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В статті підсумовуються результати, отримані шляхом вивчення патологічного матеріалу в період з 
2007 по 2012 рр. на наявність циркові русу свиней 2 типу. Наші результати показують, що основна 
площа де циркулює PCV-2 в Україні – це Тернопільська (80 %), Кіровоградська (60 %), Вінницька (57 %) 
та Дніпропетровська (52 %) області 
Ключові слова: свиняча інфекція, цирковірус свиней 2 типу (PCV-2), синдром мультисистемного ви-
снаження поросят, ПЛР 
 
1. Introduction 
Ukraine is considered as a “hotspot” for emerg-

ing infectious diseases (EIDs) of pigs, meaning that it is 
a high-risk country for new infectious diseases to 
transmit. The pig production is highly increasing in 
Ukraine and many of breeding pigs have been coming 
from different countries, infected by different patho-
gens. Porcine circovirus 2 (PCV-2) is a ubiquitous vi-
rus and causal agent of well-known porcine multisys-
temic wasting syndrome (PMWS) and other PCV-2-
assocciated diseases. This is a virus of Circoviridae 
family, which is non-enveloped, circular, single-
stranded DNA virus. This is a stain of non-pathogenic 
Porcine circovirus (PCV-1) [1, 2].  

 
2. Literature review 
Porcine circovirus (PCV), which belongs to the 

family Circoviridae, genus Circovirus [1], is one of the 
smallest-animal viruses with unenveloped, single-
stranded circular genome and a size of 17 nm in diame-
ter [2, 3]. Two species of PCV, PCV1 and PCV2, have 
been characterized [4]. PCV1 is considered to be non-
pathogenic to pigs by experimental inoculation [1], and 
has originally been identified as a persistent tissue cul-
ture contaminant in pig kidney cell lines [5]. PCV2 has 
been shown to be the causative agent of the post-
weaning multisystemic wasting syndrome (PMWS) of 
pigs [6, 7].Direct horizontal transmission of PCV-2 is 
the most important route for infecting susceptible ani-
mals and spreading the virus between pigs. The other 
route of transmission of PCV-2 to naïve animals is in-
direct via oral ingestion of uncooked infected meat [8]. 
Pigs can shed the virus for a long time and it can be de-
tected in a variety of different excretions: nasal and fe-
cal excretions, serum and lymphoid tissue [4]. PCV-2 is 
wildly spread among pigs throughout the world, has 
some genetic variation and has been found in both do-
mestic and wild pigs. This virus is highly persistent in 
the environment and stable even under high tempera-
tures and under many different pH-values. The virus is 
also resistant against many common disinfectants such 
as iodine, alcohol, phenol and formaldehyde [4]. 

That is why it persistently circulates all over the 
world, and Ukraine is not exclusion. The clinical signs of 
circovirus-associated infection of pigs in Ukraine were 
described from the beginning of 2000s; however, the in-
formation about the detection of PCV-2 isolates, their 

characteristic and distribution in the different regions 
have not been published yet. 

Since 2007 the occurrence of the disease, which 
characterized by the high mortality level of pigs and by 
the number of specific symptoms appropriate to 
circovirus-associated syndromes was recorded in dif-
ferent farms [9, 10]. Therefore, we have conducted a 
study to identify the causative agent of the mentioned 
disease. 

 
3. The aim and objectives of the study 
The aims of this study were to investigate the 

disease transmission dynamics in the livestock interface 
in Ukraine with PCV-2 as a model, as a part of the EID 
surveillance, and estimate the prevalence of PCV-2 in 
domestic pigs in Ukraine. 

To accomplish the set goal, the following tasks 
were formulated: 

1. Іdentify the virus in animals’ samples, based 
on the types of tissue and organs. 

