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BioximiuHi NOKa3HMKM CMPOBATKM KPOBi y Bigrogise/ibHUX CBUHEN
3a LMPKOBIPYCHOI iHeKuii

Amnoramist. [{upropipycHa iHDeKIis € OAHIEI 3 HAMOUIBII MOMMPEHUX CEpell IMOTOMIB Sl CBUHEH, 0 HAHOCUTH 3HAYHHX CKOHOMIYHHX
30HUTKiB Ta HOTpedye MOAAIbIIOr0 BUBYCHHS MTATOTCHE3Y Ta, 30KpeMa, KIIiHIKO-010XiMiYHHX 3MiH. MeToto po6oTH OyI0 BCTAaHOBHUTH O10XiMiYHI
3MiHH y CBHHE} TOBapHOTO CTa/1a Ha TUIi PO3BUTKY LIMPKOBipyCHOI iH(eKIii. lociTimKkeHHs POBEACHO Ha CIIOHTaHHO iH(IKOBaHUX TBAPUHAX TO-
BApHOTO CTaja y Billi 17-21 THrKHS, HOIIepeaHBO BaKIIMHOBAHNX PI3HUMH criocobamu. HasiBHICTB BipeMil minTBepmpKyBanacs meronom [LJIP-PY,
TICTIs YOTO TBAPHH MOAUTIIN HA /IBI TPYIH — KOHTPOJIBbHY Ta AOCIIIHY Ta BiZOMpay y HUX 3pa3Ki CHPOBAaTKU KpoBi. BuzHaueHHs 6i0XiMIYHUX
MOKA3HUKIB Y Hii TIPOBOAWIM 3 BUKOPHCTAHHSIM aBTOMAaTHYHOTrO OIOXIMIYHOTO aHali3aTopy, a TAKOK METOMIB BUCOKOS()EKTHBHOI PiMHHOT
xpomarorpadii Ta emMiciiHHOI crieKTpoMeTpil 3 IHAYKTHBHO-3B’13aHOI0 I1a3Moro. HaliBuimoro koHIeHTpamis Bipycy Oyina Ha 17 TIDKHI XKHTTS, 3
TIOAANIBIIIM 3HIKEHHAM Ha 18 TrokH1 1 HapoctanHsaM koHneHTpanii JIHK [IBC-2 na 19-21 TwxHAX, e BOHA CyTTEBHUM YHHOM HE BiIPi3HIACH.
Tlepebir tmpkoBipycHOI iHMEKIIiT TPU3BOAUB 10 BIPOTiJHOTO MiJABUILCHHS BMICTY 3arajibHOro OiTKa y cUpoBaril KpoBi Ha 17-my (Ha 11,6 %;
P<0,05), 19-my (ma 12,7 %; P<0,05), 20-my (Ha 14,7 %) i 21-My (#a 9,1 %) TroxHsIx xuTTsL. Taki 3MiHN y TBapuH BikoM Bix 17 1o 20 TrkHS
JKUTTS BiZOyBalIUCh 3a PaXyHOK INIOOYIiHIB, PiBEHb AKUX Y AOCTiTHUX cBUHEH 17-TuH, 18-TH, 19-T1 1 20-TH THHKHEBOTO BIKY IIEPEBHIITyBaB KOH-
TponbHi 3HaueHHs Ha 34,4%; 17,7%; 18,4% 1 11,6 % Bimnosiguo (P<0,05). Y 21-TmwkHEBOMY Billi B CHPOBATII KpOBi CBUHEH 3 Bipemiero [[BC-2
Oyro BcraHoBieHo B Ha 20,9 % (P<0,05) piBens HeopraniuHoro docdopy Ta maibxe y 2 pasu (P<0,05) — aktuBHICTS J1y>kHOT hocarazm.
Komnnentpanis cenery y 17-TIpKHEBUX CBUHEN Ha BIATOMIBII y A0CIiHil rpymi Oyia Bummoro Ha 17,8 % (P<0,05), Toxi sk y 19- 1 21-TmxHEBOMY
Bili Oyyio BHSIBJICHO BiporiiHe 3HIKEHH piBHIO BiTaminy E Ha 23,2 % (P<0,05) ta 31,5 % (P<0,05) BinnosigHo. OcHOBHUMY 3MiHaMH 6ioXi-
MIYHHX TIOKa3HUKIB 32 IIUPKOBIPYCHOI IH(EKIIIT CBHHEH CITi/T BB)KATH HAPOCTAHHS PIBHIO 3arajibHOTO OiJIKa Ta II0OYIiHOBUX HOTO (paKiiil Ha
T 3HIKEHHs BMicTy Bitamidy E, 110 BizoOpaxae BB iH¢ekiiiinoro npouecy [IBC-2 Ha opranizm cBuHe# i MOke OyTH BUKOPUCTAHO ISt
6i0XiMI4HOT TIarHOCTUKY Ta PO3POOKH JIIKYBaJILHO-TIPO(ITTAKTUYHUX 3aXO0IB.
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Introduction

