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INTRODUCTION

Porcine circoviral infection (PCVI) is currently one 
of the most wide-spread economically signifi cant 
diseases for the global pig population, since it brings 
heavy losses to the pig breeding industry in the whole 
world due to the death of piglets in the process of grow-

ing and fi nishing, insuffi cient weight gain, losses due 
to reproduction pathology, ineffi cient treatment with 
antibiotics, irrational use of antibiotics, and decreased 
quality of pig breeding products (Kekarainen T et 
al, 2015; Streltsova YuB et al, 2018; López-Lorenzo 
G et al, 2019). PCVI is reported in all the countries 
with developed pig breeding industry; this disease is 
further characterized by signifi cant immunosuppres-
sion and multi-organ nature of the pathology. The 
PCVI agent is a single-stranded DNA virus – porcine 
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To date, there is no information regarding the occurrence of  porcine circovirus type 3 (PCV-3) in pigs in Ukraine. 
Aim. The aim of this work was to study the probable occurrence of the little-studied PCV-3 in pigs with different 
health status in Dnipropetrovsk, Donetsk, Kyiv, and Kharkiv regions of Ukraine. Methods. Blood, semen, liver, 
spleen, lung samples and nasal swabs of sows and boars of different ages and with different health status, belonging 
to farms from Dnipro, Donetsk, Kyiv, and Kharkiv regions of Ukraine, were used for the study. PCV-3 genomic 
material was detected by the standard polymerase chain reaction using specifi c primers, fl anking a fragment of the 
rep gene of the virus with the length of 418 bp. To visualize the amplicons, horizontal gel electrophoresis was used 
and ethidium bromide staining after electrophoresis, followed by photographing the gels using Image Lab 5.2.1 
software. Results. DNA of PCV-3 was found in two liver samples and four nasal swabs in two different farms, 
obtained from clinically healthy pigs, which suggests the possibility of the circulation of this infectious agent at the 
subclinical level of infection at the farm under investigation. No PCV-3 coinfection with the causative agents of 
porcine reproductive and respiratory syndrome (PRRS), Aujeszky’s disease, PCV-2, and mycoplasmas was found at 
this farm. Conclusions. Porcine circovirus type 3 (PCV-3) – (a little-studied causative agent of swine disease) was 
detected in 6 out of 61 samples, originating from two farms in the Kyiv and Kharkiv regions, obtained from clinically 
healthy animals) for the fi rst time in Ukraine. This indicates possible circulation of the pathogen among pig farms in 
Ukraine and demonstrates the need to create and implement a target risk analysis, an extensive survey, as well as to 
develop control measures of the disease spreading (both organizational and technical preventive). Molecular genetic 
surveying and subsequent monitoring of PCV-3 among domestic and wild animals, which can cross the borders, will 
give a possibility to determine the risks of its spreading and related economic and epidemiological consequences. 
The whole-genome DNA sequencing of the detected virus isolates is planned to determine the relation of Ukrainian 
strains of the virus to other strains circulating in Europe and other parts of the world. Better understanding the risks, 
epidemiology and pathology, associated with this new virus for the Ukrainian pig breeding industry, will help to 
prevent and control its further spread and harmful effects.
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circovirus type 2 (PCV-2) from the Circoviridae fa-
mily. Two strains of PCV have been long known: 
PCV-1 and PCV-2, the circulation of which has been 
described from the USA, Canada, the EU, and oth-
er Euro-Asiatic countries: India, China, Republic 
of Korea, South Korea. Switzerland (Wang Y et al, 
2020; Opriessniq T et al, 2014; Saporiti V, Huerta E 
et al, 2020; Mukherjee P et al, 2018; LV et al, 2020; 
Kim S-C et al, 2018; Oropezaq-Moe M et al, 2017). 
PCV-1 is a contaminant of cell cultures and does not 
cause the disease in pigs (Shen H-G et al, 2012). 
PCV-2 is characterized by signifi cant pathogenicity 
and is the reason for many syndromes and diseases 
of pigs (Segales J et al, 2005). In 2016, there was a 
report about detecting a new type of porcine circovi-
rus – PCV-3 in sows with reproductive failures and 
clinical signs of porcine dermatitis and nephropathy 
syndrome (DNS) in North Carolina (Palinski R et al, 
2016). In the same year, the presence of PCV-3 in pigs 
with multi-systemic infl ammation in North America 
was described (Phan TG et al, 2016). At present, 
PCV-3 has been reported from Asia (Bera BC et al, 
2020; Qi S et al, 2019; Hayashi S et al, 2018; Kwon 
T et al, 2017), South and North Americas (Serena MS 
et al, 2020; Saraiva GL et al, 2019; Vargas-Bermudez 
DS et al, 2019), and in many European countries: Ire-
land, Denmark, Italy, Spain, Great Britain, Germany, 
Sweden, Poland, and the Russian Federation (Saporiti 
V et al, 2021; Czyżewska-Dors E et al, 2020; Deim 
Z et al, 2019; Klaumann F et al, 2018; Yuzhakov AG 
et al, 2018; Faccini S et al, 2017; Stadejek T et al, 
2017). PCV-3 is associated with different clinical 
syndromes, including abortion and reproductive fail-
ure of pigs, porcine dermatitis and nephropathy syn-
drome, cardiac and multi-systemic infl ammation, and 
respiratory diseases (Jiang H et al, 2019; Ouyang T et 
al, 2019; Phan TG et al, 2016). PCV-3 was also found 
in latently infected pigs (without clinical symptoms) 
(Saporiti V, Cruz TF et al, 2020; Savic B et al, 2020). 
The virus is frequently detected in the form of coin-
fections with other infectious agents, including PCV-
2 and porcine reproductive and respiratory syndrome 
virus (Serena MS et al, 2020; Sukmak M et al, 2019; 
Chen N et al, 2019). It was found that with time the 
rate of coinfection at pig farms may increase (Wang 
Y et al, 2020). The retrospective studies demonstrate 
that PCV-3 has been circulating not only among do-
mestic pigs but also in the populations of wild boars 
for decades (Prinz C et al, 2019). The rate of wild boar 
PCV-3 infection may fl uctuate from 23 to 50 % (Prinz 
C et al, 2019) and amount to 61.54 % (Giudici S et al, 