2. Identify PCV-2 in pigs’ samples of different 
age groups from different regions of Ukraine. 

 
4. Materials and methods 
Samples preparation 
The samples of pathological material of 352 an-

imals from 109 farms all over Ukraine were collected 
during 6 years. The samples of lungs, mesenteric and 
lymph nodes, small intestine and other tissues were col-
lected during pathology examination after observation 
of clinical signs like wasting, icteric organs, skin le-
sions, respiratory and intestine disorders, enlargement 
and inflammation at least one of lymph nodes, specific 
for PCV-associative disease in pigs, 35 to 120 days of 
age. The samples of each tissue were collected into 
plastic tubes and frozen -20°С. 

Nucleid acids extraction 
DNA extraction from samples that were collect-

ed from 2007 to 2009 year has been proceeding by 
sorbent approach with chloroform-isoamyl and isopro-
pyl acetone washing with DEPC-H2O elution. And ex-
traction from samples from 2010 to 2012 with ready-to-
use filtrating columns kit «Tissue DNA» (Machery 
Nagel) according to the manufacturer’s instructions. 

Primers analysis and optimization 
With the aim of PCV-2 genome detection the 

pair of specific primers, recommended by OIE (Office 
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International des Epizooties – World Health Organiza-

tion in Animal Health, OIE) were used. An optimiza-

tion and analysis have been done with the help of Vec-

tor NTI Advanced 11 and Primer3 v 4.0.0 programs 

and specific checking was introduced in BLAST NCBI 

(Table 1).   

 

Table 1 

Characteristic of primers, which used for PCR detection PCV-2 genome in the samples of pathological material of 

pigs in Ukraine carried out during 6 years (from 2007 to 2012). The primers that have been used in the mentioned 

study were confirmed as highly homologous to matrix sequences to the typical field strain 

Primer Orientation Sequence Genome position 

Cir_orf2_F forward 5’-ATGGTTACACGGATATTGTAGTCC -3’ 1086–1110 

Cir_orf2_R reverse 5′-TCCCGCACCTTCGGATATACTG -3′ 1567–1588 

 

Polymerase chain reaction 

The PCR amplification using different commer-

cial Taq-polymerases and Master-Mixes was carried 

out on 3 mcl of DNA extracted from mentioned sam-

ples by the ordinary amplification protocol, started with 

4 minutes long hot-start denaturation and followed by 

35 circles of 30’denaturation at 95 °С, 60’primer an-

nealing at 60 °С and 30’ of elongation at 72 °С. The 

DNA fragment (502 bp) produced following PCR was 

visualized in 1,7 % agarose gel.  

 

5. Results and discussions  

The characteristic of the pathological anatomy 

of the animals’ state, selected for the study 

During the study for identifying PCV-2 the tis-

sue samples from sick animals from 352 pigs from 109 

farms of 23 regions of Ukraine and Crimea were ana-

lyzed, their morphological, pathological and clinical 

conditions were described. The materials for the study 

were taken from pigs that died from the probable infec-

tion or were knowingly killed for the diagnostics. All 

mentioned animals had the external and internal patho-

logical changes specific for PCV-associated pig syn-

drome. 

Thus, we identified the following features in an-

imals’ tissues selected for the study: anaemic skin and 

yellowness (42 %) the animals' weight and age did not 

match the standards (70 %), specifically twisted spine 

(12 %), hemorrhagic dermatitis (2 %) and ear necrosis 

(2 %) (Fig. 1).  

 During the autopsy of the mentioned animals a 

great number of pathological changes was recorded, 

such as interstitial pneumonia (70 %), catarrhal non 

hemorrhagic enteritis (41 %), pericarditis (3 %), bleed-

ing of kidney (8 %), enlarged spleen (11 %), increasing 

of inguinal (78 %), mesenteric (52 %), peribronchial 

(24 %) liver (22 %), lymph nodes (LN), yellowness of 

internal organs (6 %), stomach ulcer (2 %) (Fig. 2).  

