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Introduction
Vaccination is the main way of struggle against the 

most infectious diseases, including porcine circovirus of 
type 2 (PCV2), which is possible due to the availability of 
specific vaccines [1]. The vaccine, after being introduced 
into the body of animals, stimulates the immune system 
due to the “launch” of the humoral and cell-mediated im-
mune response. In this case the humoral immune response 
is provided not only by the synthesis of antibodies, which 
neutralize the virus, but also is stipulated by antibod-
ies that stimulate the complement system and antibody- 
dependent cellular cytotoxicity. Cellular immunity factors 
activate cytotoxic T-cells and macrophages [2].

However, vaccination does not always provide a suf-
ficient level of “herd immunity” necessary to protect ani-
mals in large industrial farms due to the quick “moving” of 
the animals during the technological cycle, as well as due 
to the low immunological response of pigs, caused by flaws 
and drawbacks in technology of their managing and feed-
ing, but most importantly — by the circulation of viruses 

in industrial premises as the viruses feature high resistance 
in the environment.

Therefore, despite regular vaccination, the infectious 
agent still circulates in the farm facilities, thus reducing the 
immune response of animals. At the same time, various re-
spiratory co-infection very often joins the virus and initi-
ates the symptoms complex, known as “the disease associ-
ated with porcine circovirus” [3,4]. Piglets are most sensitive 
group of animals to this complex of porcine respiratory dis-
eases during the period of growing up till fattening period 
[4]. The joint disease provides a negative impact on the rate 
of growth and development of the animals, rate of feed di-
gestion; it increases the rejection rate of animals, leading to 
economic losses of the farms [5,6,7,8]. So, the research of the 
patterns of formation of post-vaccination immunity in pig-
lets is one of the urgent and relevant issues in pig breeding.

Most researches on this issue represent the results of 
testing the efficiency of vaccines against the virus [4,9,10]. 
Meanwhile, the number of researches that reveal the mech-
anisms of formation of post-vaccination immunity against 
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PCV2 is quite insignificant. In particular, it was found that 
in the body of vaccinated pigs, the humoral and cellular 
immune response factors feature the greatest variability. 
At the same time, cytotoxic T-cells, T-helper cells of the 
1st (Th1) and 17th type (Th17) are most strongly activated, 
reducing the viral load on the body of vaccinated pigs [11]. 
It was noted in studies [11,12] that vaccination is a stress fac-
tor for the animal’s body. Therefore, during the post-vacci-
nation period the changes, typical for alert stage, develop 
in the body of animals. These changes are accompanied 
by fluctuations in proteins levels during the acute phase 
of inflammation, variations of glucocorticoids content in 
the blood [12,13], immunosuppression [14], changes in an-
tioxidant activity and metabolism of lipids and proteins 
[15], thus affecting the “quality” of the forming immunity. 
At the same time, the immune memory is modulated by 
the influence of a large number of factors, which diversely 
contribute to maintaining the titer of specific antibodies 
[16,17]. Thus, according to the research [18], the efficiency 
of formation of post-vaccination immunity is associated 
with such a parameter as the growth rate of piglets, which 
correlates with the degree of lung damage. As is known, 
the intensity of growth processes is interrelated with the 
metabolic status of the body, which provides the cells of the 
body with macronutrients and energy [19,20]. Therefore it 
is possible to form an “adequate” immune response after 
vaccination in conditions of maintaining the activity and 
usual metabolic processes in the growing body of piglets.

In addition, it has been established that due to the “an-
tigenic drifting of circulating viruses”, most vaccines need 
constant renewal. Only in this case they provide sufficient 
protection of the animal organism after its vaccination [2]. 
However, renovating a vaccine is quite a labor-consuming 
process; it cannot keep up with the rate of emergence of cir-
culating strains of viruses, especially in the specific condi-
tions of a region and the certain enterprise. Therefore, vac-
cines against most animal respiratory diseases are remade 
very rarely, which does not provide complete protection 
against the current type of infection [21]. For these reasons, 
it is important to expand the body’s immune response to 
vaccination, and for this it is necessary to study the patterns 
of formation of the post-vaccination immunity, including 
not only immunological, but also metabolic parameters. 
This will enable us to form a “vaccination strategy” that 
maximizes the efficiency of post-vaccination immunity.

The purpose of this research was to assess the contri-
bution of natural resistance factors, parameters of protein 
and lipid metabolism in the body of piglets in the forma-
tion of post-vaccination immunity against circovirus.

