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SUMMARY

The paper presents trends in the epizootic situation on classical swine fever (CSF) in the Russian Federation, for 2007—2021. Most likely, a drop in the number of CSF
outbreaks throughout the country results from two factors: a geographical shift of the disease outhreaks from the European part of Russia to the eastern regions
bordering on China (into the wild boar population), as documented between 2015 and 2021, and a large-scale vaccination of domestic pigs practiced in the recent
years. The introduction and spread of CSF in the Russian Federation are, most likely, associated with the internal risk factors (i.e. quality of anti-epizootic measures,
mainly vaccination) and with the territories, where the virus circulates in wild boars. Expansion of vaccination coverage since 2011 is one of the factors contributing
to a decrease in the number of clinical CSF cases registered in domestic pigs of the Russian Federation. The infection spread in domestic pigs is still on a downward
trend. For purposes of analysis, current trends of CSF spread in domestic pigs and wild boars in the Russian Federation, as well as the volume of the vaccine used,
were visualized in relative numbers (taking into account total number of pigs in the country) used to build a regression model. Currently, vaccination against classical
swine fever in the Russian Federation (and its good quality) is an essential prerequisite to contain the infection spread in the country.
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PE3IOME

[pencTaBneHa TeHAeHLMA Pa3BUTUA INM300TUYECKOI CUTYaLLIAM NO KNACccueckoil uyme cBinHet B Poccuiickoi Oeaepaumu 8 2007—2021 rr. KoHcTatupyeTca GakT
TeppuTopuanbHoro cMelenna B 20152021 rr. ouaro uxdexLmy 3 eBponeiickoii yactin Poccun B BOCTOUHbIe, NpUrpaHiyHble ¢ Kutaem perobl B nonynaumio
AUKOro KabaHa 1 ycuneHna BaKLMHONPOGUAAKTMKIA B JOMALLHE NONYNALMN B NOCNeAHNE TOAbl, UT0, BepOATHee BCero, 6biNo onpeaensioLLum B CHUXKeEHIN
KONMYeCTBa 04aroB KNaccueckoil YyMbl CBUHeIA Ha BCeil TeppuTOpUN CTpaHbl. OCHOBHbIe 0COBEHHOCTY 3aH0Ca M pacnpocTpaHeHnA MHeKLun B Poccuiickoii
Oezepaumn ¢ 6onbLueil BEPOATHOCTbIO CBA3aHbI C BHYTPEHHUMY GaKTOpamMm pucka (KauecTBO UCMONHEHUA NPOTUBOIMN300TUYECKIX MEPONPUATHI, TNABHBIM
00pa3om BaKLMHALMK) 1 TEPPUTOPUAMY LMPKYNALIM BUPYCA CPeAN AnKNX KabaHoB. K uncny GakTopoB, CNoCobCTBYHOLLNX CHIDKEHMIO YNCIA PerncTpupyembix
KNUHUYECKMX CTyYaeB KNaccuyeckoi YyMbl CBIHeN B MONynALmMy JoMaLLHuX cBuHelt Poccuiickoil Oefepavini, MoXHO 0THecTH npupocT ¢ 2011 1. 06bemMoB Bak-
umuHaumy. TpeHg Hebnarononyyna B nonynALMM ZOMALLHUX CBUHEN 0CTAeTCA HCNaZatoLLnM. TeHAEHLMIN PA3BIUTUA SNU300TUYECKOI CUTYaLM NO KNaccuyecKoii
yyme CBUHeil Ha Tepputopun Poccuiickoii Degepauy B nonynaunAxX AOMALUHIX U SUKUX CBUHEN 1 06bemMbl NPUMeHeHA BaKLMH ANA Lieneli aHanu3a 6binm
BU3yanu3MpOBaHbl B OTHOCUTENbHBIX BENNYMHAX, YUNTbIBAIOLLIX 0OLLYI0 YNCNEHHOCTD NMOFONI0BbA (BIUHEN B CTPaHe, KOTOpble MCN0Nb30BaN ANA NOCTPOEHUA
PerpeccuoHHoil MoZeni. Ha ocHoBe aHani3a aH NporHo3 Ha 2022 . B yC0BUAX COXpaHeHIA BbIGpaHHoIA B cTpaHe cTpaTervin 6opb0bl ¢ 3aboneBaHmnem. Bakum-
HaLwA NPOTYUB KNaccuyeckoii uymbl cBUHelt B Poccuiickoit DesiepaLn 1 ee KauecTBo Ha JaHHbIi MOMEHT 0CTaeTcA npesonpeAensiowym GakTopom CAepKMBaHIA
pacnpocTpaHeHus MM300TN HA TEPPUTOPUN CTPAHDI.

