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Introduction
In Russia, like in many countries of the world, pig 

breeding supplies most of the population’s need for meat. 
The economic efficiency of the industry and the quality of 
the obtained products are directly related to the level of 
pigs’ health, which depends not only on the technology 
of their feeding, managing, the genetic potential of their 
productivity, but also on the prevention of infectious and 
non-infectious pathologies in them [1–3].

Thus, among viral infections, the enterprises of the in-
dustry suffer the greatest economic damage not only from 
African swine fever (ASF), but also from circovirus diseases 
(CVD) [4, 5]. For example, in the USA the annual losses 
from the CVD amount to more than 600 million dollars, in 
Denmark — the annual losses make about 44 euros per sow.

Russia is no exception. Here from 80 to 100% of pig-
breeding enterprises are “not safe” for being exposed to 
swine circovirus diseases. Chelyabinsk region, as a place 
of porcine farming, also suffers heavy losses from the por-

cine circovirus (PCV). This infection emerged and spread 
around Russia, as well as in other countries of the world, 
due to purchase of breeding pigs of foreign selection.

The main etiological agent of porcine circovirus dis-
eases is porcine circovirus 2 (PCV2) [4], which not only 
suppresses the host immune system, but also enhances 
infection due to the replication of other pathogens (por-
cine reproductive and respiratory syndrome virus (PRRS), 
porcine parvovirus, swine influenza virus, swine fever vi-
rus) [6]. For example, when diagnosing pneumonia in pigs 
after weaning, the frequency of co-infection diagnosing is 
42–85.4% of detected pneumonia cases [7]; in Chinese pig 
farms up to 52.4% of pigs are affected by PCV2 and PRRS, 
including service boars [8].

The complex of clinical signs in circovirus diseases as-
sociated with PCV2 includes “post-weaning multisystem 
wasting syndrome”, respiratory diseases symptoms, enteri-
tis, dermatitis, nephropathy, reproductive system issues, 
etc. [9–11].
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At the same time, the most profound clinical signs of 
CVD are manifested in young pigs after their weaning, 
during the periods of their nursery and raising [10], thus 
causing the greatest rate of piglets culling. According to 
[4, 13, 14], the clinical manifestations of the infection de-
velop due to the depletion of lymphoid tissue and lympho-
cytes, which proves the immunosuppressive functions of 
the PCV2, as well as its ability to infect and modulate the 
properties of a range of immune cells (macrophages, den-
dritic cells).

The main method of preventing pigs’ circovirus diseases 
is vaccination. Among the prophylactic agents, PCV2 vac-
cines are the ones of the best-selling vaccines in pig farm-
ing [12, 15], as their use reduces mortality, decreases the 
culling rate of young animals, occurrence of concomitant 
diseases, and also increases the growth rate of the animals. 
After vaccination, virus-neutralizing antibodies appear in 
the body of pigs, and factors of humoral and cellular im-
munity are activated, thus determining the level of “im-
munological “protection” [14].

However, despite the ongoing vaccination, the PCV2 
virus is constantly found among the vaccinated livestock. 
For example, in the United States in 2012 the virus was de-
tected in 7.70–8.40% of vaccinated pigs [16], and in 2014–
2016 in 11.30–29.00% already [17].

In Russia, the efficiency of vaccination ranges from 
73.3–86.70% [18, 19] depending on the vaccine injected.

However, in recent years, studies have stated that before 
vaccination the virus was already present in the body of 
almost all animals, including sows [19, 20]. Therefore, at 
present, the decrease of the vaccination efficiency is caused 
not so much by the genetic variability of the virus, but to its 
constant circulation in industrial premises due to its high 
resistance to the environment.

According to [8, 12], the main reason of failing vacci-
nation is the infection of animals before the vaccination. 
It happens when the healthy and infected pigs are kept to-
gether. Therefore, in the body of PCV2-vaccinated pigs, se-
vere proliferative interstitial pneumonia and liver damage 
develop [21], that cause a mass mortality among the young 
animals as well as the decrease in pigs’ growth rates and 
their meat quality.

To study the pathogenicity of PCV-2 in the body of pig-
lets subjected to ongoing vaccination, we studied the speci-
ficity of pathomorphological changes in the lungs and liver 
of animals with a negative test for the presence of virus-
neutralizing antibodies and which showed characteristic 
clinical signs of infection.

Materials and methods
Study design
The research part of the work was approved by the Bio-

ethics Board of the South Ural State Agrarian University 
(Russia, Chelyabinsk region) and agreed upon with the 
veterinary service of LLC “Agrofirma Ariant” (Chelyabinsk 
region, Russia).

