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ABSTRACT

The analysis of the situation on management of main epizootic threats significant for pig industry in the Russian Federation was carried out. The features and ef-
fectiveness of various biosecurity measures used in pig holdings and possible ways for their improvement were examined. Options forimprovement of biosecurity
measures in Russian pig holdings and development of the systems in the Russian Federation having favorable effect on the population protection were discussed
focusing on four target aspects related to infection introduction and spread routes: isolation of the population from external sources of threats (elimination of
probable environmental impact scenarios); isolation of the population from internal sources of threats (elimination of probable impact scenarios during produc-
tion process); isolation of the pig population or pig farming system from the human factor impact (elimination of possible scenarios of human factor impact
on the population); isolation of the population from the conditions under which the threat potential is manifested (changing of conditions). The analysis results
were presented graphically in the form of a schematic diagram “Sources of threats to biosecurity systems and measures aimed at these sources for the protected
population creation in pig industry”. Based on the discussion results, automation and digitalization of all processes in pig industry, generation of genetically modified
pigs not susceptible to the most significant pathogens such as African swine fever, classical swine fever, porcine reproductive and respiratory syndrome viruses
and their use for production purposes, further research and implementation of integrated technological solutions for feed sanitation have been concluded to be
the evolutionarily significant ways for effective pig farming intensification in the Russian Federation.
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CUTYaLMOHHbIN @aHaNKU3 N0 NPUOPUTETHBIM

1A NPOMBbILLIEHHOT0 CBUHOBO/CTBA 001€3HAM CBUHEN:
NyTW ynyyLleHna 61o3aLuTbl NpeAnpUATUI

B Poccuiickon Oepepaumu

A. C. Oranecan, M. A. lLin6aes, 0. H. MetpoBa, H. E. backakoBa, A. K. Kapaynos
OIBY «DeepanbHblii LieHTp 0XpaHbl 380poBbA X1BOTHBIX» (OTBY «BHUIU3XK»), mkp. I0pbesew, . Bnagumup, 600901, Poccua

PE3IOME

[IpoBezieH aHanu3 cuTyaLuy no ynpasneHto 0CHOBHBIMI 3HAUMMBbIMU AS NPOMbILLNEHHOTO (BUHOBOACTBA Poccuiickoii OepepaLm 3nM300TUYECKUMM YTpo-
3amu. PaccMOTpeHbl 0C06eHHOCTU 1 3GGEKTUBHOCTD Pa3NAUHbIX Mep, MCTIONb3yeMblX B CUCTEMaX G103aLLUTbI CBUHOBOLYECKUX NPEANPUATHIA, U BO3MOXHble
nyTh ux ynyywenus. 06cyxaeHune nyTeit pa3suTua Mep 61o3alLnTbl CBUHOBOAYECKIX NPeANPUATUI 1 cucTem B Poccuiickoil Oegepaumn, CNOCOGHbIX NOBANATL
Ha 3aLLMLLEHHOCTb NOMYNALMY, BEAW NO YETbIPEM HaNpaBNEHUAM, (BA3HHbBIM C MYTAMU 3aHOCA U PACNPOCTPaHeHUA MHGEKLHIA: U30MPOBAHHOCTb NOMYAALIM
0T BHELLHIX UCTOYHIKOB YTPO3 (YCTpaHeHwe BepOATHBIX CLieHapyeB BO3LLICTBIA U3 BHELLHEI cpefibl); U30MPOBAHHOCTL MONYNALMY OT BHYTPEHHIX UCTOYHUKOB
yrpo3 (ycTpaHeHue BepoATHbIX CLieHapueB BO3AeiCTBIA B NOTOKe NPOM3BOACTBA); U30MPOBAHHOCTL MONYNALMM UAN CCTEMbI CBIUHOBOACTBA OT BO3Ae/CTBUA

© Oganesyan A. S., Shibayev M. A., Petrova 0. N., Baskakova N. Ye., Karaulov A. K., 2024

396 VETERINARY SCIENCE TODAY. 2024; 13 (4): 396—404 | BETEPUHAPUA CETOZHA. 2024; 13 (4): 396—404


https://crossmark.crossref.org/dialog/?doi=10.29326/2304-196X-2024-13-4-396-404&domain=pdf&date_stamp=2024-09-27

