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COMPLETE GENOME SEQUENCE
OF PORCINE CIRCOVIRUS TYPE 2 UKRAINIAN ISOLATES

Porcine circovirus type 2 (PCV2) is associated with distinct syndromes and diseases in swine, collectively known as porcine
circovirus-associated diseases (PCVAD), which include postweaning multisystemic wasting syndrome (PMWS), PCV2-associated
pneumonia as a part of the porcine respiratory disease complex (PRDC), PCV2-associated enteritis, PCV2-associated reproductive
failure, and porcine dermatitis and nephropathy syndrome (PDNS) (1-3). PCV2-infection is widespread and essentially all pig herds
are infected with PCV2. Porcine circovirus 2 (PCV2), a member of the genus Circovirus in the family Circoviridae, is a very small sin-
gle-stranded negative-sense DNA virus of approximately 1.7 kb (4). The genome of PCV2 encodes three major open reading frames
(ORFs) encoding the replicase proteins (ORF1), the viral capsid protein (ORF2), and a protein with suggested apoptotic activity
(ORF3) (5). Previous reports showed that there were five PCV2 genotypes, including PCV2a, PCV2b, PCV2c, PCV2d, and PCV2e (6-
9). Here, we report the complete genome sequence of Ukrainian PCV2 jsolates from different regions of Ukraine.
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Introduction. Porcine circovirus type 2 (PCV2) was
first recognized as a causative agent of postweaning multi-
systemic wasting syndrome (PMWS), a multi-factorial dis-
ease in swine in Canada in 1991 (Harding and Clark,
1997). Subsequently, it has been reported in almost all
intensive pig production countries worldwide (Allan and
Ellis, 2000; Chae, 2005). PCV2 causes several clinical and
pathological conditions in pigs including porcine respiratory
disease complex (PRDC), reproductive failures, porcine
dermatitis and nephropathy syndrome (PDNS), proliferative
and necrotizing pneumonia and congenital tremor (Darwich
et al., 2004; Chae, 2005). Currently, these associated dis-
eases and conditions linked to PCV2 are called porcine
circovirus associated diseases (PCVAD).

PCV2 belonging to the family Circoviridae, is a smallest
mammalian, non-enveloped, single-stranded DNA virus
encoding a circular genome about 1.76 kb (Mankertz et al.,
1997). The genome of PCV2 contains 3 major open read-
ing frames (ORFs): ORF1, ORF2 and ORF3. The Cap pro-
tein is the main structural and major immunogenic protein
of PCV2, which is encoded by ORF2. As a result, ORF2 is
commonly used for reconstruction of the phylogenetic tree
similarity to the whole PCV2 genome study (Olvera et al.,
2007) Several studies suggested that PCV2 could be di-
vided into 2 major genotypes (Carman et al., 2006; Cheung
et al., 2007; Ma et al., 2007; Takahagi et al., 2008; Kim et
al.,, 2009). Recently, both genotypes were proposed and
referred to PCV2a (PCV2- genotype 2) and PCV2b (PCV2-
genotype 1). However, PCV2c genotype has been de-
scribed, but only found in Denmark (Segales et al., 2008).
Interestingly, the virulence of PCV2a and PCV2b isolates
was similar in the conventional SPF pig model, but the viru-
lence of the isolates within the same cluster differed
(Opriessnig et al., 2008). Alternatively, PCV2 can be classi-
fied into 8 subgroups 1A to 1C and 2A to 2E (Olvera et al.,
2007), but those were not associated with the disease con-
ditions or geographic areas. Recently, a new type of PCV
referred to PCV1/2a was reported and later found to be a
chimeric virus containing ORF1 of PCV1 and ORF2 of
PCV2a in Canada in 2009 (Gagnon et al., 2010).

In Ukraine, PMWS caused by PCV2 has been reported
from 2000. However, genetic information about PCV2,
spreaded in swine herds of Ukraine has been still unavail-
able. Therefore, the objective of this study was to deter-
mine the genetic characterizations of complete genome of

current PCV2 isolates from Ukraine pigs from different re-
gions of Ukraine (included Cherkasy, Kharkiv, Chernigiv,
Zaporiggia regions).

Materials and Methods.

Field samples: Clinical samples (serum samples and
lymph nodes) from different farms in high pig density prov-
inces of Ukraine submitted to Molecular Diagnostic Labora-
tory at CVD (Center of Veterinary Diagnostics) during
2014-2015 years were included in this study. These sam-
ples were kept at -80°C until performing DNA extraction
and PCR. Viral DNA was extracted from lymphoid tissue
homogenates and serum samples using NucleoSpin Ex-
tract Viral DNA Kit (Macherey-Nagel, Duren, Germany)
according to the manufacturer's instructions.

