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SUMMARY

Specific prevention is one of the most effective methods for the control of infectious diseases causing considerable economic damage to commercial pig farms,
among which is porcine pleuropneumonia. In order to improve the effectiveness of preventive vaccination, various immunomodulators that differ in their origin
and mechanism of action are used. The paper presents the results of the study of the effect of such products as biferon-S and prostimul containing species-specific
recombinant interferons on the immune status of piglets during specific prevention of porcine pleuropneumonia. Tests were carried out in clinically healthy
30-35-day-old piglets immunized with Ingelvac® APPX vaccine (Boehringer Ingelheim Vetmedica GmbH, Germany). It was found that the use of biferon-S and
prostimul together with the vaccine administration is accompanied by immune status improvement in the animals, which is manifested as an increase, in comparison
with vaccinated animals that received no interferon-containing products (base case), in serum levels of y-globulins — by 34.6 and 53.7% (in case of prostimul and
B-globulins — by 10.1%), total immunoglobulins — by 32.8 and 37.8%, large circulating immune complexes — by 37.5 and 52.6%, a less significant increase in the
levels of small complexes and, as a result, pathogenicity coefficient reduction by 5.4 and 12.4%, respectively. Tests for post-vaccination immunity levels in piglets
showed a 3.8-fold increase in the levels of specific antibodies against the antigen of porcine pleuropneumonia agent, and in case of the vaccine administration in
combination with biferon-S and prostimul — a 4.0-fold and 4.9-fold increase, respectively. The use of prostimul was accompanied by a more considerable improve-
ment of immune status in the piglets, and this is attributable to the fact that vitamins A, E and , which have antioxidant properties and improve the effectiveness
of interferons, natural resistance and specificimmunity, are included in its composition in addition to recombinant type 1 cytokine.
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PE3IOME

(neumduyeckas npodunakTika ABNAETCA OAHUM U3 Hanbonee 3G deKTBHbIX MeToZ0B 60pbObI C MHGEKLIMOHHBIMY 3a60N1eBaHNAMY, HAHOCALLMMM 3HAYNTENbHBIIl
3KOHOMUYECKNIA yLLiep6 NPOMBILLNEHHbIM CBUHOBOAYECKVM X03AICTBAM, K YUCITY KOTOPbIX OTHOCUTCA aKTUHObALMANe3HaA NNeBPONHEBMOHMA CBUHEN. [InA NoBbI-
LeHnA SGYeKTUBHOCTU BAKLIMHONPOPUIAKTKI NPUMEHAIOTCA Pa3AnYHbIE UMMYHOMOAYNMPYIOLLME CPEACTBA, OTANYAIOLLIMECA N0 MPOUCXOKAEHMIO U MEXaHU3MY
JAeictBuA. B cTaTbe npefcTaBneHbl pe3ynbTaTbl U3yyeHus BAMAHNA npenapato 6udepoHa-C n npocTmyna, copepxaLiux BUAoCNeLNUYHbIe pekomMbuHaHT-
Hble MHTePGEPOHbI, Ha IMMYHHBIiA CTaTyC MOPOCAT MK CrieLpuYeckoil npodunakTiKe akTUHObaLMANe3HOA nneBponHeBMOHNN. ccneoBaHUA NpoBe/ieHbl
Ha KNUHUYECKI 370poBbIX nopocATax 30—35-cyTouHoro Bo3pacta, UMMYHU3MPOBaHHbIX BakLHoN Ingelvac® APPX (Boehringer Ingelheim Vetmedica GmbH,
[epmaHus). YctaHoBneHo, uto npumeHenme 6udepoHa-C 1 npocTUMyna 0AHOBPEMEHHO C BBEAEHMEM BaKLMHbI CONPOBOXAALTCA NOBbILIEHNEM UMMYHHOIO
(TaTyca XMBOTHBIX, NPOABNALUMMCA YBENMYEHUEM N0 CPaBHEHMIO C 6330BbIM BaPUAHTOM COAepXaHUA B CbIBOPOTKE KPOBY y-rnobynnHoB Ha 34,6 u 53,7%
(npu Ha3HaueHun npocTumyna u B-rnobynuHoB — Ha 10,1%), 06LLMX MMMYHOTNOGYNMHOB — Ha 32,8 1 37,8%, KpYNHbIX LMPKYANPYHOLLMX UMMYHHbIX KOMMEK-
0B — Ha 37,5 1 52,6%, MeHee 3HauMMbIM yBENMUEHEM KOMMNEKCOB MeNKIX pa3MepoB 11 CHINKEHNEM B pe3ynbTaTe 3T0ro Ko uLmeHTa naToreHHoCTU Ha 5,4
1 12,4% cooTBeTCTBEHHO. VcCNIeioBaHIe HaNPAXEHHOCTY NOCTBAKLIMHANBHOTO UIMMYHUTETa Y MOPOCAT NOKa3ano, YTo YpOBEHb CeLMPUUECKUX aHTUTeN K aHTU-
reHy Bo30yauTena akTuHobaLunne3Hoi nneBponHeBMOHIUM NOBLICUACA B 3,8 pasa, a npu BBe/ieHIN BaKLMHbI B coueTaHuu ¢ udepoHom-C v npoctumynom — B 4,0
14,9 pa3a cooTBeTCTBEHHO. [pUMeHeHIe NpoCTUMyNa CONPOBOXAAN0CH Gonee CyLLeCTBEHHbIM NMOBbILLEHEM MMMYHHOTO CTaTyCa y NOPOCAT, 00YCNOBEHHBIM
Hanuuuem B ero cocTaBe Kpome peKOMOMHAHTHOTO LIUTOKMHA NepBoro Tuna BuTaminHoB A, En G, 06nagaloluinx aHTMOKCUAAHTHBIMI CBOIICTBAMM, NOBbILLAKOLLX
3¢GeKTMBHOCTL MHTEPDEPOHOB, ECTECTBEHHYIO PE3UCTEHTHOCTD U CMELIMOUUECKUA IMMYHWTET.