ORIGINAL ARTICLES | GENERAL ISSUES OPUTUHATIbHBIE CTATbY | OBLLIE BOMPOCHI

yenoBeyeckoro GakTopa (ycTpaHeHue BepPOATHbIX CLieHapueB BO3AICTBIAA Ha MOMYNALIMIO YenoBeyeckoro GakTopa); U30AMpOBaHHOCTb MOMYNALNN OT YCIOBHI,
MpW KOTOPbIX NPOABNEH NOTEHLMaN Yrpo3 (U3MeHeHwe ycnoByii). Pe3ynbTaTbl aHanu3a NpeACTaBuyn rpaduyecki B BUAE NPUHLMNNANbHONA cxeMbl «/CTOUHIKN
yrpo3 AnA ccTem 6103aLMTbl M Mepbl, HanpaBNeHHble Ha 3TW UCTOYHUKIN ANA GOPMUPOBAHIA 3aLLALLEHHOI NONYNALMY B NPOMbILLNEHHOM CBIUHOBOACTBEY.
Mo utoram o6cyxaeHUa caienaHo 3aknioyeHue, YTo aBTOMATU3ALMA U LndPOBU3ALIMA BCEX MPOLIECCOB B CBUHOBOACTBE, CO3A1aHMe U BHeZipeHie B NPOU3BOACTBO
reHeTUYecki MoANGULIMPOBAHHBIX CBUHE, He BOCTPUMMUMBDIX K TaKIIM Hanbosiee 3HaunMbiM BO30YAUTENAM, Kak BUPYCbl aPUKAHCKOI UyMbl CBUHE, Knaccu-
YecKoii YyMbl CBUHE!, penpoayKTUBHO-PeCNUPaTOPHOro CMHAPOMA CBUHE, AANbHeiLLMe UCCNeIoBaHNA U BHEAPEHIE KOMMNEKCHBIX TEXHONOTMYHBIX pelLeHyit
110 CaHUTapuN KOPMOB NMPEACTABAAIOTCA Ha CeroAHA IBOMOLMOHHO 3HAUUMbIMU MYTAMY, KOTOPbIe N03BONAT 3GGEKTUBHO UHTEHCUPULIMPOBATL CBUHOBOACTBO
8 Poccuiickoii Oegepauum.

KnioueBbie cnosa: bonesHu (BuHelA, 3M1300TMYECKaA CUTYaLMA, CBUHOBOACTBO, G103alLnTa, BeTepUHAPHO-CaHUTapHble Mepbl
bnaropgapHocTy: Pabota BbinonHeHa 3a cuet cpeacts OTBY «BHUU3M» B pamkax TemaTuki HayuHo-UCCne0BaTeNbCKux paboT «BetepuHapHoe 6narononyunes.
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INTRODUCTION

Pork remains the main source of animal protein in
the world, its output annually exceeds the production
of meat of any other type. In 2019-2020, global animal
protein production declined sharply due to large-scale
outbreaks of African swine fever (ASF) in China and South-
east Asian countries. The Russian Federation has become
self-sufficient in pork since 2020, and in 2022, commercial
holdings produced 5,275.1 thousand tons of pork (slaugh-
ter weight), and proportion of large holdings was 76%. Ac-
cording to the predictions, domestic pork consumption will
remain high and continue to grow up to 2025 in the Rus-
sian Federation [1, 2]. Pigs are susceptible to a wide range
of diseases that affect their performance and pig produc-
ers’income. The spread of porcine diseases in the Russian
Federation had a significant negative impact on pork pro-
duction in the country during the last 10 years (since 2013),
when, according to official data from the World Organiza-
tion for Animal Health (WOAH), (214,985 + 165,558) do-
mestic pigs were annually destroyed due to ASF only with
peak in 2020, when 615,239 pigs were destroyed. The ASF
epizooty has been effectively contained for all these years
owing to the coordinated joint activities of both State
Veterinary Service with Regional Administrations and in-
house veterinary staff with the holding managers as well
as all pig holding sites. At the same time, any biosecurity
system cannot be established based on template solutions
only and is developed taking into account the holding
characteristics, animal rearing practice, climatic condi-
tions, animal disease situation in the region, sources of raw
materials and feed. However, in any case, the biosecurity
system consists of two components. External biosecuri-
ty is aimed at prevention of pathogen introduction into
the herd, and internal biosecurity is aimed at prevention of
the disease spread within the herd or production system.
The study of the epizootic patterns of porcine diseases
in pig industry and prioritization of porcine diseases al-
low for development of adequate biosecurity measures
for the pig sector [3, 4].