KntoueBbie cnoBa: knaccuyeckas yyma BUHeit, Poccuiickasn (De,uepauMﬂ, 3Mn300TNYECKaA CUTyauus, peTpOCI'IeKTMBHbIﬁ dHanu3, BakuuHauua

bnaropapHoctu: iccneoBanme npoBeeHo 3a CUeT CpencTB GefiepanbHOro OofKeTa B paMKax rocyAapCTBEHHOT0 3aaHuA o Teme «OLeHKa IN1300TINYeCKOil
cuTyaumum cybnonynALuii BoCnpunMUmBLIX X1BOTHBIX B Cy6beKTax Poccuitckoii Oepepaum Ana noATBepxAeHNA X 6narononyyna no CTaTycHbIM HGeKumnam
B COOTBETCTBUM C TPeboBaHMAMI MIb 1 NOAroTOBKa NPOrHO30B BO3MOXHOTO 3aHOCA U PACMPOCTPAHEHNA TPAHCTPAHUUHDIX 60Ne3Hel XKIUBOTHBIX C UCMOfb30Ba-
HUeM MeTOZ0B MOZENMPOBAHMA U MPOTHO3MPOBAHMAY.

[ina yutuposauus: Oranecan A. C., LWesuos A. A., Llep6akos A. B., KopeHoii 0. 1., Kapaynos A. K. Knaccuyeckas uyma CBuHeiA: peTpocneKTUBHbIA aHanm3
3M1300THYeCKoil cuTyauum B Poccuiickoit Oepepaunm (2007-2021 rr.) u nporHo3 Ha 2022 r. Bemepurapus cezodns. 2022; 11 (3): 229-238. DOI: 10.29326/2304-

196X-2022-11-3-229-238.
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INTRODUCTION

Classical swine fever (CSF) is a transboundary viral
disease, which remains one of the most serious swine
diseases in the world. It is caused by an RNA virus belon-
ging to Pestivirus genus of Flaviviridae family [1]. There are
three CSF virus genotypes with three to four subgeno-
types, that do not directly correlate with the virulence. It
is important to note that genetic diversity does not make
it possible to obtain true serotypes and it has noimpact on
the vaccine effectiveness [2, 3]. A wide range of CSF clini-
cal signs (including the ones observed after vaccination)
requires a laboratory confirmation of the disease. In most
countries with well-developed pig industry CSF occurs, at
least, sporadically [4, 5].

Wild boars are a reservoir of the virus, which is able
to circulate for a long time in the infected population,
thus, posing a threat to poorly protected pig farms and
backyards. It can be assumed that the disease is also en-
demic in certain countries of South and Central America
and in some parts of Eastern Europe and Asia [2, 6, 7]. Little
is known about the situation in Africa [4, 5].

CSF control strategy in the disease-free countries main-
ly includes conventional measures to control an outbreak
of a highly dangerous disease: quarantine, destruction
of all animals in the infected herd, contact tracing, timely
and reliable diagnosis, creation of restriction zones, tracing
commodities associated with the risk of the virus spread.

Once such strategy is in place, vaccination is assumed as
a possible, however, an emergency option, although it was
practiced at the first stage of the disease control in the cur-
rently disease-free countries [2, 8]. Vaccines are used as
a routine option to contain the disease in CSF endemic
regions of Asia, Eastern Europe, America and some African
countries [4, 8].

In Russia, the situation on CSF in domestic pigs is get-
ting less tense [9] in most parts of the country, which
is, probably, explained by mass vaccination and strong
anti-epizootic measures (passive surveillance, compart-
mentalization, regionalization). At the same time, taking
into account CSF potential for rapid territorial and trans-
boundary spread, it seems appropriate to retrospectively
analyze the epizootic situation in the Russian Federation
and to discuss the expected course of events, assessing
infection status of the wild boar population and the use
of vaccination.

MATERIALS AND METHODS

For this research, we used data from the World Animal
Health Organization information system (WAHIS) together
with the official veterinary reports from the FGBI “Veteri-
nary Center” [5].

The information was processed with the help of de-
scriptive statistics, correlation and regression analysis
using STATISTICA 10 software (StatSoft, Inc., 2011).
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For the purposes of analysis, CSF trends in domestic
pigs and wild boars in the Russian Federation, as well as
the volume of the vaccine used, were visualized in relative
numbers K1 and K2 for the period from 2007 to 2020. Total
pig population in the country was taken into account; K1
is the ratio between the number of outbreaks per year to
the total pig population (million animals), K2 is the ratio
between the number of animals vaccinated against CSF
(million animals) and the total pig population (million ani-
mals). K1 and K2 values for 2011-2018 were used to build
a regression model [10].