Certain viral infections in pigs are a significant factor that leads
to substantial economic losses in the swine industry. Progressive
losses in indicators of productivity have recently occurred in farms
associated with cases of circoviral infections (Poulsen Nautrup et
al., 2023). PCV2 and its associated syndromes are one of the most
widespread problems in infectious pig pathology worldwide, as
well as in Ukraine, since they have been discovered (Gillespie et
al., 2009; Masiuk et al., 2015).

Porcine Circovirus 2 (PCV2) is an icosahedral, single-stranded
circular DNA virus without an envelope, classified within the
family Circoviridae, genus Circovirus (Allan and Ellis, 2000).
This genus includes PCV1, PCV2, and PCV3, among which
PCV2 infects pigs and leads to various manifestations such as
post-weaning multisystemic wasting syndrome (PMWS), porcine
dermatitis and nephropathy syndrome (PDNS), and reproductive
failure (Phan et al., 2016).

Nearly all members of the Circoviridae family exhibit
lymphotropic and, consequently, immunopathogenic properties.
Circovirus Type II directly infects macrophages, dendritic cells in
peripheral lymphoid organs, and lymphocytes. Furthermore, the
pathogen possesses properties that enable prolonged persistence
in antigen-presenting cells (macrophage) (Wellenberg et al., 2000).
The marked weight loss in clinically affected pigs with circoviral
infection may be attributed to the impairment or blockade of
lymphocyte immune function, associated with the regulation of
processes related to the growth and regeneration of somatic tissues
(Ladekjaer-Mikkelsen et al., 2002).

The pathogenesis of Porcine Circovirus Type II infection is
complex and not fully understood. PCV2 replicates in actively
dividing cells, including lymphocytes, macrophages, endothelial,
and epithelial cells. PCV2 infection leads to a disease known as
PCV2-associated disease (PCVAD), which encompasses systemic
forms such as post-weaning multisystemic wasting syndrome
(PMWS), porcine dermatitis and nephropathy syndrome (PDNS),
porcine respiratory disease complex (PRDC), proliferative and
necrotizing pneumonia (PNP), and enteric disease (ED) (Meng,
2012; Segalés, 2012).

One of the most effective strategies for controlling circoviral
infection is the administration of PCV2 vaccines to piglets or
sows before farrowing. It has been demonstrated that vaccinating
sows reduces the prevalence of PCV2 viremia and enhances the
productivity of their offspring (Pleguezuelos et al., 2021; Poulsen
Nautrup et al., 2023). Studies indicate that vaccinating piglets
against PCV2 significantly reduces the virus load in their blood.
This, in turn, is associated with a reduction in clinical signs and
an improvement in productivity (Figueras-Gourgues et al., 2019;
Wozniak et al., 2019).