In this context, description and assessment of options
for the biosecurity system evolution in holdings remain
an urgent task in the framework of discussion on orga-
nization of biosecurity measures and ways for their im-
provement for pig holdings and pig rearing systems in the
Russian Federation.

MATERIALS AND METHODS

Official information on measures against porcine di-
seases taken in the country, scientific literature data, data
from open official sources, special round tables and the
mass media were used. The measures were assessed
and discussed using elements of risk analysis and expert
assessment with the consensus achievement [5]. The op-
tions for biosecurity measures improvement in pig hold-
ings/pig rearing systems in the Russian Federation that
could have impact on pig population protection were
discussed taking into account four target areas related to
the infection introduction and spread routes.

1. Isolation of the population from external sources
of threats (elimination of probable environmental impact
scenarios).

2. Isolation of the population from internal sources
of threats (elimination of probable impact scenarios
during production process).

3.Isolation of the pig population or pig farming system
from the human factor impact (elimination of possible sce-
narios of human factor impact on the population).

4.1solation of the population from the conditions under
which the threat potential is manifested (changing of con-
ditions).

The analysis results were presented in the form of
a schematic diagram “Sources of threats to biosecurity
systems and measures aimed at these sources for the pro-
tected population creation in pig industry” (Fig.).

RESULTS AND DISCUSSION

There are quite a few scenarios for known transmission
routes for various porcine pathogens. Therefore, a set
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of standard potentially effective measures aimed at epi-
zootic chain breaking could be provided for the most
diseases. But there is no common universal biosecurity
system for holdings. An effective system is created with
the participation of veterinarians and other specialists
who have complete information about the holding, pro-
cesses, employees and risk factors. The biosecurity plan
is unique for each pig holding and includes prioritiza-
tion and succession of measures based on their poten-
tial effectiveness and appropriateness for the produc-
tion process [4, 6]. Quantitative data on each route or
element impact and relative importance for the trans-
mission scenario implementation are always required
for development of point-based technological solutions.
The actual effectiveness of applied biosecurity measures
is influenced by economic, sociological and even psy-
chological factors as well as their harmonization with
the governmental official disease surveillance policy [7],
that can be taken into account as negative factors or used
for development of policies for biosecurity measures cor-
rection in holdings.

Biosecurity system strengthening in holdings is
aimed at:

1. Isolation of the population from external sources
of threats. Since domestication of pigs (about 10,000 years
ago) [8] isolation of pig population from aggressive envi-
ronmental factors has been historically the first effective
measure used by humans in pig farming.

In an evolutionarily short period, the development
of technical means and methods for pig population iso-
lation from the external environment and the emergence
of more and more modern technologies in pig farming
industry (in genetics and artificial insemination; feed pro-

*ALL MEASURES AIMED AT
CONTROL OF:

* Pigs/genetic materials
+ Feed/water/medicinal products
» Humans/staff-members

s Transportation
vehicles/fomites/food

 Adjacent territory/domestic and
wild animals/birds/insects
* Air/dust/aerosols/ionizing
radiation
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of external impact

v 3. Human factor

+Qualification improvement
(trainings and simulation
exercises)

sAutomation of procedures and
operations

eDigitalization of pig farming
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)

duction; pharmacology and vaccinology) had enabled
development of industrial pig production strategies and
concentration of up to 84,000 sows producing over 2 mil-
lion pigs per year in megaholdings by 2020 (in the People’s
Republic of China). Industrial pig production has provoked
changes in susceptible population features (genetic ho-
mogeneity of the population, immune homogeneity); had
an effect on the prevailing pathogen transmission mecha-
nisms (increased number of direct and indirect contacts,
emerged iatrogenic risks, risks of pathogen spreading
through artificial insemination, feed-associated risks, etc.);
enabled accelerated pathogen evolution during the pro-
duction process and in large populations (reassortment,
including reassortment with vaccine strains; associated
infections; antibiotic resistance; changes in the epizoo-
tiology of many infectious and non-infectious disea-
ses, etc.).

