for each shot wild
boar, specifying age, gender, previous vaccinations and
a reason for hunt (injured, ill, sport). The hunters re-
ported signs of illness as the reason for the kill of 18
wild boars, in independent hunts during the men-
tioned period. That high frequency of reported illness
led to examinations for other viral diseases after CSF
was excluded. Bearing in mind high AD seropreva-
lence in that region, samples were initially screened
for ADV, first by PCR and then by virus isolation on
PCR positive samples. Serum samples were tested for
ADV antibodies by VNT.
The samples were also tested for Porcine Circovirus 2

(PCV2), Porcine Parvovirus (PPV), Swine Influenza Virus
(SIV), Porcine Respiratory Corona virus (PRCV) and
Porcine Reproductive and Respiratory Syndrome Virus
(PRRSV) by serological and molecular methods. For anti-
body detection, commercial ELISA kits were used for
PCV2 (Ingezim Circovirus IgG/IgM, ING1.1.PCV.K.2,
Ingenasa, Spain), SIV (Ingezim Influenza A, ING
1.0.FKU.K.3, Ingenasa, Spain), PRCV (Ingezim Corona
Diferencial 2.0, 11.DIF.K3, Ingenasa, Spain) and PRRS
(Ingezim PRRS Universal, ING 1.1PRU.K1, Ingenasa,
Spain). Hemagglutination inhibition test was used for PPV
antibody detection using reference strain NADL-2
(ATCC® VR-742) at 4HU. Genome detection of those
viruses was performed following previously published
protocols [23–25].

DNA extraction and ADV PCR
DNA was extracted from pools of spleen and kidney tis-
sues respectively using QIAamp DNA Mini Kit (Qiagen;
Hilden, Germany), following the recommended tissue
protocol.
The ul4 gene was amplified using previously published

primers [26]. The PCR reaction was carried out in a total
volume of 50 μL using HotStarTaq Master Mix Kit
(Qiagen; Hilden, Germany) and 0.4 μM concentration of
primers. The thermal profile for the PCR was 95 °C for
15 min, followed by 35 cycles of 95 °C for 1 min, 60 °C

for 45 s and 72 °C for 1 min. The final extension step
was performed at 72 °C for 5 min.
The amplified products were analysed by electrophor-

esis through 1.5 % agarose gel containing 0.5 mg/mL
ethidium bromide. Each PCR run included positive and
negative controls.

DNA sequencing and sequence analysis
Eight PCR positive tissue samples from wild boars and
three ADV isolates from domestic pigs were amplified
with primers for us4, used in screening PCR, us9 and
ul49.5 following a previously published protocol [27].
Amplified products were purified with MinElute PCR
Purification Kit (Qiagen; Hilden, Germany) and sequenced
by Macrogen Europe (Amsterdam, The Netherlands). For
phylogenetic analysis, MEGA software version 6, Basic
Local Alignment Searching Tool (BLAST) (http://
blast.ncbi.nlm.nih.gov/Blast.cgi) and ADV sequences
available in GeneBank (NCBI) were used.
Newly described ADV us4, us9 and ul49.5 sequences

are available from GenBank under accession numbers
KT187309-KT187326, KT273927-KT273941.
Within this study, three ADV strains isolated during

the last 6 years from domestic animals - domestic pig/
2009 (KT187312, KT187318, KT187324), dog/2010
(KT187313, KT187319, KT187325), domestic pig/2014
(KT187314, KT187320, KT187326) were submitted to
the GenBank and used for genetic comparison with iso-
lates from wild boars.

Virus isolation and neutralisation
Positive PCR samples were prepared for virus isolation
following the method described in OIE Terrestrial
Manual (2012). Briefly, spleen and renal tissues were ho-
mogenized together in minimal essential medium with
Earle’s salts and L glutamine (MEM, Gibco BRL, USA)
with addition of antibiotics. Homogenates were centri-
fuged at 900 g for 10 minutes and supernatants were used
for inoculation in 24 well plates (Sarstedt, Germany) with
80-100 % confluent monolayer of PK15 (BS CL 72, IZS,
Brescia, Italy) cells maintained with 5 % newborn bovine
serum (Gibco BRL, USA) and 5 % CO2 in air.
The cells were incubated at 37 °C and observed daily

for CPE. In the samples where no CPE was observed,
blind passage was performed by transferring of super-
natant and inoculated tissue culture cells which were
not demonstrating CPE to another plate containing fresh
cells; in order to dilute out possible inhibitors and/or
allow possible early viral replication due to low concen-
tration of virus particles to progress to detectable CPE.
If no CPE was evident after the second passage, the sam-
ple was considered negative.
To confirm the identity of the isolated virus, the cell

culture supernatants were used in the neutralisation test
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with PRV S1 antiserum (CVI, Wageningen, Lelystad,
Netherlands). The first aliquot was pre-incubated with
PRV antiserum while the second aliquot was pre-
incubated with a non-related serum of swine origin pre-
viously tested negative on VNT and ELISA test. Follow-
ing pre-incubation at 37 °C for 1 h, the mixtures were
inoculated into cell cultures. The virus isolate was con-
sidered to be ADV when the CPE was inhibited by the
antiserum.

