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Introduction

Aim. Circovirus type 2 is a common swine virus in industrial farms worldwide, including
Ukraine. PCV2 infection leads to an immunosuppressive condition and high mortality of
animals. Methods. Due to the variety of PCV-2 strains in the world, and the difference between
wildlife and farm strains, we undertook the characterization of field isolates found among wild
boars in Ukraine using phylogenetic analysis. Results. We have shown that isolates from the
Chernihiv, Zaporizhzhya, Cherkasy and Kharkiv regions belong to different subgroups of the
PCV-2 and have different origins. In addition, a relatively high level of similarity with the
isolates from Croatia and Brazil was found. At the same time, the isolates from wild boars
from the Zaporizhzhya and Chernihiv regions, were found to be similar to that from pigs from
industrial farms. Conclusions. A high level of genetic diversity was found among the inves-
tigated isolates of PCV-2 isolated from wild boars in Ukraine. The fact that some of the isolates
of PCV-2 from wild boars characterized by high level of simillarity with isolates, from pigs
of industrial farms, indicates an existing pathway for the transmission of the virus between
demarcated animal populations and requires further research.
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animal viruses with unenveloped, single-
stranded circular genome and a size of 17 nm

Porcine circovirus type 2 (PCV2) impacts
global swine production, is economically
important, and is associated with multiple
disease entities including multisystemic dis-
ease, wasting, pneumonia, diarrhea and re-
productive failure. Porcine circovirus (PCV),
which belongs to the family Circoviridae,
genus Circovirus [1], is one of the smallest

in diameter [2, 3]. Two species of PCV, PCV1
and PCV2, have been characterized [4].
PCV1 is considered to be nonpathogenic to
pigs by experimental inoculation [1], and has
originally been identified as a persistent tis-
sue culture contaminant in pig kidney cell
lines [5]. PCV2 has been shown to be the
causative agent of the post-weaning multi-
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systemic wasting syndrome (PMWS) of
pigs [6, 7].

At least, five Open Reading Frames (ORF)
have been reported to be effectively transcribed,
but the most studied and widely sequenced
region is the ORF2, which encodes for the Cap
protein. This protein represents the only com-
ponent of the viral capsid and has been proven
to be the major target of the host immune re-
sponse. The ORF2-based classification criteria
have been collectively adopted to define the
PCV2 genotypes because of its higher phylo-
genetic signal and lower tendency to recombine.
The PCV2 geographical distribution and its
wide presence have been undoubtedly linked to
livestock movements and trade routes leading
to the rapid spread of new strains in various
countries. The PCV2 genotype 2a is considered
to be prevalent until 2003, when a change in
genotype prevalence (commonly known as a
genotype shift) occurred in favour of the geno-
type 2b, with a parallel enhancement of the
outbreak severity. A similar situation happened
again in 2010 when the genotype 2d appeared
and rapidly spreaded to the detriment of PCV2b
prevalence. The aforementioned high evolution-
ary rate (about 103—10~ substitutions/site/year)
and the huge viral population size provide op-
timal conditions for natural selection to act. One
of the suggested reasons for its wide acquired
genetic variability could reside in a selective
pressure promoted also by the vaccination-in-
duced immunity escape [8].

Consequently, the wild swine population
represents a major source of genetic variabil-
ity and/or simply of viral exchange, but it is
not concerned by the vaccination burden
(Porcine circovirus type 2, PCV2) evolution
before and after the vaccination introduction.
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The aim of this study was to bring together
the available genomic information on the wild
and domestic pig PCV2 strains from different
regions of Ukraine to explore their evolution-
ary pathways.

Materials and Methods

Field samples: clinical samples (serum samples
and lymph nodes) from the different farms in
high pig density provinces of Ukraine submitted
to Molecular Diagnostic Laboratory at CVD
(Center of Veterinary Diagnostics) during 2014—
2015 were included in this study. These samples
were kept at —80°C until performing DNA ex-
traction and PCR. Viral DNA was extracted
from lymphoid tissue homogenates and serum
samples using NucleoSpin Extract Viral DNA
Kit (Macherey-Nagel, Diiren, Germany) accor-
ding to the manufacturer’s instructions.