KnioueBbie cnoBa: akTuHobaLunne3Has nneBponHeBMOHIA, NOPOCATa, CneLnduueckas npodunakTiKa, BakLHa, IMMYHHbIN cTaTyc, udepoH-C, npoctumyn,
ButamuHbl A, En C
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INTRODUCTION

Porcine pleuropneumonia caused by Actinobacillus
pleuropneumoniae has high economic and epidemiological
significance for commercial pig farms [1-4]. A. pleuropneu-
moniae, one of the most important respiratory bacterial
pathogens of pigs, can cause monoinfection and, in associ-
ation with influenza, porcine reproductive and respiratory
syndrome viruses and mycoplasmas, plays the leading role
in the development of the complex of porcine respiratory
diseases [4, 5]. Specific prevention of porcine pleuropneu-
monia is the main method for the infection control [4].

Routine vaccination against porcine pleuropneumonia
carried out in piglets aged 3 to 4 weeks coincides with
the late suckling period when, against the background
of physiological immunodeficiency or stress response to
weaning, lipid peroxidation activation and a decline in
antioxidant defence and the levels of humoral and cellular
factors of non-specific resistance occur [6, 7].

Immunodeficiency recorded before vaccination
negatively affects the development of specific immu-
nity; ligfol, ligaverin, selekor having adaptogenic and
immunomodulatory properties were tested and found
to contribute to specific immunity improvement in sows
and piglets immunized against escherichiosis and sal-
monellosis [8, 9].

The following immunomodulators used during vac-
cination are effective for increasing antibody levels and
antibody persistence: salmozan, glicopin, immunofan, ron-
coleukin, polyribotan, etc. [10].

When studying the possibility of using recombinant
cytokines as adjuvants during vaccination, A. S. Simbir-
tsev et al. found that interleukin-1 used during immuni-
zation against viral hepatitis B has the highest adjuvant
activity: it neutralizes the negative effect of a biological
on the functional activity of neutrophils and contributes
to the increase in specific antibody titers [11].
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Biferon-S containing recombinant porcine a- and y-
interferons was found to have a positive impact on speci-
ficimmunity development when used during vaccination
against porcine circovirus disease [12], colibacteriosis [13],
circovirus infection and mycoplasmosis [14].