The design of the work provided for the formation of 
an experimental group of suckling piglets (n=3,618) at one 
of the commercial pig farm complexes of LLC “Agrofirma 
Ariant” (Chelyabinsk region, Russia).

Piglets on the 21st day of their life were vaccinated with 
the vaccine Ingelvak CircoFLEX (Germany) against circo-
virus in accordance with the vaccine manufacturer’s rec-
ommendations.

At age of 23–24th days the piglets were weaned from their 
mothers and were transferred to a rearing shop, where they 
were distributed into group cages per 20–25 animals each.

All cages were identical in their design; every cage was 
equipped with automatic drinkers and feeders, which pro-
vided free access to water and feed.

The technology of feeding and managing the animals 
complied with the recommendations of Genesis.

Evaluation of the efficiency  
of post-vaccination immunity
Currently the following major methods are used to 

evaluate the results of vaccination and the efficiency of 
PCV2 vaccines:

1. Diagnostic method  — the method based on deter-
mining the amount of virus-neutralizing antibodies.

To count the antibodies, blood was taken from the 
vena cava cranialis from 10% of the animals of the experi-
mental group by random sampling at age of 60–70 days 
(40–50 days after vaccination). Blood samples were placed 
into a thermal container and were delivered within 3 hours 
after sampling to the Chelyabinsk branch of the Central 
Scientific and Methodological Veterinary Laboratory 
(Chelyabinsk, Russia). This lab determined the count of 
the specific antibodies to PCV2 with the help of the en-
zyme immunoassay method, using the CIRCOSerotest kits 
(“Vetbiokhim LLC”, Russia) in accordance with the user’s 
manual. The positive sample was considered valid if the 
coefficient of conjugate binding to blood serum antibod-
ies exceeded 20%, and the negative one was less than 20%.

2. Production method — this method is based on the 
definition of the main production parameters: the safety of 
the livestock, average live weight (kg) of piglets at the end 
of the growing period and the average daily gain in live 
weight (g) for the nursery period.

The rate of livestock safety, i. e. livability (Rsaf) for the 
nursery period was calculated by the following formula:
 Rsaf = 100% – Rmor, (1)
where:
 Rmor — this is the rate of mortality and death of piglets in the 

experimental group.

For its calculation, the following formula was used

 Rmor = 
Pdead

Ptotal

 × 100, (2)
where:
 Pdead — is the number of dead and dead piglets (heads);
 Ptotal — this is the total number of piglets in the experimental 

group (heads), 100 is the result conversion into a percentage.
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The live weight of piglets was determined by the results 
of their individual weighing on the stationary livestock 
scales “Elton” (Russia). When calculating the average daily 
weight gains, we used data on live weight at the beginning 
and at the end of the nursery period.

Histological studies
The state of health in the experimental group of pig-

lets was daily monitored by veterinary specialists of the pig 
farm. The piglets with clinical signs of CVD were trans-
ferred to the sanitary shop.

To obtain material for pathomorphological studies, 
from the sick animals we selected the sick piglets with a 
negative test for the presence of virus-neutralizing anti-
bodies. The selected animals were subjected to euthanasia 
in the euthanasia unit of the agricultural company’s recy-
cling plant, and then their bodies were opened up to obtain 
biomaterial (lungs, liver).

Pieces of the liver and lungs, 1 cm3 in size, were fixed 
with 10% formalin solution for 24 hours, washed with run-
ning water for 1 hour, and embedded in paraffin accord-
ing to the following scheme: 1) sequential dehydration of 
samples in 70%, 80%, and 96% alcohol for 4 hours in each 
concentration; 2) overdrying in a mixture of alcohol and 
chloroform (1:1) for 1 hour, then in chloroform for 2 hours; 
3)  heating in a mixture of chloroform and paraffin for 
1 hour at a temperature of 37 °C; 4) soaking with two vol-
umes of paraffin at 56 °C for 45 minutes and making blocks.

Histological sections 5 µm thick were cut on the MS-2 
sledge microtome (Russia). Before staining, the sections 
were deparaffinized in xylene for 2 minutes, then the xy-
lene was removed with 96% ethanol for 2 minutes and 
washed with distilled water. For staining, a drop of hema-
toxylin was applied to the section for 2–3 minutes, washed 
off with water for 5–10 minutes, a drop of eosin was applied 
for 1 minute, washed off again with water, dehydrated in 
two volumes of 96% alcohol for 1 minute each, exposed to 
final dehydration in 100% alcohol for 1 minute and clarified 
in xylene for 2 minutes. After that the stained preparation 
was placed in a balm and covered with a coverslip. To de-
tect lipids in the liver, formalin-fixed tissues were stained 
with sudan III (cerasine red) without embedding into par-
affin. To do this, frozen sections were placed in an alcohol-
ic dye solution for 15–20 minutes, rinsed in 50% alcohol, 
washed with distilled water, and embedded in glycerol for 
microscopy.

