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ABSTRACT

Introduction. Pig farming, as a fast-growing branch of animal husbandry, is capable of prompt achieving a significant increase in the production of pork with high
nutritional properties and biological value. One of the acute problems of pig farming is respiratory diseases of viral and bacterial etiology. In the current economic
conditions, reducing the dependence of the Russian pig farming on technological imports is of particular significance. Production of domestically manufactured
feeds and veterinary drugs should be considered as the most important condition for achieving the technological sovereignty of the Russian Federation.
Objective. To analyze the provision of pig farming with domestic vaccines against such significant porcine respiratory diseases as swine influenza, porcine enzootic
(mycoplasmal pneumonia), porcine reproductive and respiratory syndrome and circovirus infection as well as to identify factors that hinder the development
of immunobiological drugs against these diseases.

Materials and methods. The information base of the research included data from pig-breeding organizations of the Russian Federation, the Rosselkhoznadzor's
state register of veterinary medicinal products, reference and special literature, publications of research institutions.

Results. Agents of swine influenza, porcine enzootic (mycoplasmal) pneumonia, porcine reproductive and respiratory syndrome, porcine circovirus infection are
the most prevalent pathogens that cause respiratory diseases in pigs on the pig farms. Over the past few years, Russian biofactories have been developing import
substitution programs for the necessary immunobiological drugs. By the end of 2023, the domestic establishments manufactured 19.3 billion doses of veterinary
vaccines, which is 3 billion doses more than in 2022.

Conclusion. Vaccination is the most efficient and cost-effective way to prevent viral infections. However, domestic immunological drugs against swine influenza
have not yet been developed in our country, and vaccines against porcine enzootic (mycoplasmal) pneumonia, porcine reproductive and respiratory syndrome,
porcine circovirus infection require modification due to high variability of the agents.
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PE3IOME

BBepneHue. (BUHOBOACTBO, KaK CKOPOCTIENas 0TPAC/b XKUBOTHOBOACTBA, CNOCOOHO B KOPOTKIE CPOKM FOOMTLCA CYLLECTBEHHOTO YBEMYEHIS NPON3BOACTBA
CBUHMHbI C BICOKIMY MIALLIEBBIMI CBOCTBAMMA 1 GI10SIOTVIYECKOI MONHOLEHHOCTbI0. OHOI 13 0CTPbIX NPO6AEM OTPAC/ ABNAITCA PeCIUPATOPHble 6ONe3HIN BU-
PYCHO-6aKTepUanbHOi STHONOTN. B CNOKMBLLINXCA SKOHOMUYECKIX YCIOBUAX 0C060€ 3HAUEHIE NPUOBPETAET CHUKEHIE TEXHOMOTUYECKOIl MMMOPTO3aBIUCAMOCTH

© MikhalevaT. V., Konnova S. S., 2025

32 VETERINARY SCIENCE TODAY. 2025; 14 (1): 32—39 | BETEPUHAPUA CETOAHA. 2025; 14 (1): 32-39


https://crossmark.crossref.org/dialog/?doi=10.29326/2304-196X-2025-14-32-39-13&domain=pdf&date_stamp=2025-03-13

REVIEWS | PORCINE DISEASES 0B30PbI | BOTIE3HI CBIHE

POCCHIACKOTO CBMHOBOACTBA, MO3TOMY BbIMYCK KOPMOBbIX 1 BETePUHAPHbIX NpenapaToB 0TeYecTBEHHOro NPoN3BOACTBA HEOOXOANMO pacCMaTpUBaTh Kak Bax-
HellLLee YCNOBMUE JOCTUKEHUA TEXHONOTNYECKOTO CyBepeHuTeTa Poccuiickoit Oepepauim.

Lienb uccnepoBanua. AHanu3 obecneyeHHOCTI CBUHOBOACTBA 0TEUECTBEHHbIMU BAKLIMHAMY NPOTMB TaKMX 3HAUNMbIX PECIMPaTopHbIX 60ne3Hel (BUHell, Kak
TP, 3H300TMYeCKad (MUKONNa3MeHHaA) THEBMOHWS, PenpoayKTUBHO-PECMPaTOPHbIl CUHAPOM, LMPKOBIPYCHAA UHEKLIA, a TakxKe BbiABNeHIe GaKTOpoB,
KOTOpble NPEeNATCTBYIOT pa3paboTke UMMYHOOMONOrMYECKIX IeKapCTBEHHbIX MPENapaToB NPOTUB YKa3aHHbIX 3a60N1eBaHuil.