Prognostic values for CSF outbreaks in 2022 were cal-
culated based on “Poisson random walk” model using
the Poisson distribution. Calculations were done in the
@RISK program using Monte Carlo simulation in 10,000 ite-
rations. The time interval from 2010 to 2021 was chosen
for analysis.

The analysis results and the forecast are given in discus-
sion and conclusion.

RESULTS AND DISCUSSION

Epizootic situation on classical swine fever in diffe-
rent countries. According to the official data of the World
Organization for Animal Health (WOAH) for 2021, only
38 countries on different continents are officially free
from CSF, and 3 countries have separate disease-free zones.
A difficult situation is registered in Asian and South Ameri-
can countries. Thus, from 2017 to 2019 more than 300 CSF
outbreaks were recorded in Indonesia; more than 150 out-
breaks were reported in Vietnam within the same period;
more than 50 outbreaks — in China and India (each); 18 out-
breaks — in Nepal; 11 outbreaks — in Thailand; more than
230 outbreaks - in Cuba; 150 outbreaks — in Peru; 115 out-
breaks - in Ecuador; 25 outbreaks - in Colombia; 11 out-
breaks - in the Dominican Republic and Haiti (each) [5].

More than a quarter-century Japan remained free from
CSF without vaccination. However, in 2018, the virus was
introduced into the wild boar population and the infec-
tion spread widely. Next year, compared to the previous
year, Japan reported a decrease in the number of out-
breaks from 1,633 to 972 due to vaccination of wild
boars [5, 11, 12].

In South Korea, since 2017, there has been a rapid in-
crease in the number of seropositive wild boars caught
near the demilitarized zone bordering on North Korea. CSF
spread in South Korean wild boars was reported from west
to southeast, due to such external factors as small-scale
hunting, geographical features and road network deve-
lopment. The virus introduction was associated with infec-
tion circulating in wild boars in China, where the disease
is endemic [13].

In Colombia, 134 CSF outbreaks were reported in
the Atlantic coast region within six years (from 2013
to 2018). The first outbreak in 2013 was associated with
the import of infected pigs from Venezuela, where, un-
der the current socio-economic circumstances, pig
prices were lower from those in Colombia. The role of
the illegal trade in pork and animals between the coun-
tries is still unknown, but the fact that the Colombian
police confiscated 48.8 tons of pork and 778 smuggled
live pigs in the departments of Guajira, North Santan-
der, Arauca, Cesar and the metropolitan area of Bogota
(from 2013 to 2018) confirms that such trade shall not

be underestimated. Most outbreaks (95%) were reported
in the backyards. CSF introduction and spread mainly re-
sulted from import of infected pigs (38%) and movement
of people (37%) [14].

Brazil remained CSF-free for ten years. In 2018, CSF virus
was re-introduced to the country and 38 outbreaks were
registered in domestic pigs. In 2019, 30 more outbreaks
were recorded in domestic pigs; for 10 months of 2020,
2 outbreaks were also reported in domestic pigs. However,
due to the lack of accurate data, it is difficult to judge what
exactly caused the situation [15].

Owing to the absence of CSF outbreaks, some coun-
tries (mainly African) have declared freedom of their ter-
ritories from CSF without any official recognition from
the WOAH [5].

The WOAH classifies CSF as one of those six diseases,
which require official recognition for a country to get
the freedom status [5]. As of 2021, 38 countries in the world
were recognized CSF-free. In 2021, disease-free status was
reinstated in Colombia and Brazil for those zones, which
are key pig industry centres in Latin America; and Romania
lost its status in 2020 based on the findings of the WOAH
mission aimed to check compliance with the provisions of
the Terrestrial Animal Health Code. Infection eradication
programs were earlier implemented in most officially re-
cognized disease-free countries. Those programmes were
implemented step by step, often included vaccination at
the first stage to reduce the number of clinical cases and
contain the disease spread, however, the vaccination was
totally excluded at the final stages, regardless of the large
economic costs [2, 16].

The list of the countries where vaccination against CSF
is currently practiced (according to WAHIS) includes: Ar-
menia, Azerbaijan, Belarus, Bosnia and Herzegovina, Bul-
garia (only wild boars), People’s Republic of China, Taiwan,
Colombia (in some zones), Cuba, Dominican Republic,
Ecuador, Macedonia, Haiti, Hong Kong, India, Indonesia,
Korea, Madagascar, Moldova, Montenegro, Myanmar,
Nepal, Peru, Philippines, Serbia, Timor, Ukraine, Vietnam,
Thailand, Russia [5].

Thus, the global epizootic situation on classical swine
fever (in Eurasia, Central and South America) remains
tense. The main CSF control measures include: vaccination
and prevention of involvement of wild boars and domestic
pigs (from a poorly protected population) into the epizoo-
tic process.