Sections were microscopically studied at various mag-
nifications and photographed using a Leica DMRXA mi-
croscope (Germany) and a Leica DFC290 camera (Ger-
many).

Statistical analysis
Statistical analysis considered the calculation of the 

mean value of the feature (X) and its standard error (Sx). 
The analysis was performed with the software “VERSIA”. 
The signification of the differences was set at p < 0.05.

Results and discussion
Detection of specific antibodies to PCV2  
after vaccination
Analysis of the results of enzyme immunoassay ob-

tained from the Chelyabinsk branch of the Central Sci-
entific and Methodological Veterinary Laboratory (Che-
lyabinsk, Russia) showed that in 10% of the samples from 
the experimental group, the share of negative samples 
amounted to 30.30%. Consequently, no post-vaccination 
immunity was formed in these animals after the vaccina-
tion, which accordingly created the basis for the circula-
tion and reproduction of the virus in their body.

Clinical signs
All piglets euthanized by us were classified as infected 

with PCV-2, as they had not only a negative test for the 
presence of virus-neutralizing antibodies after vaccination, 
but showed the following clinical signs as well:

1. Oppressed behavior, food refusal, weight loss, inani-
tion of the body, pale skin.

2. Shortness of breath, cough, nasal discharge, mucous 
membranes were either pale or icteric, fever. Some animals 
featured nervous issues in the form of tremors and paraly-
sis. Inguinal superficial lymph nodes were enlarged.

The combination of these clinical signs proved that the 
piglets suffered from multisystem wasting syndrome and 
respiratory diseases.

Parameters of livestock safety and growth of piglets
The safety of piglets in the experimental group during 

the nursery period was equal to 68.05% (Figure 1). When 
comparing this parameter with the number of negative 
samples obtained during detection of specific post-vacci-
nation antibodies to PCV2, it can be stated that the main 
reason for the culling of the young animals of the sampled 
group was the development of circovirus infection, as the 
basis for CVD formation.

The main zootechnical parameters, characterizing the 
growth rate of piglets during the nursery period, indicated 
that the average live weight (LW) of 1 head at the moment 
of its transfer for fattening was 40.44  ±  0.78 kg, and the av-
erage daily live weight gain for the considered period was 
346.00  ±  9.18 g (Figure 1).
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Macroscopic features of the piglets’ lungs and liver
At autopsy, the piglets showed an increase in lungs size. 

They were dark red and had blunt edges; foamy fluid was 
accumulated in the trachea and bronchial lumens. The tex-
ture of the organ was dense or rubberish, but with a well-
defined lobation. At the same time, the spaces between 
the lobules were expanded and filled with a clear liquid. 
Mucous liquid was released from the small bronchi when 
pressed. The mucous membrane of the large bronchi was 
reddened, swollen and covered with plentiful mucus.

Macroscopic evaluation of the liver found an increase 
in its size and the blunt edges. The parenchyma of the 

 organ was bulging on the incision and the edges of the in-
cision did not converge anymore; the texture was flaccid. 
The surface of the organ featured a grayish tint, in some 
places there were yellow spots, the lobulation pattern of 
was blurred. The liver was easily torn when pressed.

Histological features of the lungs
Histological examination of the lungs in all fields of view 

showed a pronounced vascular congestion in all veins of any 
calibers with a clear picture of erythrostasis and erythro-
cyte thrombi in the capillaries (Figure 2A, 2D). Alternating 
large areas of dystelectasis and atelectasis, small foci of acute 
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Figure 2. Morphological changes in the lung: A - paretic plethora of vessels of all calibers 
with a picture of erythrostasis and erythrocyte thrombi in the capillaries, magnification x200; B – 
extensive area of atelectasis (1) and small foci of acute emphysema (arrows), magnification x50; 
C – neutrophil-lymphocytic infiltration of the peribronchial connective tissue (arrow); in the 
lumen of the bronchus - layers of desquamated epithelium, fine-grained structureless masses 
with an admixture of cells of the granulocytic series (dashed arrow), UVX200; D – focus of 
serous pneumonia, uv.х200; E – detail of the picture “D”: in the cellular composition of the 
exudate, lymphocytes, neutrophilic leukocytes, erythrocytes and macrophages are visible, 
magnification x1000, MI; F – rounded inclusions (arrows) in the cytoplasm of macrophages in 
the lumen of the bronchus, x1000.  
Stained with hematoxylin and eosin. 
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emphysema (Figure 2B) were found. Bronchial walls of all 
calibers were infiltrated with granulocytic cells, predomi-
nantly neutrophilic leukocytes and lymphocytes with small 
amount of eosinophilic leukocytes (Figure 2C). The lumen 
of the bronchi is uneven due to the lungs walls folding. Bron-
chial epithelium with a large amount of amorphous mucous 
masses on the surface was partially desquamated. The lu-
men of the bronchi was filled with layers of desquamated 
epithelium, with fine-grained, structureless masses with an 
admixture of a moderate amount of lymphocytes and neu-
trophilic leukocytes (Figure 2C). The lumen of the alveolar 
groups was filled with exudate consisting of fine-grained 
structureless masses and a small amount of granulocytic 
cells with an admixture of desquamated alveolar epithe-
lial cells, macrophages and erythrocytes (Figure 2D, 2E). At 
high magnification, small, round, optically dense basophilic 
inclusions (most likely of a viral nature) were detected in the 
cytoplasm of macrophages (Figure 2F).