Materials and Methods

Ethical statement
This study was planned and run in accordance with the 

recommendations of the bioethics committee of the South 
Ural State Agrarian University (Chelyabinsk region, Rus-

sia), and was also agreed upon with the veterinary service 
of the agricultural company.

Animals, Study Design
The on-site part of the research was run in 2022 at the 

agricultural company “Ariant” LLC (Chelyabinsk region). 
An experimental group (n = 3618) of suckling piglets was 
taken at the one of the pig farms of the agricultural com-
pany. This pig farm specializes in growing of commercial 
young pigs, which were vaccinated with the Ingelvak Cir-
coFLEX vaccine (Germany) against circovirus on the 21st 
day of life in accordance with the vaccine manufacturer’s 
recommendations. At the age of 23–24 days, the piglets 
were taken away from their breeding sow and transferred 
to the nursery. There they were kept in group cages of 20–
25 heads each. The cages were equipped with freely acces-
sible automatic feeders and waterthroughs. The technology 
of feeding and managing the animals complied with rec-
ommendations of Genesis. The nutrients of regional origin 
were used for the compound feed production.

Data collection
To conduct immunological and biochemical studies 

in 5% of the animals of the experimental group, blood 
samples were randomly taken from the vena cava cranialis 
with the help of VACUETTE vacuum-smart tubes (9ml, 
16x100mm), Zhejiang Gongdong Medical Technology 
Co. Ltd. (9 ml,16x100mm), with the double ended blood 
sampling needles 14Gx3–1/4 (2.1x80mm).

Whole blood was used to determine: 1)  the number 
of leukocytes, lymphocytes and monocytes on a Mindray 
BC2800 Vet hematological analyzer (China) with species-
specific settings for pigs; 2)  phagocytic activity of neu-
trophilic granulocytes. To obtain leukocyte suspension, 
blood samples were incubated at 37 °C at an angle of 45° 
for 40 min, this way initiating spontaneous sedimentation 
of erythrocytes. As a microbial test object, a suspension of 
a day-aged culture of Escherichia coli was used (1 billion 
cells in 1 ml of the suspension). Microbial suspension and 
leukocyte suspensions were mixed in strips at a ratio of 1:1, 
and incubated in a thermoshaker (Elmy, Latvia) at 37 °C 
for 40 minutes and centrifuged. The smears were prepared 
from the precipitate on defatted glass slides and stained 
according to the method of Romanovsky-Giemsa. The re-
sult of phagocytosis was assessed on 100 cells with an im-
mersion system of a light microscope and a magnification 
of 10x90. Phagocytic activity of neutrophils (PAN,%) was 
calculated as a percentage of phagocytic cells in reference 
to their total number (100 cells); phagocytic number (PN, 
c. u.) was calculated as an average number of phagocytos-
ing microbes captured by one active neutrophilic granulo-
cyte; phagocytic index (PI,%), as a percentage of the aver-
age number of phagocytosed microbes in reference to the 
total number of neutrophilic granulocytes (100 cells).

Blood serum obtained after blood clot sedimentation 
was used: 1) to determine specific antibodies to circovirus 
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using CIRCOSerotest kits (LLC Vetbiokhim, Russia) by 
immunoenzyme method. The analysis was run in accor-
dance with the instructions for the test kit provided by the 
manufacturer. The result was expressed as a percentage. If 
the ratio of conjugate binding (Rcb,%) with blood serum 
antibodies exceeded 20%, then it was considered positive; 
2) to determine biochemical parameters (total protein, al-
bumin (A), urea, ALT and AST activity) using a Super Z 
biochemical analyzer (China). Additionally, the calcula-
tion method was used to determine the concentration of 
globulins (G = Total protein (g/l) — albumins (g/l)), ration 
of proteins (albumins (A, g/l) / globulins (G, g/l)), ratio 
between total protein (g/l) and urea (mmol/l).

Statistical analysis
Statistical analysis was run by the software Statistica 6.0. 

The significance of the differences was set at p < 0.05. All 
laboratory data were expressed as mean (X) and standard 
error of the mean (Sx). The principal component analysis 
(PCA) was used to determine the blood parameters, most 
significantly associated with the titer of antibodies to vi-
rus antigens [22]. The correlation of those parameters was 
judged by the values of the correlation indices determined 
by Spearman method between the indicator and its load 
on the principal component (PC). The number of principal 
components was determined by the graphical method of 
Cattell’s scree [23].