PCR amplification: A full-length ORF2 gene of PCV2
was amplified by PCR with forward primer, PCV2-f1 (5'-
CCA TGC CCT GAA TTT CCA TA-3') and reverse primer
PCV2-r1 (5-ACA GCG CAC TTC TTT CGT TT-3') pub-
lished by Takahagi et al. (2008), in a 50 pl reaction mixture.
The amplification reaction was performed with an initial
step at 94°C for 2 min, followed by 35 cycles of denatura-
tion at 94°C for 30 sec, annealing at 60°C for 30 sec and
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.

Viral sequences and phylogenetic analysis: The
PCR products were separated by 1.5% agarose gel elec-
trophoresis and purifiedwith NucleoSpin Extract Il (Ma-
cherey-Nagel, Diren, Germany) for the sequences. DNA
sequencing was carried out with primers used in the previ-
ous PCR reaction. A total of 4 sequences from Ukraine
pigs were obtained and translated intoamino acid se-
quences for analysis. The 4 Ukraine PCV2 sequences
were analyzed together with representative complete ge-
nome sequences reported in GenBank. A phylogenetic
trees was constructed by MEGA 6 software (Tamura et al.,
2007) using the neighbor-joining (NJ) method with 1000
bootstrapping replicates (Saitou and Nei, 1987).

Results and discussion.

Genetic characterization: All 4 Ukraine of PCV2 se-
quences in this study had a genome length of 1768 nt and
revealed nucleotide identities ranged between 100-95%
(Table 1), indicating no significant differences between
PCV2 genotype.
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Table 1. Comparison of Ukrainian isolates (AK and NT sequences of complete genome)
with PCV2 reference strains in the same group
by nucleotide and deduced amino-acid sequences

Isolate PCV2 subgroup AK, % | NT, %
swine_Chernigiv 1A/B 100 100
swine_Zaporigga 1A/B 100 100
swine_Cherkasy 2 87,1 95,2
swine_Kharkiv 2 87,1 94,9
PCV2_Uy 2 Cap 1A/B 91,9 96
PT-15152-03_cap 1A/B 92,7 97,1
NL_Control_1_capsid_protein 1A/B 91,1 96
FJFQ0511_cap 1A/B 91,1 95,7
YZ_cap_protein 1A/B 91,1 95,7
HN1-5_cap 1A/B 91,1 95,7
IL_capsid_protein 1A/B 91,9 96,3
09JX_Cap 1A/B 90,3 95,5
CHST _cap 1A/B 91,1 95,7
09GD_Cap 1A/B 91,9 96,3
C7201-1_capsid_protein 1A/B 90,3 95,2
CH3_capsid_protein 1A/B 100 99,5
PT-34765-06_cap 1A/B 100 99,5
NIVS-5_putative_capsid_protein 1A/B 100 99,5
WB-H-1_capsid_protein 1A/B 100 99,5
ZHZ1 _cap_protein 1A/B 100 99,7
DK442case_capsid_protein 1A/B 99,2 99,5
Fd1_capsid 1A/B 100 99,5
AUT5_ capsid_protein 1A/B 100 99,7
NL_Control_3 capsid_protein 1A/B 99,2 99,2
Henan_cap_protein 1A/B 100 99,5
SXTY14_ORF2 1A/B 100 99,7
ZHZ1_pig_gi1033208412 1A/B 100 99,7
AUT5_gi37791490 1A/B 100 99,7
SXTY_PCV_gi1031916872 1A/B 100 99,7
1397/2011_Vicenza_36_07/07/2011_ 1A/B 100 99,7
SNUVR000463_gi573463974 1A/B 100 99,7
DK558control_gi156193221 1A/B 100 99,7
1C-China 1C 91,1 96,3
PCV2_Gen2-_Hungary 2 89,5 96

Genome consists of at least three ORFs, encoding 2
major proteins, the Rep and Cap proteins. Multiple se-
quence alignment was completed by means of MEGAG6
with other available strains from the GenBank nucleotide
database. Ukraine isolates from Chernigiv and Zaporigga
shares a 100 % identity to each other and high identity
(95% to 99.7%) with the strains from 1A/B subgroup.
Ukraine isolates from Cherkasy, Kharkiv shares near
100 % identity to each other and high identity (94% to 96%)
with the strains from subgroup 2.

Phylogenetic analyses: The phylogenetic analysis in
this study reconstructed from the 4 Ukraine complete se-
quences from Cherkasy, Kharkiv, Chernigiv, Zaporiggia
regions of Ukraine and sequences published in GenBank
database representing all PCV2 genotypes shown in Fig. 1.