The walls of the alveoli were thickened due to neu-
trophil-lymphocytic infiltration; the capillaries here were 
sharply congested, with a peculiar pattern of widespread 
erythrocyte thrombosis (Figure 2A, 2D).

Histological features of the liver
When examining the microscopic picture of the liver in 

all fields of view — paretic venous and capillary plethora. 
The lobules are clearly visible. Cords discomplexation is 
caused by expansion of the pericapillary spaces (Figure 3A). 
The walls of the portal tracts are sharply edematous, de-
fibular in structure, with dense neutrophil-lymphocytic 
infiltration (Figure 3B). Infiltrate cells migrate through 
the pericapillary spaces deep into the parenchyma (Figure 
3D). The central veins are dilated, their walls are swollen, 
edematous, in the pericapillary spaces, large amounts of 
loosely piled, and clearly contoured erythrocytes are de-
tected with an admixture of evenly distributed white blood 
cells well-visible against their background (Figure 3C). He-
patocytes are in state of severe protein vacuolar dystrophy, 
up to necrobiosis. Their nuclei are of different sizes — from 
small hyperchromic to enlightened bubble-shaped nuclei. 
When stained with sudan III, all preparations showed a 
small amount of fat droplets in the cytoplasm of hepato-
cytes under the organ capsule (Figure 3E, 3F).

The combination of pathomorphological changes in the 
lungs and liver of circovirus-infected piglets made it pos-
sible to classify these organs as PCV2 targets, since their 
lymphoid tissue played an important role in formation im-
mune processes nature and direction.

Circovirus diseases are widespread in pigs farming in 
almost all countries of the world, and Russia is no excep-
tion. Meanwhile vaccination is the main way of preventing 
viral infection [12, 15].

However, continuous ongoing vaccination does not pro-
vide complete immune protection of piglets against PCV2, 
thus leading to losses in the livestock, as well as to replica-
tion and transmission of the virus. This was evidenced by 

both the number of negative samples (30.30%) in the ex-
perimental group when virus-neutralizing antibodies were 
detected in the body of vaccinated animals, by the level of 
animals livability (68.05%) and by zootechnical parameters 
(average live weight of a piglet at the moment of its transfer 
for fattening, its average daily gains in live weight).

Accordingly, the combination of these parameters in-
fluenced the economic performance of the enterprise and 
its profitability. According to [22, 23], one of the reasons 
for this trend is that PCV2 vaccination can induce the 
emergence of virus variants that resist the vaccine. In re-
sult the overall prevalence of PCV2 positive herds becomes 
unchanged. At the same time, the use of monovalent PCV2 
vaccines can provide protection only against homologous 
infection, since these vaccines do not provide complete 
cross protection against other genotypes of PCV2 [24].

However, for vaccination the pig farming company, 
being an experimental venue, used the vaccine Ingelvak 
 CircoFLEX (Germany), which is effective against all strains 
of PCV-2: PCV-2a, PCV-2b, PCV-2c, PCV-2d. Therefore, it 
is logical to suggest that a certain part of the piglets before 
vaccination was either seropositive [19, 20], or maternally 
derived antibodies circulating in their body, did not allow 
the formation of the required level of immune protection 
against the infection [22].

The formation of a healthy livestock of animals and the 
success of getting a full-fledged immune response when 
using a vaccine depends on the state of cells and tissues 
at the possible inlets of infection and the liver, as the liver 
serves as biological laboratory responsible not only for the 
disinfection of metabolic products, but also the formation 
of immunity [25–27].

According to [28] the most common clinical symptoms 
of circovirus infection in porcine, especially in nursery pig-
lets, are the signs of respiratory diseases, as well as of diges-
tive organs. Therefore, we chose the lungs and liver as the 
priority internal organs that play a crucial role both in the vi-
tal processes of the pigs in the state of the “conditional norm” 
and in the formation of their immune resistance to the virus.