Virus neutralisation test (VNT)
Before the performance of virus neutralisation test
the serum samples were heat-inactivated at 56 °C for
30 minutes. PK15 (BS CL 72, IZS, Brescia, Italy) cells
used for VNT were maintained in the minimum es-
sential medium (MEM; Gibco BRL, USA) containing
5 % fetal bovine serum (Gibco BRL, USA), with the
addition of antibiotics and antimycotics. The ADV
used for the VNT was NIA3 strain (CVI, Wagenin-
gen, Lelystad, The Netherlands). The VNT was car-
ried out in 96-well microplates. Each serum sample
was serially diluted by two folds and each dilution
mixed with 100 TCID50/50 μL of the virus. After
60 min of incubation at 37 °C, 100 μL of PK15 cells
suspension was added to each well. Positive and nega-
tive control sera were included and tested the same
way. VNT titre was determined after the plates had
been incubated for 72 h at 37 °C. The antibody titres
of serum samples were expressed as the reciprocal of
the highest serum dilution completely inhibiting CPE
in the wells. Serum samples neutralising the virus at
any dilution were considered to be positive.

Statistical analysis
Ninety-five per cent confidence intervals (CI) for the
standard errors (SE) were estimated from the expression
se95% CI = 1 · 96(p [1–p])/n1/2.
To test for significant differences in seroprevalence

and also virus-prevalence between gender and age
groups, Z-test for two proportions was used. The level
of significance was established at 5 %. Statistical analysis
was performed using Social Science Statistics website2.

Results
Wild boars were divided by age, determined by hunters,
into three groups depending on number of permanent
molars according to SCHEDA Ecological Associates, inc.
(one molar 6–18 months, two molars 1.5-2.5 year, three
molars over 2.5 years of age). The age group 6–18
months old wild boar consisted of 28 animals (females,
n = 13; males, n = 15), the group 1.5-2.5 years old of five
wild boars (females, n = 3; males, n = 2) and the group of
animals older than 2.5 years of seven wild boars
(females, n = 3; males, n = 4).

The majority of ill animals belonged to the age group
6–18 months old wild boar (females, n = 6; males, n = 7).
Three wild boars belonged to the group 1.5-2.5 years old
animals (females, n = 1; males, n = 2) and two to older
than 2.5 years group (females, n = 1; males, n = 1). The
most common symptoms described by hunters for the
18 ill wild boars were depression, dyspnea, slow move-
ment, and no fear of humans. There was no evidence of
any previous vaccination. Among 18 ill wild boars, there
were 9 males (6–18 months old, n = 7; 1.5-2.5 years old,
n = 1; older than 2.5 years, n = 1) and 9 females (6–18
months old, n = 6; 1.5-2.5 years old n = 2; older than
2.5 years, n = 1) (Fig. 1).
AD virus genome was detected in 8 of 40 samples

(20 %). All PCR positive (n = 8) wild boars were reported
to be ill and belonged to the group 6–18 months old wild
boar (females, n = 3; males, n = 5) (Table 1). Based on
partial us4, us9 and ul49.5 sequences, which are submitted
to and available from NCBI GeneBank under accession
numbers: KT187309, KT187310, KT187311, KT187315,
KT187316, KT187317, KT187321, KT187322, KT187323,
KT273927, KT273928, KT273929, KT273930, KT273931,
KT273932, KT273933, KT273934, KT273935, KT273936,
KT273937, KT273938, KT273939, KT273940, KT273941,
and other available sequences for the same regions, wild
boar and domestic animals ADV strains showed high simi-
larity (Figs. 2, 3 and 4). The greatest distance between iso-
lates from wild and domestic animals was observed for
us9 gene (3 %), followed by ul49.5 (1 %). There was no dis-
tance between those groups of isolates for us4 gene. Com-
paring isolates from Serbian wild boars and other
sequences used for phylogenetic analysis, 32 % distance
was determined for us 9gene, 26 % for ul49.5 and 4 % for
us4 gene. Certain distance, but highest for ul49.5 gene
(6 %), was obvious between wild boar isolates and Bartha
vaccine strain. However, no distance was observed be-
tween wild boar isolates based on any of three examined
sequences.
ADV was isolated on PK 15 cells from 3 of 8 PCR

positive samples. All isolates originated from pool of
organs (kidney and spleen) from young (6–18 months
old) male wild boars which were serologically nega-
tive. CPE was evident after 24 hours of incubation for
one sample, and after 72 hours for the other two
samples. Observed syncytia, different in size, were
well developed. In the neutralisation test, all isolates
were inhibited with antiserum, confirming the recov-
ered viruses were ADV. No further virus isolations
were obtained from negative samples by further blind
passage.
Twenty-three out of 40 (57.5 %) serum samples had

neutralising antibodies in the VNT against ADV.
Eight ill wild boars were negative by VNT, out of

which four were PCR positive.
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The other four PCR positive animals were seropositive
by VNT, two at a titre of 1:8, and one each at titres of
1:16 and 1:64 (Fig. 5). The rest of ill animals had titres
1:64 (n = 1), 1:128 (n = 3), 1:256 (n = 1) and 1:512 (n = 1).
Out of 9 ill males, 5 were negative by VNT, two had titre
1:8, and one each 1:64 and 1:256. Out of 9 ill females, 3
were negative by VNT and 6 had certain VN titre (1:16,
n = 1; 1:64, n = 1; 1:128, n = 3; 1:512, n = 1)
Thirteen of 22 healthy wild boars were seropositive

