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EXPERIMENTAL EPIZOTOLOGY OF LOW-VIRULENT VARI-
ANTS OF AFRICAN SWINE FEVER VIRUS

African swine fever (ASF) remains an urgent problem of pig farming in Ukraine, the solution of which is possible only
on the basis of deep scientific knowledge about the specific driving forces of the epizootic in its specific nozoareal. This is
necessary in order to target anti-epizootic measures on the most vulnerable link of the epizootic chain in a specific nozoa-
real. The aim of the work was to develop a low-budget methodological base for experimental epizootology of low-virulent
ASFV variants in Ukraine, in particular, to study the mechanisms of the formation of enzootic areas, quality control of
anti-epizootic measures, and evaluation of the effectiveness of the antiviral drugs against them in Ukraine. Methods.
Experimental and epizootological studies in the adaptation of suckling piglets to keeping in the biosecurity-level BSL-3
for laboratory animals (Patent UA No. 133248 dated 03/25/2019) were conducted at the laboratory base of the Odesa
branch of NSC «IECVM». All procedures with infectious active biological materials in the current order were carried
out in the BSL-3 module, built and certified with the assistance of the US Government in UAPRI (Odesa). The ASF
agent strain «IECVM/Ternopil/2017» (infectious activity 4.0—7.5 lg HAAU,,, 3) circulating in the Ternopil region in
2017—2020 was used as a test virus. The presence of low-virulence variants of the ASFV pathogen in the studied samples
was determined by a bioassay on suckling piglets, followed by three consecutive passages on a stable Vero line of the baby
green monkey kidney cells. The isolated ASF virus was identified according to the methods and reagents recommended
by the OIE Manual. Results. Intermittent passages «by the founder’s method» of dilutions 107 and 10”2 of the ASF virus
strain «IECVM/Ternopil/2017» on piglets (n=20) and the culture of porcine alveolar macrophages («ASFVFAM5) al-
lowed us to identify highly-, moderately-, and low-virulent variants/clones in its composition. Verification by bioassay
on suckling piglets (n=5) of low-virulent clones of the agent, which were stabilized in Vero cell culture (<ASFV"¢r0»),
showed that after intraperitoneal infection at a dose of 4.25 lg HAAU,,,  , they are capable of causing only a non-lethal
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(within 2 weeks) viral infection with a maximum daily rectal temperature of 39.4+0.22 °C and duration of fever on
average 1.6x0.14 days (5 of 5 piglets). Clones with greater virulence (<ASFV*AM») under similar conditions were able to
cause a lethal infection with a maximum temperature of 40.7+0.37°C and duration of fever on average 3.9+0.27 days
(17 of 20 piglets). Low-virulent clones were revealed by direct immunofluorescence in pulmonary and spleen smears of
clinically healthy piglets on days 14 and 17 post-infection (p.i.); their antigens were visualized in Vero cells by indirect
immunoperoxidase method after 48 h p.i. at dose about 0.01 lg HAAU , , *. They caused «crumbly» hemadsorption of
infected Vero cells and their virions had typical for Asfarvirus view and size (210—220 nm). The obtained data served as
the basis for analysis of the mechanism of rooting ASF agents in West Podillia enzootic foci, as well as for implication of
the concept of low-budget quality control of anti-epizootic measures and evaluation of antiviral drugs’ activities against
ASE. Conclusions. Low-cost operational procedures have been developed that allow one to use a vivarium of laboratory
animals for ASF bioassay and meet principal requirements for science-based research in important aspects of experimen-
tal ASF epizootology. With their help, confirmation of the heterogeneity of the population of the ASF virus circulating in
endemic foci of the Ukrainian Western Podillia was obtained (p<0.05, n=25). The developed methodological approach
is suitable for the study of fundamental issues of ASF epizootology, as well as for the quality control of anti-epizootic
measures against ASE. In particular, it is advisable to use it to improve the biosecurity of agricultural export programs

in Ukraine, a country that is disadvantaged by ASE.

Keywords: African swine fever virus, biodiversity, virulence, bioassay, suckling piglets, agroexport, biosecurity.