Results and discussion
Vaccination against PCV-2 reduces the viral load on the 

body of piglets and prevents specific damage to lymphoid 
tissue due to production of specific antibodies [24]. The 
formation of an immune response in the organism of ani-
mals was tested by the seropositivity of the piglets, deter-
mined by ELISA kit (Table 1).

Table 1. Results of detection of antibodies (IgG) to PCV‑2 
by enzyme‑linked immunosorbent assay

Age of the 
piglets

After vaccination, 
days

Number of 
piglets with 

a positive ELISA 
test, %

Rcb, %

19 days Before vaccination
(background) 31.46 39.34 ± 0.64

35 days 15 days 33.63 41.56 ± 1.29
60 days 40 days 67.80 78.54 ± 1.85
90 days 70 days 71.16 24.35 ± 0.68

The results of our research showed that 31.46% of suck-
ling piglets had a positive ELISA test before vaccination. 
The count of IgG antibodies, estimated by Rcb, was equal 
to 39.34 ± 0.64% (Table 1).

In the post-vaccination period, the number of animals 
in the experimental group with a positive ELISA test in-
creased, and in the period 40–70 days after vaccination, it 
fluctuated in the range of 67.80–71.16% of their total num-
ber of studies performed.

However, the dynamics of detection of positive ELISA 
samples did not correspond to the results of quantitative 
analysis.

So, on the 15th day after vaccination the Rcb practically 
did not differ from the background values; its peak was 
observed on the 40th day, exceeding the background value 
by 2.00 times (78.54 ± 1.85%). By the end of the rearing 
period, the Rcb decreased to a borderline value, although 
the number of piglets with a positive ELISA test remained 
practically unchanged.

To define the responsibility of some blood parameters 
in the formation of post-vaccination immunity, we re-
searched their dynamics during the growing period, as this 
period is the most “critical” in terms of animals’ rejection 
in the pig-breeding complex environment.

It is possible to judge indirectly on the status of cell-
mediated immune responses in the body of piglets in the 
post-vaccination period by the variability of indicators of 
the natural resistance [25]. Thus, the total number of leu-
kocytes in the blood of animals, which characterizes the 
immune potential of the body, increased systematically 
in the post-vaccination period, reaching its maximum 
in piglets of 60- and 90-days old (Table 2). At the same 
time, the main changes in their group were observed on 
the 40th day and 70th day after vaccination. At the control 
point  — “the 40th day after vaccination”  — the changes 
were most profound in comparison with the background; 
they manifested themselves in the form of a sharp increase 
of lymphocytes number (by 1.48 times, p < 0.05) and neu-
trophils decrease (by 1.74 times, p < 0.05), and on the 70th 
day we observed an increase in the number of lymphocytes 
(by 1.17 times, p < 0.05), monocytes (by 2.28 times, p < 0.05) 
and neutrophils (by 1.25 times p < 0.05). < 0.05).

The phagocytic properties of neutrophils weren’t corre-
lated with changes in their number in the blood of piglets. 
The absorption function of cells, assessed by the phagocyt-
ic activity of neutrophils, phagocytic number and phago-
cytic index, was profound on the 40th and 70th days after 
vaccination, exceeding the values “before vaccination” by 
13.11–20.12; 67.51–83.24 and 31.22–39.29%, respectively 
(Table 2).

The performance of the vaccine immunogenic prop-
erties was also represented in the metabolic status of the 
growing piglets. In our research we assessed the protein 
and lipid metabolism, most of the indicators of which in 
the post-vaccination period were varying within the nor-
mal range. Thus there was a trend towards building-up the 
total protein concentration in the piglets’ blood by 17.52% 
(Table 2) due to an increase of globulins share (by 33.99%) 
and a decrease of albumins share (by 9.92%). This way the 
ration of proteins (A/G) decreased by 33.33% (p < 0.05). 
The positive age-related dynamics of total protein value 
was caused by systematic decrease of urea level in the blood 
by 36.39%. This fact proves retention of protein nitrogen in 
the body of piglets and shows an increase in ratio of to-
tal protein/urea by 1.84 times (p < 0.05). However, AlAT 
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 activity increased by 1.36 times (p < 0.05), exceeding the 
limits of the norm, and AsAT, on the contrary, decreased 
by 2.37 times (p < 0.05), but corresponded to its limits. This 
means that the body of piglets in the post-vaccination peri-
od demonstrated an imbalance in the synthesis of proteins 
and the directivity of amino acids participation in meta-
bolic processes.