PCR amplification: A full-length ORF2
gene of PCV2 was amplified in 50 pl of reac-
tion mixture by PCR with forward primer,
PCV2-f1 (5’-CCATGC CCT GAATTT CCA
TA-3’) and reverse primer PCV2-r1 (5’-ACA
GCG CAC TTC TTT CGT TT-3’) according
to Takahagi et al. (2008). The amplification
reaction was performed with an initial step at
94°C for 2 min, followed by 35 cycles of de-
naturation at 94°C for 30 s, annealing at 60°C
for 30 s, extension at 72°C for 1 min and a
final extension step at 72°C for 7 min. The
PCV2 positive samples of 702 nt were used
for DNA sequencing.

Sequencing and phylogenetic analysis: the
PCR products were separated by 1.5% agarose
gel electrophoresis and purified with Nucleo-
Spin Extract II (Macherey-Nagel, Diiren,
Germany) for the sequences. DNA sequencing
was carried out with primers used in the previ-
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ous PCR reaction. A total of 4 sequences from
Ukrainian pigs were obtained and translated
into amino acid sequences andanalyzed to-
gether with the representative complete ge-
nome sequences reported in GenBank. A phy-
logenetic tree was constructed by MEGA 6
software (Tamura et al., 2007) using the neigh-
bor-joining (NJ) method with 1000 bootstrap-
ping replicates (Saitou and Nei, 1987).

Results and Discussion

All four PCV2 sequences from wild boars
detected in Ukraine in this study had a genome
length of 1768 nt and revealed nucleotide iden-
tities ranged between 99-91.5% (Tab. 1), in-
dicating no significant difference between
PCV2 genotype of wild boars (complete se-
quences) from different countries.

Ukrainian strains from the Chernigiv,
Cherkassy and Zaporigga regions have a com-
mon origin with the strains from Brazil and
Germany. The strain from Kharkiv has a com-
mon origin with the strain from Croatia that
was allocated in 2009.

The evolutionary history was inferred by
using the Maximum Likelihood method based
on the JTT matrix-based model [9]. The tree
with the highest log likelihood (—3225.2487)
is shown. The percentage of trees in which the
associated taxa clustered together is shown
next to the branches. Initial tree(s) for the
heuristic search were obtained by applying the
BioNJ method to a matrix of pairwise dis-
tances estimated using a JTT model. A discrete
Gamma distribution was used to model evo-
lutionary rate differences among sites (2 cate-
gories (+G, parameter = 1.7649)). The tree is
drawn to scale, with branch lengths measured
in the number of substitutions per site. The
analysis involved 17 amino acid sequences.
The coding data were translated assuming a
Standard genetic code table. All positions con-
taining gaps and missing data were eliminated.
There were a total of 539 positions in the final
dataset. Evolutionary analyses were conducted
in MEGAG6 [10].

The evolutionary history was inferred by
using the Maximum Likelihood method based

Table 1. Comparison of Ukrainian isolates of PCV2 from wild boar[s] (AK and NT sequences of complete

genome) with PCV2 strains

wb_Chernigiv UA 16 | wb_Cherkasy UA 16 | wb_Charkiv. UA 16 | wb Zaporigga UA 16

NK AK NK AK NK AK NK AK
P._circovirus 2 BJ0402 98.7 97.2 99 97 96 91.5 99.7 99.4
wild boar Germ 95.7 91.1 96 91.3 95.7 90.4 95.9 90.9
wild boar_Croatia 09 96.2 91.8 96.4 92 99.7 99.1 96.2 91.5
wild_boar Brazil 12 98.8 97.8 99 98 96.5 92.9 98.6 96.7
wild _boar 72/12 52 Brazil 12 98.5 96.5 98.6 96.3 95.9 90.9 99.4 98.7
wild boar 72/12 49 Br 98.5 96.5 98.6 96.3 95.9 90.9 99.4 98.7
wild boar 72/12 36 Br 98.4 96.5 98.5 96.3 95.8 90.9 99.4 98.7
wild_boar 72/12 35 Br 98.5 96.5 98.6 96.3 95.9 90.9 99.4 98.7
wild_boar 72/12 34 Br 98.4 96.3 98.6 96.1 95.8 90.7 99.4 98.5
wild_boar BRA JAV2 2008 98.7 97.2 98.8 97 96.1 91.5 99.7 99.4
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Fig. 1. Molecular Phyloge-
netic analysis of PCV2 from
wild boars (AC) by Maxi-
mum Likelihood method.

