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The presence of porcine circovirus 2 and porcine parvovirus was examined in forty
clinical samples of spleen, lymph nodes and lungs originating from non-vaccinated
swine by polymerase chain reaction. All animals were reared in extensive livestock
farming systems in different geographical districts of Republic of Srpska, Bosnia and
Herzegovina. Porcine circovirus 2 DNA was detected in four lymph node and two
spleen samples (15%), while porcine parvovirus DNA was identified in five lymph
node samples (12.5%). The presence of both viruses was detected in three lymph node
samples (7.5%). Partial nucleotide sequence of ORF1 gene of 2 porcine circovirus 2 and
VP2 gene of 2 porcine parvovirus isolates was determined. The nucleotide sequences
of two PCV2 isolates from RS-BIH included in phylogenetic typing are similar and
cluster together with the strain Mantova isolated from domestic pigs in Italy, strains
DEO006-14 and DE222-13 isolated from pigs in Germany as well as with the strain
Jvnan isolated from pigs in China. Also, analyzed PCV2 isolates were partially similar
to the strain NIV-C SRB isolated from pigs in Serbia. The nucleotide sequences of two
PPV isolates that were included in phylogenetic typing showed a high level of similarity
with the strain Challenge isolated from pigs in UK, strain Kresse isolated from pigs in
USA and strains 77 and LZ isolated from pigs in China.
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INTRODUCTION

Porcine circovirus type 2 (PCV2) is a non-enveloped, single-stranded, circular DNA
virus of the genus Circovirus, family Circoviridae. Three open reading frames (ORFs
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- ORF1, ORF2 and ORF3) were recognized in the PCV2 genome [1]. PCV2 is
recognized as a necessary, but not sufficient, agent of porcine-circovirus-associated
diseases (PCVAD), including postweaning multisystemic wasting syndrome (PMWS)
and porcine dermatitis and nephropathy syndrome (PDNS) [2]. Other pathological
conditions linked to PCV2 are reproductive failure, proliferative and necrotizing
pneumonia and respiratory disease [3]. PCV2 usually affects animals between 5 and
16 weeks of age [4]. The more severe clinical symptoms are present when pigs are
co —infected with more than one virus in comparison with infection caused by a
single virus. The standard laboratory methods for diagnosis of diseases caused by
PCV2 are mainly based on immunohistochemistry and z situ hybridization directly
in tissue samples or by real-time quantitative polymerase chain reaction [5,6]. Also
the conventional polymerase chain reaction is often used as a standard method for
detection of PCV2 in clinical samples [7-9].

Porcine parvovirus (PPV) belongs to the genus Parvovirus, subfamily Parvovirinae, family
Parvoviridae and is among the major etiological agenst of reproductive failure in sows
such as fetal death, mummification, stillbirth and delayed return to estrus [10]. The
manifestation of clinical disease depends on the pathogenicity of the virus and on the
stage of gestation [11]. PPV is a small, non-enveloped, single-stranded negative-sense
DNA virus. The genome contains two major ORFs (ORF1 and ORF2) which encode
non-structural (NS1, NS2 and NS3) and structural proteins (VP1, VP2 and VP3).
Although the VP1/VP2 genes ate highly conserved, PPV strains can be distinguished
by their different pathogenicity [8]. Virus isolation in cell cultures is laborious and time
consuming, and it cannot be achieved for all PPV strains. Other diagnostic techniques,
such as conventional PCR or real — time PCR are widely used [12]. Different studies
showed that PCR is very sensitive method for PPV detection [13].

MATERIAL AND METHODS

Samples

Forty samples (spleen, lymph nodes and lungs) were collected after slaughtering, from
non-vaccinated clinical healthy swine (gilts and sows) and from animals with certain
reproductive and respiratory problems. All animals were reared in extensive livestock
farming systems in different geographical districts of Republic of Srpska, Bosnia and
Herzegovina.