PCV2 affects the functioning of organs and systems, leading to
morphological and biochemical changes in the blood composition
(Rajesh et al., 2020). Meanwhile, the biochemical profile of
animals in the industrial herd is utilized to monitor the health
status of widely used animals, assessing pig herds for the presence
of diseases, predicting their productivity, or evaluating feeding
practices (Yefimov et al., 2017; Zhang et al., 2022; Dimitrakakis et
al., 2022). However, the assessment of these parameters in healthy
industrial pigs is seldom encountered. Data on biochemical changes
during circoviral infection in commercial pig herds under PCV2
immunoprophylaxis are absent in the accessible literature. The
study of this issue will contribute to enhancing our understanding
of specific aspects of the disease’s pathogenesis and elucidate
characteristic pathognomonic changes in the blood’s biochemical
composition during circoviral infection in pigs.

Therefore, the purpose of this study was to identify the
biochemical changes in commercial pig herds in the context of the
development of circoviral infection.

16

Materials and methods

Animals. The research was carried out on the industrial pig
farming complex in Ukraine, considering the fact that circovirus
infection was more frequently identified in the studied farm
compared to other swine producers. Monitoring was carried out on
swine aged 17-21 weeks to assess mortality associated with PCV2
infection during the autumn period. An increase in the number of
anemic animals and a rise in the mortality rate were observed at this
age. PCR investigations confirmed the presence of PCV2. Animals
selected from this facility were included in the presented study as
the PCV2-positive group. An analysis of autopsy results for animals
that died during monitoring revealed the presence of stomach ulcers
in 22% of deceased animals in the experimental group, while the
control group had a rate of 11%. The mortality rate during this
period was 1.5% higher in animals infected with PCV2.

The animals were housed in group pens according to zoo-
hygienic requirements. Both the control and experimental groups
of animals received nutritionally and granulometrically identical
for the complete feed.

Piglets in the control group were intramuscularly vaccinated on
day 30 of life with a commercial inactivated vaccine against Porcine
Circovirus Type 2 at a dose of 0.5 ml. Piglets in the experimental
PCV-2 positive group were administered a commercial vaccine
against enzootic pneumonia and PCV2 intradermally on day 30
of life, with the vaccine containing Mycoplasma hyopneumoniae
expressing the capsid protein of porcine circovirus type 2a,
inactivated, at a dose of 0.2 ml.

For the study, blood samples were collected from five
experimental and control pigs in each age group, taking into the
account the requirements of Ukrainian Law No. 3447-1V dated
February 21, 2006, «On the Protection of Animals from Cruelty,»
and aligned with the fundamental principles of the «European
Convention for the Protection of Vertebrate Animals used for
Experimental and Other Scientific Purposes» (Strasbourg, 1986).

Laboratory research was conducted at the Research Center
for Biosecurity and Environmental Monitoring of Agricultural
Resources AIC at the Dnipro State Agrarian and Economic
University in Dnipro.

Blood sample collection. Blood samples of 5 ml were collected
from four animals in each age group through venipuncture of the
anterior vena cava, using test-tubes with a clot activator. After
centrifugation at 1800 rpm for 10 minutes, serum was separated
and stored at -20 °C until analysis.

PCR detection of PCV2. For PCR analysis of PCV-2, samples
were pooled to provide an objective assessment of the viral load
in the herd (Nielsen et al., 2018). A total of 100 pL of serum was
collected from every individual sample and combined to create a 200
pL pooled sample which was used for PCR analysis. Genomic DNA
from the serum samples was extracted with using the commercial
BIOEXTRACT «SUPERBALL» kit (Biosellal, France) and the
automated nucleic acid extraction station KingFisher Duo (USA).

The «EXOone PCV2y» test kit from EXOPOL (Spain) was
applied for real-time detection of Porcine Circovirus Type 2 DNA.
Amplification and result detection were conducted on the BioRad
CFX 96 instrument (USA). The obtained results were shown
in genome equivalents (g.e.) of the virus per 1 ml of material. A
positive control sample (calibrator) with a known concentration
included in the diagnostic kit was used as a standard.