(Table 1), three at titre 1:8 (6–18 months old, n = 3),
three at titre 1:16 (6–18 months old, n = 2; older than
2.5 years, n = 1), four at titre 1:64 (6–18 months old, n = 2,
1.5-2.5 year old, n = 1; older than 2.5 years, n = 1).
However, the results of this study did not show any

statistically significant difference between neither gen-
ders nor age categories (P > 0.05)
PRRSV, PCV2, SIV, PRCV and PPV were not detected

by molecular methods in samples from the 18 ill wild
boars. Anti-PPV2 antibodies were detected in 11 of 18
serum samples (61.1 %). No antibodies to other viruses
were detected.
No PRRSV, PCV2, SIV, PRCV, PPV and ADV were de-

tected by molecular tests on samples from the 22 clinic-
ally healthy wild boars. Seroprevalence for ADV and
PPV in that group were 59.1 % (n = 13/22) and 63.6 %
(n = 14/22) respectively. No antibodies to other viruses
were detected.

Discussion
Previous serological surveys conducted in wild boar in
Serbia were limited but suggested a relatively high AD
seroprevalence [28]. Lazic et al. (2014) [28] reported the
mean prevalence of 38.21 % with the highest percentage

among population older than 2.5 years - 46.86 %. How-
ever, neither virus nor clinical disease were reported in
wild boar in Serbia3.
Nasal swabs, oropharyngeal fluids and tonsil biopsies

were reported as the samples of choice to be collected
from live animals, and brain, tonsils [29], spleen and
lung4 from dead animals. Also, virus could be success-
fully isolated from vaginal secretions, ejaculates, milk,
urine, rectal swab, even before the onset of clinical
symptoms [20]. In this study, ADV was isolated from
spleen and renal tissue samples, reported to be virus
positive during active infection [29]. Wittnamm et al.
[30] showed that, after experimental infection in piglets,
the virus could not be detected in spleen, liver, and me-
diastinal lymph nodes; but could be demonstrated in
kidneys, CNS and peripheral lymph nodes. Since we
used samples already submitted for Classical Swine
Fever monitoring, other tissue samples were not avail-
able. In this study, ADV was isolated on cell culture
from 3 out of 8 PCR positive samples. Those 3 samples
originated from seronegative wild boars. ADV was not
isolated from one more seronegative but PCR positive
animal. The discrepancy between results of virus isola-
tion and PCR occurred due to the characteristics of the
applied tests, their limitations and advantages. Presence
of antigen-antibody complexes, cytotoxic substances,
storage and transport conditions could significantly
affect virus isolation requiring viable viruses in sample,
in contrast with molecular tests detecting only genome
fragments. Bearing in mind the characteristics of the ap-
plied tests, we presume that virus isolation failed in sero-
positive animals due to presence of antibodies, and in
one sample from seronegative animal due to dependence

Fig. 1 Summarized results of ADV investigations in wild boar from Eastern Serbia where 18 ill wild boars were hunted
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Table 1 Results of serological and molecular tests on spleen and renal samples to demonstrate AD in wild boar (Sus Scrofa) in Serbia by detecting anti-ADV antibodies and viral
DNA

Serology results PCR results

Total VN titre Total

Age group Female Male No (%) 95 % Cl 1:8 1:16 1:64 1:128 1:256 1:512 Female Male No (%) 95 % Cl

No (%) No (%) No (%) No (%) No (%) No (%) No (%) No (%) No (%) No (%)

6 - 18 months 7/13 (53,8) 7/15 (46,7) 14/28(50) 31,48-68,52 5/14(35,7) 3/14(21,4) 3/14(21,4) 3/14(21,4) 0/14(0) 0/14(0) 3/13(23,1) 5/15(33,3) 8/28(28,6) 11,86-45,34

1.5 - 2.5 years 2/3 (66,7) 2/2 (100) 4/5 (80) 44,94-115,06 0/4(0) 0/4(0) 1/4(25) 1/4(25) 1/4(25) 1/4(25) 0/3 (0) 0/3 (0) 0/6 (0) 0

>2,5 years 2/3 (66,7) 3/4 (75) 5/7(71,4) 37,92-104,88 0/5(0) 1/5(20) 2/5(40) 0/5(0) 2/5(40) 0/5(0) 0/3 (0) 0/3 (0) 0/6 (0) 0

Total 11/19 (57,9) 12/21 (57,1) 23/40(57,5) 42,18-72,82 5/23 (21,7) 4/23(17,4) 6/23(26,1) 4/23(17,4) 3/23(13) 1/23(4,3) 3/19 (15,8) 5/21(23,8) 8/40 (20) 7,6-32,4
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Fig. 2 Phylogenetic tree based on us4 sequence constructed using Maximum Parsimony Test. The analysis involved 18 nucleotide sequences.
Codon positions included were 1st + 2nd + 3rd + Noncoding. All positions containing gaps and missing data were eliminated. Evolutionary
analyses were conducted in MEGA6. Serbian sequences are in bold typewriting, identified by GenBank accession number/species/country.
Numbers along the branches represent percentages of 1000 bootstrap iterations. WB: wild boar. DP1: domestic pig, DP2: dog, DP3: domestic pig