According to [15], PCV2 in animals affects lymphoid 
tissue. In the lungs the lymphoid tissue is associated with 
the bronchi, ensuring the flow of immune reactions.

Our studies have found that in the lungs of circovirus 
infected pigs, the processes of circulatory disorders and 
inflammation were observed, which processes were associ-
ated with catarrhal inflammation and impaired microcir-
culation of the body’s immunocompetent cells. In the cells 
of the first line of defense — i. e. lung macrophages — mi-
croscopic analysis found the included bodies of basophilic 
color, which were the result of the assembly and accumu-
lation of circovirus virions. Our observations are consis-
tent with the data [29] as those bodies are a consequence 
of viremia [30]. Meanwhile it was noted [25] that alveolar 
epithelial cells in the local area of the lung are the most 
sensitive to the virus, and start the congestive processes at 
the local edge of the lung lobule.
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The immune response is impossible to form without 
maintaining the homeostasis of the animal body with the 
liver [31], as this organ consists not only of hepatocytes but 
of immune system cells also (for example, macrophages — 
Kupffer cells, endothelial cells, pit cells, polymorphonucle-
ar leukocytes, T- lymphocytes and B-lymphocytes). More-
over, the liver regulates the level of antigenic load on the 
animals’ organism [32].

According to our studies, the liver of circovirus infected 
pigs features the processes of circulatory disorders and se-
vere protein-fat degeneration up to hepatocyte necrosis. 
According to [33] liver damage is a frequent finding in mi-
croscopic studies in cases of porcine circovirus infection, 

and hepatocytes are the target cells for infection and virus 
replication [11, 34].

Conclusion
According to the results of these studies it was found 

that under the conditions of ongoing PCV2 vaccination of 
piglets with the vaccine Ingelvak CircoFLEX (Germany), 
no virus-neutralizing antibodies were detected in 30.3% of 
the piglets. Meanwhile, some individual piglets with clini-
cal signs of multisystem wasting syndrome and respiratory 
diseases were constantly found.

This very symptomatic complex is the main reason 
for rejecting of animals, which reduces the safety of 
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Figure 3. Morphological changes in the liver: A  – a distinct lobed structure, discomplexation 
of the hepatic cords, uv.x50;  B – edema of the portal tract wall with infiltration by cells of the 
granulocytic series (arrows), magnification x200;  C  – the center of the lobule: swelling of the 

pericapillary spaces, a sharp plethora of sinusoids, magnification x200; D  – cells of the 
neutrophilic-lymphocytic infiltrate spread through the expanded pericapillary spaces deep into 
the parenchyma (arrows), magnification x400;  E – severe proteinaceous and hydropic (arrows) 

dystrophy and polymorphism of hepatocyte nuclei, magnification x1000;  F  – small 
accumulations of fat droplets (arrows) in the cytoplasm of hepatocytes under the liver capsule, 

magnification x100.  
Staining: A-E: hematoxylin – eosin, F – sudan III. 
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livestock in the experimental group down to 68.05% 
and makes the average live weight of 1 piglet around 
40.44 ± 0.78 kg (weighed at the moment of transfer to 
fattening stage), the average daily live weight gain is gen-
erally 346.00 ± 9.18 g.

At autopsy, sick piglets showed increased lungs and 
liver, and the signs of inflammation in these organs. Those 
problems were caused by circulatory disorders, damages to 

the lymphoid tissue, and development of dystrophic and 
necrotic changes.

The results of this study suggest that in order to increase 
the efficiency of post-vaccination immunity formation, 
specific medical preparations can be used to stimulate the 
immune response of an animal body, as well as to stimulate 
the resistance of the lymphoid tissue of the animal lungs 
and liver.