The evolution of the epizootiological triad components
has made traditional approaches to population segrega-
tion ineffective due to globalization of pathogen spread
risks in industrial pig production systems and necessitated
development of new tools — biosecurity system and com-
partmentalization, effective against both new pathogens
and pathogens that have changed their epizootological
characteristics [9].

There are infections new to pig industry such as
the widespread porcine reproductive and respiratory syn-
drome (PRRS), ASF caused by the genotype Il virus, porcine
epidemic diarrhea (PED) and swine influenza, as well as
recurrent infections — classical swine fever (CSF) and foot-
and-mouth disease (FMD). Isolation of the population from
the external environment in pig farming systems is found
insufficient for agents of the above-mentioned infections,
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completeness, quality and
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procedures and operations

( + Cleaning, washing, disinfection
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Fig. Schematic diagram “Sources of threats to biosecurity systems and measures against these sources

for protected population creation in pig industry”
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and, first of all, highly contagious pathogens (PRRS, FMD,
swine influenza, CSF, ASF viruses, mycoplasmosis agent)
that are transmitted by both direct and indirect routes
[10,11,12,13, 14, 15].

Considering this, population isolation methods take
the new level. For example, taking into account possible
airborne transmission of PRRS virus in indoor pig keep-
ing systems much attention is paid to use of air filters
and other air filtration technologies for the population
protection [16]. Some studies have shown that air filtration
system installation on pig farms contributed to an 80% re-
duction of the risk of PRRS virus introduction into produc-
tion systems [17, 18].

It should be noted that Chapters 5.4, 5.5, 5.7 and 7.3
of the WOAH Terrestrial Animal Health Code [19] address
to safe transportation of animals in isolated transporta-
tion vehicles preventing transboundary disease spread.
It shows that likelihood of infection and pathogen spread
during transportation shall be taken into account. There-
fore, it is recommended to take into account meteorolo-
gical risk factors associated with the presence of each of
the pathogens in the air, as well as the ability of mechani-
cal and antimicrobial filters to protect susceptible popula-
tions from RRRS virus and other pathogens for which aero-
sol spread has been proven (mycoplasma, swine influenza,
CFS) in holdings and during transportation.

Compartmentalization (along with zoning) is also cur-
rently considered as a measure sufficient for creation of
the population free from most transboundary diseases,
including panzootic genotype Il virus-caused ASF - a re-
latively new problem for global pig industry [9]. At the
same time, fomites, transportation vehicles and animals
(including rats, birds and insects) coming in contact with
the pig population are considered to play important role
in the “domestic cycle” Therefore, measures for exclu-
sion of scenarios of potential exposure environmental
through transportation vehicles, fomites, mechanical
carriers, etc. should be periodically reviewed. The main
focus is shifted to discussion the reliability of control
of sanitary measures aimed at the population isolation
from the external environment and potential for auto-
mation of biosecurity systems in holdings (for example,
online monitoring of in-house transportation vehicle
movements between compartments, the integrity
of the holding perimeter, protection against mechani-
cal vector penetration and activities; control of cleaning,
washing and disinfection quality in technical facilities
and transportation vehicles using automated devices
for residual contamination detection, etc.). Automated
control will allow for improvement of biosecurity system
and isolation measures effectiveness.

Automation and digitalization of systems for effective
air filtration, microclimate maintenance and for their con-
trol in facilities as well as when animals arrive to the hold-
ing or moved between compartment sites using public
roads running through rural territories are also the most
modern isolation measures contributing to elimination
of gaps in management of airborne infection risk (primari-
ly PRRS and mycoplasmosis).

The assessment of measures for segregation control
in biosecurity systems and the experience accumulated
by holdings in this field are of scientific interest for de-
velopment of basic recommendations to put them into
practice.

2. Isolation of the population from internal sources
of threats. Likelihood of such threats affecting pigs during
production process is eliminated by monitoring the com-
pleteness, quality and consistency of procedures and ope-
rations used within the production (technological) chain
(in-process control). This also includes internal quarantine
when moving adult animals between groups, and the “all
in — all out” approach, sanitation and containment mea-
sures, etc. However, we will focus on three independent
areas.