Fig. 2. Molecular Phyloge-
netic analysis of PCV2 from
wild boars (NK) by Maxi-
mum Likelihood method.
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on the Kimura 2-parameter model [11]. The
tree with the highest log likelihood
(—4739.0701) is shown. The percentage of
trees in which the associated taxa clustered
together is shown next to the branches. Initial
tree(s) for the heuristic search were obtained
by applying the BioNJ method to a matrix of
pairwise distances estimated using the
Maximum Composite Likelihood (MCL) ap-
proach. A discrete Gamma distribution was
used to model evolutionary rate differences
among sites (2 categories (+G, parameter =
0.0500)). The tree is drawn to scale, with
branch lengths measured in the number of
substitutions per site. The analysis involved
17 nucleotide sequences. Codon positions in-
cluded were 1st+2nd+3rd. All positions con-
taining gaps and missing data were eliminated.
There were a total of 1743 positions in the
final dataset. Evolutionary analyses were con-
ducted in MEGAG®6 [10].

The tree topology based on the nucleotide and
amino acid sequence data coincides which con-
firms the validity of our conclusions (Fig.1, 2).

Comparison of the circulating strains of
wild and domestic animals in Ukraine showed
that most of them are quite different and be-
long to different subgroups. The same situation
was described in other European countries.
However, the strains isolated from the pigs of
the Zaporigga and Chernigiv regions have a
common origin with the strain isolated from
wild boars in the Zaporigga region. The strains
isolated from the pigs from the Cherkasy and
Kharkiv regions have a common origin with
the strain isolated from wild boars from the
Kharkiv region (Fig..3). This fact demonstrates
a common origin of described isolates and
could be caused by direct transmission of
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PCV-2 between wild boars and farm animals,
that is not allowed by the biosecurity policy.

The evolutionary history was inferred using
the Neighbor-Joining method [12]. The opti-
mal tree with the sum of branch length =
0.28887349 is shown. The percentage of rep-
licate trees in which the associated taxa clus-
tered together in the bootstrap test (1000 rep-
licates) is shown next to the branches [13]. The
tree is drawn to scale, with branch lengths in
the same units as those of the evolutionary
distances used to infer the phylogenetic tree.
The evolutionary distances were computed
using the p-distance method and are in the
units of the number of amino acid differences
per site. The analysis involved 41 amino acid
sequences. The coding data were translated
assuming a Standard genetic code table. All
positions containing gaps and missing data
were eliminated. There were a total of 124 po-
sitions in the final dataset. Evolutionary anal-
yses were conducted in MEGAG6 [10].

The phylogenetic tree analyses classified the
isolates of this study in two subgroups accord-
ing to the classification proposed by Grau-Roma
et al. (2008) [14]. Based on the subgroup ter-
minology described previously (Olvera et al.,
2007) [15], nucleotides 262—267 and amino
acids 88—89 of ORF2 were compared and clas-
sified. The nucleotide sequences “CCCCGC”,
“CCCCTC” and “AAAATC” are the signatures
motif for PCV2b subgroup 1A/B, 1C and
PCV2a, respectively. The amino acid “PR” was
enclosed with subgroup1A/B, while the PL and
KI were related with subgroup 1C and PCV2a
(Cheung et al., 2007) [16]. The isolates from
Zaporigga, Chernigiv and Cherkasy 1 were
divided into 1A/ B subgroups together with
PCV2 sequences of strains from wild boars
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from Brazil and Germany. The isolates from
Charkiv 1 were divided into 2 subgroups to-
gether with PCV2 sequences of strain from wild
boars from Croatia (Fig.1-3).