More significant changes were noted in lipid metabo-
lism (Table 2): the concentration of total lipids and triglyc-
erides in the piglets’ blood decreased by 1.29 and 2.64 times 
(p < 0.05), but the level of total cholesterol and LDL choles-
terol increased by 1.21 and 1.43 times (p < 0.05).

To determine the parameters of the sampled blood which 
are most significantly associated with the process of immu-
nity formation in the post-vaccination period, we used the 
principal component analysis (PCA) [26]. While “compress-
ing” the identified multidimensional correlations using the 
method of Cattell [23], two most significant factors were de-
termined: the main component 1 (PC-1) and the main com-
ponent 2 (PC-2), which components determine more than 
70% of variance of features in the statistical matrix. Further, 
the identified correlations were ranked in the context of the 
main components according to the strength of the relation-
ship during the post-vaccination period (Table 3).

At the same time, GC-1 had a predominant associativity 
with indicators of natural resistance, and GC-2 — is associ-
ated with metabolic indicators, which content in the blood 
is directly or indirectly related to liver functions [19]. Conse-
quently, the process of formation of post-vaccination immu-
nity in the body of piglets is determined not only by changes 
in its immunological status, but by their metabolic status too.

Table 2. Immuno-metabolic parameters of piglets’ blood (Х ± Sx)

Parameter
Age of the piglets / time period after vaccination, days

19 / before vaccination 35/15 60 / 40 90 / 70
Indicators of the natural resistance

Leukocytes, 109/l 19.31 ± 0.87 21.31 ± 0.98 23.19 ± 0.77* 23.38 ± 0.46*
Lymphocytes, 109/l 12.22 ± 0.61 13.81 ± 0.94 18.15 ± 0.37* 14.34 ± 0.60*
Monocytes, 109/l 0.66 ± 0.02 0.45 ± 0.11* 0.69 ± 0.07 1.51 ± 0.11*
Neutrophils, 109/l 6.01 ± 0.37 6.44 ± 0.56 3.75 ± 0.55* 7.53 ± 0.24*
PAN (phagocytic activity of neutrophils), % 40.04 ± 0.90 42.81 ± 0.79 48.10 ± 0.42* 45.29 ± 0.31*
PN (phagocytic number), c. u. 1.97 ± 0.12 2.21 ± 0.25 3.61 ± 0.12* 3.30 ± 0.22*
PI (phagocytic index), % 2.85 ± 0.17 3.01 ± 0.25 3.97 ± 0.32* 3.74 ± 0.26*

Metabolic indicators
Total protein, g/l 64.50 ± 1.50 65.30 ± 1.99 69.40 ± 0.70 75.80 ± 0.49*
Albumins (A), g/l 24.20 ± 1.30 22.70 ± 1.01 22.40 ± 1.10 21.80 ± 1.80
Globulins (G), g/l 40.30 ± 0.54 42.60 ± 0.49 47.00 ± 0.32* 54.00 ± 0.61*
А/G, c. u. 0.60 ± 0.03 0.53 ± 0.06 0.48 ± 0.05* 0.40 ± 0.03*
Urea, mmol/l 5.66 ± 0.78 4.67 ± 0.34 3.96 ± 0.23* 3.60 ± 0.21*
Total protein/urea, c. u. 11.39 ± 1.20 13.98 ± 0.36* 17.52 ± 0.56* 21.06 ± 1.10*
AsAT, mmol/l ∙ h 1.57 ± 0.08 1.44 ± 0.10 1.29 ± 0.11 0.66 ± 0.13
AlAT, mmol/l ∙ h 1.53 ± 0.12 2.19 ± 0.15* 2.11 ± 0.11* 1.63 ± 0.15
Total lipids, g/l 2.93 ± 0.15 2.67 ± 0.12 2.27 ± 0.07* 2.42 ± 0.16*
Cholesterol, mmol/l 2.61 ± 0.14 2.37 ± 0.13 2.41 ± 0.11 2.87 ± 0.17
LDL‑cholesterol, mmol/l 1.10 ± 0.10 1.26 ± 0.08 1.49 ± 0.07* 1.58 ± 0.14*
Triglycerides, mmol/l 0.37 ± 0.04 0.31 ± 0.03 0.34 ± 0.03 0.14 ± 0.01**

Note: * — p < 0.05 to the “before vaccination (background)” value.