 

 
Fig. 1. Index of external clinical signs specific for studied material 

 

 

 
Fig. 2. Index of internal pathological features found in the studied material 
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The next stage of our work was to identify the 

virus in animals’ samples, based on the types of tissue 

and organs. The tissue samples of lungs, intestines, 

lymph nodes, blood and sperm were studied separately, 

and the combined studies of lungs and intestines, intes-

tines and lymph nodes, lungs and lymph nodes, lungs, 

intestines and lymph nodes were carried out. Using the 

electrophoretic analysis of PCR products, specific 

products length 1234 p.n. were recorded in 57 samples 

from various organs and combined samples. Thus, the 

results of our study revealed the PCV-2 presence in 

samples of lung tissue in 15 of 37 (40.5 %) cases. In-

stead, the virus was detected in samples of intestine and 

lymph nodes in 3 of 3 and 4 of 4 (100 %) of the inves-

tigated cases, correspondingly. However, only 3 out of 

5 (60 %) blood samples were positive for PCV-2. In  

4 sperm samples the virus was found. In the combined 

samples of intestines and lymph nodes virus was identi-

fied in 2 of 3 (66.6 %) cases and in the combined sam-

ples of intestines and lungs in 4 of 5 (80 %) cases. Al-

so, 10 of 15 (66.6 %) samples of combined lungs and 

lymph nodes were positive for PCV-2 in 16 of 32  

(50 %) of the combined samples of lungs, intestines 

and lymph nodes (Fig. 3).  

 
Fig. 3. The PCV- 2 detection dependence from the localization 

 

Identification of PCV-2 in pigs’ samples of dif-

ferent age groups from different regions of Ukraine 

To establish the dependence in pathogen pres-

ence and age of the animals, as well as to determine the 

geographical distribution of the mentioned virus, we 

first conducted the study with using the DNA isolated 

from material from different age and location criteria. 

To ensure the specificity of the reaction, the tempera-

ture of primer hybridization was set as 60 °C, and mag-

nesium chloride quantity was 1.7 microliter per sample. 

In this reaction, we used a set of primers Cir_orf2_F 

and Cir_orf2_R, which are flanking a specific area of 

Sar-gene length 502 p.n. As a result, electrophoretic 

analysis of PCR products demonstrated the presence of 

specific reaction products in 57 investigated samples 

from animals of all ages and different regions of 

Ukraine. The absence of reaction products in the nega-

tive control samples, confirmed the adequacy of the re-

sults.  

Thus, PCV-2 was found in 57 of 108 samples 

from different age and location groups from 16 of 22 

regions of Ukraine. Moreover, from 6 regions of 

Ukraine, namely Kharkov, Kirovograd, Volyn’, Zakar-

pat’ya, Ternopil’, Kherson all samples were positive 

for PCV-2. Next, from 5 regions of Ukraine, namely 

Donetsk, Zaporizhzhya, Kiev, Odessa and Sumy, more 

than 50 % of the samples were positive for virus pres-

ence. In material from Vinnitsa, Dnipropetrovs’k, 

Cherkassy, Chernihiv and Poltava PCV-2 was detected 

in less than 50 % of the sample. In samples taken from 

animals in Chernivtsi, Khmelnytsky, Rivne, Mykolaiv, 

Lugansk, Ivano-Frankivsk areas the virus was not de-

tected at all. 

In 5 weeks aged pigs, the presence of PCV-2 was 

confirmed in 2 of 13 samples (15 %). However, in animals 

of the middle age group (5–16 weeks) PCV-2 was found 

in 36 of 60 (60 %) samples. In the older age group (17–28 

weeks) PCV-2 was found in 8 of 12 (66,6 %) samples. 

However, in animals’ samples of reproductive age (43–

104 weeks) virus was identified in 3 of 5 (60 %) cases. In 

addition, it was found in the studied tissue samples from 

aborted fetuses. In these samples swine circovirus type 2 

was found in 2 of 8 (25 %) samples. 