Martepuanbi u metoabl. MHhopMaLmoHHoii 62300 nccneoBaHNi ABNANNCH AaHHbIe CBUHOBOAYECKVX opraH3aLmii Poccuiickoii Oepepauun, rocyaapcTBeHHbIil
peecTp NieKapcTBeHHbIX CPEACTB ANA BeTepuHapHOro NpumeHeHna Poccenbxo3Haa3opa, HOPMaTUBHO-CNPaBOYHAA 1 CneLuanbHad nuTepaTypa, nybnukaumum
HayYHO-MCCNeS0BATENbCKUX YUPEXAeHMUIA.

Pe3ynbratbl. Bo36yautenn rpunna, 3H300Tnyeckoii (MUKoNAa3MeHHOIA) NHEBMOHUY, PENPOLYKTUBHO-PeCNPATOPHOTO CUHAPOMA, LINPKOBUPYCHOM MHQEKLMM AB-
NAKTCA HanboNee pacNPoCTPaHEHHbIMI NATOreHaMU, KOTOPbIe BbI3bIBAOT PeCMpaTopHble 60Ne3HI CBINHelt Ha CBIHOBOAYECKIX Komnekcax. Ha npotaxeHiu no-
CneHUX NeT poccuiickine Grodabpuku papabaTbiBatoT NporpamMmbl MIMNOPTO3aMeLLeHA HeoBXOAUMbIX MIMMYHOGONOrMYECKIX lekapcTBeHHbIX NpenapaTos. Mo
utoram 2023 r. oTeyecTBeHHbIE NPeANPUATUA BbIMYCTAM 19,3 MAPA 03 BaKLWH ANA BETEPUHAPHOTO NPUMEHEHA, 4TO Ha 3 MAPA 03 6onbLue M0 CpaBHeHNio c2022r.
3akniouenue. BakuuHauua ABnaeTca Hanbonee SOEKTUBHBIM M IKOHOMIYHBIM CMOCOBOM NPOGUNAKTUKY BIPYCHBIX NH EKLMIA. O4HAKO 0TeuecTBEHHbIE UMMYHO-
NIoruYecKue NeKapCTBEHHbIE Npenaparbl NPOTUB rpUNa CBUHeIA eLLe He pa3paboTaHbl B HaLLIei CTPaHe, @ BaKLHBI POTUB IH300TINYECKOI (MUAKOMNA3MEHHOI) NHeB-
MOHIM, PENPOAYyKTUBHO-PECNMPATOPHOTO CUHAPOMA, LNPKOBMPYCHOI MHOEKLMN CBIHeli TpebyIoT JopaboTKI B CBA3M C BbICOKOI M3MEHUMBOCTbI BO36yAuTeNell.

KnioueBble cnoBa: 0630p, BaKLWHbI, UMNOPTO3aMelLLeHne, CBUHOBOACTBO, pecnupaTopHble onesHu (BUHell, HaLMOHaNbHaA 6e30MacHoCTb
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LIeHTP BUpYconoruin 11 MuKkpobuonoruuy.
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INTRODUCTION

According to the Food Security Doctrine approved by
the President of the Russian Federation in 2010, the food
security of the Russian Federation is a state of the eco-
nomy that ensures the country’s food independence and
guarantees physical and economic availability of food
products compliant with the legislative requirements of
the Russian Federation.

Pork, along with poultry meat, is the most affordable
type of meat for the population and the key raw materi-
al for the meat processing industry, whereas pig farming,
as a fast-growing branch of animal husbandry, is capable
of prompt achieving a significant increase in production
of pork, characterized by high nutritional properties and
biological value [1]. According to the National Union of Pig
Breeders, the total volume of industrial pork production
in 2023 amounted to 5,627.2 thousand tons of live weight,
which is 352.1 thousand tons more than in 2022, and in
the past decade this value has been annually increasing
by at least 3-4%.

In the current economic environment, reduction of
the Russian pig industry dependence on the imports is
of particular importance. The predominance of foreign-
made technological equipment, feed additives and vet-
erinary drugs in the domestic market may make the in-
dustry dependent on the international situation. Therefore,
anincrease in the level of technical equipment of facilities,
modernization of manufacturing equipment, domestic
manufacture of feed and veterinary drugs should be con-
sidered as the most essential for improving the industry’s
effectiveness and sustainable development [2].