Viruses

The viruses used as positive controls in the reactions were: PCV2 strain 7070-Stoon
(provided by Scientific Veterinary Institute “Novi Sad”, Novi Sad, Serbia) used as the
positive control in PCR; and PPV strain Teen (American Bioresearch, USA) used as the
positive control for virus isolation in cell culture and polymerase chain reaction (PCR).
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Virus isolation

For isolation of PPV, cell lines PK-15 and SK-6 were used (IZSBS, Brescia). Clinical
samples (spleen tissue, lymph nodes and lungs) were individually inoculated in 24-well
microtiter plates with monolayer of PK-15 and SK-6 cell lines. Clinical samples were
previously prepared for inoculation in cell culture by standard procedure for virus
isolation [14]. Each plate was inoculated with 100pl of 10% suspension of samples
in PBS and incubated for 1h at 37°C in an environment with 5% CO,. After one
hour, 500 pl of minimum essential medium (MEM, Biochrom, Germany) with 2%
fetal calf serum (PAA, Austria) was added. Plates were then incubated in the above
mentioned conditions and observed every day for the appearance of cytopathic effect
of virus (CPE) for PPV. The identification of isolated strains of PPV was performed
by haemagglutination inhibition (HI test) test after the CPE appearance or after three
consecutive blind passages [15].

PCR deftection

The extraction of viral DNA from tissue samples was performed using Thermo
Scientific GeneJet Genomic DNA Purification Kit (Thermo Scientific, USA)
according to the manufacturer’s instructions. For PCR amplification of the
specific part of PCV2 genome that encodes ORF1 protein the folowing
primers  were used (forward 5-CAGCAACATGCCCAGCAAGAAGAAT-3
and reverse 5-TCG ATCACACAGTCTCAGTAG-3) [13]. For PCR detection
of PPV, primers for the part of PPV genome that encodes VP2 protein
were used (forward 5-CACAGAAGCAACAGCAATTAGG-3 and reverse
5-CTAGCTCTTGTGAAGATGTGG-3) [13]. The PCR was done by Dream Taq PCR

Master Mix (Thermo Scientific, USA) according to the manufacturer’s instructions.

PCR protocol for the detection of PCV2 DNA comprised of primary denaturation at
95°C for 4 minutes, 40 repeated cycles of denaturation at 95°C for 30 sec., annealing
at 56 °C for 30 sec. and 72°C for 1 minute. The process was finalised with a final
elongation at 72°C for 10 minutes. The presence of specific 703bp band detected by
agarose gel electrophoresis was considered as a positive result of PCV2 presence [13].

PCR protocol for the detection of PPV DNA consisted of primary denaturation at
95°C for 4 minutes, 36 repeated cycles of denaturation at 95°C for 30 sec., annealing
at 55°C for 30 sec. and 72°C for 1 minute. The process was finalised with a final
elongation at 72°C for 10 minutes. The presence of specific 203bp band detected by
agarose gel electrophoresis was considered as a PPV positive result [13].

PCV 2 and PPV direct sequencing

PCR products were purified with QIA quick Purification Kit (Qiagen, Valencia,
CA, USA). The purified PCR products were subsequently sequenced with Big Dye
Terminator Cycle Sequencing Kit (PE Applied Biosystems, Foster City, CA, USA)
using PCR primers as sequencing primers.
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Direct sequencing of PCV2 and PPV sequences was performed by Sanger sequencing
method. Cycle sequencing protocol comprised of an initial denaturation at 96 °C
for 2 minutes, followed by 40 repeated cycles of denaturation at 96 °C for 10 sec,
annealing at 50 °C for 5 sec and elongation at 60 °C for 4 minutes. The products wete
putified by isopropanol and denatured at 95°C for 2 minutes. Sequencing reactions
were analyzed on the ABI Prism 310 Genetic Analyzer. The obtained nucleotide
sequences were aligned and compared with virus sequences available in the Gene Bank
database using BLAST tool (http://www.ncbi.nlm.nih.gov/BLAST). Evolutionary
analyses were conducted with MEGA 6 software. The phylogenetic tree for PCV2 and
for PPV viral strains were constructed using Neighbor Joining algorithm with 1000
bootstrap replicates. The evolutionary distance computed using Maximum Composite
Likelihood method.

RESULTS

PCR

Forty samples (spleen, lymph nodes and lungs) were individually examined by PCR
method for the presence of PCV2. In total, 6 out of 40 samples, four lymph node
samples and two spleen samples were found positive (15%) (Fig. 1).

Figure 1. PCR detection of PCV2
Gel electrophoresis of PCV2 PCR products (Line L — DNA Ladder; Line PCV2+ — positive
control PCV2 strain 1010 - Stoon; Samples 1-5; Line ,,-,, — negative control)

The same samples were examined for the presence of PPV. A total of five lymph node

samples were positive for the presence of viral DNA (12.5%) (Fig. 2). Three lymph
node samples were positive for both PPV and PCV2 genome sequences (7.5%).
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Figure 2. PCR detection of PPV
Gel electrophoresis of PPV PCR products (Line L — DNA Ladder; Line PPV+ — positive
control PPV strain Teen; Samples 1-5; Line “-” — negative control)

Isolation of viruses in cell lines

The samples were inoculated into two different cell lines PK-15 and SK-6. The
presence of PPV isolates in inoculated cell lines was not observed.