Thus, summarizing the results, the presence of 

PCV-2 was proved for all age groups examined, but 

with varying frequency. Considering this fact, choosing 

samples from animals of elder aged groups for monitor-

ing the presence of the virus is more appropriate. How-

ever, this analysis cannot be used in the cases where 

material is selected according to the external signs of 

the disease. In addition, this study confirmed the fun-

damental possibility of detecting circovirus in tissues of 

aborted fetuses or stillborn animals that indicates on the 

transplacental virus transmission. 

These results also match a relation between the 

place of production and PCV-2 presence, but no direct 

dependence between the presence of the pathogen and 

the age of the animals. 
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In this work, we are identifying PCV-2 in the 

tissue samples and studying spread of this virus at 

farms in the different Ukrainian regions. The important 

fact during the identifying work is that among pigs at 

the age of 5 weeks the external and internal symptoms 

were almost absent, except the cases, when weight loss 

and catarrhal enteritis were observed. However, in pigs 

aged from 5 to 16 weeks, almost all of the described 

pathological and anatomical features of circovirus-

associated syndrome were present, such as external 

signs (weight loss, anemic skin), clinical signs of res-

piratory dysfunction (cough, breath shortness) and le-

sions of the gastrointestinal tract (followed by diar-

rhea). In addition, in older animals (17–28 weeks) a 

significant lack in growth, curvature of the spine and 

presence of chronic respiratory disease were observed, 

followed by coughing and breathing difficulties. 

Furthermore, we have shown that PCV-2 pres-

ence is mostly specific to samples of lymph nodes and 

intestines, or to combined samples of these organs. Se-

lection of the lung samples only is the least advisable. 

In addition, it can be assumed that the virus identifica-

tion in animals’ sperm is complicated. It can be associ-

ated with the selection of the virus with mentioned bio-

logical fluids only for a certain period of time (the peri-

od of viremia and significant immunosuppression). 

Consequently, this material is not recommended to be 

used for diagnostic and monitoring studies. 

These research results indicate the possibility of 

detecting PCV-2 by PCR in all of the mentioned tis-

sues, but with varying frequency. Although, it is im-

possible to establish a definite relationship between vi-

ruses and tissues that have been investigated. 

As looking for distribution area of PCV-2 in 

Ukrainian during the period from 2007 to 2012, we can 

see that detection of cases number increases with the du-

ration of the study (Fig.4). Thus, in 2007 in Donetsk re-

gions PCV-2 was detected in 5 of 8 samples, yet during 

the period from 2007 to 2012 it was detected in 20 of 41 

samples. Among 3 samples from Kyiv region PCV-2 

was found only in 1 sample in 2007, but after the period 

from 2007 to 2010 it was in 10 from 21, and from 2007 

to 2012 PCV-2 was found in 31 of 81 samples; not very 

high level of PCV-2 spread is shown in Kyiv region. 

Next, as looking for Odessa and Vinnitsa re-

gions, which were not studied at 2007, after the period 

from 2007 to 2011 PCV-2 was found in 3 of 5 and 2 of 

4 samples, respectively. Yet, after 2012 in Odessa and 

Vinnitsa regions PCV-2 was found in 7 of 14 and 8 of 

14 samples, respectively; that shows the high level of 

PCV-2 spread in these regions. Besides, Mykolaiv and 

Cherkassy regions show less level of PCV-2 spread: 

during the period from 2007 to 2012 virus was in 4 of 

10 samples and in 7 of 26 samples, respectively, when 

in 2007–2010 was found only one case of PCV-2-

assocciated diseases. Zakarpatsky region is interesting, 

it had no enough research – during the period from 

2007 to 2012 in this region PCV-2 was found only in 1 

of 2 samples; therefore, we cannot say with confidence 

about the prevalence of PCV-2 in this region (Fig. 4). 