Serum biochemical parameters measuring. The biochemical
serum parameters were measured using commercial reagent kits.
Spinreact kits (Spain) were used for measuring total protein,
albumin, creatinine, urea, aspartate aminotransferase activity,
alanine aminotransferase activity, alkaline phosphatase; Cormay
(Poland) — for calcium, glucose; Dialab (Austria) — for inorganic
phosphorus, with the assistance of the automated biochemical
analyzer Miura-200 (Italy).
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g.e.
Age, weeks Group Virus content
17 control Not detected
PCV2 positive 1.66*107
18 control Not detected
PCV2 positive 2.82*10°
19 control Not detected
PCV2 positive 1.64*10°
20 control Not detected
PCV2 positive 7.98*10°
21 control Not detected
PCV2 positive 3.46*10°

The measuring of the vitamin composition of blood serum was
conducted on the liquid chromatograph Agilent Technologies 1260
Infinity II (USA), using Sigma-Aldrich (France) eluents following
the methodology previously described (Yefimov & Sofonova, 2014).

The mineralization of 500 pL serum samples was performed
in the microwave oven Multiwave GO Plus (Anton Paar, Austria)
using the EPA Method 3052. The obtained samples were analyzed
for Se content using an inductively coupled plasma optical emission
spectrometer Agilent 5110 ICP-OES (USA). Measurements were
conducted at the characteristic emission wavelength for Se —
196.026 nm. The measurements were performed on the Agilent
5110 Synchronous Vertical Dual View (SVDV) ICP-OES system,
equipped with the Multi-Mode Sample Introduction System (MSIS)
and the SPS 4 autosampler. MSIS operated in a dual mode with a
sample introduction system consisting of a SeaSpray nebulizer with
an internal diameter of 1.8 mm and an injector torch. All solutions
were prepared using ultrapure water, and 65% nitric acid (Sigma-
Aldrich, USA) was used for oxidation. The calibration curve was
constructed using Agilent Technologies standards at 10000 pg/ml
in 5% HNO;.

The results were statistically processed using the specialized
software Statistica 6 (StatSoft Inc, USA). Significance of the
differences between control and PCV-positive groups was assessed
by the Student’s t-test. The design of data presentation was arranged
with next designations: M — mean; m — standard error of the mean
(SEM). The data presentation design included the following
notations: M — mean; m — standard error of the mean (SEM).
Changes were considered statistically significant as P <0.05.

Table 2 — Protein metabolism characteristics in serum of pig groups for control and infected with PCV2 (M £ m, n=4)

Parameters Giroups
control PCV2 positive
17 weeks age
Total protein, g/l 60.50 +£1.29 67.50 = 1.55*
Albumin, g/ 36.80 £ 1.56 35.75+4.11
Globulin, g/1 24.00 +1.73 32.25+5.11*
A/G ratio 1.58+0.16 1.29+0.27
18 weeks age
Total protein, g/l 66.75+3.42 74.25+£2.59
Albumin, g/ 31.75+1.25 32.50+1.04
Globulin, g/l 35.25+2.56 41.50 + 1.90*
A/G ratio 0.91 +0.05 0.80+0.07
19 weeks age
Total protein, g/ 73.00 £2.92 82.25+£2.14*
Albumin, g/ 32.00 +0.82 34.00+0.71
Globulin, g/1 40.75 +2.46 48.25£2.81*
A/G ratio 0.83 £0.04 0.71 £ 0.06
20 weeks age
Total protein, g/l 66.25 +1.80 76.00 +3.11*
Albumin, g/1 37.50 £ 0.65 38.00+0.71
Globulin, g/1 28.00 +2.48 38.25 +£2.39*
A/G ratio 1.33+0.15 1.00 + 0.04*
21 weeks age
Total protein, g/l 68.50 +1.85 74.75 £ 1.89*
Albumin, g/l 32.25+1.49 3775+ 1.11*
Globulin, g/l 36.75 +£2.59 36.50+2.22
A/G ratio 0.89 £ 0.09 1.03+£0.07
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Results

The results of the study using the PCR method showed that the
serum of pigs aged 17-21 weeks contains the PCV2 virus at various
concentrations (Table 1).