PCV2 and PPV nucleofide sequences

The nucleotide sequences of two PCV2 isolates from RS-BIH included in phylogenetic
typing are similar and cluster together with strain Mantova isolated from domestic
pigs in Italy, strains DE006-14 and DE222-13 isolated from pigs in Germany as well
as with the strain Jvnan isolated from pigs in China. Also, analyzed PCV2 isolates
were partially similar with the strain NIV-C SRB isolated from pigs in Serbia (Fig. 3).
The nucleotide sequences of two PPV isolates that were included in phylogenetic
typing showed a high level of similarity with the strain Challenge isolated from pigs
in UK, strain Kresse isolated from pigs in USA and strains 77 and LZ isolated from
pigs in China. However, US strain NADIL?2 and VRI-1 strain isolated in South Korea
branched separately in the phylogenetic tree indicating a higher level of difference on
analyzed nucleotide sequence level between those strains and PPV isolates obtained
in our study (Fig. 4).
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Figure 3. Evolutionary relationships of PCV2.

Evolutionary analyses were conducted with MEGA 6 software. The tree was constructed using
Neighbor Joining algorithm with 1000 bootstrap replicates. The evolutionary distances were
computed using Maximum Composite Likelihood method.
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Figure 4. Evolutionary relationships of PPV .

Evolutionary analyses were conducted with MEGA 6 software. The tree was constructed using
Neighbor Joining algorithm with 1000 bootstrap replicates. The evolutionary distances were
computed using Maximum Composite Likelihood method.

DISCUSSION

Molecular methods are very useful tools for detection of different viruses in clinical
samples. In the neighbouring country Serbia besides immunohistochemistry, PCR
was successfully used for the detection and later on for molecular characterization of
circulating PCV2 strains [8,9]. Ogawa et al. [13] examined 33 principal organs collected
from PRDC/PMWS-suspected pigs and 26 organs of aborted foetuses by multiplex
PCR for the presence of PCV2 and PPV. The results of this study confirmed 32 PCV2
positive samples (96.9%) and 9 samples positive for PPV (27.3%). Nine PPV positive
samples (27.3%) were co-infected with PCV2. Savi¢ et al. [16] detected PCV2/PRRSV
co-infection in 59 of 235 samples of swine from ten farms. In our examination,
15% of examined samples were positive for PCV2 and 12.5% were positive for PPV,
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while 7.5% of samples were co-infected with PCV2 and PPV, but our samples were
collected from animals without or with nonspecific clinical symptoms. This is in
correlation with previous reports of subclinical infection of swine caused by PCV2
[3] and PPV [12]. Our study, as well as findings from previously mentioned studies,
showed that PCR method can be used for fast, precise and accurate identification of
the aforementioned viruses without isolation in cell line. Soares et al. [17] used PCR
for the detection of PPV using primers for highly conserved nonstructural protein
gene, NS-1. A total of 24 clinical samples which were sent for PPV isolation were also
tested by HA, PCR and nested-PCR. Of those, nine were positive using isolation in
cell cultures and 18 were positive using both PCR and nested-PCR. In all samples in
which PPV had been isolated, the virus genome was successfully detected by PCR.
Five samples which were negative in PCR were positive by nested-PCR. This finding
is supported in our study where 12.5% of samples were positive for PPV by PCR, but
were not isolated on cell culture in virus isolation. Henriques et al. [18] analysed the
nucleotide sequence of ORF1 gene of PCV2. All 22 PCV2 strains were obtained from
domestic pigs originating from different regions of Portugal. The nucleotide similarity
observed among 22 strains varied between 96% and 100%. The majority of the strains
branched in genotype PCV2b, while six strains with a common geographical origin
obtained between 2007 and 2009, were included in genotype PCV2a. Ramos et al. [19]
analyzed PCV2 strains from Uruguay. The molecular analysis of the PCV2 cap gene
showed a nucleotide similarity of 99.7% among Uruguayan isolates and with two of
the Brazilian isolates included in this study. Uruguayan isolates shared a nucleotide and
amino acid identity of 99.1-99.5% with Argentinean strains, which were in turn more
closely related to isolates from France, Cuba, Canada and USA. Phylogenetic analysis
revealed that Uruguayan PCV2 strains belongs to PCV2a genotype. The nucleotide
sequences of two PCV2 isolates from our study included in phylogenetic typing are
highly similar and cluster together with strain Mantova isolated from domestic pigs in
Italy, strains DE006-14 and DE222-13 isolated from pigs in Germany, as well as with
the strain Jvnan isolated from pigs in China. Also, analyzed PCV isolates were partially
similar with the strain NIVS-C SRB isolated from pigs in Serbia. Our results are in
correlation with the findings of Chae et al. [20] obtained during molecular analysis
of 21 full genome PCV2 sequences. They found variability within ORF2 gene (91.1
—99.7% identity among PCV2 strains), while ORF1 gene was highly conserved (96.5-
100%). Phylogenetic analysis revealed that all Korean PCV2 strains belong to PCV2a
and PCV2b genotype. Xu et al. [21] compared the nucleotide sequence of the VP2
gene of the PPV NE/09 strain and other PPV strains in China. The results showed
that the VP2 gene of the PPV-NE/09 strain had high sequence similarity with other
PPV isolates. The results showed that according to the phylogenetic relationship of
the VP2 gene of PPV-NE/09, the isolate was a new mutant strain of PPV prevailing in
China. The phylogenetic analysis showed a high level of similarity between nucleotide
sequences of PPV isolates obtained in our study and sequences of strain Challenge
isolated from pigs in UK, strain Kresse isolated from domestic pigs in USA, and
strains 77 and LZ isolated from pigs in China. However, US strain NADL2 and VRI-1
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strain isolated in South Korea branched separately in the phylogenetic tree indicating
higher level of difference on analyzed nucleotide sequence level between those strains
and PPV isolates obtained in our study.