Fig. 3 Phylogenetic tree based on us9 sequence constructed using Maximum Parsimony Test. The analysis involved 19 nucleotide sequences.
Codon positions included were 1st + 2nd + 3rd + Noncoding. All positions containing gaps and missing data were eliminated. Evolutionary
analyses were conducted in MEGA6. Serbian sequences are in bold typewriting, identified by GenBank accession number/species/country.
Numbers along the branches represent percentages of 1000 bootstrap iterations. WB: wild boar. DP1: domestic pig, DP2: dog, DP3: domestic pig
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of virus isolation on sample quality. The isolation of
ADV from spleen and renal tissues and low serum anti-
body titres indicated those were cases of active ADV in-
fection. Virus isolation was performed on the PK15 cell
line where the virus induced syncytia, previously associ-
ated with virus pathogenicity [25]. Bitsch et al. [25] con-
cluded that such isolates were highly pathogenic for pigs
and cattle, although conversely lack of syncytia forma-
tion was not considered as an indicator of attenuation.

The highly developed syncytia observed in the study
supported the conclusion the cause of the depression
and other symptoms reported by the hunters was active
AD.
The herpesvirus genome is highly conserved and most

genes are not sufficiently variable for high–resolution
phylogenetic analysis. With ADV slow rate of genetic
evolution, genetic diversity within a population may be
primarily caused by a high prevalence of infection [27].
According to partial ul44 gene, 5 groups of ADV could

be distinguished, A-E. Strains isolated from feral pigs
belonged to groups A and C, strains isolated from do-
mestic pigs belonged to B and D groups. Group E was
formed mainly of strains from Eastern regions, primarily
China [4]. Fonseca et al. (2014) [26] found, analysing
other genes, two clusters forming which separated viral
isolates from East and West.
In this study, three partial sequences, (us4, us9 and

ul49.5) were analized in order to increase the probability
of detecting variation between the isolates from wild and
domestic animals. However, the overall distance between
isolates (eight wild boars, three domestic animals) as
well as between viruses detected in the wild and domes-
tic animals was negligible. This finding was consequence
of the insufficient number of samples and a short

Fig. 4 Phylogenetic tree based on ul49.5 sequence constructed using Maximum Parsimony Test. The analysis involved 21 nucleotide sequences.
Codon positions included were 1st + 2nd + 3rd + Noncoding. All positions containing gaps and missing data were eliminated. Evolutionary
analyses were conducted in MEGA6. Serbian sequences are in bold typewriting, identified by GenBank accession number/species/country.
Numbers along the branches represent percentages of 1000 bootstrap iterations. WB: wild boar. DP1: domestic pig, DP2: dog, DP3: domestic pig

Fig. 5 VNT results of PCR positive wild boars
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sampling period, along with limited number of available
sequences for those three regions in GeneBank. The big-
gest differences were observed for the us9 gene which
encoded 11 kDa protein responsible for axonal trans-
port, followed by ul49.5 gene encoding gN, involved in
viral morphogenesis and membrane fusion. Analysis of
gG sequence from Serbian wild boar and domestic
animals isolates showed that the gene was highest con-
served among examined genes. However, certain dis-
tance between isolates from wild and domestic animals
indicated different origin of those strains, but no differ-
ence between isolates from wild boar, based on three
genome sequences. The low genetic diversity, which is
characteristic of herpesviruses, is also responsible for the
low bootstrap values observed in the constructed trees.
Similar findings were reported by Keros et al., [31].

The authors reported that genetically identical viral
strains belonging to Clade A were circulating in Croatia
in wild boar and domestic pigs, according to the gC
sequences derived from six domestic pigs and one
wild boar. Furthermore, sequencing the gC genome
fragment of ADV isolated from two hunting dogs
confirmed the presence of Clade A genotype, similar
to strains derived previously from domestic pigs and
wild boars in Croatia [32].
Experimental infections showed that wild boar ADV

isolates could be species adapted, leading to a different
clinical and immunological response than in domestic
pigs [1].
Manifested clinical symptoms are a product of virus

virulence and dose, age of host animal and its reproduct-
ive and immunological status. They are the most ob-
served in piglets and sows. The most affected age
category in our study was young wild boars, 6–18
months old. Clinical signs expected in that category
caused by ADV were rather nonspecific, i.e. depression,
appetite loss, fever, cough etc. Pathomorphological signs
were not typical or were absent. Such observations were
reported by the hunters, but could not be linked to any
specific disease.
Numerous reports have suggested that females have

been more frequently infected with ADV [33–35]. Fe-
males are considered to be at higher risk of infection
with ADV due to their different behaviour. Females live
in groups in which contacts between animals are more
frequent than among solitary males. Additionally, older
and socially more active adults are at a higher risk of in-
fection [36]. However, the results of this study did not
show that there was any statistically significant differ-
ence between genders or age categories (P > 0.05). How-
ever, all ADV positive animals in this study were 6–18
months of age and it was consistent with the results
from the outbreak in Spain where most affected animals
were 4–8 months old [11]. Sample bias could not be

excluded due to the majority of samples (70 %) being ac-
quired from that age class.
Serological results showed that 50 % of wild boars 6–