2020). It shows that wild boars may be also a potential 
reservoir of PCV-3 for Ukraine, and thus may present 
some risks of infecting industrial pig populations and 
pigs at homestead farms as some of the farms provide 
free keeping of animals in certain areas, which have 
an insuffi cient level of biological protection (Varela 
APM et al, 2020).

In Ukraine, traditionally a country with developed pig 
breeding as a key branch of farming industry, the epi-
zootic situation with PCV-3 is yet to be studied. The to-
tal population of pigs in Ukraine is 6.1 mln and 2.4 mln 
of them are kept in backyards (http://www.ukrstat.gov.
ua/). Our study is the fi rst preliminary, small screen-
ing on the circulation of PCV-3 – phylogenetically “the 
youngest” circovirus, described only in 2016 (Palinski 
R et al, 2016; Phan TG et al, 2016; Shen H et al, 2018). 
The detection and (un)known distribution of PCV-3 in 
countries, bordering Ukraine ((Deim Z et al, 2019; Yu-
zhakov AG et al, 2018; Stadejek T et al, 2017)), present 
the risks of introducing (PCV-3 strains from abroad, 
which may be a threat to the domestic pig breeding. 
Therefore, the aim of this work was to investigate the 
possible presence of PCV-3 among pigs in Dnipro, Do-
netsk, Kyiv, and Kharkiv regions of Ukraine.

MATERIALS AND METHODS

To conduct this study, we used 61 samples of dif-
ferent biological material: blood, semen, liver, spleen, 
lung samples and nasal swabs of sows and boars, col-
lected from pigs of different age, belonging to the 
farms of Dnipro, Donetsk, Kyiv, and Kharkiv regions, 
sampled in the framework of routine surveying for 
other pig diseases. 