The subprogram “Development of technologies for
the production of veterinary medicinal products” will be
one of the priorities of the “Federal Research and Techno-
logy Program for Agriculture Development in 2017-2030",
approved by Decree of the Government of the Russian
Federation of 25 August 2017 No. 996. The comprehen-
sive research plan of the subprogram includes, inter alia,
development of scientific foundations for the production
of new domestic vaccines for the prevention of porcine
infectious diseases, thus contributing to animal health
protection, as well as animal livability and improvement
of their performance for the purpose of import substitution.

One of the acute problems of pig farming that slow
down the pork production growth rate are respiratory
diseases of viral and bacterial etiology, such as swine influ-
enza, porcine enzootic (mycoplasmal) pneumonia, porcine
reproductive and respiratory syndrome (PRRS), and por-
cine circovirus infection, which cause significant economic
damage to pig farms in the Russian Federation [3].

The purpose of the study is to analyze the availability
of domestic vaccines against viral and bacterial respira-
tory diseases of pigs in the Russian Federation, as well as
to identify factors that hinder the development of immu-
nobiological drugs against these diseases.

MATERIALS AND METHODS

The information base of the research included data
from pig-breeding organizations of the Russian Federa-
tion, the Rosselkhoznadzor’s state register of veterinary
medicinal products, reference and special literature, pub-
lications of research institutions. The range of vaccines was
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analyzed basing on the data from domestic biofactories
and manufacturers of diagnostic, preventive and thera-
peutic products against infectious animal diseases.

RESULTS AND DISCUSSION

Over the past few years, Russian biofactories and spe-
cialized research institutions have been developing
programs targeted at the substitution of the imports of
the relevant and promising immunobiological medicinal
products. Guided by the goal of achieving technological
sovereignty of the Russian Federation, the key players are
filling scarcity niches and investing in the development
of new medicinal products.

According to the National Veterinary Association (NVA),
which includes such leading manufacturers of veterinary
pharmaceutical and immunological products as VIC Group
of Companies, AVZ, NITA-FARM, Apicenna, Vetbiochem LLC,
Avivac, etc., in 2023, the total veterinary medicinal product
market in Russia amounted to 97.7 billion rubles, VAT in-
cluded. A significant contribution to the growth was made
by domestic manufacturers - NVA members, who collec-
tively increased production by more than 25% in 2023. By
the end of the year, domestic establishments produced
19.3 billion doses of vaccines for veterinary use, which
is 3 billion doses more than in 2022. Positive dynamics is
also observed in the extension of the product range by
the domestic establishments: in 2023, about 100 new me-
dicinal products were developed and authorized, which is
70% more than in 2022.

Porcine respiratory disease complex (PRDC) is a se-
rious challenge for pig farming as it causes devastating
economic losses due to lower growth rates of young
animals, increased mortality and high cost of treatment.
PRDC is a multifactorial disease, the development of which
depends on the combination of infectious pathogens, ex-
posure to environmental stressors and defects in the an-
imal breeding system [4]. The diseases included in this
complex, together with swine influenza, are present in all
major countries — global pork manufacturers, and Myco-
plasma hyopneumoniae, PRRS virus and porcine circovirus
type 2 (PCV-2) triad are the most common pathogens
causing PRDC in Asian countries. These etiological agents
suppress the host’s immune system and amplify the rep-
lication of each other and other pathogens. This results in
the weakening of the animal population, high mortality
of young animals, degradation of the boar semen perfor-
mance, as well as additional costs associated with diagnos-
tic, quarantine and therapeutic measures.

Swine influenza is an acute respiratory disease of pigs
caused by type A influenza virus belonging to the family
Orthomyxoviridae. The disease is accompanied by high
morbidity (up to 100%) and low mortality (10-15%). Fe-
ver, apathy, anorexia, serous nasal discharge and upper
respiratory tract lesions are typical for it [5, 6].