The highest concentration of the virus was detected at 17 weeks
of age, followed by a wave-like pattern. There was a decrease at 18
weeks and an increase in the DNA concentration of PCV2 at 19-21
weeks, where it did not significantly differ. Thus, viremia of PCV2
was established in animals of the experimental group of different
ages.

The course of circovirus infection in the body of fattening pigs
had a certain impact on the content of total protein in the blood
serum, as well as its albumin and globulin fractions (Table 2).

Higher levels of total protein were observed among the
investigated indicators of protein metabolism. Specifically, these
changes were significant at the 17th (by 11.6%; P < 0.05), 19th (by
12.7%; P < 0.05), 20th (by 14.7%), and 21st (by 9.1%) weeks of life.
At the same time, a similar trend was observed in animals at the
age of 18 weeks.

A more detailed analysis of the levels of the main protein
fractions (albumins and globulins) provides grounds to assert that
the increase in its content in animals aged 17 to 20 weeks occurred
due to globulins. In particular, in PCV2-positive pigs at 17, 18, 19,
and 20 weeks of age, it exceeded control values by 34.4%, 17.7%,
18.4%, and 11.6%, respectively (with significance at P < 0.05).
However, with increasing age, the difference between the groups
gradually decreased, and in 21-week-old animals, no significant
difference in the content of globulin fractions was found. On the
othe groupsr hand, a higher content of albumins was detected (by
17.0%, with P < 0.05) in the oldest pigs with circovirus infection
compared to animals without viremia.

At the same time, we did not observe significant differences in
the metabolite levels of nitrogen metabolism including the content
of urea and creatinine in the blood serum (Table 3).

In most age groups (17-, 19-, 20-, and 21-week-old), there was
observed a tendency for an increase in urea content in PCV2-
positive animals. However, due to the significant individual
variability of this biochemical parameter, no statistically
differences were observed.

No significant differences were found among the indicators of
calcium-phosphorus metabolism in animals from both the control
and experimental groups aged 17-20 weeks (Table 4).

However, at the age of 21 weeks, fattening pigs with PCV2
viremia exhibited a 20.9% higher level of inorganic phosphorus (P
< 0.05), and the alkaline phosphatase activity was almost twice as
much (P <0.05).

The course of the infectious process in the body during various
diseases leads to intensified processes of peroxidation. Some
variations were noted in the levels of vitamins A and E, as well as
selenium during the assessment (Table 5).

In particular, the selenium concentration in 17-week-old
fattening pigs in the PCV2 positive group was higher by 17.8%
(P < 0.05) compared to the control animals. Meanwhile, the levels
of vitamins A and E did not show significant differences at this
age. No differences in these indicators were observed at 18 weeks.
However, at 19 and 21 weeks, there was a decrease in the level of
vitamin E by 23.2% (P < 0.05) and 31.5% (P < 0.05), respectively.
Thus, some changes in the non-enzymatic antioxidant defense
during the course of circovirus infection in pigs were identified.

Discussion

PCV2-associated diseases lead to changes in the functioning
of various organs in pigs. Considering this, alterations in the
blood biochemical composition during circovirus infection can
be used for indirect PCV2 diagnostics. Such studies also allow to
discover specific aspects of the pathogenesis of this disease. This
information is particularly valuable for herds that have undergone
vaccination, as the disease may have a subclinical course as a
result.