The study is aimed at investigating the effect of bife-
ron-S and prostimul on the immune status of piglets
during specific prevention of porcine pleuropneumonia.

MATERIALS AND METHODS

The tests were carried out in 2020 in an industrial pig
production complex in the Tambov Oblast that had been
porcine pleuropneumonia infected since 2016 due to the in-
troduction of replacement gilts being A. pleuropneumoniae
serotype 2 carriers. The animals for the tests were selected
from the production group of piglets (n = 1300) moved to
the nursery at the same time. Each animal’s body weight
was 9.0 £ 0.94 kg. The tests were carried out in 150 clinically
healthy 30-35-day old piglets without distinction as to their
sex; 3 groups, each comprising 50 animals, were formed.
Control group animals (base case) were immunized with
Ingelvac® APPX vaccine (Boehringer Ingelheim Vetmedi-
ca GmbH, Germany) administered twice at a 14-day inter-
val at a dose of 2 ml; test group 1 piglets received biferon-S
at a dose of 0.1 ml/kg as an adjuvant simultaneously with
the vaccine administration, test group 2 piglets received
the same dose of prostimul according to the similar scheme.

Ingelvac® APPX vaccine is manufactured using A. pleu-
ropneumoniae serotype 1, 2, 3,4, 5, 7 cultures, Apx|, Apxll,
Apxlll toxoids inactivated with formalin (0.2% by volume)
with addition of aluminum hydroxide (0.5% by volume)
and isotonic sodium chloride solution.

Biferon-S contains porcine recombinant a- and
y-interferons with total antiviral activity of at least
1.0 x 10* TCID, /cm?® in the solvent supplemented with
stabilizing agents.

Prostimul contains a recombinant cytokine as an ac-
tive ingredient, ascorbic acid, vitamins A, E and C, sodium
benzoate, sodium sulfite, ethylenediaminetetraacetic acid,
non-ionogenic solvent, glycerin and water.

Biferon-S and prostimul are manufactured by
000 “Scientific and Production Centre “ProBioTekh” (the
Republic of Belarus).

The animals were clinically observed for 2 months.

Blood samples were collected from piglets (n = 6) of
each group before the administration of the vaccine and
the above-mentioned products (baseline), as well as
14 days after their second administration and tested at
the Research Centre of the FSBSI“ARVRIPP&T".

Sera from the piglets were tested for total protein,
protein fractions, circulating immune complexes (CICs):
large (3%), medium (3.5%) and small (4%) according to
the Methodical recommendations for immune status eva-
luation and improvement in animals [15], total immuno-
globulins (Ig) [16], CIC pathogenicity coefficient (C4/C3 ra-
tio) [171. Titers of antibodies against A. pleuropneumoniae
were determined with enzyme-linked immunosorbent
assay (ELISA) with subsequent reading of results with a
Uniplan-TM spectrophotometer according to the instruc-
tion for ID Screen® APP Screening Indirect test kit (France).

The statistical analysis of the findings was performed
using Statistica v 6.1 software; the significance of diffe-
rences was estimated using Student’s t-criterion.
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RESULTS AND DISCUSSION

The piglets’ clinical status during the experiment was
within the norm.

Baseline biochemical tests showed no significant dif-
ferences in the levels of total protein, -globulin, y-globu-
lin and total immunoglobulins in the piglets of both test
groups (Table 1).

Control group piglets demonstrated lower aloumin le-
vels than test group piglets, the lowest CIC pathogenicity
coefficient and higher a-globulin and large CIC levels.

Test group 1 piglets demonstrated lower levels of large
and medium CICs than test group 2 and control group ani-
mals and, consequently, the highest pathogenicity coef-
ficient.

With advancing age, the biochemical status of the ani-
mals underwent changes influenced by vaccination and
interferon-containing products (Table 1).