18 months of age were ADV antibody positive. High VN
titres, higher than 1:128, which were seen in the age
groups 1.5-2.5 years and more than 2.5 years, might be
due to the higher stimulation of the immune system by
a putative reactivated latency. Low VN titres in young
animals and no neutralising antibodies in ADV positive
animals indicated that this was a recent infection rather
than latent virus reactivation. Verin et al. [37] demon-
strated that serology tests could be negative in recently
infected animals. Up to 45 % of animals with the virus in
tonsils could be seronegative [34].
All PCR positive animals were hunted in one hunting

ground (area of 44349 ha) with a total number of wild
boars estimated at 100, leading to an estimated morbid-
ity of 18 %. The seroprevalence in that hunting ground
was 57.5 %, and in a previous survey 57 % (unpublished
data). The seroprevalence in Spain affected by an out-
break in wild boar was also above 50 % [11].
ADV transmission depends on a direct contact be-

tween animals [20] but since the outbreak occurred in
the less-inhabited area of Serbia, there was a low prob-
ability of contact between wild and domestic pigs, and
consequently a low risk of ADV transmission to domes-
tic pigs. So although feral pigs and wild boars were
recognised as reservoirs of ADV [13, 38], the detection
of active ADV infection within wild boar did not indi-
cate they were a likely source of infection for domestic
pigs. Nonetheless, the findings were supported that wild
boar species was able to maintain infection without the
presence of domestic pigs [35] and with no discernible
effect on the population structure [37].
ADV infection affects the reproduction and health

status of wild boars, particularly in piglets and the
higher presence of viral genome in piglets and genital
swabs also indicating both vertical and venereal trans-
mission [37].
Nevertheless, a relatively low risk of transmission to

domestic pigs still exists since there is evidence that
ADV was spontaneously shed in the nasal secretion of a
sow after parturition 19 months post infection with no
clinical signs [39]. Additionally, daily migrations and fre-
quent contacts with different subjects plays significant
role in virus spreading [35].
There are many reports suggesting increase of popula-

tion of wild boar in Europe, causing significant damage
to agriculture. According to hunting associations, wild
boar population in Serbia is stable. But domestic pigs
production, still based on back yard system, with low or
no biosecurity measures applied, is the critical place
where the virus can enter domestic pig population and
further on into intensive production systems.
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The accurate diagnosis of AD can also be affected by
previous vaccination of domestic pigs. There is evidence
that the viruses from modified live vaccine (MLV) can
be shed from the oronasal cavity [40], but Terpstra and
Pol [41] showed that vaccination with MLV vaccines was
not likely to interfere with the laboratory diagnosis of
ADV field strains. However, since the attenuated virus
replicates in the body and can be excreted, transmission
to other animals, reverse mutations and genetic recom-
bination with field strains cannot be excluded [42]. The
most commonly used AD vaccine in Serbia for domestic
pig vaccination is made using the attenuated Bartha
strain, which minimizes field virus excretion comparing
to inactivated vaccines [43]. Though, Gielkens at al. [44]
reported two cases where the ADV field isolate, recovered
from diseased pigs, was suspected to be of attenuated vac-
cine virus origin, they also did not exclude the possibility
that the disease was caused by a virulent virus present in
the herd before vaccination. Due to the long term vaccin-
ation of wild boars in Serbia, it was interesting to compare
genome sequences between wild boar isolates and Bartha
strain. Greatest distance of 6 % has been shown for ul49.5
gene, where Bartha strain, along with Kaplan and DUL34-
pass strain, forms separated cluster.

Conclusions
Successful isolation of AD virus from tissues of wild boars
showing signs of illness (depression, dyspnoea, slow move-
ment) indicates that an AD outbreak did occur in Eastern
Serbia during the winter 2014–2015. The hypothesis that
this was a recent infection is supported by serological re-
sults showing low VN titre or no titre in virus positive ani-
mals. Furthermore, other viral diseases that could affect
the health status of wild boar were excluded.
Genetic analysis based on three partial sequences

showed that isolates from both domestic pigs and wild
boars from East Serbia were very close to each other.
Nevertheless, we presume that due to the different status
and management between wild boar and domestic pigs,
ADV can evolve but to follow this process genes, that
exhibit evidence of positive selection, should be selected.