The swine influenza transmission patterns vary between
and within the countries due to such factors as climate, pig
population and farming methods. The main vehicles of
the virus transmission are airborne and contact ones, as
well as with personnel and care products. Humans and
pigs have the same set of receptors in the respiratory cells,
so interspecific transmission of influenza A viruses occurs in
both directions. Introduction of effective measures for influ-
enza control and prevention will, therefore, help to maintain
the health of not only pigs, but also humans [7].
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Upon contact with the respiratory mucous membrane,
which is, as a rule, the portal of the infection entry, the
influenza virus starts its replication thus leading to the ne-
crosis of the affected tracheal and bronchial cells, impaired
blood circulation, damage to the vascular system and fur-
ther, in complex cases, to hemorrhages on the skin and
mucous membranes as well as hemorrhages in internal
organs.

Currently, at least three different subtypes of influen-
za Avirus (HIN1,HIN2 and H3N2) are jointly circulating all
over the world, inter alia in the Russian Federation. Here-
with, pigs can act as a “mixing vessel” in which influenza
viruses of various origins can reassort (including with avian
and human influenza pathogens), creating new progeny
viruses capable of replicating and spreading in humans [7].

Vaccination is the main tool for swine influenza control.
However, despite the large number of vaccines, the di-
sease still cannot be effectively controlled, as the pathogen
strains are very diverse and prone to mutations. Therefore,
development of the vaccines capable of providing broad
heterologous protection against antigenically diverse virus
strains is crucial for the effective disease control [8, 9, 10].

The majority of globally used modern vaccines against
swine influenza contain inactivated whole viruses with an
adjuvant for intramuscular injection and are used either in
sows for protection during pregnancy and in piglets during
suckling, or in repair young animals to make their clinical
signs milder. These products are targeted at the induction
of the serum antibodies that neutralize the influenza vi-
rus on the respiratory mucous membranes. In the foreign
countries, the inactivated vaccines are manufactured local-
ly and contain various antigenic and genetic virus strains
circulating in the relevant region, which is indicative of
high evolutionary capacities of the virus [7]. For example,
about half of the vaccines used in the United States are
customized and herd-specific. One of the solutions to this
problem could be an approach to constructing vaccines
involving cocktail of numerous immunologically promis-
ing amino acid sequences of various strains of swine in-
fluenza virus [11].

Only foreign immunological medicinal products for
swine influenza prevention are currently listed in the Ros-
selkhoznadzor’s register of the veterinary medicinal pro-
ducts. All vaccines are inactivated and contain type A swine
influenza virus of subtypes HIN1 and H3N2 (Italy, Spain)
and subtypes HIN1, HIN2 and H3N2 (Germany), Table 1.
Thus, despite a fairly wide range of products available
on the Russian market, it is necessary to develop a domes-
ticinactivated vaccine against swine influenza comprising
those virus strains that circulate in the Russian Federation.

Porcine enzootic (mycoplasmal) pneumonia is a chronic
infectious disease caused by the bacterium Mycoplasma
hyopneumoniae, which is accompanied by cough, catarrhal
bronchopneumonia and a decrease in such performance
parameters such as survival rate, average daily weight gain,
feed conversion rate [12]. The infection is mainly spread
via airborne route, indirect transmission and infection
through contact with wild boars are also possible [13].

The disease pathogenesis is very complex and has not
been fully examined. The agent attaches to the ciliated
epithelium of the trachea, bronchi, and bronchioles, caus-
ing damage to the mucosal mucociliary clearance system
(ciliostasis), which interferes with the normal functioning
of the cilia, leads to a delayed and ineffective immune
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response, and contributes to a higher susceptibility of ani-
mals to other respiratory infections [14].

Mycoplasma hyopneumoniae is able to enhance
replication of PRRS virus and PCV-2, increasing severi-
ty of pneumonia in pigs. Practicing pig breeders most
often use vaccination rather than antibiotic treatment
and prefer combined vaccines to effectively control
the entire range of porcine respiratory diseases. Immu-
nization against M. hyopneumoniae is usually carried out
atthe age of 21 days. If the pathogen is detected in swabs
from the larynx of suckling piglets, vaccination can be
carried out at 7 days of age to avoid M. hyopneumoniae
transmission in weaning piglets and to control enzootic
pneumonia during fattening on the farms [15, 16]. As for
breeding sows, in some herds pigs are immunized against
M. hyopneumoniae during the quarantine, before they are
delivered to the breeding sow premises. Such practice al-
lows to avoid immunity upset in breeding population by
reducing the bacterial load and severity of clinical signs in
vaccinated pigs in M. hyopneumoniae-positive herds [17].