African swine fever (ASF) is one of the most
dangerous animal diseases due to its devastat-
ing effects on current pig farming. Since the first
report on Montgomery’s disease (synonymous
with ASF) in 1921, enough information has been
accumulated to understand the sources and ways
of spreading ASE but measures to control and
prevent it are still insufficient [1, 2]. The caus-
ative virus of ASF (ASFV) belongs to the DNA-
containing arboviruses (without analogs in vet
virology) of the Asfarviridae family [3], which
in Africa cause asymptomatic infection among
warthogs Phacochoerus aethiopicus and acute in-
fection (panzootia) in African pig farming. For
the Eurasian wild boar, the ASF virus is consid-
ered lethal, and its emissions from the fauna to-
day pose the greatest threat to EU pig farming
[4]. In Ukraine, ASF was registered from 2012:
in the period until 2014 — as a sporadic cross-
border infection, until 2017 — as an acute pan-
zootia in the conditions of Moscow aggression
(by a strange coincidence, similar to Georgia in
2008—2009), and in 2018, its epidemiology be-
gan to acquire signs of enzootic regularity [5].
Analysis of the current epizootic situation shows
that from 2015, in the Furasian nozoareal, ASF
outbreaks are increasingly preceded by a long
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period of asymptomatic spread of the pathogen
in the herd [6—8]. According to the literature,
with a high probability, this may be due to the
reformation of the nosological profile of the
pathogen in favor of its low-virulence variants,
with their inherent mechanisms of persistentia
and vector transmission [9, 10].

According to the data from the 1970s and
1980s on the epizootic ASF in Spain, Brazil, etc.,
this phenomenon is characteristic of the «atten-
uation» of its acute phase: the spread of the dis-
ease slowed down, and the pathogen has become
firmly rooted in enzootic foci. At the same time,
Spanish scientists registered the appearance of
low-virulence isolates of the ASF agent from
the very beginning of the epizootic disease, and
their share in the population of the pathogen has
gradually increased over time [6—9].

According to the results of long-term research
on African isolates, the epizootology of weakly-
and strongly-virulent variants of the ASF patho-
gen has critical differences in anti-epizootic
measures [10, 11]. The prevalence of ASF in the
Eurasian nozoareal has similar patterns, which,
due to the lack of available vaccines, require the
improvement of other preventive measures and
tools [12—14]. Therefore, in the current period,
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it is advisable to direct the scientific support for
anti-epizootic measures to improve procedures
for the detection and use of low-virulence vari-
ants of ASF both in the assessment of the quality
of anti-epizootic measures and in trials of the ef-
fectiveness of antiviral drugs.

The purpose of the present research is to de-
velop a low-budget methodological base for ex-
perimental epizootology of low-virulent ASFV
variants in Ukraine, in particular, to study the
mechanisms of the formation of enzootic areas,
quality control of anti-epizootic measures, and
evaluation of the effectiveness of antiviral drugs
against them.

Materials and methods

1. Virus and antigenic materials. The ASF vi-
rus is a strain «IECVM/Ternopil/2017», with

an infectious activity of 4.0—7.5 lg HAdU
3

50/
o in cultures of pig alveolar macrophages of

lung and leukocytes of blood [15]. Some clones
of this strain are able to be reproduced without
adaptation in the permanent green monkey cell
culture [16].

Commercial semi-purified antigen/cytoplas-
mic soluble antigen of ASF virus was produced
by the European Union Reference Laboratory
for African swine fever (product code «ASFV-
Ag») in Valdealomos (Spain) [17, 18].