The evolutionary history was inferred using the Neigh-
bor-Joining method [1]. The optimal tree with the sum of
branch length = 0.11324677 is shown. The percentage of
replicate trees in which the associated taxa clustered to-
gether in the bootstrap test (100 replicates) are shown next
to the branches [2]. The tree is drawn to scale, with branch
lengths in the same units as those of the evolutionary dis-
tances used to infer the phylogenetic tree. The evolutionary
distances were computed using the Jukes-Cantor method
[3] and are in the units of the number of base substitutions

per site. The analysis involved 29 nucleotide sequences.
All positions containing gaps and missing data were elimi-
nated. There were a total of 387 positions in the final da-
taset. Evolutionary analyses were conducted in MEGAG [4].

Two Ukraine isolate PCV2 sequence belonged to geno-
type 1 (PCV2b) and two Ukraine isolate PCV2 sequence
belonged to genotype 2 (PCV2a) according to the classifi-
cation proposed by Grau-Roma et al. (2008). Based on the
subgroup terminology described previously (Olvera et al.,
2007), nucleotides 262-267 and amino acids 88-89 of
ORF2 were compared and classified. The nucleotide se-
quences "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). Ukraine
isolate PCV2 from Chernigiv and Zaporiggia genotype 1
were divided into 1A/ B subgroups. Ukraine isolate PCV2
from Cherkasy, Kharkiv were divided into genotype 2.

The sequence and phylogenetic analyses performing
in this study did not show any evidence of recombination
as reported in PCV type 2 isolated in Hong Kong, Korea
and USA (Ma et al., 2007; Choi and Chae, 2008; Hesse
et al., 2008).
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Figure 1. Evolutionary relationships of PCV2

However, a few amino acid replacements among
Ukraine sequences in this study were observed. Due to the
high nucleotide substitution rate of PCV2 compared to oth-
er single-stranded DNA viruses, it was estimated approxi-
mately 1.2x103 substitutions/site/year (Firth et al., 2009).
Therefore, the emerging of any new PCV2 genotype is
possible in the future. Since the samples in this study were
collected from the highest pig density provinces, the results
yielded in this study can demonstrate at least 2 introduc-
tions of PCV2 into Ukraine. Imported swine breeders and
semen appear to be the major route or transmission. An-
other evidence of introducing new virus strain into the
swine herds is using improper killed chimeric vaccine in
Canada (Gagnon et al., 2010).
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N. Qyaap, acn., B. Moniwyk, A-p 6ion. Hayk, npod., |. ByasaHiBcbka, A-p 6ion. Hayk, npod.
KuiBcbkuit HauioHanbHUM yHiBepcuTteT imeHi Tapaca LleBuyeHka, KuiB, YkpaiHa,

lF'yna Banka, kaHA. 6ion. Hayk, ATTuna Llarona, kaHa. 6ion. Hayk
YHiBepcuTeT BeTepuHapHoi meauuuHu, Byaanewr, YropwuHa

NOBHONEHOMHUN CUKBEHC YKPAIHCBKOIO I130114TY LUMPKOBIPYCY CBUHEW 2-I0 TUNY

CeuHsyull yupkoesipyc 2 (PCV2) acoyitoembcs 3 pi3HuMu cuHOpoMmamu i xeopobamu ceuHel, siki eidomi nid 3a2anbHOK Ha380H CBUHAYUX YU-
pKogipyc-acouyiliogsaHux 3axeoptoeaHb (PCVAD), siki eknmoyaromb CUHOPOM MysnbmucucmemHo20 posnady (PMWS) PCV2-acoyitiogaHi nHe8MoHii
(PRDC), PCV2, acouitiosaHuli 3 eHmepumom, PCV2, acoyilioeaHuli 3 penpodyKmueHor (hyHKU€EI, a MaKoX CeUHsIYi depmamum i cuUHOpPoM Hedp-
ponamii (PDNS) (1-3). PCV2-in¢hekyisi wupoko nowupeHa i no cymi eci ceuHi cmada 3apaxeHi PCV2. CeuHsiyuli yupkosipyc 2 (PCV2), yneH pody
Circovirus poduHu Circoviridae. Mae on- HK eipycy npu6nusvo 1,7 k6 (4). FeHom PCV2 kodye mpu OoCHOBHUX 8iGKpUMUX PaMOK 34umyeaHHsl
(ORF,), siki kodyromb pennika3y (ORF1), sipycHuli 6inok kancuda (ORF2), i 6inok, i3 3anponoHogaHoto anonmuyHoto akmusHicmio (ORF3) (5). Mo-
nepedHi 0aHi noka3anu, wo icHye n'ams 2eHomunie PCV2, e momy yucni PCV2a, PCV2b, PCV2c, PCV2d i PCV2e (6-9). B Hawili po6omi mu npoeenu
ceKeeHyeaHHs1 T0BHO20 2eHOMY 2eHOMa yKpaiHcbKo2ux i3onsimie PCV23 pi3Hux pezioHie YkpaiHu.