Total protein content increased by 16.2% in con-
trol group piglets, by 12.7% - in test group 1 piglets,

Table 1

Biochemical blood parameters in piglets

Parameters

Groups

Control group Test group 1 Test group 2

Before vaccination

Protein, g/l 49.50+1.49 5110+ 1.45 49.90 £ 0.65
Albumins, % 47.90+£1.34 52.00+2.93 54.40£0.79
Globulins: %

a 16.90 +0.94 13.10£1.26 13.30£0.45

B 21.90 £ 0.67 21.30£0.95 19.90 +0.99

y 13.30 £ 0.86 13.60 +1.09 1230+ 0.45
Total immunoglobulins, mg/ml 25.60+1.23 23.80+1.41 22.50 +0.68
(ICs, 3.5% mg/ml 0.370+0.029 0.26 £ 0.04 0.430+£0.037
(ICs, 3.0% mg/ml 0.280 £ 0.001 0.16£0.01 0.19£0.02
(ICs, 4.0% mg/ml 0.37+0.03 0.37£0.02 0.43£0.06
43 132+0.14 2.210+0.009 2.09+0.18

After vaccination

Protein, g/1 57.50+0.81" 57.60 +1.23" 59.10 £ 1.43™
Albumins, % 46.10+0.88 48.80£1.37 47.60+0.97
Globulins: %

a 15.20+0.53 11.50 £ 0.45 11.80+0.73

B 21,90+ 0.46 21.40£0.57 21.90£0.62

y 16.90 +0.84° 1830 +0.83" 18.90 +£0.52"
Total immunoglobulins, mg/ml 30.90+£0.78" 31.60+£0.70™ 31.00+£0.69™
(ICs, 3.5% mg/ml 0.290 +0.023" 0.230+£0.027 0.240+£0.036"
(ICs, 3.0% mg/ml 0.36£0.02° 0.22:£0.02° 0.29+0.01"
(ICs, 4.0% mg/ml 0.59+0.03" 0.50 +0.02" 0.53£0.02
4/ 176 £0.11° 2.09+0.15 1.83+0.09
*p <0.05,** p < 0.005, *** p < 0.0005 — against baseline values.
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Table 2
Specificimmunity parameters in piglets

Titres of antibodies against A. pleuropneumoniae

Parameters

Before vaccination
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by 18.4% - test group 2 piglets; this is indicative of hepa-
tic protein synthesis activation, especially in the animals
that received the vaccine in combination with prostimul
containing vitamins A, E and C that have antioxidant pro-
perties.

Significant changes were observed in the proteinogram
in the vaccinated animals, especially in those that had re-
ceived the vaccine in combination with biferon-S and pro-
stimul. Control group animals demonstrated a decrease in
the levels of albumins by 3.8% and a-globulins - by 10.1%,
and an increase in the levels of y-globulins, which contain
predominantly antibodies, by 27.1%. Test group 1 and 2
piglets demonstrated a decrease in the levels of albumins
by 6.2 and 12.5%, of a-globulins - by 12.2 and 11.3%, and
an increase in the levels of y-globulins by 34.6 and 53.7%,
respectively. The levels of B-globulins containing comple-
ment components and a part of immunoglobulins in con-
trol group and test group 1 animals practically did not dif-
fer from baseline values; the levels of B-globulins in piglets
immunized in combination with prostimul administration
increased by 10.1%.

The changes observed in the proteinogram in the vac-
cinated animals and in the animals immunized with simul-
taneous administration of interferon-based products are
indicative of immune system transformation which is the
most pronounced in case of the vaccine administration in
combination with prostimul and manifested as a signifi-
cantincrease in the levels of y-globulins and an increase in
the level of B-globulins responsible for humoral protection.

The vaccinated animals of the control group demon-
strated an increase in total immunoglobulin levels
by 20.7%, in case of vaccine administration in combination
with biferon-S and prostimul — by 32.8 and 37.8%, respec-
tively, and this is indicative of a significant enhancement of
humoral protection in the piglets, especially when specific
prevention is carried out in combination with the use of
interferon-containing products, mainly prostimul.