Endnotes
1See: Official Journal of the European Union: http://eur-

lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:
32008D0185&from=EN (accessed March 2015)

2See: http://www.socscistatistics.com/pvalues/normal
distribution.aspx (accessed March 2015)

3See: World Animal Health Information Database
(WAHID): http://www.oie.int/wahis_2/public/wahid.php/
Diseaseinformation/Immsummary (accessed March 2015)

4See: The Merck Veterinary Manual: http://www.
merckvetmanual.com/mvm/nervous_system/pseudorabies/
overview_of_pseudorabies.html (accessed March 2015)

Abbreviations
AD, Aujeszky’s disease; ADV, Aujeszky’s disease virus; CI, confidence intervals;
CPE, cytopatic effect; CSF, Classical Swine Fever; DNA, deoxyribonucleic acid;
ELISA, enzyme-linked immunosorbent assay; NCBI, National Centre for
Biotechnology Information; OIE, World Organisation for Animal Health; PCR,
Polymerase Chain Reaction ; PCV2, Porcine Circovirus2 ; PPV, Porcine Parvovirus;
PR, Pseudorabies; PRCV, Porcine Respiratory Corona virus; PRRSV, Porcine
reproductive and respiratory syndrome virus; PRV, Pseudorabies virus; SE,
standard error; SHV1, Suid Herpesvirus 1; SIV, Swine Influenza Virus; TCID, tissue
culture infective dose; UK, United Kingdom; VNT, virus neutralisation test;
WAHID, World Animal Health Information System

Acknowledgements
This work was supported by the Ministry of Education, Science and
Technological Development, Republic of Serbia (grant numbers TR31088,
TR 31075).

Funding
This study has been funded by the Institute of Veterinary Medicine of Serbia.

Availability of data and materials
Sequence information is deposited in NCBI Sequence Read Archive (SRA).
The sequences are available under accession numbers: KT187309, KT187310,
KT187311, KT187315, KT187316, KT187317, KT187321, KT187322, KT187323,
KT273927, KT273928, KT273929, KT273930, KT273931, KT273932, KT273933,
KT273934, KT273935, KT273936, KT273937, KT273938, KT273939, KT273940,
KT273941. The other data sets supporting the results of this article are
included within the article.

Authors’ contributions
VM carried out serological and molecular tests and drafted the manuscript.
SR designed and coordinated the study. MV participated in sequence
analysis and performed descriptive epidemiology. VI participated in
sequence analysis and carried out phylogenetic trees. VR performed virus
isolation and statistical analysis. All authors read and approved the final
version of the manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
In Serbia, this kind of study does not require formal ethical approval, since
the samples originated from wild boars shot during the regular hunting
seasons which were organized by Hunting Associations according to the
Law on Hunting (“Sl. glasnik RS”, br. 18/2010). Also, these samples were
initially tested on Classical Swine Fever according to the Monitoring plan
issued by the Ministry of Agriculture and Environmental protection (No 323-
02-6816/2014-05 from 27.11.2014).

Author details
1Virology department, Institute of Veterinary Medicine of Serbia, Vojvode
Toze 14, 11000 Belgrade, Serbia. 2Infectious Animals Diseases and Diseases of
Bees, Faculty of Veterinary Medicine, Bulevar oslobodjenja 18, 11000
Belgrade, Serbia. 3Department of Biodiversity, University of Primorska, Faculty
of Mathematics, Natural Sciences and Information Technologies, Glagoljaska
8, SI-6000 Koper, Slovenia. 4Institute of Veterinary Medicine of Serbia, Vojvode
Toze 14, 11000 Belgrade, Serbia.

Received: 3 September 2015 Accepted: 23 June 2016

References
1. Muller TF, Teuffert J, Zellmer R, Conraths FJ. Experimental infection of

European wild boars and domestic pigs with pseudorabies viruses with
differing virulence. Am J Vet Res. 2001;62:252–58.

2. Klupp BG, Hengartner CJ, Mettenleiter TC, Enquist LW. Complete, annotated
sequence of the pseudorabies virus genome. J Virol. 2004;78:424–40.

Milicevic et al. BMC Veterinary Research  (2016) 12:134 Page 10 of 11

http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32008D0185&from=EN
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32008D0185&from=EN
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32008D0185&from=EN
http://www.socscistatistics.com/pvalues/normaldistribution.aspx
http://www.socscistatistics.com/pvalues/normaldistribution.aspx
http://www.oie.int/wahis_2/public/wahid.php/Diseaseinformation/Immsummary
http://www.oie.int/wahis_2/public/wahid.php/Diseaseinformation/Immsummary
http://www.merckvetmanual.com/mvm/nervous_system/pseudorabies/overview_of_pseudorabies.html
http://www.merckvetmanual.com/mvm/nervous_system/pseudorabies/overview_of_pseudorabies.html
http://www.merckvetmanual.com/mvm/nervous_system/pseudorabies/overview_of_pseudorabies.html


3. Herrmann G, Heppner B, Ludwig H. Pseudorabies viruses from clinical
outbreaks and latent infections group into four genome types. In: Wittmann
G, Gaskell RM, Rziha HJ, editors. Latent herpesvirus infections in veterinary
medicine. Dordrecht: Martinus Nijhoff; 1984. p. 387–401.

4. Fonseca A, Camargos MF, Sales ML, Heinemann MB, Leite RC, Reis JKP.
Pseudorabies virus can be classified into five genotypes using partial
sequences of UL44. Braz J Microbiol. 2012;43:1632–40.

5. Schollum L. Aujeszky's disease: epidemiology. Surveill. 1987;14:16–21.
6. Meng XJ, Lindsay DS, Sriranganathan N. Wild boars as sources for infectious

diseases in livestock and humans. Philos Trans Royal Society B: Biol Sci.
2009;364:2697–707.