Intradermal needle-free vaccination is currently considered
an alternative immunization method. It significantly reduces
the level of stress and pain reactions in piglets, improving their
well-being (Temple et al., 2020). Suh and Chae (2022) show that
intradermal vaccination of piglets provided effective protection
against experimental infections of M. hyopneumoniae and PCV2d.
The results obtained in our study have shown that PCV2-positive
animals exhibit PCV2 viremia after vaccination. Contrary, there
was no detected PCV2 viremia in the experimental group. The

Table 3 — The content of nitrogen metabolites in serum of pig groups for control and infected with PCV2 (M + m, n =4)

Parameters Groups
control PCV2 positive

17 weeks age

Urea, mmol/l 4.56+0.75 493 +0.35

Creatinine, pmol/l 66.00 + 1.87 70.00 £ 7.25
18 weeks age

Urea, mmol/l 4.63+0.24 3.85+0.46

Creatinine, pmol/l 72.75 £ 1.44 77.50 £ 1.94
19 weeks age

Urea, mmol/l 4.35+0.46 4.80+0.24

Creatinine, pmol/l 71.38£4.12 68.50 +7.56
20 weeks age

Urea, mmol/l 3.66 +0.06 3.95+0.27

Creatinine, pmol/l 70.00 £2.16 69.75+2.72
21 weeks age

Urea, mmol/l 3.60 +£0.28 3.83+0.19

Creatinine, pmol/l 70.00 + 1.35 74.00 + 1.08

18
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Table 4 — Parameters of calcium and phosphorus metabolism in serum of pig groups for control and infected with PCV2 (M £ m, n=4)

Parameters

control PCV2 positive
17 weeks age
Calcium total, mmol/l 2.84+0.06 2.68 £0.14
Phosphorus inorganic, mmol/l 444+0.29 4.60 = 0.51
Alkaline phosphatase, U/l 78.26 +7.00 96.00 + 18.30
18 weeks age
Calcium total, mmol/l 2.75+0.10 2.95+0.06
Phosphorus inorganic, mmol/l 3.83+0.11 3.65+0.18
Alkaline phosphatase, U/l 78.25+17.92 66.63 +11.84
19 weeks age
Calcium total, mmol/l 2.75+0.10 2.80+£0.11
Phosphorus inorganic, mmol/l 3,00 + 0,04 3.13+0.09
Alkaline phosphatase, U/1 44.55 £ 4.40 50.98 £ 6.15
20 weeks age
Calcium total, mmol/l 2.55+0.07 2.70 £0.06
Phosphorus inorganic, mmol/l 3.53+£0.15 3.68 £0.06
Alkaline phosphatase, U/l 64.63 +4.09 68.45 + 1.64
21 weeks age
Calcium total, mmol/l 2.50+0.04 2.60 +0.05
Phosphorus inorganic, mmol/l 3.50+0.26 4.23 £0.27*
Alkaline phosphatase, U/l 42.60 +1.68 84.75 £ 16.23*

Table 5 —Antioxidant contents in serum of pig groups for control and infected with PCV2 (M £ m, n =4)

Parameters

control PCV2 positive
17 weeks age
Vitamin A, pg/dl 29.08 £2.94 27.39 +1.47
Vitamin E, mg/I 1.86 £ 0.30 147 +£0.17
Selenium, pg/l 91.71 £4.71 108.02 + 5.24*
18 weeks age
Vitamin A, pg/dl 32.34+3.21 31.32+1.53
Vitamin E, mg/1 1.66 £0.13 1.63 £0.22
Selenium, pg/l 99.07 £4.74 97.02 £3.80
19 weeks age
Vitamin A, pg/dl 25.89+£2.03 25,87 +£2.26
Vitamin E, mg/I 1.38+£0.10 1,06 £ 0,10*
Selenium, pg/l 103.68 +3.90 99.51+5.01
20 weeks age
Vitamin A, pg/dl 30.12+2.28 29.69 +2.55
Vitamin E, mg/I 1.76 £ 0.26 1.57+£0.13
Selenium, pg/l 94.73 +£3.37 98.06 +4.55
21 weeks age
Vitamin A, pg/dl 28.88 +£3.25 32.27+2.93
Vitamin E, mg/I 2.41+£0.26 1.65+0.17*
Selenium, pg/l 97.75 +4.55 102.62 +4.91
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production of antibodies against PCV2 infection does not guarantee
complete protection, therefore, viremia may still occur in animals
(Sibila et al., 2004). Additionally, pigs with PCV2-associated
diseases often have low levels of neutralizing antibodies (Meerts
et al., 2006). The presence of viremia in the experimental group
may be explained by lower levels of neutralizing antibodies against
PCV2 due to the use of intradermal vaccination.