Genetically, the characteristics of Ukrainian
isolates of PCV2 showed a high level of di-
versity. As described, the detected isolates
belong to both subgroups (1A\B and 2) of PCV
strains. Additionally to the interesting model
that could be applied to other human and ani-
mal diseases, this rouses the interest to a con-
tinuous monitoring of viral epidemiology, par-
ticularly for rapidly evolving viruses like
PCV2, and the necessity to share the related
information to prevent or promptly act in re-
sponse to the potential emergence of actual
vaccine-immunity escape mutants [17—-19].
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Tl'eHeTH4YHA XapaKTePUCTUKA i30JATIiB HHPKOBipycy
ceuHeii 2 Tuny (IIBC-2), nerekToBaHMX Bi IMKHX
Ka0aHiB 3 pi3HUX perioHiB Ykpainu

JI. B. dynap, 1. I'. Bynzanisceka, B. I1. TTomingyk

upxoBipyc cBUHEH 2 THITy € HaA3BUYAHO PO3MOBCIO-
JOKEHHM Y BCBOMY CBITI BIpyCOM cepell CBHHEH B yMOBax
TIPOMUCIIOBOTO BHUPOIYBaHHS. YPa)KCHHS BIPYCOM IIpH-
3BOJUTH JI0 IMYHOCYTIPECHBHOT'O CTaHy TBAPHUH Ta BUCOKOL
CMEPTHOCTI. 3 Oy Ha BEJMKY PI3HOMaHITHICTh IITAMiB
IIBC-2 y cBiTi, Ta BIAMIHHICTh MK HITAMaMH, PO3IIO-
BCIOJIDKEHUMH B JIMKIH NPUPOI Ta Ha (hepmax, HEOOXiTHOO
€ XapaKTCPUCTHKA IOJIbOBUX 130JIATIB, BUSBIICHUX B
VYkpaini cepen mukux kabanis. Mera. Oxapakrepu3yBaTH
Ta mudepenmitoBard 3051ty [IBC-2, BuineHi Bif AUKAX
KabaHiB 3 pi3HUX perioHiB Ykpainu. Meroau. dinoreHen-
THaHui anam3. Pesyabrarn. Ilokasano, mio izomstu 3
UYepmniriscwkoi, 3aropispkoi, Uepkachkoi Ta XapKiBChKOT
oOnacreit HarexaTh 10 pizHuX cyorpym [IBC-2 ta MaroTs
pizHe oxomkeHHs1. KpiM TOro, BCTAaHOBIIEHO JOCHUTH BH-
COKHH piBeHb IXHBOI MOMIOHOCTI 3 1301ATaMu 3 XOpBaTii
ta Bpasmmii. BonmHowac, moka3aHo MomiOHICTh 130JIATiB,
BUUICHHUX BiJ JUKUX KabaHIiB 13 3amopi3pkol Ta YepHi-
riBCHKOT 00MAcTei 3 TAKUMH, 110 OYJTH BHIUICHI Biji CBUHEH
3 IPOMHUCIIOBHX TOConapcT. BucHoBku. Bricokuii piBeHb
TEHETUYHOTO PI3HOMAHITTS OyB BUSIBIICHUI cepest J0CiTi-
JokeHux 13051sTiB [[IBC-2, BUOIIEHUX BiJ IUKUX KaOaHIB
VYkpainu. YcraHoBieHni akT mogiOHOCTI JEsSKHX 13071TIB
IIBC-2 Big aukux kKaOaHIB 3 130JIATaMH, BiJl CBHHEH 3
MTPOMUCIIOBUX (pepM, CBITUUTD MPO ICHYIOUMH IUISX T1e-
penadi Bipycy MiXK pO3MEKOBAHUMH TTOMYJIAIISIMI TBAPHH
1 IoTpedy€e MOAATBIINX JOCTIHKCHB.