Epizootic situation on classical swine fever in the Rus-
sian Federation in 2007-2021. CSF cases are annually
registered in Russia. From 2007 to November 2021 (as
of 25 November 2021), 42 CSF outbreaks were reported
in domestic pigs and 51 in wild boars.

Figure 1 shows that infection trends have different
directions for populations of CSF susceptible animals. So,
adownward trend is shown for domestic pigs (with an ave-
rage number of outbreaks per year — 2.47 + 2.48). On the
contrary, an upward trend is shown for wild boars (with
an average number of outbreaks per year - 3.00 + 2.50).
Thus, CSF situation tends to improve in the population
of domestic pigs; however, it tends to worsen for wild
boars.

Retrospective data obtained after examination of CSF
outbreaks show that, within the analyzed time period,
the outbreaks in domestic pigs were reported on the farms
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with low biosecurity levels, where animals were often fed
food wastes or where failures in vaccination against CSF
were observed. A serious problem arouse from the im-
possibility to find accurately the pathogen source and
its transmission paths on such farms. Virtually all the op-
tions were plausible: introduction with feed; feeding food
wastes to the animals; because of pig handlers; import
of live animals; contacts between free-ranging domestic
pigs and wild boars, etc. Taking into account multiple
ways of the disease introduction, there is a permanent risk
of further virus spread in the pig population on poorly pro-
tected farms. Therefore, it was difficult to detect the ways
of further spread while searching for connections between
suspicious/disease-related farms.

The pathogen introduction into the wild boar popula-
tion poses a significant risk of CSF spread. Alongside with
it, an increase in the number of CSF cases registered in
the recent years in the Far East is alarming.

The analysis of CSF territorial distribution in the Russian
Federation from 2016 to 2020 (no cases detected in 2021)
showed that the disease was registered in wild boars in
the Primorsky Krai and the Amur Oblast, and in domes-
tic pigs it was only reported in the Primorsky Krai and
the Moscow Oblast (Fig. 2).

Since 2013, there has been a geographical shift of
CSF-affected area to the western and eastern borders of
the Russian Federation. In addition to it, since 2015, CSF
outbreaks were reported exclusively along the eastern
border of the country: in the Amur Oblast and the Pri-
morsky Krai with one backyard incident in the Zibrovo vil-
lage, the Serpukhov District of the Moscow Oblast being

an exception. On 7 July 2018, CSF was diagnosed there
with the help of polymerase chain reaction carried out by
GBUV MO “Moscow Regional Veterinary Laboratory”. The
fact that no data are available on other confirmatory labo-
ratory tests (i.e. differentiation of the detected genetic ma-
terial: an epizootic or vaccine strain) raises doubts about
reliability of the made diagnosis.

The FGBI “ARRIAH” regularly receives materials
for CSF laboratory tests. In 2020, pathological material
was received from the Primorsky Krai, taken from wild
boars shot in three districts of the region: Shkotovsky
(FGBI"GOOH “Orlinoye”), Pogranichny (near the settlement
of Sofye-Alekseyevskoe), Spassky (near the settlement
of Novovladimirovka).

Initially, the received material was tested in the FGBI“Pri-
morsky Interoblast Veterinary Laboratory” using real-time
reverse transcription polymerase chain reaction (RT-PCR).
The test resulted in detection of CSF RNA. Later on, the
FGBI “ARRIAH" tests confirmed CSF agent in the samples,
and helped to type the detected virus. For this purpose,
E2 gene fragment of the virus was amplified, sequenced
and subjected to a comparative analysis.

Phylogenetic analysis showed that the Primorsky
isolates of 2020 belong to subgenotype 2.1 of CSF virus
(Fig. 3). At the same time, isolates from the Shkotovsky and
Spassky raions belong to Cluster 2.1d and are genetically
very close to Primorsky isolates recovered in 2015-2019.