2. Cell cultures: green monkey established
kidney epithelial cells line Vero was used in the
form of 2—4-day monolayer cultures grown in
test tubes and culture plates, as well as in cul-
tured plastic flakes in seed concentrations, re-
spectively, 500—600 thousand and 350—400
thousand cells/cm?® [19]. Primary cultures of
alveolar macrophage cells (AMC) and porcine
leukocytes were grown in test tubes and plastic
culture flakes and plates according to the CISA-
INTA SOP and the OIE Manual [20—22]. For
the cultivation of cells of the Vero line, the nu-
trient medium Eagle’s DMEM (product D5796,
Sigma-Aldrich/Merck, USA) was used; its
growth variants contained 7—10% fetal bovine
serum (product F7524, the same manufactur-
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er). For AMCs and pig leukocytes cultivation,
0.5% lactalbumin hydrolysate (product 58901C,
Sigma-Aldrich/Merck, USA) Hanks' Balanced
Salt solution (product H9394, manufacture the
same) was used together with 10—12% mix
(1:2) of fetal bovine serum (see above) and ster-
ilized by microfiltration of homologous porcine
serum with erythrocytes ( final concentration
0.8—1.0%; change each 3—5 days).

3. Virus-specific sera. Commercial reference
sera against ASF (positive and negative for the
virus) obtained from the European Union Refer-
ence Laboratory for ASF (products codes «ASF-
CP» and «ASF-CNy, respectively, [23]) in Vald-
ealomos (Spain). Reference sera against CSF and
PCV-2 viruses (positive, weakly positive/limit,
and negative for these viruses) were kindly pro-
vided by the Polish NIS «PIWet» (Pulawy).

4. Virological methods. All work with the in-
fectious agent of ASF was carried out in the cur-
rent order in the BSL-3 module, built and certi-
fied with the help of the US Government in the
State Institution «I.I. Mechnikov Anti-Plaque
Research Institute of the Ministry of Health of
Ukraine» (UAPRI, Odesa) according to Order
No. 697/15.08.2017 of the State Food and Con-
sumer Services of Ukraine and Permit No. 05.4-
04/19/857-17/17462/26.06.2017 of the Ministry
of Health of Ukraine, according to the require-
ments of the Standard Operating Procedure
(SOP) of UAPRI No. 35/15.01.2018. This SOP
was developed with our participation on the ba-
sis of methodological approaches laid down in
the relevant SOP of the Reference Center of EU
on ASF (Spanish NSC CISA-INIA, t. Valdealo-
mos), as well as OIE recommendations [20—22].
The development of the regulations for keeping
experimental pigs and working out certain ele-
ments of the procedures for obtaining macro-
phage cultures and conducting bioassays were
carried out on the basis of the Odesa research
station NSC «IECVM» and the Laboratory for
studying pig diseases NSC «IECVM». All em-
ployees were involved in working with the infec-
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tious agent of ASF only after mastering the rules
of DSP 9.9.5.035-99 [24] and other guidance
documents on biosafety in the current orderi.e.,
after certifying by the Regime Commission of
UAPRI and clearance to work in the BSL-3 mod-
ule by its administration.

Our approaches toASF virus isolation as a
whole are protected by a patent of Ukraine [16]
targeting for maximal save of the agent’s popula-
tion biodiversity and described in detail in the
Institute’s collection of scientific papers [25].

For retrospective analysis, it is very impor-
tant to emphasize that a spleen sample from a
slaughtered sow was taken by State veterinary
service in the area where then other numerous
ASF outbreaks were registered within 2017—
2020. This is necessary to estimate the signifi-
cance of natural heterogeneity/biodiversity of
the isolate's population for the ASF enzootic
process evolution [26—28].

All samples were treated with antibiotics
complex including Ceftriaxone Kabi (Labesfal
Laboratorios Almiro, S.A., Portugal), 5 mg/mL
+ Gentamicin («Hemofarm» AD, Serbia), 7 mg/
mL + Nistatin (PJSC «Borshchagovsky plant»), 5
mg/mL, solvent Eagle medium (DMEM, HiMe-
dia™ Laboratories Pvt Ltd, India), pH 7.2—7.4;
exposure 40—60 min., clarification by slow-
speed centrifugation followed by microfiltration
through a syringe filter with a pore diameter
of 0.2um (Millex®, sterile, 4/13/25 mm; Merck
KGaA, Germany). Virus titer was determined
on sensitive cell cultures by the standard Kerber
titration method (1931) in hemadsorption units
(HAdU,, ). The number of pig erythrocytes
adsorbed on ASF-infected cells through adsorp-
tion of 10 or fewer erythrocytes per infected cell
(accounting with use of a Zeiss Universal micro-
scope) was considered «crumbly» [29, 30].