Cleaning, washing, disinfection. Management of risks
of pathogen introduction and spread in herds through
production chain is based on both general measures
for holding biosecurity ensuring and targeted techniques
to control the effectiveness of measures taken. Hygiene
management is becoming increasingly important as
an independent biosecurity tool. Infectious activity of
most porcine viral and bacterial pathogens can be signifi-
cantly reduced as early as at the cleaning stage, where up
to 90% of microorganisms are destroyed that significant-
ly increases the effectiveness of further disinfection [20]
and facilitates elimination of scenarios of probable expo-
sure during production process by “cutting off” probable
indirect contacts. Therefore, the triad components: “clean-
ing — washing - disinfection” in processes where they are
applied (treatment of transportation vehicles, footwear,
equipment, facilities, etc.) should be as one measure
(a three-stage process that includes sequential cleaning,
washing and disinfection), and each operation should
be subject to control.

In-process monitoring of pathogens. Porcine factor
pathogens are characterized by circulation in herds with
clinical disease cases manifesting only in isolated sex and
age groups of animals (porcine parvovirus and rotavirus
infections, actinobacillosis pleuropneumonia, streptococ-
cosis, salmonellosis, pasteurellosis, escherichiosis, lepto-
spirosis), therefore, control of measures against such infec-
tions can be focused on isolation of animal subpopulations
during production process for a period of time sufficient
for immunity (resistance) development [21, 22]. Conse-
quently, the production processes for different groups
of pigs should be monitored and such monitoring should
be the part of a biosecurity plan. In addition, in-process
monitoring based on serological tests with the mandatory
use of polymerase chain reaction followed by sequencing
of the detected isolates allowing for accurate determina-
tion of subpopulations status and potential scenarios for
the pathogen spread in the system is to be carried out at
all points critical for pathogen transmission, for example,
for PRRS virus (replacement animals, genetic material,
transfer of animals from one group to another, control
of “all in - all out” system operation). This will ensure in-
process isolation of the subpopulation.

Feed sanitation. Sanitation of feed for pigs is the third
key point in biosecurity programs of establishments for
reducing likelihood of threat scenarios during production
process [23, 24, 25, 26]. Despite the fact that feeds can
be produced by methods ensuring pathogen destruction,
they are often cross-contaminated during storage, trans-
portation or feeding. Some studies have shown long-term
persistence of following infectious viruses in the feed
during its transatlantic transportation: foot-and-mouth
disease virus, ASF, swine vesicular disease virus, Aujezsky’s
disease virus, PRRS, and porcine vesicular exanthema virus,
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whereas there is no evidence of such long-term survivabi-
lity for CFS, Nipah, and swine influenza viruses [27].

The main measures for feed sanitation currently dis-
cussed worldwide are: 1) monitoring of feed directly sup-
plied to pigs for pathogens; 2) holding of components
of animal origin to decrease virus titre; 3) monitoring
of feed and feed additive storage conditions; 4) appli-
cation of additives (based on formaldehyde, fatty acids,
essential oils and organic acids) for feed and water de-
contamination for bacteria and viruses removal (includ-
ing ASF, PED virus), as well as application of mycotoxin
adsorbents [23, 26].

Therefore, feed sanitation should include, among other
things, supplier reliability control, raw material quality con-
trol and measures for mitigation of such risks as: a) pre-
sence of pathogens in source materials; b) the presence
of infectious agents in ready-to-use feed and high-risk
feed components (components of animal origin); c) recon-
tamination of finished feed during its production, trans-
portation and storage [24].

3. Isolation of the population from human factor ef-
fect. There are no commercial pig herds in the world that
are 100% isolated from the human factor associated with
production process maintenance, from engineering as-
pects up to control of technological processes, including
veterinary and zootechnical aspects. It should be noted
that the human factor is one of the most difficult to control,
but at the same time one of the key factors for effective
prevention of infection introduction and spread.