The CSF virus isolate from the border region belongs
to a different cluster and is genetically closely related to
the virus isolated from a wild boar in the Amur Oblast
in 2019.
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Fig. 1. Number of CSF outbreaks in the Russian Federation among domestic pigs and wild boars in 2007-2021
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Fig. 2. Territorial distribution of CSF outbreaks in the Russian Federation in 2016-2021
whb/Primorskiy/4/2018
CSF virus subgenotype 2.1 is endemic in China R M
and Southeast Asia, and it can be assumed that it was origi- worPrimorskiy/2/2018
nally introduced into the Far Eastern Federal District from OIS0
. . wh/Primorskiy/1/2017
the PRC. Earlier, the disease outbreaks were repeatedly re- o
corded in the regions of the Russian Federation bordering Wh/Primorskiy/3/2019
on China. The isolates that caused these outbreaks (Pri- [ rknoely G
morsky/2007, EAO/2012, Amur/2014 and Primorsky/2015) -
are genetically close to the Chinese isolates of CSF virus, 21d Ml prmorskiviadem201s
thus suggesting that the disease was imported. It is worth [ wo/Primorskiy/2/2016
noting that CSF virus in China is very diverse: subgeno- S = ’m,:;mw
types 1.1, 2.1, 2.2 and 2.3 circulate in the country [3, 9, 17]. _‘wupmmrshynmom
The situation that so far only subgenotype 2.1 of CFS virus —HLIYC/CHA014-(KU3TS256)
has been detected in the Far Eastern Federal District can 'gmﬁg:?m””
be explained by the fact that this particular genotype is whb/Primorskiy/2/2020

predominant in the PRC [18]. There are 4 clusters today
in China (2.1a, 2.1b, 2.1c and 2.1d) within the subgeno-
type 2.1 [9].

It shall be also noted that, in 2017, CSF was registered
in wild boars in the north of South Korea (in province
Gyeonggi-do), and then in 2018-2019 (in Gangwon-do
province). 16 CSF virus strains, isolated in 2017-2019
from wild boars, were identical to YC16CS strain (subgeno-
type 2.1d) isolated in 2016 during CSF outbreak in bree-
ding pigs not far from the border on North Korea [13].

As mentioned above, all the Primorsky isolates
of 2015-2020 belong to subgenotype 2.1 of CSF virus,

-HNZH/CHA2011-{JNE86590)
GDST1/CHA2010-(HQ317681)
QZ-07/CHA/2007-(FJ456876)
EAOR2012

-wh/Amurskiy1/2014
wh/Amurskiy/2016

-Primorskiy/2007
-GS-LX/CHA {AF143087)
92-TCUTAWIZ003-(AY526726)

e >

— 3

1.2

| e |
0.02

whichis predominant in China, therefore, it can beassumed  Fig. 3. Position of CSF virus Primorsky isolates (2020) in the phylogenetic
that it has been circulating in wild boars in the Primorsky  tree (comparison of E2 gene nucleotide sequences; wb — wild boar)
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Krai since 2015. Thus, S. V. Terebova et al. [19-21] noted

that in 2015-2019 a natural and anthropurgic focus was

very likely formed in this region. As shown in the available

reports, risks of CSF spread in the Primorsky Krai remained

high due to the facts that individual populations in some

backyards were not vaccinated for a long time or vaccina-
tion coverage was insufficient; animals were purchased

from unreliable sources without veterinary accompanying

documents; and CSF-affected free-range pig farms are lo-
cated close to the forest edges.

According to the Chinese researchers, C-strain-based
vaccines (Chinese vaccine strain — C-strain) are able to in-
duce protection against all the identified CSF virus sub-
groups [3, 18, 22, 23]. Mass vaccination of domestic pigs
in the Russian Federation with domestically produced live
vaccines also induces protection in most susceptible an-
imals, regardless of the circulating virus isolates [2, 24]. It
helps to reduce significantly the risk of pathogen introduc-
tion from infected wild boars, especially in areas located far
from the affected ones. However, such a risk shall be also
taken into account, when situation with the vaccination
refusal changes. Taking into account the difficult situa-
tion on CSF in China and close economic ties between
our countries (including the option of illegal cross-border
transportation of products contaminated with CSF patho-
gen), one shall not exclude the re-introduction of new CSF
subgenotypes into the Far Eastern Federal District and
the formation of natural and anthropurgic foci.

Vaccination. The mass vaccination of animals
supposedly resulted in a decrease in the number of repor-
ted CSF cases in Russia [9, 24, 25]. The use of live attenua-
ted vaccines in the country makes it impossible to differen-
tiate vaccinated animals from the infected ones, although

these vaccines are believed to induce a more effective and
long immune response [2, 22, 26].

Those factors that help to reduce the number of CSF
outbreaks in domestic pigs include: routine vaccination,
regionalization of the Russian territory, strong anti-epizoo-
tic measures, a decrease in the number of poorly protected
farms [9, 24, 25]. Thus, in 2007-2018, population of domes-
tic pigs on small farms with low biosecurity level (back-
yards, small-scale farms, the farm of an individual entre-
preneur, etc.) decreased from 7.6 to 2.9 million. However,
the number of pigs on large-scale farms, on the contrary,
increased from 8.7 to 20.8 million over the same period.
However, implementation of all the above-mentioned
measures (especially vaccination refusal) is not sufficient
to radically change the epizootic situation.