The majority of the commercially available bacterin vac-
cines are adjuvanted whole-cell preparations of the inacti-
vated cultured M. hyopneumoniae [18]. For the prevention
of porcine enzootic pneumonia, a domestic VERRES-M.hyo
(Vetbiochem LLC, Moscow) inactivated vaccine has been
enlisted in the Rosselkhoznadzor register of veterinary
medicinal products, as well as a number of foreign-made
vaccines that can be used in the disease-affected breeding
and commercial pig holdings (Table 2).

The main advantages of the vaccination involve an in-
crease in the daily weight gain of piglets (2-8%) and feed
conversion rate (2-5%), as well as a reduction in animal
mortality. Moreover, the period of reaching the slaughter
weight is shortened, the clinical signs of lung lesions and
their treatment costs are reduced [19]. However, the dis-
advantage of these vaccines is that protection against
the onset of M. hyopneumoniae-caused clinical signs and
lesions is often incomplete, and vaccination leads to only
a slight decrease in the transmission rate. There is, there-
fore, a need to develop new vaccines capable of provid-
ing more efficient protection. New vaccines are currently
being actively tested, including aerosol and feed-based
vaccines, as well as subunit and DNA vaccines. Feed-based
vaccines or aerosol vaccines could significantly facilitate
the operational procedure of the mass immunization of
pigs, and would also create immunity at the infection
entrance gate, i.e. in the respiratory tract. However, as
a result of the experiments, it was found that even triple
aerosol immunization was less effective than intramus-
cular administration, so this method still needs to be im-
proved [12, 14, 19].

Porcine reproductive and respiratory syndrome (PRRS) is
a quarantinable contagious viral disease that is manifested
in reproductive dysfunction in sows and boars and severe
pneumonia in newborn piglets and weaned piglets during
fattening.

The PRRS etiological agent is an RNA-genome arteri-
virus (genus Betaarterivirus, family Arteriviridae) capable
of replication in the pig macrophages, thus resulting in
the increased animal susceptibility to primary and secon-
dary infections, decreased animal growth as well as morbi-
dity and mortality development and increase [20].

The virus transmission can be both horizontal and ver-
tical. The infection mostly occurs through the contact with

Table 1
Register of main vaccines against swine influenza registered
in the Russian Federation

Vaccine Vaccine type Influenza virus strain used Manufacturer
Bayovac® Influ inactivated X53a (HIN1), MRC 11 (H3N2) Fatro S.p.A., Italy

o Laboratorios
GRIPORK inactivated A(HINT)OLL, A(H3N2)GHA Hipra, 5.A, Spain

Haseliinne/IDT2617/2003 (HIN1), DT Biolodika

Respiporc FLU 3 inactivated Bakum/1832/2000 (H1N2), GmbH Gergman
Bakum/IDTI769/2003 (H3N2) ! y

Table 2

Register of main vaccines against porcine enzootic (mycoplasmal) pneumonia

registered in the Russian Federation

Vaccine Vaccine type Influenza virus strain Manufacturer
VERRES-M.hyo inactivated Mycoplasma hyopneumoniae Vetblgﬁt;;r: LG
Boehringer
Ingelvac R Mycoplasma hyopneumoniae Ingelheim
MycoFLEX® inactivated (strain J) Vetmedica GmbH,
Germany
e . Intervet
Porcilis® M Hyo inactivated Mycoplasma h}/opneumonlae International B.V,
ID Once (strain 11)
Netherlands
— R Mycoplasma hyopneumoniae .
Suvaccin MN-One inactivated (strain P-5722-3) Zoetis Inc., USA
R Mycoplasma hyopneumoniae | Ceva Sante Animale,
Hyogen inactivated (strain 2940) Hungary

the diseased animals, as well as through vehicles, cloth-
ing and footwear of the personnel, through blood-suck-
ing insects and birds. In addition, the infection is possible
through boar semen, where the pathogen remains active
for up to 2 weeks. The virus can cross the placental barrier
in the second half of pregnancy and infect the fetus, and
the surviving piglets become the virus carriers. There is
also some evidence of the infectious agent airborne (aero-
sol) transmission [21].

The disease economic damage involves losses due
to reproductive dysfunction of sows (abortions, stillbirth,
death of 80-100% of newborn piglets) and the cost of di-
agnostic and quarantine measures, especially during acute
and massive outbreaks, when 1-3% of adult breeding
stock may die [22, 23, 24, 25].