REFERENCES
1. Raev, S.A., Yuzhakov, A.G., Stafford, V.V., Zaberezhny, A.D., 
Aliper, T.I. (2020). Analysis of spread of porcine circovirus type 
3 detected in Russia. Agrarian Science, 10, 28–30. https://doi.
org/10.32634/0869–8155–2020–342–10–28–30 (In Russian)
2. Dmitrieva, O.S., Nikolaeva, S. Yu. (2021). Veterinary and sani-
tary examination pig slaughter products in the conditions of OAO 
“Velikoluksky Meat Processing Plant”. Agrarian Science, 10, 32–
34. https://doi.org/10.32634/0869–8155–2021–353–10–32–
34 (In Russian)
3. Ziruk, I.V., Rodin, I.A., Povetkin, S.N. (2021). The effect of 
asparaginates on the homeostasis of the body of piglets. Agrar-
ian Science, 3, 48–51. https://doi.org/10.32634/0869–8155–
2021–346–3–48–51 (In Russian)
4. Ouyang, T., Zhang, X., Liu, X., Ren, L. (2019). Co-infection of 
swine with porcine circovirus type 2 and other swine viruses. Vi-
ruses, 11(2), Article 185. https://doi.org/10.3390/v11020185
5. Ren, L., Chen, X., Ouyang, H. (2016). Interactions of porcine 
circovirus 2 with its hosts. Virus Genes, 52, 437–444. https://doi.
org/10.1007/s11262–016–1326-x
6. Ellis, J.A., Bratanich, A., Clark, E.G., Allan, G., Meehan, B., 
Haines, D.M. et al. (2000). Coinfection by porcine circovirus-
es and porcine parvovirus in pigs with naturally acquired post-
weaning multisystemic wasting syndrome. Journal of Vet-
erinary Diagnostic Investigation, 12(1), 21–27. https://doi.
org/10.1177/104063870001200104
7. Drolet, R., Larochelle, R., Morin, M., Delisle, B., Magar, R. 
(2003). Detection rates of porcine reproductive and respiratory 
syndrome virus, porcine circovirus type 2, and swine influenza vi-
rus in porcine proliferative and necrotizing pneumonia. Veterinary 
Pathology, 40(2), 143–148. https://doi.org/10.1354/vp.40–2–
143
8. Zeng, Z., Liu, Z., Wang, W., Tang, D., Liang, H., Liu, Z. (2014). 
Establishment and application of a multiplex PCR for rapid and 
simultaneous detection of six viruses in swine. Journal of Virolog-
ical Methods, 208, 102–106. https://doi.org/10.1016/j.jvirom-
et.2014.08.001
9. Krakowka, S., Ellis, J.A., Meehan, B., Kennedy, S., McNeil-
ly, F., Allan, G. (2000). Viral wasting syndrome of swine: experi-
mental reproduction of postweaning multisystemic wasting syn-
drome in gnotobiotic swine by coinfection with porcine circovirus 
2 and porcine parvovirus. Veterinary Pathology, 37(3), 254–263. 
https://doi.org/10.1354/vp.37–3–254
10. Chae, C. (2005). A review of porcine circovirus 2-associated 
syndromes and diseases. Veterinary Journal, 169(3), 326–336. 
https://doi.org/10.1016/j.tvjl.2004.01.012
11. Derkho, M.A., Burkov, P.V., Scherbakov, P.N., Rebezov, M.B., 
Stepanova, K.V., Ansori A. N. M. (2022). Contribution of some 
immunological and metabolic factors to formation of piglets’ 
post-vaccination immunity. Theory and Practice of Meat Pro-
cessing, 7(3), 193–199. https://doi.org/10.21323/2414–
438X-2022–7–3–193–199
12. Karuppannan, A.K., Opriessnig, T. (2017). Porcine circovirus 
Type 2 (PCV2) vaccines in the context of current molecular ep-
idemiology. Viruses, 9(5), Article 99. https://doi.org/10.3390/
v9050099
13. Darwich, L., Segalés, J., Domingo, M., Mateu, E. (2002). 
Changes in CD4+, CD8+, CD4+ CD8+, and immunoglobulin M-pos-
itive peripheral blood mononuclear cells of postweaning multi-
systemic wasting syndrome-affected pigs and age-matched un-
infected wasted and healthy pigs correlate with lesions and 
porcine circovirus type 2 load in lymphoid tissues. Clinical and 
Diagnostic Laboratory Immunology, 9(2), 236–242. https://doi.
org/10.1128/cdli.9.2.236–242.2002
14. Meng, X.J. (2013). Porcine circovirus type 2 (PCV2): patho-
genesis and interaction with the immune system. Annual Review 