To assess the overall vaccination against CSF in
the Russian Federation, veterinary reports (forms
1-vet and 1-vet-A) were analyzed, taking into account
statistical data on the number of domestic pigs. For
27 years (from 1991 to 2017), a correlation was estab-
lished (r = -0.49769 at p < 0.05) between an increase in
the vaccination coverage and a decrease in the number
of registered CSF outbreaks in the domestic pigs (Fig. 4).
The K1 value tended to reach 2.5 only from 2011
(atK2=0.13+£0.15 (M £ m) from 2011), at the same time
from 1991 to 2011 K1 did not exceed 3.0 and averaged
1.84 + 0.35 (M £ m), while K2 was 10.06 + 11.65 (M + m)
(at min = 0.45; max = 39.00). Therefore, we chose for ana-
lysis the period starting from 2011.

Using a regression analysis, we assessed dependence
of the number of registered CSF outbreaks (using K2 coef-
ficient) and vaccination (K1 coefficient) from 2011 to 2018
(Table).
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Ratio of the vaccinated animals to the total population
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Ratio of the outbreaks to the total population
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Fig. 4. Coefficient K1 (number of vaccinated animals) and K2 (number of outbreaks) in 1991-2017
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The determination coefficient (R-square) in the pre-
sented model (0.948 > 0.8) indicates that the correlation
between analyzed K1 and K2 parameters can be well ex-
plained, given that the strong inverse correlation between
K1 and K2 (r = -0.97) is significant (p < 0.05). The analy-
sis of variance indicates the significance of differences
in mean values (F < F ; 0.0000444645), the coefficient of

“x"variable is negative (t-statistics indicate its significance;
p < 0.000045) and remains within the negative limits of
the 95% confidence interval. Coefficient”Y”also maintains
its sign within the 95% confidence interval and is signifi-
cant (p < 0.00002). The absolute error of approximation
(MAPE = 39%) is in the range of 20% < A < 50%, so we can
say that the model-fitting accuracy is satisfactory.

Based on the data of the obtained regression model,
vaccination of livestock with K1 value = 3.372 will allow
to reach K2 < 0.0001 (which means 1 outbreak per
10,000 years, which is evaluated as a “minor risk”).

Thus, expansion of the CSF vaccination coverage
from 2011 can be among the factors that contribute to
a decrease in the number of CSF clinical cases in domestic
pigs of the Russian Federation.

Immunization of pigs against CSF is mostly known
as a forced measure, unable to stop virus-carriage in
the previously infected herd [7, 27, 28]. In the pig herds,
even among the vaccinated ones, there are always un-
protected animals with a weak immune system due to
the low age-associated immunoreactivity of piglets and
suppression of the post-vaccination immunity with co-
lostral antibodies. Latently infected sows transplacen-
tally transmit the pathogen to the young, who become
virus-carriers [1,27-30]. It has been reported that the mass
use of live vaccines affects the adaptive evolution of CSF
virus, including recombination of epizootic and vaccine
strains [23]. These disadvantages of the vaccination are
viewed as a potential risk of the long-term virus circula-
tion on the affected farms. Therefore, when country’s sta-
tus of freedom from CSF is determined, the international
recommendations (Chapter 1.6 of the Terrestrial Animal
Health Code) take this into account and prescribe not
to immunize either domestic pigs or captive wild boars
against CSF in the last 12 months; or, if vaccination was
carried out, it is recommended to differentiate immune
pigs from the infected ones [5, 7].

On the other hand, in many countries, where CSF era-
dication programs were successfully implemented with-
out any vaccination, flaws in epizootic surveillance and
infection control systems were fraught with the mass
disease spread. Thus, in 1997-1998, 429 CSF outbreaks
were registered in the Netherlands; in 2000, 16 outbreaks
were reported in the UK, and 49 outbreaks were repor-
ted in Spain in 2001-2002. In 2006-2007, 1,597 CSF out-
breaks were reported in domestic and wild pigs in Ro-
mania. To stabilize the epizootic situation in the country,
a decision was made to temporarily return to immuniza-
tion of domestic pigs. In 2006-2009, CSF was registered
in Croatia (129 outbreaks among domestic pigs), Hungary
(225 outbreaks in wild boars), Bulgaria (12 outbreaks in do-
mestic and 4 in wild pigs), Slovakia (more than 10 out-
breaks in wild pigs) [5, 9, 24]. After 10 years of CSF freedom,
in 2018, 38 outbreaks were reported in Brazil in domestic
pigs, and after 11 months of 2019 there were more than
30 outbreaks. Measures taken to stabilize the situation in

the country were mainly aimed at strengthening the sys-
tem of CSF epizootological surveillance and control in
the disease-affected areas [15]. In Japan, where vaccina-
tion was not practiced for more than 26 years, CSF was
reported in 2018 in wild boars and pigs. Spatiotemporal
analysis conducted in Gunma and Saitama prefectures re-
vealed anthropogenic factors in the disease spread. In res-
ponse to the outbreaks, from March to May 2019, wild
boars from certain areas of Aichi and Gifu prefectures were
twice subjected to peroral immunization using commer-
cial Pestiporc Oral vaccine (IDT Biologika GmbH, Germany),
which failed to prevent CSF spread, although a decrease