The total DNA was extracted from the samples of 
biological material obtained by the method of Boom R 
et al, 1999.

The genomic DNA of PCV-3 was detected in a con-
ventional PCR, using PCV-3 specifi c primers PIF (for-
ward primer, 5′-ttgtggtgctacgagtgtcc-3′) and PIR (re-
verse primer, 5′-cgtctccgtcagaatccgag-3′) at the con-
centration in the reaction mixture of 0.2 μmol, the 
target for which was the conserved rep gene region 
(ORF1) of the virus, 418 bp (Saporiti V, Cruz TF et 
al, 2020). 

The PCR was conducted using ThermoScientifi c 
DreamTaq and Green PCR Master Mix (2X), accord-
ing to the manufacturer’s instructions (https://www.
thermofisher.com/order/catalog/product/K1081#/
K1081), with a Biometra TAdvanced thermal cycler 
(Germany) using the following protocol: initial de-
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naturation 95 °C for 1 min; denaturation 95 °C for 
95 s, annealing 60 °C for 30 s, elongation 72 °C for 
30 s; number of cycles – 40 (Saporiti V, Cruz TF et 
al, 2020).

The 418 bp amplicon of the PCV-3 rep gene cloned 
in plasmid vector pBLUNT, was used as a positive con-
trol for PCR (kindly provided in the framework of a 
joint project by the Lanzhou Veterinary Research In-
stitute, the People’s Republic of China). Nuclease free 
water was used as negative control. 

The amplifi cation results were visualized by horizon-
tal electrophoresis in 1.5 % agarose gel with 10 μl of 
the amplifi cation product at 12 V/cm for 40 min. Gels 
were stained with ethidium bromide. The amplicon 
length was determined using a molecular mass marker 
GeneRuler 100 bp DNA Ladder, ThermoScientifi c. The 
amplifi cation results were documented in the photo 
documentation program Image Lab 5.2.1 using a Bio-
Rad Universal Hood II transilluminator.

RESULTS

We used in total 61 samples of blood (n = 13), 
sperm (n = 3), liver (n = 10), spleen (n = 4), lungs
(n = 1), or swabs from mucous membranes (n = 30), 
obtained from sows and boars with different health 
status, but without specifi c clinical symptoms for 
PCV-3, at the farms in Dnipropetrovsk, Donetsk, 
Kyiv, and Kharkiv regions of Ukraine. The biologi-
cal material (except for the liver) initially came to the 
molecular diagnostics laboratory to be tested for the 
presence of genomic material of porcine reproductive 
and respiratory syndrome (PRRS), Aujeszky’s dis-
ease, PCV-2 and Mycoplasma spp.

Six of the 61 samples, from two different farms, were 
found positive regarding the presence of the genetic 
material of PCV-3 (Table 1).

The specifi c DNA fragment of PCV-3 of 418 bp was 
found in two liver samples of pigs from Kharkiv region 
(Fig. 1) and four nasal swabs of clinically healthy pigs 
from Kyiv region (Fig. 2). Coinfection of PCV-3 with 
other infectious agents was not established. 

Thus, the obtained results of PCR-screening in-
cluding testing of 61 samples from pigs showed the 
presence of PCV-3 in apparently latently infected 
pigs in two farms in the Kyiv and Kharkiv region in 
Ukraine. 