Vaccination is the main tool for PRRS prevention, how-
ever, genetic studies demonstrated that the virus genome
has one of the highest mutation rates among the RNA
viruses, which contributes to its extensive antigenic and
genetic variability [26]. There are at least three subtypes of
the PRRS type 1 virus, differentiated based on ORF-5 gene
analysis [27]. The reported genetic diversity of the field vi-
rus isolates is the main obstacle to the disease control [28].

A number of both domestic and foreign manufactured
vaccines have been currently authorized in the Russian
Federation, which can be subdivided into two large
groups: live attenuated vaccines and inactivated vac-
cines. The range of the key Russian vaccines against PRRS
is presented in Table 3.
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Table 3

Register of main vaccines against porcine reproductive and respiratory syndrome
registered in the Russian Federation

PRRS virus strain

Vaccine Vaccine type used Manufacturer
- domestic author’s Vethiochem LLC,
VERRES-PRRS inactivated strain OB Russia
production strain Federal Centre
ARRIAH-PRRS inact inactivated KPR-96, European for Animal Health,
genotype Russia
inactivated production strain Federal Centre
ARRIAH-RePovac combined KPR-96, European for Animal Health,
genotype Russia
) N production strain Federal Centre
Au':\sF;ElTPRRS l?jrcrﬂ)ﬁtee; KPR-96, European for Animal Health,
Jeszy genotype Russia
Resvac live dr strain PRRS-1SBC, Shchelkovo
y genotype 1 biocombinat, Russia
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Taking into account both safety aspects and wide vari-
ety of PRRS virus strains, the inactivated vaccines are pre-
ferable to attenuated ones, but despite these advantages,
they are not effective enough. The inactivated products
induce a lower immune response than the attenuated
live ones, since the vaccine virus strains do not replicate
in the vaccinated animals. The inactivated vaccines are not
recommended to be used for immunization of seronega-
tive animals. Vaccination of seropositive animals (due to
natural infection or immunization with live vaccines) with
inactivated products, nevertheless, causes a pronounced
secondary humoral and cellular immune response, which
allows them to be used in combined vaccination pro-
grams [29].

The effectiveness of the attenuated live vaccines is
due to the fact that they ensure the development of not
only humoral, but also cellular immune response against
the PRRS virus. However, live vaccines have significant
disadvantages. The protective immune response caused
by the attenuated PRRS vaccines depends on the gene-
tic diversity of the field virus strains circulating in a given
region. The greatest effect of immunization is assumed to
be achieved when the vaccine virus is antigenically simi-
lar to the field one. Moreover, there are serious concerns
about the safety of the attenuated vaccines, since viremia
develops after immunization of pigs with live products
and a vaccine virus is shed during a few weeks, which can
be directly or indirectly transmitted to the unvaccinated
susceptible animals [30].

Circovirus infection in pigs is a viral disease, mainly
of weaning piglets [31]. The causative agent is PCV-2,
which belongs to the Circovirus genus of the Circoviri-
dae family, which includes small single-stranded non-
enveloped DNA viruses with an unsegmented circular
genome [32]. The mechanisms of PCV-2 recognition, at-
tachment and penetration into the body are currently not
fully understood. The virus is believed to use a relatively
common cellular receptor, since the virus replication
and PCV-2 antigen were reported in many different cell
types [33]. After entering the host’s body and complet-
ing the 2—-4-week incubation period, PCV-2 replicates in
the lymph nodes, infects B cells and spreads throughout
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the body through the lymphatic system. Viremia in pigs is
detected between days 7 and 14 after the virus inocula-
tion. PCV-2 is capable of causing long-term infection and
the viral DNA is detected in pigs for up to 125 days after
experimental infection [34].

Porcine circovirus type 2 can be transmitted by several
routes. The main route is with infected excretions (includ-
ing urine, saliva, semen) or through the direct contact
with the infected pigs. The virus can also be transmitted
placentally, although this transmission route is less fre-
quent [35, 36]. Experiments in piglets also demonstrated
that some slaughter products (lymphoid tissue, skeletal
muscles, and bone marrow) can be a source of infection
in pigs and, when fed to experimental animals for 3 days
they can lead to viremia and seroconversion in all ani-
mals [37, 38].