of Animal Biosciences, 1, 43–64. https://doi.org/10.1146/an-
nurev-animal-031412–103720
15. Pleguezuelos, P., Sibila, M., Cuadrado-Matías, R., López-Jimé-
nez, R., Pérez, D., Huerta, E. et al. (2022). Efficacy studies of a 
trivalent vaccine containing PCV-2a, PCV-2b genotypes and My-
coplasma hyopneumoniae when administered at 3 days of age 
and 3 weeks later against porcine circovirus 2 (PCV-2) infection. 
Vaccines, 10(8), Article 1234. https://doi.org/10.3390/vac-
cines10081234
16. Shen, H.G., Halbur, P.G., Opriessnig, T. (2012). Prevalence 
and phylogenetic analysis of the current porcine circovirus 2 
genotypes after implementation of widespread vaccination pro-
grammes in the USA. Journal of General Virology, 93(6), 1345–
1355. https://doi.org/10.1099/vir.0.039552–0
17. Xiao, C.-T., Harmon, K.M., Halbur, P.G., Opriessnig T. (2016). 
PCV2d-2 is the predominant type of PCV2 DNA in pig samples col-
lected in the U.S. during 2014–2016. Veterinary Microbiology, 
197(12), 72–77. https://doi.org/10.1016/j.vetmic.2016.11.009
18. Krysenko, Yu.G., Troshin, Ye.I. (2012). Circovirus infection 
comparative vaccination efficiency of in swin. Scientific notes of 
the Kazan State Academy of Veterinary Medicine. N. E. Bauman, 
209, 183–186. (In Russian)
19. Grin, S.A., Matveeva, I.N., Bogomolova, O.A., Fedorov, Yu.N., Pop-
ova, V.M., Kryukova, E.N. et al. (2019). Assessment of PCV2 circula-
tion among pigs of different ages and antigenic activity of a vaccine 
against this infection. Veterinary Medicine, 12, 20–26. https://doi.
org/10.30896/0042–4846.2019.22.12.20–26 (In Russian)
20. Litenkova, I. Yu., Bogomolova, O.A., Matveeva, I.N., Chuma-
kova, M.S. (2022). Efficiency of vaccination of piglets with inacti-
vated whole-virion vaccine against porcine circovirus type 2. Effi-
cient Animal Husbandry, 2(177), 64–65. (In Russian)
21. Fan, P., Wei, Y., Guo, L., Wu, H., Huang, L., Liu, J. et al. (2013). 
Synergistic effects of sequential infection with highly pathogenic 
porcine reproductive and respiratory syndrome virus and porcine 
circovirus type 2. Virology Journal, 10, Article 265. https://doi.
org/10.1186/1743–422X-10–265
22. Opriessnig, T., Castro, A.M.M.G., Karuppanan, A.K., Gauger, 
P.C., Halbur, P.G., Matzinger, S.R. et al. (2019). A Porcine circovi-
rus type 2b (PCV2b)-based experimental vaccine is effective in the 
PCV2b-Mycoplasma hyopneumoniae coinfection pig model. Vac-
cine, 37(44), 6688–6695. doi: 10.1016/j.vaccine.2019.09.029.
23. Franzo, G., Tucciarone, C.M., Cecchinato, M., Drigo, M. (2016). 
Porcine circovirus type 2 (PCV2) evolution before and after the 
vaccination introduction: A large scale epidemiological study. 
Scientific Reports, 6, Article 39458. https://doi.org/10.1038/
srep39458
24. Jiang, Z., Wu, J., Jiang, M., Xie, Y., Bu, W., Liu, C. et al. (2020). 
A novel technique for constructing infectious cloning of type 3 
porcine circovirus. Frontiers in Microbiology, 11, Article 1067. 
https://doi.org/10.3389/fmicb.2020.01067
25. Burkov, P. V., Scherbakov, P. N., Slobodyansky, S. R. (Decem-
ber 22, 2020). Vaccinal prevention of nodular dermatitis in Here-
ford cattle (clinical and immunological implications). E3S Web of 
Conferences, 222, Article 02038. https://doi.org/10.1051/e3s-
conf/202022202038
26. Burkov, P.V., Shcherbakov, P.N., Slobodyanskiy, S.R., Scherba-
kova, T.B., Stepanova, K.V., Epanchintseva, O.V. et al. (November 
18–20, 2021). Vaccine prophylaxis of lumpy skin disease. IOP Con-
ference Series: Earth and Environmental Science, 677(4), Article 
42017. https://doi.org/10.1088/1755–1315/677/4/042017
27. Rebezov, Ya., Khaziakhmetov F., Fedoseeva, N., Knysh, I., Vi-
nogradova, N., Safronov, S. et al. (2020). The immunological re-
activity of turkeys of different genotypes on the action of envi-
ronmental factors. Ukrainian Journal of Ecology, 10(2), 256–259. 
https://doi.org/10.15421/2020_92



11

Burkov et al. THEORY AND PRACTICE OF MEAT PROCESSING, 2023, vol. 8, no. 1, pp. 4–11

28. Hasslung, F., Wallgren, P., Ladekjær-Hansen, A.-S., Bøt-
ner, A., Nielsen, J., Wattrang, E. et al. (2005). Experimen-
tal  reproduction of postweaning multisystemic wasting 
syndrome ( PMWS) in pigs in Sweden and Denmark with a 
Swedish isolate of porcine circovirus type 2. Veterinary Mi-
crobiology, 106(1–2), 49–60. https://doi.org/10.1016/j.vet-
mic.2004.12.011
29. Kekarainen, T., McCullough, K., Fort, M., Fossum, C., Segalés, 
J., Allan, G.M. et al. (2010). Immune responses and vaccine-in-
duced immunity against Porcine circovirus type 2. Veteri-
nary Immunology and Immunopathology, 136(3–4), 185–193. 
https://doi.org/10.1016/j.vetimm.2010.03.025
30. Pensaert, M.B., Sanchez Jr., R.E., Ladekjær-Mikkelsen,  
A.-S., Allan, G.M., Nauwynck, H.J. (2004). Viremia and effect 
of fetal infection with porcine viruses with special reference 
to porcine circovirus 2 infection. Veterinary Micro biology, 
98(2), 175–183. https://doi.org/10.1016/j.vetmic.2003.10. 
011