DISCUSSION
 Porcine circovirus type 3 (PCV-3) is a new, relatively 
little-studied agent, the studies on which started only 
fi ve years ago. Historically, this is the “youngest” 
porcine circovirus in the world (Klaumann F et al, 
2018). The serological tests, developed on the basis of 
indirect enzyme immunoassay, allowed conducting the 
retrospective study on PCV-3 in the pig population in 
China which demonstrated an increase in the number 
of PCV-3-positive cases from 22.35 to 51.88 % in 
three years (Deng J et al, 2018), and the examination 
of the population of sows at the farms of China, the 
results of which demonstrated the spreading with the 
seroprevalence more than 50 % (of PCV-3 among 
both clinically healthy sows and the animals with 
reproductive failures (Zhang S et al, 2019). Some 
studies showed, that (Q) PCR is more effective for 
PCV-3 diagnostics in compare to serological methods 
or in situ hybridization (Kedkovid R et al 2018 At 
present, PCV-3 detection is mostly based on the use of 
molecular genetic methods using different PCR formats 
(Rodrigues ILF et al, 2018; Fux R et al, 2018; Liu Y et 
al, 2019; Dal Santo AC et al, 2020) and amplifi cation 
technologies (Ji J et al, 2019; Ye X et al, 2018; Zheng 
S et al, 2018). 

Although PCV-3 pathogenicity has not been suffi -
ciently proven (Klaumann F et al, 2018), but the genet-
ic organization of circoviruses may pose a risk by the 
transfer of foreign genes allowing them to overcome 
the interspecies barrier (Gibbs MG et al, 1999; Firth 
C et al, 2009). The pathogenicity and risk of porcine 
circoviruses for humans has been described as negligi-
ble already in 2013 and no infections have been found 
in humans since, but transfer cannot be totally excluded 
(Burbelo P et al, 2013). 

The conventional PCR format was successfully used 
with the purpose of monitoring and diagnostics, for in-
stance, in testing blood serum of pigs of samples origi-
nating from different European countries analyzed in 
the study of Saporiti et al, 2020), the results of which 

Table 1. The results of investigations on biological material 
samples of pigs regarding the presence of PCV-3 genomic 
material

Region
No 
of 

farms

Number
of investigated samples

Share
of positive 
samples, 

%total positive

Dnipro 1
Donetsk 1
Kyiv 1
Kharkiv 1
Total

1
1
1
1

11
10
30
10
61

0
0
4
2
6

0.0
0.0

13.33
20.0
9.8
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demonstrated a fl uctuation in the level of infecting the 
animals from 4 to 15 %.

Conventional PCR was also used in the fi rst inves-
tigation of PCV-3 in China using the biological mate-
rial of the pigs from the farms, located in 11 provinces 
and districts of the country (Ku X et al, 2017), and to 
conduct the retrospective study on various biological 
material, obtained from wild boars in Spain (Klaumann 
F et al, 2019). PCV-3 genetic material was found in 
blood serum, heart tissue, lungs, spleen, kidneys, in-
testines, oral fl uid, lymph nodes, brain of the animals 
of different gender and age, tissues of aborted fetuses 
and stillborn piglets (Klaumann F et al, 2019; Ku X et 
al, 2017; Hayashi S et al, 2018). We used the samples 
of clinical material,  collected in earlier monitoring of 
porcine circoviral infection and other pig diseases in 
Ukraine (Rudova N, 2020).

Thus, the obtained results of PCR screening of sam-
ples of biological material from pigs showed the pres-
ence of PCV-3 in the pig population in Ukraine.

CONCLUSIONS

For the fi rst time, porcine circovirus type 3 (PCV-3) –
was detected in 6 biological samples (liver and na-
sal swabs), obtained from clinically healthy animals 
from a farm in the Kharkiv and from a farm in the 
Kyiv region in Ukraine. This indicates possible, till 
now undetected, and more widespread circulation of 
the pathogen among pig farms in Ukraine than ini-
tially suspected. It necessitates a target risk analysis 
and development of preventive and control measures 
to reduce the possibilities of further spread of this, 
often symptomless, virus. More extensive molecular 
genetic surveying and monitoring of PCV-3 to deter-
mine its real presence and spread is necessary.  The 
whole-genome DNA sequencing of the detected vi-
rus isolates is planned  to determine the relation of 
Ukrainian strains of the virus to other strains circu-
lating in Europe and other parts of the world. Better 
understanding the risks, epidemiology and pathology, 
associated with this new virus for the Ukrainian pig 