KnwouoBi cuoBa: nupkoBipyc cBuHEi 2 THITY, THKi
kabaHH, (pIJIOreHeTHYHHH aHaIli3, TeHETUYHE PI3HOMAHITTSI.
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I'eHeTn4yeckasi XapaKTePUCTHKA H30JIITOB
nupkoBupyca ceunei 2 tuna (I{BC-2),
JeTeKTHPOBAHHBIX OT JUKHUX KA0aHOB C Pa3HbIX
PeruoHoOB YKpauHbI

JI. B. Aynap, U. I'. byn3anusckas, B. I1. ITonumryx

LupkoBupyc cBUHEN 2 THIA SBISETCS YpE3BBIYANHO pac-
MPOCTPAHEHHBIM BO BCEM MUPE BUPYCOM CPEIM CBUHEN B
YCJIOBUSX MPOMBILIIEHHOTO BBIPALLMBAHUS. 3apakKeHHE
BUpYCa MPUBOAUT K UMMYHOCYTIPECCUBHOMY COCTOSIHUIO
JKUBOTHBIX U BBICOKOW CMEPTHOCTHU. Y UHTHIBAsI OOIBIIIOE
pazHoobOpasue mrammoB [[BC-2 B mMupe, n paznuune
MEXIy IITaMMaMH, paclpOCTPAHEHHBIMU B AUKOHN MpH-
porne 1 Ha hepMax, HCOOXOIMMA XapaKTEPUCTHKA TIOJICBBIX
H30JSITOB, BRISIBIICHHBIX B YKpaWHE CPE/TH IUKUX KaDaHOB.
Hean. Oxapakrepu3oBarh U quddepeHIIPOBaTh H30JSATHI
[IBC-2, BBIIICIICHHBIC OT TUKUX KaOaHOB U3 pa3HBIX pe-
rHOHOB YkpauHbl. MeToabl. OUIOreHeHTUUECKUI aHan3.
Pesyabrarsl. [Tokazano, 4to u3onatel u3 YepHUTOBCKOH,
3amopokckoii, Uepkacckoir 1 XapbKOBCKOH 00JacTeit
OTHOCATCSI K pa3iuuHbIM cyorpynam 1[BC-2 n umeror
pasHoe npoucxoxeHue. Kpome Toro, ycTaHoBI€HO J10-
CTaTOYHO BBICOKMH YPOBEHb UX CXOJICTBA C U30JIATAMH U3
Xopsaruu u bpasunuu. B To ke BpeMs, I0Ka3aHO CXOI-
CTBO M30JISITOB, BBIZICIICHHBIX OT JMKUX KaOaHOB 3ariopox-
CKo¥ U UepHUTOBCKOM 00JIacTel, C BBIICICHHBIMH OT
CBUHEH U3 MPOMBILIUICHHBIX X0351CTB. BhIBOABI. BhicoKMit
YPOBEHBb T'€HETHYECKOro pa3HOo00pasusi ObUI BBISBICH
cpenu uccaenoBaHHbIX u30isToB [IBC-2, BhIZIENEHHBIX OT
JUKUX KaOaHOB YKpauHbI. YCTaHOBJICHHBIH (hakT poacTBa
HeKoTOpbIX n30s1AToB [IBC-2 OT inkux kabaHoB ¢ U30JIs-
TaM#, OT CBUHEHW M3 MPOMBIIIICHHBIX CBUHOBOIUYECKHUX
(bepM, ykaspIBacT Ha CYIIECTBYIOMINN IMyTh MEPCIavH
BHpPYCa MY pa3rpaHUICHHBIMH MTOMYJISIIUSIMU KUBOT-
HBIX U TpeOyeT NaTbHEUIITNX UCCIIeIOBAHU.

KiamwoueBble €J0Ba: IUPKOBUPYC CBUHEH 2 TuIA,
JIMKKE KabaHbI, (PHIOrCHETHYCCKUI aHAIIN3, TCHETHICCKOE
pasHooOpasue.
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