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Serological data imply that pseudorabies (Aujeszky’s disease) is present in 
domestic pigs and wild boars in Croatia. Therefore, this study included testing of 
brain tissue samples collected from 200 domestic pigs and 105 wild boars origi-
nating from seventeen districts of Croatia. The presence of pseudorabies virus 
(PrV) DNA was confirmed in samples originating from six domestic pigs (3%) 
and one wild boar (0.95%). Positive samples were sequenced and analysed on the 
basis of a gC genome fragment. PrV strains have shown to be genetically identical 
and they are strongly related to some representative strains in the relatively het-
erogeneous Clade A. The results clearly show that PrV is still circulating among 
the domestic pig population in Croatia. Furthermore, the presence of pseudorabies 
virus in wild boars underlines the importance of this species as a PrV reservoir. 
Continued surveillance is necessary to track the viral spread in order to achieve 
final eradication of the disease. 
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Pseudorabies (Aujeszky’s disease) is a highly contagious viral disease of 
pigs which causes vast economic losses, particularly on large breeding farms. 
Domestic animals such as dogs, cats, sheep, goats, cattle and rarely horses or 
even donkeys can also be infected with the virus. The disease occurs in wild 
boars as well and may be transmitted to domestic pigs or wild animals, particu-
larly carnivores (Sámi et al., 2007; Müller et al., 2011; Boadella et al., 2012). 

The causative agent of the disease is Suid herpesvirus 1 – SuHV1 (Pseu-
dorabies virus – PrV), which belongs to the Varicellovirus genus, Herpesviridae 
family, Suid alphaherpesvirinae subfamily, and is virulent for the majority of 
mammalian species excluding higher primates and humans. The virus genome is 
a double-stranded linear DNA molecule, 140–150 kb, which encodes for 72 genes. 
The viral membrane contains eleven glycoproteins (gB, gC, gD, gE, gG, gH, gI, 
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gK, gL, gM and gN). Glycoproteins gC, gD, gE and gL have a key role in virus 
virulence while gB has a transcriptional activity (Pomeranz et al., 2005). 

The molecular characterisation of PrV is commonly performed by restric-
tion fragment length polymorphism (RFLP) using BamHI, whereas PrV strains 
can be grouped into four major genotypes. Recently, a highly divergent fragment 
within the PrV gC has been used for phylogenetic analysis and typing. Data re-
garding the analysis of gC reveal a predominance of PrV genotype I in the Euro-
pean wild boar. Furthermore, among the European PrV strains originating from 
wild boars, two distinct clades, designated as Clade A and Clade B, have been 
described (Müller et al., 2010; Steinrigl et al., 2012). 

PrV infection causes different disorders and mostly affects the central 
nervous system. The clinical course of the disease depends on the age of animals, 
the virulence of the virus strain and the hosts’ immune status; therefore, if ani-
mals survive a PrV infection, it always ends up in a latent stage. Compared to 
domestic pigs, PRV infection of wild boars often has a more moderate clinical 
course. Usually, only respiratory signs are present, although e.g. in Germany and 
Spain more severe disorders of the nervous system have been described (Ruiz-
Fons et al., 2007; Müller et al., 2010). 

Our study describes the detection of PrV DNA in brain tissue samples af-
ter carrying out a wide-ranging viral prevalence survey including domestic pigs 
and wild boars, based on the highly conserved gB genome fragment. For addi-
tional confirmation of the infection and for the phylogenetic analysis of Croatian 
PrV strains, a variable sequence of the gC gene was compared with known se-
quences of PrV gC fragments from the GenBank. 

 
 

Materials and methods 

The study included brain tissue samples collected from 200 domestic pigs 
originating from seven districts, showing no visible signs of pseudorabies, and 
105 hunted wild boars from seventeen districts in Croatia. Samples were taken in 
2012 by experts trained in pathology. 

For testing, 25 mg pieces of the olfactory bulbs, trigeminal ganglia and brain-
stem tissue were homogenised by a Microdismembrator device (Sartorius, Goettin-
gen, Germany) and supernatants were prepared for DNA extraction by QIAmp Mini 
(250) Kit (Qiagen, Hilden, Germany) according to the manufacturer’s instructions. 