Table 3. Associativity of the main components  
with blood parameters

Parameters

Age of the piglets / time period after 
vaccination, days

35/15 60 / 40 90 / 70
PC1 PC2 PC1 PC2 PC1 PC2

Indicators of natural resistance
Leukocytes, 109/l ++ + ++ + +++ +
Lymphocytes, 109/l +++ + +++ ++ +++ ++
Monocytes, 109/l +++ + ++ + +++ +
Neutrophils, 109/l +++ + +++ + +++ ++
PAN (phagocytic activity 
of neutrophils), % ++ + ++ + ++ +

PN (phagocytic number), 
c. u. ++ + ++ + ++ +

PI (phagocytic index), % ++ + ++ + ++ +
Metabolic indicators

Total protein, g/l + ++ + ++ +
Albumins (A), g/l + +++ + +++ + +++
Globulins (G), g/l ++ ++ ++ +++ +++ +++
А/G, c. u. + ++ ++ +++ + +++
Urea, mmol/l + +++ + +++ + +++
Total protein/urea, c. u. + ++ + +++ + ++
AsAT, mmol/l ∙ h ++ +++ + +++ ++ +++
AlAT, mmol/l ∙ h + +++ + +++ ++ +++
Total lipids, g/l + ++ + ++ + ++
Cholesterol, mmol/l + ++ ++ +++ + +++
LDL‑cholesterol, mmol/l + +++ + +++ + +++
Triglycerides, mmol/l + +++ + ++ + ++

Note: the significance of correlations intensity of between the param-
eters: “+” — r=0.3–0.5; “++” — r=0.5–0.7; “+++” — r=0.7 and more
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The global trade of breeding pigs, semen, and pork 
products has contributed to the worldwide extension of 
PCV-2 [5]. In order to prevent the disease the animals 
undergo the vaccination. For vaccination various com-
mercial vaccines are used. In our research we used the vac-
cine Ingelvak CircoFLEX (Germany), which contributed 
to the emergence of antibodies in the body of animals. 
These antibodies bind and neutralize the virus and prevent 
its further spread [24]. We found that 31.46% of suckling 
piglets had specific antibodies to PCV-2 before their vac-
cination as a result of their passive immunization under 
conditions of a controlled subclinical course of infection 
[27]. The presence of the antibodies in the first 15 days after 
vaccination inhibited the formation of a humoral immune 
response. This inhibition was caused by their influence on 
the cell-mediated and antibody-mediated mechanisms 
of immunity in the body of piglets [28]. Studies [29] also 
confirmed the low PCR-positivity of piglets in the early 
stages of the post-vaccination period. However, on the 
40th day after vaccination, the ration of conjugate binding 
by antibodies increased dramatically from 39.34 ± 0.64 up 
to 78.54 ± 1.85%, although the number of samples with a 
positive ELISA sample was 67.80% of the total number of 
studies performed. Consequently, passively acquired anti-
bodies influenced the formation of a post-vaccination im-
mune response in piglets [27]. Therefore, the number of 
positive samples on the 70th day after vaccination practical-
ly did not change (71.16%), and the value of Rcb decreased 
to 24.35 ± 0.68%, that is, almost to the threshold value of a 
positive test in the ELISA method used.

In general, it can be stated that the number of positive 
samples in the post-vaccination period systematically in-
creased as a result of the development of specific antibod-
ies to PCV2, but the intensity of post-vaccination immuni-
ty formation was related to presence of antibodies against 
the virus in the body of animals before immunization.

Post-vaccination variability of leukocyte cells in the body 
of piglets was determined by their participation in the pro-
cesses of opsonization, transfer and phagocytosis of anti-
genic particles [30]. Thus, the increase in the total count of 
leukocytes proved the increase of the body reactivity. The 
redistribution of cells in the leukocyte pool, especially in 
40 days after vaccination, indicated the activation of leuko-
cytes proliferation processes and their release from the or-
gans of leukopoiesis into the bloodstream [31]. At the same 
time, the variability of lymphocytes corresponded to fluctua-
tions of monocytes, which was consistent with coordination 
of the mechanisms for formation of their pool in the piglets’ 
blood after vaccination [32]. Meanwhile the functions of 
lymphocytes and monocytes in production of neutralizing 
antibodies were reflected both in the count of circulating 
neutrophilic granulocytes and their phagocytability.