Automation and digitalization in pig farming sector.
The strategy for reducing the human factor impact is
the most knowledge-intensive and rapidly growing area
of the developing biosecurity system management. With
the advent of new information technologies and technical
capabilities, this area has been further developed into the
whole separate segment called “precision animal farming’,
that is widely discussed from the scientific and applied
point of view in the pig breeders’ community as a promi-
sing practice for future production [28, 29, 30, 31, 32, 33].
The priority task of the science today is to fill gaps in new
technical solutions due to the complexity of validation
of technologies for assessing affective states in pigs (both
positive and negative) evaluated in process control sys-
tems using data obtained from recording sensors (strain
gauges, thermal imagers, microphones, photometers,
infrared, radio frequency sensors), as well as to reduce
the cost of these technologies [34, 35].

Automation and exclusion of the human factor impact
on such processes as animal movements, control of cros-
sing dirty and clean zones, assessment of cleaning, wash-
ing and disinfection effectiveness, microclimate control,
weighing of animals, feed distribution, monitoring of
the clinical state of animals (body temperature, behavior,
feed and water consumption) are undoubtedly of high
importance for qualitative improvement of biosecurity
systems in the holdings in future.

Technological innovations have the strongest positive
impact on production. The territories of the Russian Fe-
deration with the highest technological innovation level
hold leading positions as for index of agricultural produc-
tion [36]. Ministry of Agriculture of the Russian Federation
is going to introduce digital technologies into the national
agricultural sector, develop a platform for domestic agri-
cultural product promotion as well as launch modeling

and predicting systems (“Digital Agriculture”) by 2030.
Obviously, advent of predicting technology allowing for
creation of predictive models for animal diseases will en-
able a breakthrough in this area.

In other words, with data accumulation, it will become
possible to create a basis for predictive models in existing
pig farming systems allowing individual management de-
cision-making modeling and predicting the response of
all related estimated system indicators to these decisions,
thereby reducing managerial errors at the stage of their
development.

The expert community notes that the main consumers
of new technologies in Russian pig farming industry are
limited by top 50 pig producers. This is accounted for lack
of funds and insufficient personnel qualifications and skills,
the factors that impede large-scale automation and digi-
talization of pig farms. Small farms remain at the techno-
logical level of the last century. In Russian pig farms,
veterinary manipulations account for large proportion
of manual labor. Automation of animal censuring and re-
mote diagnosis is in little demand, as it requires significant
re-equipment of facilities and financial investments. Most
of the technological processes in pig farming sector have
been already mechanized, and currently they require auto-
mation. Full automation of production process on a smart
farm is theoretically and practically possible, but it is still
economically non-profitable [36, 37, 38].

The main challenge for domestic developers today,
in our opinion, is the integration of systems of different
producers put in place for various targets (microclimate
control, feed control, control of hunting periods, livestock
turnover, inventory, etc.) into common online manage-
ment system, development and integration of automa-
ted systems for veterinary manipulations. Their creation
and digitalization are carried out in consultation with
experts and veterinary scientists, as this a priori will im-
pact on the overall biosecurity level of holdings and will
enable control of porcine infectious diseases in pig hold-
ings [36, 37, 38].

Employee qualification improvement. Theoretically,
the effectiveness of human factor elimination depends
on the degree of the person involvement (awareness)
in professional life and commitment to risk management
practice in the field.

Continuous training and improvement of skills of
the personnel involved in technological processes posing
human factor - associated risks affecting committed im-
plementation of biosecurity measures is an effective solu-
tion, as well as a measure complementing automation and
digitalization of processes in pig farming industry. Trained
personnel carrying out monitoring of each automated
procedure, is the basis for the introduction of automation
and informatization in pig farming sector.

Employee competence improvement throughout
the whole production chain is the key aspect for elimi-
nation of barriers to digitalization, but also for reducing
the impact of “advertising approach” to selection of mea-
sures and tools for disease prevention, when the inef-
fectiveness of medicines is masked by sales consultants
with arguments about the imperfection of the applied
preventive measures and tools and by requirements for
the implementation of disease eradication programs that
a priori are impossible at the level of a separate pig holding
(refusal of vaccination, etc.).
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4. Isolation of the population from the conditions un-
der which the threat potential is manifested (changing
conditions). The following is currently applied to exclude
propagation and accumulation of pathogenic microorga-
nisms: vaccination, acclimatization, the elimination of feed,
heat, noise and behavioral stresses, breeding of animals
resistant to pathogens and stress factors, changing of
the design features/physicochemical properties of sur-
faces and materials coming in contact with pigs (floors,
stalls, walls, bedding, drinking bowls, feeders, feed pipe-
lines) [39].