Knrouoei cnoea: ceuHsivuli yupkoeipyc 2, ceuHsivuli yupkoegipyc-acouiliogsaHux 3axeoproeaHb, MysibmucucmeMHuli po3nad.

N. Qyaap, acn., B. Monuwyk, A-p 6uon. Hayk, npod., U. ByasaHuBckas, A-p 6uon. Hayk, npod.
KueBckuit HauMoHanbHbIW YHMBepcuTeT UMeHn Tapaca LlleByeHko, KueB, YkpaunHa,

l'yna Banka, kaHa. 6uon. Hayk, ATtuna Llarona, kaHa. 6uon. Hayk

YHuBepcuTeT BeTepuHapHoi meavumHm, Byaanewr, BeHrpusa

MONMHONEHOMHbIU CUKBEHC YKPAUHCKOIO U3ONATA LULMPKOBUPYCA CBUHEW 2-I'0 TUMA

CeuHoli yupkoeupyc 2 (PCV2) accoyuupyemcsi ¢ pa3iu4HbIMU CUHOpoMamu u 6one3HsIMuU ceuHeli KOmMopble U3eecmHbl M00 o6WUM Ha3eaHu-
eM C8UHbIX UYUpKosupyc-accoyuuposaHHbix 3abonesaHuli (PCVAD), komopbie 8k/to4alom CUHOPOM MYyJ/bmucucmeMHbix HapyweHul (PMWS)
PCV2-accoyuupoeaHHol nHeeMoHuu, PCV2, accoyuupoeaHHbIli ¢ 3Hmepumom, PCV2, accoyuupoeaHHbix ¢ penpodykmueHol ¢yHKyuel, a makxe
ceuHble depmamum u cuHOpom Hegpponamuu (PDNS) (1-3). PCV2-uHghekyusi wupoko pacrnpocmpaHeHa u rno cyujecmey ece ceuHbu cmada 3apa-
)xeHbl PCV2. CeuHoli yupkosupyc 2 (PCV2), unen poda Circovirus cemelicmea Circoviridae F'eHoM — oyeHb ManieHbkasi oy- [JHK eupyca npumepHo
1,7 k6 (4). FeHom PCV2 koOupyem mpu OCHO8HbIX OMKPbIMbIX paMok cyumsieaHusi (ORF,), kodupyrowue pennukasyu (ORF1), eupycHsbliii 6enok
kancuda (ORF2), u 6enok, ¢ npednoxeHHol anonmomu4eckol akmueHocmbto (ORF 3) (5). Mpedbidywue OaHHbIe Moka3anu, Ymo cywecmeyem
nsmb 2eHomunoe PCV2, 8 mom yucne PCV2a, PCV2b, PCV2c, PCV2d u PCV2e (6-9). 3decb Mbi coobwjaem nosiHyto nociedoeamesibHocmb 2eHOMa
YKpauHckux u3osiimoe PCV2u3 pa3Hbix pe2uoHo8 YKpauHbl.

Knroyeenie cnoea: ceuHoli yupkosupyc 2, ceUHOU YupKO8UPYC-accoyuupo8aHHbIx 3aboneeaHull, CUHOPOM MyJSIbMUCUCMEMHbIX HapyweHul.
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PREVALENCE OF DRUG RESISTANT HIV STRAINS
IN HIV-INFECTED PATIENTS OF REPRODUCTIVE AGE

The prevalence of drug resistant HIV strains among HIV-positive reproductive aged persons with ineffective antiretroviral
therapy (ART) was assessed. The prevalence of drug resistant strains of HIV was 73.8% in the group of women and 89.29% in the
group of men (totally in 80.0% of patients). In the spectrum of drug resistance mutations (DRMs) the most prevalent mutation
associated with high-level resistance to nucleoside reverse transcriptase inhibitors was substitution M184V (80.36%); in addition,
the high prevalence of K65R (26.79%) was indicated. The most common mutations causing a high-level resistance to non-
nucleoside reverse transcriptase inhibitors were G190S/A (57.14%), Y181C (37.50%), K101E (33.93%). The DRMs to protease in-
hibitors were indicated with significantly less frequent (5.36%).

Key words: HIV, drug resistant mutations, antiretroviral therapy.

Introduction. Antibiotic and antiretroviral resistance has environment. Uncontrolled, inappropriate and overabundant

become a major clinical and public health problem nowa-
days. The selection of resistant forms of pathogens is based
on natural processes of microbes adaptation to conditions of

using of antimicrobial, antiviral and antifungal drugs, ab-
sence of strong clinical protocols of there using, extensive
applying of them in agriculture and animal husbandry, the
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