31. Burkov, P.V., Shcherbakov, P.N., Derkho, M.A., Rebezov, M.B. 
(2022). Peculiarities of post-vaccination immunity formation 
against porcine circovirus infection and its correction. Agrari-
an Science, 363(10), 30–37. https://doi.org/10.32634/0869–
8155–2022–363–10–30–37 (In Russian)
32. Kharisma, V.D., Agatha, A., Ansori, A.N.M., Widyananda, M. H., 
Rizky, W. C., Dings, T. G. A. et al. (2022). Herbal combination from 
Moringa oleifera Lam. and Curcuma longa L. as SARS-CoV-2 antivi-
ral via dual inhibitor pathway: A viroinformatics approach. Journal 
of Pharmacy and Pharmacognosy Research, 10(1), 138–146.
33. Rosell, C., Segalés, J., Domingo, M. (2000). Hepatitis and stag-
ing of hepatic damage in pigs naturally infected with porcine circo-
virus type 2. Veterinary Pathology, 37(6), 687–692. https://doi.
org/10.1354/vp.37–6–687
34. Rudova, N., Buttler, J., Kovalenko, G., Sushko, M., Bolotin, V., 
Muzykina, L. et al. (2022). Genetic diversity of porcine Circovirus 
2 in wild boar and domestic pigs in Ukraine. Viruses, 14(5), Article 
924. https://doi.org/10.3390/v14050924

AUTHOR INFORMATION

Pavel V. Burkov, Candidate of Veterinary Sciences, Docent, Institute of Veterinary Medicine, South Ural State Agrarian University. 13, Gagarin str., 
Troitsk, 457103, Russia. Tel.: +7–351–632–00–10, E-mail: burkovpv@sursau.ru
ORCID: https://orcid.org/0000–0001–7515–5670

Pavel N. Shcherbakov, Doctor of Veterinary Sciences, Docent, Institute of Veterinary Medicine, South Ural State Agrarian University. 13, Gagarin 
str., Troitsk, 457103, Russia. Tel.: +7–351–632–00–10, E-mail: scherbakov_pavel@mail.ru
ORCID: https://orcid.org/0000–0001–8685–4645

Marina A. Derkho, Doctor of Biological Sciences, Professor, Institute of Veterinary Medicine, South Ural State Agrarian University. 13, Gagarin 
str., Troitsk, 457103, Russia. Tel.: +7–351–632–00–10, E-mail: kaf.himec@sursau.ru
ORCID: https://orcid.org/0000–0003–3818–0556

Maksim B. Rebezov, Doctor of Agricultural Sciences, Candidate of Veterinary Sciences, Professor, Leading Researcher, V. M. Gorbatov Federal 
Research Center for Food Systems. 26, Talalikhin str., 109316, Moscow, Russia. Tel.: +7–999–900–23–65, E-mail: rebezov@yandex.ru
ORCID: https://orcid.org/0000–0003–0857–5143
* corresponding author

Ksenia V. Stepanova, Candidate of Biological Sciences, Docent, Institute of Veterinary Medicine, South Ural State Agrarian University. 13, Gaga-
rin str., Troitsk, 457103, Russia. Tel.: +7–351–632–00–10, E-mail: deratizator@bk.ru
ORCID: https://orcid.org/0000–0002–3916–004Х

Arina O. Derkho, Student, South Ural State Agrarian University. 13, Gagarin str., Troitsk, 457103, Russia. Tel.: +7–351–632–00–10, E-mail: ari-
na_avrora@mail.ru
ORCID: https://orcid.org/0000–0002–1914–8721

Arif N. M. Ansori, Doctor in Veterinary Science, Faculty of Veterinary Medicine, Universitas Airlangga. Jl. Mulyorejo, Kec. Mulyorejo, Surabaya, 
East Java, 60115, Indonesia. E-mail: ansori.anm@gmail.com
ORCID: https://orcid.org/0000–0002–1279–3904

All authors bear responsibility for the work and presented data.

All authors made an equal contribution to the work.

The authors were equally involved in writing the manuscript and bear the equal responsibility for plagiarism.

The authors declare no conflict of interest.