Fig. 1. The visualization of amplifi cation results for the fragment of genomic DNA of PCV-3, extracted from the liver ho-
mogenate of clinically healthy pigs from the farm in Kharkiv region. 1–10 – the samples of DNA, extracted from the liver 
homogenate of clinically healthy pigs (including positive samples 2 (weakly positive) and 5 (strongly positive); M – molecu-
lar mass marker; К- – negative control of amplifi cation

Fig. 2. The amplifi cation results for the rep gene of PCV-3, extracted from the liver homogenate of 4 clinically healthy pigs 
from the farm in Kyiv region: M – molecular mass marker; К+ – positive control of amplifi cation; К- – negative control of 
amplifi cation; 1–4 – positive samples
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breeding industry, will help to prevent and control its 
further spread and harmful effects. 
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На сьогодні відсутні дослідження щодо поширення 
цирковірусу свиней типу 3 серед поголів’я свиней 
на території України. Мета. Дослідити ймовірність 
поширення маловивченого цирковірусу свиней типу 
3 серед поголів’я свиней з різним статусом здоро-
в’я на території Дніпропетровської, Донецької, Київ-
ської та Харківської областей України. Методи. Для
дослідження використано зразки крові, сперми, гомо-
генатів печінки, селезінки, легень та змивів зі слизо-
вих оболонок, отримані від свиней та кнурів різного 
віку і різним статусом здоров’я, що належали гос-
подарствам Дніпропетровської, Донецької, Київської 
та Харківської областей України. Детекцію геномного 
матеріалу збудника здійснювали шляхом стандартної 
полімеразної ланцюгової реакції з використанням сис-
теми праймерів, фланкуючих специфічний фрагмент 
гена rep ЦВС-3 довжиною 418 пар нуклеотидів. Для
візуалізації ампліконів використовували метод гори-
зонтального гель-електрофорезу з наступним фотогра-
фуванням гелів з використанням програмного забезпе-
чення Image Lab 5.2.1. Результати. ДНК ЦВС-3 ви-
явлено у двох зразках печінки та чотирьох зразках 
змивів зі слизових оболонок носової порожнини от-
риманих від клінічно здорових свиней з двох різних 

господарств, що дозволяє припустити можливість цир-
куляції зазначеного збудника серед тварин, дослідже-
них в цих господарствах, на фоні субклінічної інфекції. 
Коінфекції ЦВС-3 зі збудниками респіраторно-репродук-
тивного синдрому свиней, хвороби Ауєскі, цирковірусу 
свиней типу 2 та мікоплазмами встановлено не було. 
Висновки. Вперше детектовано генетичний матеріал 
нового для України вірусного виду – цирковірусу сви-
ней типу 3 (Porcine circovirus type 3) – нового мало-
вивченого збудника захворювання свиней – у біологіч-
них зразках, отриманих від клінічно здорових тварин.
Це свідчить про можливість циркуляції даного збудника
у свиногосподарствах на території України та необ-
хідність розробки та впровадження таргетного ризик-
аналізу та розроблення заходів контролю щодо його 
поширення (організаційних і профілактичних). Про-
ведення молекулярно-генетичного моніторингу ЦВС-
3 серед поголів’я свійських та диких тварин, здатних 
перетинати кордони країни, дасть змогу з’ясувати рівні
ризиків його поширення і пов’язаних з ними еконо-
мічних, господарчих та епідеміологічних наслідків. 
Планується проведення повногеномного секвенування 
ДНК виявлених ізолятів вірусу задля визначення від-
ношення українських ізолятів вірусу до інших ізоля-
тів, що циркулюють у Європі та інших частинах світу. 
Краще розуміння ризиків, епідеміології та патології, 
пов’язаних з цим новим для галузі свинарства України 
вірусом, допоможе запобігти та контролювати його 
подальше поширення та шкідливі наслідки.

Ключові слова: ДНК, полімеразна ланцюгова реакція, 
цирковірус свиней типу 3.
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