Table
Regression analysis of CSF registered outbreaks (using coefficient K2)
and vaccination (using coefficient K1), from 2011 to 2018

Year K2.(Y) K1 (x) (Y) Calculated rs;?jfaslss"zg)

2011 | 0427807487 | 2459893048 | 0396101668 | 0.031705819
2012 | 0265957447 | 2765957447 | 0263219277 | 0.00273817

2013 | 0104712042 | 3.036649215 | 0.145694436 | -0.040982394
2014 | 0051282051 | 3.179487179 | 0.083679218 | -0.032397167
2015 | 0093023256 | 3.069767442 | 0.131315667 | -0.038292411
2016 0 3395348837 | -0.010040318 | 0.010040318
2017 | 0043478261 | 3.334782609 | 0.016255407 | 0.027222854
2018 | 0042194093 | 3367088608 | 0.00222928 | 0.039964813

MAPE (£([0]/Y) / n X 100%) = 39%

Mean absolute percentage error (MAPE) is satisfactory (20% < A <50%)

Regression statistics

Multiple R 0.973724123
R-square 0.948138669
Adjusted R-square 0.939495113
Standard error 0.035700785
Observations

Analysis of variance

Significance level of F

Regression 0.139808953 | 0.139808953 | 109.6931347 4.44645E-05
Residual 6 | 0.007647276 | 0.001274546
Total 0.147456229

Data on coefficients of the regression equation

Coefficient Stzrrlr((i).‘:rd t-statistics Low 95% | High 95%

Y-intersection | 1464100669 | 0.12814027 | 11.42576543 | 2.6961E-05 | 1.1505527 | 1.7776486
Variable x -0.434164811| 0.041453852 | -10.47344904 | 4.44645E-05 | -0.5355987 | -0.3327309
235

VETERINARY SCIENCE TODAY. 2022; 11 (3): 229-238 | BETEPUHAPUA CETOAHA. 2022; 11 (3): 229-238



236

ORIGINAL ARTICLES | EPIZOOTOLOGY OPUTUHANBHbIE CTATBY | 3M300TONOMNA

in the number of cases in the severely affected areas was
noticeable [11]. Similar results of wild boar vaccination in
the Primorsky Krai in 2004-2016 also demonstrated that
the mass mortality of wild boars was reduced, however,
the virus circulation was not prevented [19, 20].

The negative aspects associated with no-vaccination
CSF eradication policy (stamping out, logistical and tech-
nological costs for biosafety and control, ethical issues)
suggest that immunization is the key measure to control
future outbreaks, taking into account serious concern
about the global threat posed by re-emergence of a popu-
lation immunologically naive to CSF. Therefore, the most
urgent task today is to continue research with the purpose
to create more effective vaccines against CSF [2, 22, 26].

Regarding DIVA strategy, it is worth noting that the first
generation of marker vaccines (commercial subunit E2 vac-
cines), despite their safety, did not demonstrate the same
high effectiveness as live attenuated vaccines did [2, 22].
In some countries, work is ongoing to create vaccines that
could be used as part of the DIVA strategy. However, their
use for CSF control and eradication must be combined
with well-organized and implemented epizootological
surveillance, quarantine measures at the borders and bio-
safety of the pig industry [22].

We believe that today CSF zoning of the Russian Fede-
ration with creation of disease-free zones without vacci-
nation and preservation of vaccination in disease-affected
(risk) zones is the most progressive way as demonstrated
by the already implemented FMD zoning of the country’s
territory [5]. In terms of general veterinary and sanitary
and quarantine measures, FMD and CSF zoning are simi-
lar, but CSF-focused surveillance shall be strengthened
separately, as well as CSF-related quarantine measures in
the existing zones. In our opinion, the CSF control with
the use of live attenuated vaccines practiced for decades
in the Russian Federation paved the way for vaccination
refusal in future and for successful eradication of this in-
fection, as demonstrated by officially CSF-free countries
or countries with CSF-free zones [2, 14, 15].

CSF outbreaks expected in 2022 in the Russian Fede-
ration. Modeling for the possible number of CSF cases
in 2022 showed that an average of 3 (95% confidence in-

terval: 0-5) outbreaks can be expected in the population
of domestic pigs, and 3 (0-6) outbreaks in the wild boar
population (Fig. 5).