Currently there are a row of researches that have revealed 
the effect of vaccination on the metabolic status of the liver 
[33], which is related to the hepatodepressive effect of the 
vaccine. Meanwhile, the antigenic components of the vac-

cine and the products of their seroconversion are found not 
only in the organs of immunogenesis, but are also found in 
the liver [34] as the central metabolic organ [19,20].

Blood proteins play an important role in the homeostatic 
balance of the body. In the post-vaccination period the count 
of total protein in the piglets’ blood increases due to globulin 
fractions, which contain significant share of gamma glob-
ulins, involved in the formation of the body’s immune re-
sponse [19]. However, under the conditions of the anabolic 
directivity of protein metabolism in the blood, the count of 
albumins, synthesized only in liver cells and being a marker 
of its protein-synthesizing function, decreased [35]. At the 
same time, AlAT activity increased as a result of intensifi-
cation of hepatocytes cytolysis reaction [20]. Consequently, 
in the post-vaccination period metabolic changes were ob-
served in the liver. Those changes are probably associated 
with lymphocyte-mediated immune responses of cytolysis 
[36], or vaccine-induced or mediated immune response of 
hepatocytes to administration of antigen [37].

During the post-vaccination period the blood lipid pro-
file of piglets also changed. The peak of changes was found 
in level of LDL-cholesterol and triglycerides. It determined 
the risk of cardiovascular changes in the body of an animal 
[38], as well as it testifies on mutation in directivity of lipid 
metabolism in liver cells.

Based on the fact that the body of a piglet is a multi-pa-
rameter system [39], we tried to minimize the amount of 
initial laboratory information by excluding data that are not 
directly related to the formation of immunity after vaccina-
tion. Using the PCA method, we determined two priority 
factors: the principal component 1 (PC1) and the principal 
component 2 (PC2), in the context of which the associativ-
ity of blood parameters was determined. Thus, in the post-
vaccination period in the context of PC1, the indicators of 
natural resistance turned out to be interrelated and mutually 
correlated variables. Their variability was directly associated 
with the formation of the animals’ seropositivity [28]. As 
far as PC2 is concerned, here, on the contrary, associativity 
with metabolic parameters was revealed, which parameters 
should be attributed to “indirect” blood parameters, reflect-
ing both the metabolic functions of the liver and the adap-
tive potential of the animal’s organism [19]. Consequently, 
the efficiency of immunological reactions is not only asso-
ciated with factors of cellular and humoral immunity, but 
also with factors that determine the provision of immune 
processes with macronutrients.

Conclusion
The results of the work showed that before vaccina-

tion, 31.46% of blood samples of piglets have a posi-
tive reaction in ELISA. After vaccination, their number 
increases to 67.80–71.16%, although the quantitative 
 expression of the conjugate binding coefficient is 78.54 
and 24.35%, respectively. In the post-vaccination period, 
the indicators of the body’s natural resistance change in 
accordance with its role in immunological reactions and 
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manifest themselves most intensively on the 40th and 70th 
days after the vaccination. Meanwhile, the total count of 
leukocytes in the animals’ blood increases by 1.21 times 
(p < 0.05), of monocytes by 2.28 times (p < 0.05), lympho-
cytes by 1.48 times (p < 0.05), especially on the 40th day af-
ter the vaccination, but the count of neutrophils decreas-
es by 1.74 times (p < 0.05), although phagocytic properties 
increase (phagocytic activity of neutrophils, phagocytic 
count and phagocytic index by 13.11–20.12; 67.51–83.24 
and 31.22–39.29%, respectively). In the post-vaccination 
period the protein metabolism has an anabolic directivity 
due to synthesis of globulin proteins. At the same time, 
there are the signs of inhibition of albumin-synthesizing 
activity in liver cells (albumin in the blood decreases by 
9.92%) and their “cytolytic reaction” (AlAT activity in-

creases by 1.36 times (p < 0.05) and exceeds the normal 
range). In the blood lipidogram of the piglets, the amount 
of LDL-cholesterol increases by 1.44 times (p < 0.05) and 
level of triglycerides decreases by 2.64 times (p < 0.05), 
thus determining the probability of developing cardio-
vascular damage. The method of X-ray spectral analysis 
revealed the associativity of post-vaccination immunity 
formation with two factors: PC1 had a predominant as-
sociation with indicators of natural resistance, and PC2 
was associated with metabolic indicators.

The obtained results show that in order to increase the 
efficiency of the formation of post-vaccination immunity 
in the body of piglets, it is necessary to combine vaccina-
tion with hepatoprotective drugs. However, this assump-
tion still requires experimental verification.
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