Amplification and sequencing 

DNA amplification was carried out by Platinum Taq Polymerase Kit (Invi-
trogen, Carlsbad, USA) in a Gene Amp PCR System 9700 Thermocycler (Ap-
plied Biosystems, Foster City, USA). For screening purposes, we used two sets 
of primers in a nested PCR protocol that amplifies a fragment within the highly 
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conserved gB gene, according to Ruiz-Fons et al., 2007). At the first stage prim-
ers For 5´-ATGGCCATCTCGCGCTGC-3´ and Rev 5´-ACTCGCGGTCCTCCA 
GCA-3´ (334-bp products), while at the second stage primers For 5´-ACGGCACGG 
GCGTGATC-3´ and Rev 5´-GGTTCAGGGTACCCCGC-3´ (195-bp products) 
were used for amplification. 

To confirm the results, positive samples were re-tested as described by 
Müller et al. (2010). The target was a genome fragment within the variable gC 
gene. The cycling conditions were modified and they included initial denatura-
tion at 94 °C for 3 min, 40 cycles of 94 °C for 30 s, 61 °C for 45 s and 72 °C for 
45 s with the final extension step at 72 °C for 7 min. The results were visualised 
after capillary electrophoresis in 1.5% agarose gel. 

Positive gC samples were purified with Wizard SV Gel and PCR Clean-
Up System (Promega, Madison, USA) and submitted to Macrogen (Amsterdam, 
The Netherlands), using the sequencing Big Dye TM Terminator Kit and ABI 
3730XL (Applied Biosystems). 

Alignment and phylogenetic analysis 

The first comparison of Croatian PrV sequences with PrV reference strains 
(gC genome fragment) from the GenBank was performed by the use of the 
BLAST programme (http://blast.ncbi.nlm.nih.gov/Blast.cgi). Pairwise multiple 
sequence alignment was performed using the ClustalW (1.6) program imple-
mented in MEGA5 software (Tamura et al., 2011). The formation of phyloge-
netic trees was accomplished using the same software by implementing the 
Neighbour-Joining (NJ) method with p-distance (gaps removed) for nucleotide 
or amino acid sequences (the latter not shown). The clustering stability of the NJ 
tree was evaluated by bootstrap analysis with 1000 replicates. Nucleotide and 
amino acid pairwise identity matrix was calculated on previously aligned se-
quences using BioEdit version 7.1.3.0 (Hall, 1999). The GenBank accession 
numbers of all reference sequences used for phylogenetic comparisons are indi-
cated in the phylogenetic tree (Fig. 1). The PrV sequences characterised in the 
present study have been deposited to the GenBank under accession numbers 
KC865672–KC865678. 

 
Results 

Samples of brain tissue suspensions of six domestic pigs from Zagreb dis-
trict and of one wild boar hunted in Primorsko-Goranska district were shown to 
be positive after both PCR protocols performed (for gB and gC). 

Analysis of the PrV gB genome fragment confirmed only the presence of 
swine herpesvirus 1 (SuHV-1) in the tested samples. Therefore, phylogenetic 
analysis was conducted on seven out of nine PCR products for the partial gC ge-
nome region that had provided adequate results upon direct sequencing (Table 1). 
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Fig. 1. Phylogenetic relationships of Croatian PrV strains and selected reference PrV strains. The 

phylogenetic tree is based on the partial gC coding region (~ 660 nt) of the PrV genome. GenBank 
accession numbers for selected PrV reference strains are listed within taxa. The Chinese strain was 

included as an outgroup. The scale bar represents the number of nucleotide substitutions per site 
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Table 1 

PrV isolates from domestic pigs and wild boars included in the present study 

Sequence  
ID 

Collection 
date (year) 

Host  
species 

Isolation 
source 

Isolate  
ID 

GenBank  
accession no. 

Seq1 2012 Sus scrofa domesticus Brain PRV/DP-ZG1/Cro KC865672 
Seq2 2012 Sus scrofa domesticus Brain PRV/DP-ZG2/Cro KC865673 
Seq3 2012 Sus scrofa domesticus Brain PRV/DP-ZG3/Cro KC865674 
Seq4 2012 Sus scrofa domesticus Brain PRV/DP-ZG4/Cro KC865675 
Seq5 2012 Sus scrofa domesticus Brain PRV/DP-ZG5/Cro KC865676 
Seq6 2012 Sus scrofa domesticus Brain PRV/DP-ZG6/Cro KC865677 
Seq7 2012 Sus scrofa wild boar Brain PRV/WB-KRK1/Cro KC865678 

 
All seven Croatian PrV strains derived from domestic pigs and wild boar 

proved to be 100% identical in partial gC nucleotide (nt) and amino acid (aa) se-
quences. They provisionally cluster within the relatively heterogeneous Clade A 
which comprises the majority of already characterised PrV strains (Fig. 1). The 
closest nt/aa identity was found for the PRV strain detected in a hunting dog 
from Germany – GQ862778 (Müller et al., 2010), having 100% identity on nt/aa 
level. Pseudorabies virus strains characterised in Austria (Steinrigl et al., 2012) 
that were marked as Lineage 2 representatives in the same Clade A, clustered 
along with our strains as well (Fig. 1). 