CONCLUSION

Over the past decade, there has been a geographical
shift of CSF-affected area from the central to the eastern
regions of the Russian Federation along the borders. How-
ever, unlike the previous years 2019-2020, the CSF trend
showed an upward direction in the wild boar population
(a growth), which is associated with the disease spread in
the Primorsky Krai and the Amur Oblast. If the existing level
of specific prevention is in place, the long-term forecasts
suggest that the situation with a low number of outbreaks
in domestic pigs will persist (sporadic CSF outbreaks).

The short-term forecasts for 2022 suggest that there
will be 0-5 CSF outbreaks in the population of domestic
pigs (with the expected average of 3) and 0-6 outbreaks
in the population of wild boars (with the expected ave-
rage of 3). These are domestic pigs on small-scale pig farms
with low biosafety (biosecurity) level (where violations
(non-compliances) are reported during vaccination), who
are expected to become a CSF target population in 2022.

The main peculiarities of the infection spread in the Rus-
sian Federation are more likely associated with the internal
risk factors (i.e. quality of antiepizootic measures, main-
ly vaccination) and the territories of the virus circulation
among wild boars. In terms of wild boars, the susceptible
animals from the Primorsky Krai bordering on the PRC and
the DPRK will be the main CSF target in 2022, as a high
probability was earlier reported in the area (since 2015)
to form a natural and anthropurgic foci of the infection
and CSF virus was widespread in the wild boar populations
of the region (China, South Korea, the DPRK and the Pri-
morsky Krai of the Russian Federation). At the same time,
one shall not exclude potential anthropogenic impact
which may result in penetration of the infection into any
regions of the Russian Federation.

Thus, expansion of the CSF vaccination coverage
from 2011 can be among the factors that contribute to
a decrease in the number of CSF clinical cases in domestic
pigs of the Russian Federation. Currently, vaccination

Expected number of CSF outbreaks in
domestic swine

Mean=2595906

2832 54741

Expected number of CSF outbreaks in
wild boar

Mean=3,094259

31 6,3855

Fig. 5. The projected number of CSF outbreaks in the population of domestic pigs and wild boars for 2022
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against CSF (and its good quality) in the Russian Feder-
ation is an essential prerequisite to contain the infection
spread in the country. Infection spread in domestic pig
population is still on a downward trend.

To make a reasonable choice of a future CSF control
strategy, it is required to introduce an effective system
of epizootological surveillance that will be able to con-
firm freedom from the infection or to determine the exact
area of infection (including latent carriers) in domestic pigs
and wild boars in different regions of the country. It is un-
acceptable to confirm freedom from the disease, simply
relying on the fact that there are no notified CSF outbreaks
in the population, where vaccination is widely practiced.

If a decision is made to refuse vaccination, new mea-
sures shall be efficiently implemented step by step (being
tried and tested on farms with a high level of biosecurity).
First, they shall be implemented in the areas of the low-
est CSF risk occurrence, and only after that, if successful,
throughout the whole country.

We believe that CSF zoning of the Russian Federation
with creation of disease-free zones without vaccination
and preservation of vaccination in disease-affected (risk)
zones is the most progressive way, as demonstrated by
the already implemented FMD zoning of the country’s
territory.
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OraHecsaH AHapenn Cepo)KoBUY, KaHAMAAT BeTepUHAPHbIX
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ueHTpa OIBY «BHUW3X», r. Bnagumup, Poccus.
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HayK, BeAylWW HayuHbli COTPYAHUK WHPOPMALUOHHO-
aHanuTnyeckoro ueHTtpa OrbY «BHUM3X», r. Bnagumunp, Poccus.

Lllep6akoB Anekceil BnaagumupoBuY, KaHAYAAT G1ONorMyecknx
HayK, 3aBefylownin pepepeHTHON nabopatopuein No 0cob6o
onacHbIM 6one3Ham OIBY «BHUM3XK», r. Bnagumunp, Poccus.

KopenHon ®epop Uropesuy, KaHamaaT reorpaduuecknx Hayk,
HayUHbIi COTPYAHUK MHGOPMALMOHHO-aHANTNYECKOTO LieHTPpa
OrBY «BHUWN3X», r. Bnagumup, Poccus.

Kapaynos AHTOH KoHcTaHTUHOBMY, KaHANAAT BETEPUHAPHbBIX
HayK, pykoBoauTenb NHGOPMaLIMOHHO-aHAIMTUYECKOrO LieHTpa
OrbY «BHUWN3X», r. Bnagumup, Poccus.

VETERINARY SCIENCE TODAY. 2022; 11 (3): 229-238 | BETEPUHAPUA CEFOJHA. 2022; 11 (3): 229-238