The level of total protein in blood serum is determined by
the combined concentration of its various fractions (Tothova et
al., 2021). Albumin is one of the most common plasma proteins,
and its level is typically used as an indicator of liver or kidney
function (Carvalho and Machado, 2018; Friedman and Fadem,
2010). The higher levels of albumins were observed in 21-week-old
pigs infected with PCV2. This result may be explained by reduced
utilization of albumins in the biosynthesis of peripheral tissues due
to decreased weight gains. There was considered that the enhanced
synthesis of albumins in the liver also serves as a means to preserve
essential amino acids from degradation (De Feo et al., 1992).

Among different globulin fractions, the levels of a- and
B-globulins remain stable after the neonatal period, with
v-globulins being the most labile fraction (Miller et al., 1961).
PCV2 viremia is accompanied by an increase in the concentration
of globulin protein fractions in almost all age groups. Similar
results regarding porcine circovirus infection were also reported
by Phaneuf et al. (2007) and Rajesh et al. (2020) in their studies.
This might be a consequence of enhanced synthesis of y-globulin
protein fractions in the swine’s body, particularly due to the action
of secondary pathogens of bacterial origin.

It is known that PCV2 disrupts immune regulation and
induces immunosuppression in pigs (Shi et al., 2021), leading to
a decrease in lymphocyte count and an increase in the percentage
of neutrophils in the blood (Golinar Oven et al., 2022). Because
of changes in immune function, the secretion of IL-6 and IL-8 is
enhanced. Their pro-inflammatory effect is due to co-infection
with bacterial pathogens (Wang et al., 2020). These interleukins
may play a significant role in the development of gastric ulcers
associated with H. pylori, as observed in the group of pigs with
PCV2 viremia.

Many authors reported an increase in non-protein nitrogen
compounds in the blood serum of pigs infected with PCV2,
including urea and creatinine (Wellenberg et al., 2004; Phaneuf et
al., 2007). At the same time, the animals they described developed
dermatitis and nephropathy syndrome. In our study, clinical signs
such as dermatitis and nephropathy were not observed in pigs with
viremia, while azotemia was common for pigs with kidney lesions
of various origins (Marin et al., 2018; Zheng et al., 2020).

There was a decrease in the level of tocopherol in the blood
serum in pigs of different ages with viremia. Vitamin E is
known for its antioxidant properties, implemented through non-
enzymatic ways, including a direct reaction with active oxygen
forms (Miyazawa et al., 2019). On the other hand, viral infections,
including PCV2, are characterized by the development of oxidative
stress (Checconi et al., 2020; Rajesh et al., 2020). The changes
identified in our study may indicate the consumption of vitamin
E to neutralize the formed active oxygen species. Meanwhile,
an increase in the selenium level was observed in one of the age
group. Selenium is known to be part of the components of the
enzymatic antioxidant defense system (Roy et al., 2005). Perhaps,
these changes are the consequence of a compensatory reaction to
the virus replication in the context of sufficient selenium supply

in pigs.
Conclusion
Despite vaccination, PCV2 viremia was observed at 17-21

weeks in the pigs of the experimental group. No typical clinical
signs were observed in these animals. However, certain changes in
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biochemical parameters were identified. The main change was an
increase in the level of total protein due to its globulin fractions,
reflecting the immune response of animals to the secondary
bacterial pathogens. However, azotemia was not observed as the
result of subclinical course of the infectious process. At the same
time, a decrease in the content of vitamin E was established as
a compensatory reaction. The obtained results can be used for
biochemical diagnostics and the development of therapeutic and
preventive measures for PCV2 infection in pigs.
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