Of note, to the best of our knowledge, the presented data represents the first report
of the presence and molecular characterization of PCV2 and PPV in swine in Republic
of Srpska, Bosnia and Herzegovina.
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MOLEKULARNA DETEKCIJA PCV2 I PPV KOD SVINJA U
REPUBLICI SRPSKOJ, BOSNA I HERCEGOVINA

LUKAC Bojan, KNEZEVIC Aleksandra, MILIC Nenad, KRNJAIC Dejan,
VELJOVIC Ljubiga, MILICEVIC Vesna, ZORIC Andrea, DURIC Spomenka,
STANOJEVIC Maja, NISAVIC Jakow,

Prisustvo svinjskog cirkovirusa 2 i parvovirusa svinja ispitano je u Cetrdeset uzoraka
(slezina, limfni ¢vorovi, pluca) poreklom od nevakeinisanih svinja primenom lanc¢ane
reakcije polimeraze. Sve Zivotinje su bile iz ekstenzivnog nacina gajenja 1 iz razli¢itih
regiona Republike Srpske, BiH. Cetiti uzorka limfnih ¢vorova i dva uzorka slezine su
bili pozitivni na prisustvo DNK svinjskog cirkovirusa 2 (15%), dok je kod pet uzoraka
limfnih ¢vorova utvrdeno prisustvo DNK parvovirusa svinja (12.5%). U uzorcima
poreklom od tri svinje utvtdeno je prisustvo nukleinske kiseline oba prethodno
navedena virusa (7.5%). Metodom sckvenciranja odredena je nukleotidna sekvenca
dela ORF1 gena dva izolata svinjskog cirkovirusa 2 1 dela VP2 gena dva izolata
parvovirusa svinja. Nukleotidne sekvence dva izolata PCV2 utvtdena u uzorcima
svinja poreklom iz RS-BiH koja su bila ukljucena u filogenetsku analizu su pokazale
visok stepen slicnosti sa nukleotidnim sekvencama soja Mantova izolovanog kod svinja
u Italiji, zatim sojeva DE006-14 1 DE222-13 izolovanih kod svinja u Nemackoj kao i
sa sojem Jvnan izolovanog kod svinja u Kini. Istovremeno, izolati PCV2 utvrdeni kod
svinja u RS-BiH su bili delimi¢no sli¢ni sa sojem NIV-C SRB virusa PCV2 izolovanim
kod svinja u Srbiji. Nukleotidne sekvence dva izolata parvovirusa svinja ukljucenih u
filogenetsku analizu su pokazale visok stepen slicnosti sa sojem Challenge izolovanim
kod svinja u UK, sojem Kresse izolovanim kod svinja u SAD-u kao i sojevima 77 1 LZ
izolovanim kod svinja u Kini.
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