 
 

Discussion 

Domestic pigs and wild boars are natural hosts of PrV, which has recently 
been emerging worldwide. Simultaneously, over the last few decades an increase 
of the wild boar population, acting as possible PrV transmitters, has been re-
corded in most European countries. Serological surveys and virological screen-
ings have shown that in many regions of Europe the prevalence of PrV in popu-
lations of wild boar is higher than expected (Vicente et al., 2005; Müller et al., 
2011; Wodak, 2011; Boadella et al., 2012). 

Therefore, in many European countries, attempts are made to reduce PrV 
infection in wild boars, and in Croatia the success of such attempts is monitored 
by serological tests, mostly by ELISA (Roić et al., 2012). A correct diagnosis 
can be obtained by PrV isolation or by molecular detection of the viral DNA, but 
ELISA tests are highly sensitive and specific, and the PrV seroprevalence thus 
determined gives us valuable information on the circulating virus strains and 
may help to identify epidemiological links (Belák, 2005; Fonseca et al., 2012). 

Recently, Müller et al. (2010) have reported an increasing number of PrV 
infections in border regions between Germany and Belgium, Germany and Po-
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land as well as Hungary and Serbia. Since Croatia borders with Hungary, Slovenia 
and Serbia, the possibility of PrV spread, especially among wild boars, is increased 
(Vengust et al., 2005; Müller et al., 2011; Pušić et al., 2011; Wodak, 2011). 

In Croatia, the population density of wild boar has been increasing for 
more than a decade. In 2010, according to official statistics, the annual hunting 
bag amounted to 12,468 animals, resulting in an estimated population density of 
approximately 53,000 individuals. In Croatia, serosurveys among wild boar re-
vealed seroprevalences ranging from 28.1% to 55% in 2012 and 2002, respec-
tively (Župančić et al., 2002; Roić et al., 2012). 

In our research, based on samples of brain tissue suspension taken by 
screening domestic pigs and from hunted wild boar, PrV was confirmed in two 
of several districts. The study confirmed that in Croatia the same type of PrV is 
circulating in populations of domestic pigs and wild boars, which points to the 
increased need of implementing adequate control measures including both popu-
lations. Our results show that PrV strains detected in domestic pigs as well as 
wild boars in Croatia belong to Clade A, although the presence of other geno-
types cannot be excluded. 

The PrV sequences of isolates from wild boar were similar to, or identical 
with, sequences from domestic pigs, which, according to Hahn et al. (2010) sug-
gest recent transmission from roaming domestic pigs. In the Mediterranean coun-
tries and in the Balkans, outdoor pig farms with free-roaming pigs used for ham 
production pose an additional risk. Consequently, it is important to implement 
adequate biosecurity measures and prevent contact between domestic pigs and 
wild boars (Wyckoff et al., 2009). 

PrV transmission from wild boars to domestic pigs cannot be entirely pre-
vented. Therefore, efficient biosecurity measures should be implemented, espe-
cially if the farmer is also a hunter. Along with the prevention measures and pe-
riodical serological monitoring biannually or triennially, the monitoring should 
be particularly increased during the hunting seasons. In addition to that, main-
taining the pseudorabies-free status of regions is necessary and a precise and ef-
ficient molecular detection of PrV in tissues of wild animals is of great impor-
tance. Isolation and molecular categorisation of PrV from infected wild boars can 
facilitate the detection of the chain of infection and also help in assessing the 
population variety. 

The large share of latently infected wild boars in the spreading of PrV has 
encouraged us to describe in detail the characteristics of the disease and the mo-
lecular detection of the virus and in particular, to alert pig owners and hunters to 
the possibility of PrV transmission from wild boars to domestic animals. This 
study also stresses the value of the molecular detection of PrV. Further research 
and categorisation of isolates from a larger number of samples are needed in or-
der to focus on the transmission of PrV from wild boars and to develop measures 
for eradication of the disease. 
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