The positive effect of immunomodulators on the im-
mune status of animals vaccinated against porcine pleuro-
pneumonia is demonstrated by the results of tests of circu-
lating immune complexes that are the product of antigen,
antibody and complement reactions and play an important
role in the maintenance of homeostasis in the body.

In particular, control group piglets demonstrated a
significant increase in the levels of small CICs - by 59.5%,
of large CICs - by 28.6% and a decrease in the levels of
medium CICs by 21.6% in comparison with baseline va-
lues. At the same time, CIC pathogenicity coefficient (C4/
C3ratio) increased by 33.3%, and this is probably due to a
high antigen load in piglets.

control group

11.90 +2.10 1211+£2.96 9.40 +2.23

After vaccination

4510+3.82° 48.90 £2.49° 46.10+2.21

*p <0.0001 - against baseline values.
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The animals immunized in combination with the use of
biferon-S demonstrated a more significant, as compared
with control group animals, increase in the levels of large
CICs (by 37.5%), a less pronounced increase in the levels
of small CICs (by 35.1%) and a decrease in the levels of
medium CICs - by 11.5%; at the same time, their patho-
genicity coefficient decreased by 5.4% in comparison with
baseline values.

In test group 2 piglets subjected to vaccination with
simultaneous administration of prostimul, large CIC lev-
els increased by 52.6% and were significantly higher than
those in test group 1 and control group animals, their me-
dium CIC levels decreased by 44.2%, an increase in small
CIClevels (by 23.3%) was less significant, and that resulted
in pathogenicity coefficient reduction by 12.4%.

Serological test results presented in Table 2 are indic-
ative of humoral protection improvement in the piglets
after vaccination, especially in combination with adminis-
tration of interferon-based products.

It was found that titers of specific antibodies against
A. pleuropneumoniae antigen in control group piglets
increased by a factor of 3.8 in comparison with baseline
values, and when the vaccine was administered in com-
bination with biferon-S and prostimul — by a factor of 4.0
and 4.9, respectively.

Thus, the use of interferon-containing products during
specific prevention of porcine pleuroneumonia is accom-
panied by immune status improvement in piglets due to
recombinant porcine interferons and a number of excipi-
ents included in their composition.

Alpha interferon contained in biferon-S has immuno-
modulatory properties: it increases the activity of natural
killer cells, T helpers, phagocytes, the intensity of B lym-
phocyte differentiation [18, 19]. Gamma interferon has
a pronounced immunomodulatory effect, activating
macrophages, cytotoxic T lymphocytes, natural killer
cells [18, 20, 21].

Alpha and beta interferons contained in prostimul have
immunoregulatory effect: they modulate antibody pro-
duction, enhance cellular cytotoxity of T lymphocytes and
natural killer cells, inhibit the proliferation of lymphocytes,
T-cell suppression and facilitate preferential differentiation
of T helpers into Th1 lymphocytes [22].

Vitamins A, E and C contained in prostimul improve the
antioxidant status of the body by restraining accumulation
of lipid peroxidation products [23, 24], have antioxydant
effect on immune system cells by protecting them from
oxygen-dependent types of apoptosis [25, 26], as well as
potentiate the effectiveness of inteferons [23]; as a result,
prostimul can do more, than biferon-S, to improve the
immune status of piglets during specific prevention of
porcine pleuropneumonia.

CONCLUSION

The study showed that the use of biferon-S and pro-
stimul together with administration of the vaccine against
porcine pleuropneumonia is accompanied by immune
status improvement in piglets, which is manifested as
an increase, in comparison with vaccinated animals that
received no interferon-containing products (base case),
in serum levels of y-globulins, and when prostimul and
B-globulins were used - of total immunoglobulins, spe-
cific antibodies against A. pleuropneumoniae antigen,
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CIC pathogenicity reduction. The use of prostimul that
contains vitamins A, E and C having antioxidant proper-
ties potentiates the effectiveness of interferons, improves
natural resistance and specific immunity.
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