Stress reduction/elimination. Type of feeding, type
of microclimate in facilities where different age and sex
groups are kept, and contamination of facilities are con-
sidered to be associated with the development of stress
of various levels, morphological and biochemical changes
in blood, changes in general animal resistance to stress
and to pathogens, and animal performance, and the con-
trol of these parameters is akin to the control of factors
contributing to unfavorable events [40, 41, 42, 43]. In-
terdisciplinary approach has enabled generation of new
materials and their introduction into pig production in-
dustry. Monitoring and management of animal keeping
conditions and general resistance allow for reducing stress
and neutralizing pathogen exposure, however, they are
high-tech, knowledge-intensive and, as a rule, interdiscip-
linary areas for commercial pig farming.

Immunity development. Registered and approved vac-
cine shall be selected for vaccination taking into account
genetic characteristics of the pathogen circulating in
the region. Information about PRRS virus strain genotypes
and the infection spread in the herd, for example, will help
to timely select the most appropriate disease control stra-
tegy in the particular Russian Federation subject or pro-
duction system [44, 45]. Application of vaccines against
CSF and Aujezsky’s disease remains one of the most effec-
tive disease control measures and correlates with current
biosecurity and biosafety measures used in pig farming
industry in the Russian Federation. Improvement of animal
health status involving the refusal of vaccination without
the federal program and involvement of all regions and all
business operators in the country appears to be ineffective
based on the experience of other countries and in the con-
text of current Russian Federation regionalization policy
(the most effective quarantine tool in place in veterinary
field in the Russian Federation).

Genetically modified pigs. Gene editing, which can
be used for animal disease resistance inducing and
maintaining is the most effective out of all measures that
radically changes conditions in the pig farming system.
In view of successful experiments in public health sector
(HIV, sickle cell anemia and cancer of various types), gene
editing technology is considered to have a great poten-
tial in animal disease treatment and prevention. This is,
theoretically, generation of genetically modified pigs not
susceptible to ASF or PRRS [46, 47]. In case of any success-
ful genetic improvement, it will only take just a few time
to reproduced genetically enough virus-resistant progeni-
tor pig populations to meet global demand.

CONCLUSION

Biosecurity of pig production systems is currently paid
much attention in science and practice. The adequacy
of the assessment and monitoring of external threats is

a priority task for ensuring effective pig farming system
biosecurity. The surveillance system, as the basis of all
animal disease control measures already taken and imple-
mented, should provide the pig industry and biosecurity
systems of holdings with, first of all, accurate, measurable
and interpretable data on the population state and exist-
ing external threats.

An important gap in the most technological solutions
is the dependence on foreign software programs for
equipment despite the presence of Russian developers
on the market.

Taking into account the lack of standard technologies
for pig farming sector and attempts to integrate equip-
ment and software from different countries into a single
project, the elimination of the “advertising approach” (un-
justified transfer of some digital technologies from cattle
farming to pig farming sector) is also the task for domes-
tic developers of equipment and software programs (sys-
tems).

Employee competence improvement throughout
the whole production chain is the key aspect for elimi-
nation of barriers to digitalization as well as for reducing
the impact of “advertising approach” to selection of mea-
sures and tools for disease prevention when the inef-
ficiency of medicines is masked by sales consultants
with arguments about the imperfection of the applied
preventive measures and tools and by requirements for
the implementation of disease eradication programs that
is a priori impossible at the level of a separate pig holding
(for example, refusal of vaccination, etc.).

It can be concluded that the automation and digitali-
zation of all processes in pig industry, creation of geneti-
cally modified pigs not susceptible to the most significant
pathogens such as African swine fever, classical swine fe-
ver, porcine reproductive and respiratory syndrome virus-
es and their use for production purposes, further research
and implementation of integrated technological solutions
for feed sanitation are the evolutionarily significant ways
for effective pig farming intensification and that they will
facilitate the development of production data monitoring
and porcine disease control systems and reduce the im-
pact of manual control errors.
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