The causative agent of circovirus infection in pigs
is widespread in many countries of the world with de-
veloped industrial pig breeding and it causes significant
economic damage due to high morbidity and mortality,
decreased performance and reproductive capacities of
the animals [38].

There are currently four types of porcine circoviruses
globally identified: PCV-1, PCV-2, PCV-3 and PCV-4 [39].
PCV-2 plays animportant role in the pathologies of piglets
of 6-16 weeks of age. It causes damage to various systems,
but the disease clinical signs develop only in young ani-
mals with compromised immune system. When replicat-
ing in the cells of the piglets'immune system, PCV-2 causes
immunodeficiency disorders, which increase the suscep-
tibility to other infectious agents, reduce the immune re-
sponse to vaccination, and result in the animal death [40].

Specific prevention of circovirus infection is successful-
ly carried out with inactivated and recombinant subunit
vaccines, which significantly reduce the piglets’morbidity
and mortality during finishing and fattening [38].

The viral subunit vaccine is formulated with the com-
ponents of the main viral immunogen by means of ge-
netic engineering. The commercial subunit vaccines
against porcine circovirus infection have been developed
and manufactured primarily based on the expression of
the recombinant capsid protein ORF-2 in the baculovirus
expression system.

To prepare an inactivated vaccine, the PCV-2-infected
cells are inactivated by a physical or chemical method, as
a result of which the virus loses its infectious capacities,
but at the same time retains its immunogenicity [40].
To date, several domestic vaccines against circovirus in-
fection have been registered and certified in Russia, which
contain the recombinant capsid protein ORF-2 of porcine
circovirus type 2 (Table 4).

The technology of manufacturing vaccines against por-
cine circovirus infection is constantly being updated due
to high frequency of mutations in the HCV-2 genome and
emergence of new virus subtypes. Currently, nine PCV-2
genotypes are known (from PCV-2a to PCV-2i). Circovirus
genotypes 2a, 2b, and 2d are widespread worldwide, while
other genotypes are detected sporadically [41]. The emer-
gence of new virus genotypes leads to ineffective vaccina-
tion, which dramatically increases the spread of circovirus
infection outbreaks. To date, PCV-2d is the most common
and dominant genotype, it has a higher virulence, causes
more serious clinical signs and pathological lesions as com-
pared to classical genotypes 2a and 2b. The majority of
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the commercially available vaccines against porcine circo-
virus infection are based on capsid proteins of PCV-2a and

PCV-2b viruses and they are often ineffective against PCV-
2d. In this regard, there is a need to develop new effective

vaccines to protect against the most clinically significant

PCV-2 genotypes [42].

CONCLUSION

Porcine respiratory diseases are a serious problem
causing devastating economic losses in the pig industry
due to decreased animal growth rate, as well as increased
livestock mortality and cost of treatment. Among the mul-
tiple etiological agents such pathogens as Mycoplasma
hyopneumoniae, porcine reproductive and respiratory
syndrome virus and porcine circovirus type 2 remain the
most prevalent PRDC-causing ones in the Russian Federa-
tion. Swine influenza also causes great economic damage
to production, being at the same time a potentially dan-
gerous agent for humans.

Vaccination is one of the most efficient and cost-effec-
tive means to prevent the viral infections. However, domes-
ticimmunological medicinal products against swine influ-
enza have not yet been developed, and vaccines against
enzootic (mycoplasmal) pneumonia, porcine reproductive
and respiratory syndrome, and porcine circovirus infection
require further development due to high variability of the
pathogens, which hinders the development of a universal
vaccine product.

In the current economic conditions, it is of particular
importance to reduce the use of foreign immunobiologi-
cal drugs and to accelerate domestic vaccine production
in order to achieve technological sovereignty of the Rus-
sian Federation. In this regard, manufacturers of veterinary
medicinal products are actively developing new vaccines
and improving existing ones, and they are working to ex-
pand the collection of pathogens that can later become
the basis for the development of new medicinal products.
However, the full cycle of the development of a single vac-
cine takes from three to five years, and the domestic manu-
facturers cannot fully cover the needs of the industry so far.

Government support provided to the manufacturers of
the veterinary medicinal products as regards to the acce-
lerated registration of the medicinal products contributes
to the introduction of new capital-intensive projects, and
creation of new production facilities will allow for the sig-
nificant increase in the volume of the manufactured pro-
ducts in the coming years.
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