To isolate low-virulence variants of the ASF
agent, the method of analyzing the heterogene-
ity of the population of the isolated live parti-
cles of the ASF agent according to the principle
of «genetic founder» was used [31]. The criteria
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of VNIIVVIM (of the former USSR) were used
to assess the virulence of the virus strain and
its clones according to clinical and pathologi-
cal signs of ASFV, correlated with the dose of
infection of animals according to the hemo-
sorbing activity of the pathogen in vitro [29,
30]. We implemented these techniques in our
modified bioassays on suckling piglets (n=9)
up to 7 days of age that were treated with seda-
tive tabs. They were infected with virus-blood
of the strain «IECVM/Ternopil/2017» of the
ASF pathogen (infectious activity in the culture
of alveolar macrophages 4.0 lg HAdU,, 7,
taken at a dilution of 102 on PBS at a dose of
1.5 cm? (Fig. 2). A highly virulent clone of the
strain «IECVM/Ternopil/2017» was considered
its isolate from suckling piglets that died with
signs of opisthotonus (fulminate form of ASF)
in the first 36 h post infection (p.i.). A mod-
erately virulent clone of the strain «IECVM/
Ternopil/2017» was considered its isolate from
piglets that died with signs of fever 40.5 °C and
above for 2 or more days, accompanied by other
manifestations of acute ASF (hemorrhagic dia-
thesis, cyanosis of the skin of the torso, hooves
and/or ears, etc.) without lethality in the first 7
days p.i. A weakly virulent clone of the strain
«IECVM/Ternopil/2017» was considered its
isolate from suckling piglets that did not die for
2 weeks p.i. and were clinically healthy at the
time of diagnostic slaughter within the 14—
17%h days (observation period), although they
showed some clinical signs in the first phase of
the disease (periodic fevers up to 40.5 °C, bouts
of depression, digestive and/or respiratory dis-
orders, etc.).

5. Biosafety control of laboratory work on ASE.
Outside the UAPRI, the hemadsorption test
(HAd-test) was used to control the absence of
hemadsorbing infectious agents on batches of all
cell cultures involved in trials before and after in-
fection with field samples.

6. Identification of viruses, viral antigens, and
antibodies against them.
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6.1. Viroscopy of cellular detritus was per-
formed by the classical method of transmission
electron microscopy (TEM) with a subject mag-
nification of 20.000 x and 40.000 x. For reasons
of biosafety of cellular detritus after the adsorp-
tion procedure on EM-meshes fixed by 2.5% so-
lution of glutaraldehyde in 0.1 M sodium caco-
dylate bufter (pH 7.2), followed by post-fixation
with 1.0% aqueous solution of OsO,; staining
was performed with uranyl acetate [32].

6.2. Immunoperoxidase test (IP-test) used for
the identification of ASF virus antigens in the
transplanted Vero-cell culture according to cur-
rent SOP of NSC «JIECVM» Research laboratory
for pig diseases for the isolation and identifica-
tion of swine viruses. Appropriate components
of commercially available commercial ELISA
diagnostic kits were used in the IPM as diag-
nostic sera and immunoperoxidase conjugate.
These reagents preliminary were titrated on the
reference test slides and then used in the dilu-
tions. They were mainly used to treat cell culture
grown on Linbro culture plates and fixed with
96% ethanol mainly within the 20t"—60t h p.i.
The fixed and washed culture plates were dried
and stored for further staining at a temperature
of minus 8—12 °C for up to 1 month.

Incubation with a working dilution of spe-
cific and normal sera (mainly 1:50—1:80) was
performed at a temperature of 37.0 °C, followed
by 3-time (5 min) washing with buffered sa-
line (PBS) with pH 7.2—7.4. Then cell culture
preparations were similarly incubated in plates
with commercial immunoperoxidase conjugate
against porcine IgG taken at a working dilution
(mainly 1:150—1:300). A mixture of hydrogen
peroxide (final concentration 0.01%) with o-di-
anisidine (final concentration 0.5 mg/mL) pre-
pared ex tempore was used for the development
of peroxidase reaction.