7. Ruiz-Fons F, Segalés J, Gortázar CA. A review of viral diseases of the
European wild boar: effects of population dynamics and reservoir role.
Vet J. 2008;176:158–69.

8. Schulze C, Hlinak A, Wohlsein P, Kutzer P, Muller T. Spontaneous Aujeszky’s
disease (pseudorabies) in European wild boars (Sus scrofa) in the federal
state of Brandenburg, Germany. Berl Munch Tierarztl Wochenschr.
2010;123:359–64.

9. Kluge JP, Beran GW, Hill HT, Platt KB. Pseudorabies (Aujeszky’s disease). In:
Straw BE, D’Allaire S, Mengeling WL, Taylor DJ, editors. Diseases of Swine.
8th ed. Ames: Iowa State University Press; 1999. p. 233–46.

10. Pusic I, Prodanov-Radulovic J, Dosen R, Stojanov I, Stojanovic D, Petrovic T.
Epizootical characteristics of Aujeszky's disease in Vojvodina region and
biosecurity concernes. Biotechnol Anim Husbandry. 2011;27:875–82.

11. Gortazar C, Vicente J, Fierro Y, Leon L, Cubero MJ, Gonzalez M. Natural
Aujeszky's disease in a Spanish wild boar population. Ann N Y Acad Sci.
2002;969:210–12.

12. Muller T, Klupp B, Zellmer R, Teuffert J, Ziedler K, Possardt C, Mewes L,
Dresenkamp B, Conraths FJ, Mettenleiter TC. Characterisation of pseudorabies
virus isolated from wild boar (Sus scrofa). Vet Rec. 1998;143:337–40.

13. Lipowski A. European wild boar (Sus scrofa L.) as a reservoir of infectious
diseases for domestic pigs. Med Weterynaryja. 2003;59:861–63.

14. Elbers ARW, Dekkers LJM, Van Der Giessen JWB. Sero-surveillance of wild
boar in the Netherlands, 1996–1999. Rev Sci Tech. 2000;19:848–54.

15. Anon. Surveillance of zoonotic and other animal disease agents in Sweden
2010, The National Veterinary Institute (SVA). Uppsala: SVA:s rapportserie 22
ISSN; 2010. p. 1654–7098.

16. Zupancic Z, Jukic B, Lojkic M, Cac Z, Jemersic L, Staresina V. Prevalence of
antibodies to classical swine fever, Aujeszky's disease, porcine reproductive
and respiratory syndrome, and bovine viral diarrhoea viruses in wild boars
in Croatia. J Vet Med B Infect Dis Vet Public Health. 2002;49:253–6.

17. Lari A, Lorenzi D, Nigrelli D, Brocchi E, Faccini S, Poli A. Pseudorabies virus in
European wild boar from central Italy. J Wildl Dis. 2006;42:319–24.

18. Boadella M, Vicente J, Ruiz-Fons F, de la Fuente J, Gortazar C. Effects of
culling Eurasian wild boar on the prevalence of mycobacterium bovis and
Aujeszky’s disease virus. Prev Vet Med. 2012;107:214–21.

19. Pannwitz G et al. A longterm serological survey on Aujeszky's disease virus
infections in wild boar in East Germany. Epidemiol Infect. 2012;140:348–58.

20. Murphy AF, Gibbs EPJ, Horzinek CM, Studdert JM. Veterinary virology.
Thirdth ed. London: Academic Press, UK; 1999. p. 312–14.

21. Pesjak ZK, Truszczynsky M. Aujeszky’s disease (Pseudorabies). In: Straw BE,
Zimmerman JJ, D’Allaire S, Taylor DJ, editors. Diseases of swine. 9th ed.
Oxford: Blackwell Science, UK; 2006. p. 419–33.

22. Capua I, Casaccia C, Calzetta G, Caporale V. Characterization of Aujeszky’s
disease viruses isolated from domestic animals and from a wild boar (Sus
scrofa) in Italy between 1972 and 1995. Vet Microbiolgy. 1997;51:143–49.

23. Huang C, Hung JJ, Wu CY, Chien MS. Multiplex PCR for rapid detection of
pseudorabies virus, porcine parvovirus and porcine circoviruses. Vet
Microbiol. 2004;101:209–14.

24. Song DS et al. Multiplex reverse transcription-PCR for rapid differential
detection of porcine epidemic diarrhea virus, transmissible gastroenteritis
virus, and porcine group a rotavirus. J Vet Diagn Investig. 2006;18:278–81.

25. Kim J, Han DU, Choi C, Chae C. Simultaneous detection and differentiation
between porcine circovirus and porcine parvovirus in boar semen by
miltiplex seminested polymerase chain reaction. J Vet Med Sci. 2003;65:741–4.

26. Hermann JR, Hoff SJ, Yoon KJ, Burkhardt AC, Evans RB, Zimmerman JJ.
Optimization of a sampling system for recovery and detection of airborne
porcine reproductive and respiratory syndrome virus and swine influenza
virus. Appl Environ Microbiol. 2006;72:4811–8.