Our assessment of the virus distribution let us 

state that the prevalence of PCV-2 on the territory of 

Ukraine is about 41 %, because it’s pathogens were de-

tected in 144 of 352 samples. The mentioned level is 

averaged and characterizes the areas where 16–30 sam-

ples were studied. Such index of mentioned pathogen 

distribution correlates with the facts obtained by re-

searchers in other European countries. 

Hence, during this research the material from 

pigs from 23 regions of Ukraine and Crimea was stud-

ied. Most samples, namely 81, were studied from Kyiv 

region. Next, 31 samples were positive for presence of 

PCV-2, and other 50 were negative, thus the frequency 

of the virus distribution in this area is about 38 %. 

Among 29 samples from Dnipropetrovsk region PCV-2 

was found in 15 samples, which arranges 52 %; among 

26 samples from Cherkassy region PCV-2 was found in 

7, which arranges 27 %; in samples from Donetsk ob-

last virus was detected in 20 of 41, which arranges  

49 % of studied material.  

Also, PCV -2 was found in 7 of 14, which ar-

ranges 50 % samples from Odessa region; 4 of 8 sam-

ples (50 %) of Sumy region and in 12 of 33 samples 

(36 %) of Chernihiv region. The same prevalence of 

PCV-2 was observed in Poltava and Vinnitsa regions 

where the virus was detected in 13 of 28 samples, 

which arranges 46 % and 8 of 14 samples (57 %), cor-

respondently.  

Meanwhile, in Zaporozhye and Kherson regions 

PCV-2 was identified in 25 % and 42 % of the samples, 

namely in 2 of 8 samples and 5 of 12 samples corre-

spondently. The lower prevalence of PCV -2 was de-

tected in Lviv and Kharkov regions in 2 of 6 and 2 of  

8 samples, which arranges 33 % and 25 %, and Myko-

laiv region in 4 of 6 samples, which arranges 67 %. 4 of 

5 (80 %) samples were positive in Ternopil’ region. 

Despite the fact that in Crimea and Volyn’ re-

gions PCV-2 was identified in 100 % of the samples, it 

is impossible to establish the prevalence of the virus 

clearly in the mentioned territory, because it was exam-

ined only 1 or 2 samples from each farm in this area 

(Fig. 4). Also, 3 of 5 samples (60 %) was positive for 

PCV-2 in Kirovograd, and 1 of 2 (50 %) in Chernivtsi 

and Zakarpatsky regions. It is important to emphasize 

that it is impossible to state that the Zhitomir, Ivano-

Frankivsk and Luhansk regions are free from PCV-2 as 

it wasn’t detected, as because from 2 to 4 samples were 

examined only.  
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a                                                                                   b 

 

   
c                                                                                  d 

 

   
e                                                                                  f 

Fig. 4. Distribution area of PCV-2 in Ukrainian during the period from 2007 to 2012: a – detection of PCV-2 in in Ukrainian 

during 2007; b – detection of PCV-2 during 2007-2008; c – detection of PCV-2 during 2007-2009; d – detection of PCV-2 

during 2007-2010; e – detection of PCV-2 during 2007-2011; f – detection of PCV-2 during 2007–2012 

 

6. Conclusion 

1. The research results indicate the possibility of 

detecting PCV 2 by PCR in all of the mentioned tis-

sues, but with varying frequency. Although it is impos-

sible to establish a definite relationship between viruses 

and tissues that have been investigated. 

2. Summarizing the data of the described long-

term and large-scale studies, we can state that PCV-2 is 

highly prevalent virus throughout the territory of Ukraine. 

3. PCV-2 most common for Ternopil’ (80 %), 

Kirovograd (60 %), Vinnitsa (57 %), and Dniprope-

trovs’k (52 %) regions, while it is less common in 

Kharkov (35 %), Cherkassy and Zaporizhya (both  

27 %), and Lviv (33 %) regions.  

4. Some regions – like Zhitomir, Ivano-

Frankivsk and Luhansk regions and Volyn’ – require a 

detailed study on the spread of the PCV-2. 
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