6.3. Solid-phase enzyme-linked immunosor-
bent assay (ELISA) was performed according
to the manufacturers of leaflets-tabs of ELISA
kits on the standard ELISA equipment (thermo-
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stat, mixer, reader, etc.). For ASF trials, a regis-
tered commercial kit for detection of antibodies
against ASF (ELISA TF based on recombinant
p30 antigen «SSVANOVIR® ASFV-Ab Asser Sva-
nova», Sweden) was used. To monitor concurrent
infections and exclude non-specific colorations,
commercial kits for the detection of antibodies
against CSF, PCV-2, PRRS, and Mannheimia
haemolytica registered in UA were used. As
well, porcine serums antibodies to the men-
tioned agents were detected by commercial kits
(IDEXX CSEV Ab Test»(IDEXX, USA), «PCV-
2 ELISA SK 105» (BioChek BV, Netherlands),
and «IDEXX PRRS X3 Ab Test» (IDEXX, USA),
respectively. Serum antibodies to somatic anti-
gens of Mannheimia haemolytica were detected
by the classical test of the bacterial agglutination
inhibition using formalin-killed 22-h cultures of
P. haemolytica serotype 1 as antigens [33]; as ref-
erence sera, »Serumpositive» and «Serumnega-
tive» from ELISA kit, «Test ELISA pour le diag-
nostic sérologique de Mannheimia haemolytica»
(Bio-X Diagnostics, Belgium) were used.

6.4. Immunofluorescence assay (IFA) was
used to identify ASF antigens in impressions of
samples (lung, spleen, spleen, kidney, and lymph
node) from pigs. For this, the FITC diagnostics
«Monoclonal antibodies 18 BG3-FITC on vp72
protein» (Ingenasa, Spain) was used. Impressions
of sections of the studied organs were made in 3
replicates on degreased slides, dried, and fixed
by cold acetone for 15 min or by 96 ethanol for
1 h at RT and then followed the leaflet-tab of the
manufacturer.

After washing PBS (pH 7.2—7.4, 3 times for
5 min), the prints were incubated with FITC-Mab
conjugate (dilution 1:250—1:600) at 37 °C in a
humid chamber for 30—40 min and washed three
times with PBS. The results were registered on an
XS-8530 fluorescent microscope (Shanghai San-
shen Medical Instrument Co., LTD, China) in the
ultraviolet light range (AFITC = 496 nm).

Experiments conducted on animals did not
contradict the current legislation of Ukraine
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(Article 26 of the Law of Ukraine 5456-VI of
16.10.2012 «On protection of animals from cru-
el treatment») and «General ethical principles of
animal experiments» adopted by the First Na-
tional Congress on Bioethics (Kyiv, 2001) and
corresponded to the international bioethical
standards (materials of the IV European Con-
vention for the protection of vertebrate animals
used for experimental and other purposes, Stras-
bourg, 1985) [34]. The research program was re-
viewed and approved by the Bioethics Commis-
sion of NSC «IECVM>» in the current order.
Results. Development of a standard procedure
for keeping pigs in the vivarium of laboratory ani-
mals. On the laboratory base of NSC «IECVM»
and its branch of the Odesa Research Station, a
method of adaptation of suckling piglets to keep-
ing in the vivarium level BSL-3 for laboratory
animals has been developed. Low-budget means
of maintenance and manipulation were selected
(Fig. 1, a—d). Also, a standard procedure includ-
ing artificial feeding of suckling piglets from 3
to 20 days of age with «Phenazepam-IC» has
been developed. «Phenazepam-IC» is a tran-
quilizer of the benzodiazepine derivative group
(«Interchem. Itd», Odesa, UA); target dosage
0.005—0.015 mg per 5 g of milk powder. As fur-
ther research showed (see below), this, in sum-
mary, allowed developing optimal conditions for
low-budget bioassay for ASF in compliance with
all necessary biosafety requirements, as well as
to create innovative approaches to studying ASF
biodiversity, i.e., heterogeneity of its populations.
The full cycle of the research (strain isolation
and population analysis) was conducted on 25
suckling piglets (Fig. 2); in particular, 11 of them
were used to isolate an enzootic virus with maxi-
mum preservation of its biodiversity (which is
ensured by infection of only the natural biologi-
cal host, i.e., the pig organism) and to study the
virulence of the «IECVM/Ternopil/2017» strain,
i.e, the general virulence of all its clones/virions’
populations). This is important for the forma-
tion of a methodological base for forensic and
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veterinary investigations of ASF outbreaks and
biosafety ensuring agrarian export-import op-
erations in Ukraine.