27. Fonseca AA, Sales EB, Heinemann MB, Jenner KP, Reis JKP. Molecular
Phylogeny of Suid Herpesvirus 1. ISRN Virology. 2014. doi:10.1155/2014/463173.

28. Lazic S, Plavsic B, Polacek V, Lupulovic D, Milicevic V, Veljovic L, Lazic G,
Prodanov-Radulovic J, Bugarski D, Petrovic T. Testing the presence of
Aujeszky disease among wild boars in Republic of Serbia. In: Petrovic T,
editor. Book of abstracts of the XVII epozootiology and epidemiology
symposium. Subotica: Serbian Veterinary Society: Section for Zoonoses;
2015. p. 70–1.

29. Spickler AR. Emerging and Exotic Diseases of Animals, Fourth Ed. Ames:
CFSPH Iowa State University, USA. 2010.p.329.

30. Wittmann G, Jakubik J, Ahl R. Multiplication and distribution of Aujeszky's
disease (pseudorabies) virus in vaccinated and non-vaccinated pigs after
intranasal infection. Arch Virol. 1980;66:227–40.

31. Keros T, Brnic D, Prpic J, Dezdek D, Jemersic L, Roic B, Bedekovic T.
Characterisation of pseudorabies virus in domestic pigs and wild boars in
Croatia. Acta Vet Hung. 2014;62:512–19.

32. Keros T, Jemersic L, Brnic D, Prpic J, Dezdek D. Pseudorabies in hunting
dogs in Croatia with phylogenetic analysis of detected strains. Vet Rec Case
Rep. 2015;3:1 e000181. doi:10.1136/vetreccr-2015-000181.

33. Vicente J, Ruiz-Fons F, Vidal D, Hofle U, Acevedo P, Villanúa D,
Fernandez-de-Mera G, Martín MP, Gortazar C. Serosurvey of Aujeszky's
disease virus infection in European wild boar in Spain. Vet Rec.
2005;156:408–12.

34. Ruiz-Fons F, Vidal D, Hofle U, Vicente J, Gortazar C. Aujeszky’s disease virus
infection patterns in European wild boar. Vet Microbiol. 2007;120:241–50.

35. Ruiz-Fons F. Aujeszky’s Disease, or Preudorabies. In: Gavier-Widen D,
Meredith A, Daff JP, editors. Infectious Diseases of Wild Mammals and Birds
in Europe. Oxford: Wiley-Blackwel, 2012. p. 1–36.

36. Van der Leek ML, Becker HN, Pirtle EC, Humphrey P, Adams CL, All BP,
Erickson A, Belden RC, Frankenberger, WB, Gibbs EP. Prevalence of
pseudorabies (Aujeszky’s disease) virus antibodies in feral swine in Florida.
J Wildl Dis. 1993;29:403–9.

37. Verin R, Varuzza P, Mazzei M, Poli A. Serologic, molecular, and pathologic
survey of pseudorabies virus infection in hunted wild boars (Sus scrofa) in
Italy. J Wildl Dis. 2014;50:559–65.

38. Lee JYS, Wilson MR. A review of pseudorabies (Aujeszky's disease) in pigs.
Can Vet J. 1979;20:65–6.

39. Wittmann G, Rziha HJ, Doller PC. Occurence of clinical Aujeszky’s disease in
immunosupressed latently infected pigs. Curr Top Vet Med Anim Sci.
1982;7:211–9.

40. De Leeuw PW, Tiessink JWA. Evaluation of Aujeszky’s Disease Virus Vaccine.
In: Nielsen NC, Hogh P, Bille N, editors. Proceedings of International Pig
Veterinary Society, Copenhagen, Denmark: International Pig Veterinary
Society, 1980. p.112.

41. Terpstra C, Pol JMA. Influence of vaccination with modified live vaccine on
the laboratory diagnosis of Aujeszky's disease. In: Witman G, Hall SA, editors.
Current topics in veterinary medicine and animal science. Germany.: Tubingen;
1981. p. 57–65.

42. Wittmann G. Aujeszky's disease: factors important for epizootiology and
control. Sci Tech Rev Off Int des Epizooties (Paris). 1985;4:5–20.

43. Nauwynck HJ, Zonnekeyn V, Pensaert MB. Virological protection of sows
upon challenge with Aujeszky's disease virus after multiple vaccinations
with attenuated or inactivated vaccines. Zentralbl Veterinarmed B.
1997;44:609–15.

44. Gielkens JA, Van Oirschot JT, Berns AJM. Genome differences among field
isolates and vaccine strains of pseudorabies virus. J Gen Virol. 1985;66:69–82.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Milicevic et al. BMC Veterinary Research  (2016) 12:134 Page 11 of 11

http://dx.doi.org/10.1155/2014/463173
http://dx.doi.org/10.1136/vetreccr-2015-000181

	Abstract
	Background
	Results
	Conclusions

	Background
	Methods
	Samples
	DNA extraction and ADV PCR
	DNA sequencing and sequence analysis
	Virus isolation and neutralisation
	Virus neutralisation test (VNT)
	Statistical analysis

	Results
	Discussion
	Conclusions
	See: Official Journal of the European Union: http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32008D0185&from=EN (accessed March 2015)
	show [abbrev]
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