The results of the use of suckling piglets for the
isolation of high- and moderate-virulence vari-
ants of the ASF agent. In the first 38 h p.i., piglets
inoculated with the first dilution of 33% spleen
suspension (group «107'», n=3) showed a ful-
minant form of ASF (Fig. 2). Piglets inoculated
with the second dilution of this primary mate-
rial (group «102», n=5) for the 37—5% days p.i.
showed an acute form of the disease with the
minimal hemorrhagic syndrome (n=4), and one
piglet manifested chronic illness. The mortal-
ity of the illness in both groups was the same.
Piglets (n=2) of the next, «second line», which
were inoculated with a cultural clone (PAM)
of the agent (dose 1.5x3.75 lg HAdU,, ),
derived from piglets of group «10'» (first pas-
sage) in the first 38 h p.i., like their predecessor,
showed the pattern of fulminate ASE. The piglets
(n=3), which were inoculated by cultural mate-
rial (PAM) of the agent from group »1072» pig-
lets, i.e., from piglets with chronic illness (Fig. 2)
in dose 4.0 Ig HAdU,  *, developed acute ASF
during the next 4"—7" days p.i.

Improvement of approach to isolation and
identification of the low-virulence variants of the
ASF agent was carried out on the basis of the
data of VNIIVVIM (former USSR) and PIADC
(USA) on the selective properties of green mon-
key cell cultures regarding similar variants/
clones of Asfarvirus [29, 35]. For reconstitution
of strain biodiversity of suckling piglets (n=9)
infected with the cultural virus (PAM-variant,
dose 1.5x3.75 1g HAdU, , ° intraperitoneally).
Two of them died for one day p.i. with signs of
the fulminate form of ASE. Three suckling piglets
within 27—36 h p.i. demonstrated the signs of
constant fever of 40.5—41.3 °C, cyanosis of the
hooves (Fig. 1, e) and/or skin of the ears, chest,
and/or tail. The other two piglets developed
signs of damage to the respiratory system such
as shortness of breath, wheezing, and in the ter-
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9

e

Fig. 1. Collage of pictures of the results of validation of the Standard operating procedures of isolation and evaluation
of the activity of the low-virulent variant of the ASF pathogen: (a) the use of anti-plague uniform No. 3, 4 and (b)
equipment for piglet holding on milk powder with «Phenazepam-IC» to work with the ASF virus in an infectious
vivarium for laboratory animals of the BSL-3 level biosafety; (c) rectal thermometry of infected piglets; (d) suppres-
sion of infected piglets during recurrent fever on the 4" and 9" days p.i., and (e) cyanosis of the hooves on the 13t
day p.i. by the low-virulent variant of strain <IECVM/Ternopil/2017»

minal phase — bloody discharge from the nose.
In summary, all these 7 piglets died within the
4—8 days p.i. (acute pattern of ASF).

Two infected suckling piglets did not die
within the 10"—12t% days p.i. (observation pe-
riod) and did not show any signs of illness. They
were euthanized on the 12" and 14" days p.i,,

ISSN 1028-0987. Microbiological Journal. 2023. (3)

and the antibodies against the ASF virus were
revealed in them by serological investigation.
A cytopathic hemadsorbing agent was revealed
in the bone marrow and spleen of piglets (both
sample-analogs) at the first passage in Vero cell
culture. It was identified as an ASF agent by the
immunoperoxidase test (Fig. 3, a) and TEM. At
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Summarized data on biodiversity analysis of the ASF virus strain “lECVM/Ternopil/2017”

33% spleen suspension on PBS with antibiotics, pH 7.4 after microfloration

/ T

PAM, 2.75 1g HAdU i/p 1:10, 1.5 ml;
n = 2: fulminate form,

n = 1: acute form

i/p 1:100, 1.5 ml;
n = 4: acute form,
n = 1: chronic form

50/ml

=5 =5
— —
o o
o [}
o (=5

PAM, 4.0 lg HAdU PAM, 4.51g HAdU

50/ml

: :

i/p 4.0 Ig HAdU50 i/p 1.5x3.75 1g HAAU, |
n = 3: acute form n = 2: fulminate form

50/ml

PAM, 4.0 Ig HAdU blood

l

n=09,i/p, 4.0 lg HAdU50

/

n = 2: fulminate form
n = 3: acute form,
n = 2: chronic form

50/ml

Vero, 3rd passage,
4.251gHAAU, |
bone

marrowCPAM, 6.751g HAdU,

Fig. 2. Summarized results of population analysis of the strain «IECVM/Ternopil/2017». Dark boxes — the chain of
procedures for isolation of high and moderate virulence clones of the strain; semi-dark boxes — the chain of pro-
cedures for isolation of the low virulence clones. Light arrows — infection of cell cultures with tissue samples from
piglets. Dark arrows — infection of piglets with the cultural virus. Marks: PBS — phosphate-buffered saline; PAM —

n = 2: latent form i/p4.25lgHAdU, |

n = 2: chronic form
n = 2: latent form

porcine alveolar macrophages culture; i/p — intraperitoneal injections of suckling piglets; HAdU

HAdU — virus titer in hemadsorbtion units

50/ml

the third passage, its titer in Vero cell culture
reached 4.251g HAdU,, 3 («ASFVVe™°, clones).

This agent caused the «crumbly» hemadsorp-
tion of swine erythrocytes by criteria of VNIIV-
ViM (the former USSR) and Plum Island Cen-
ter [30, 35]. Fig. 3a shows that at the 48" h p.i.
(dose about 0.01 Ig HAAU, %), the monolayer
of Vero cells still intact (transparent, as seen on
uninfected cells between clusters of virus-infect-
ed/stained Vero cells), antigenic material of the
virus after 24 h was detected by the immunoper-
oxidase method exclusively in cell nuclei (not
shown), and after 72 h p.i., it was evenly distrib-
uted throughout the cell.
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3 — dose of i/p;

50/cm

These five suckling piglets were infected with
mentioned «ASFVYe™ intraperitoneally, at a
dose of 1.5 mL for proof of a selective effect on
the low-virulent clones of ASFV passages in Vero
cells. On the 14" (n = 2) and 17 (n = 2) days p.i.,
piglets remained clinically healthy. Only from 3
to 8 days p.i., two piglets had clinical signs of re-
current fever with peaks of 40.0—40.2 °C which
was accompanied by depression, and one of
them up to the 13™ days p.i. had cyanosis of the
hoof horn (like Fig.1, e). The three other piglets
did not manifest any illness signs: they were eu-
thanized on the 14" day p.i., and the antibodies
against ASF virus were revealed by the serologi-
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Fig. 3. Reproduction of low-virulence ASF virus clone in Vero cell culture, the third passage:
(a) visualization of viral antigens in Vero cells by the indirect immunoperoxidase method,
magnification about 650 x; (b) cellular detritus viroscopy at magnification 11x40000, dash
left = 100 nm: enclosed with arrows — a cluster of low- stained virions (see the text)

Fig. 4. (a) Pulmonary and (b) spleen smears of clinically healthy piglets on the 14" and
171 days p.i. with an ASFV clone; propagation in Vero cell culture («ASFVVer©»): (a)
visualization of viral antigens in alveolar macrophages and (b) splenetic lymphocytes by
direct immunofluorescence assay

cal investigation. Also, a cytopathic and hemad-
sorbing agent was revealed in the bone marrow
and spleen of piglets (both sample-analogs) at
the first passage in Vero cell culture.

According to the results of IFA, alveolar mac-
rophages (Fig. 4, a) and splenocytes (Fig. 4, b)
of these clinically healthy piglets contained anti-
gens of the ASF virus. IFA using antiviral FITC-
diagnostics (direct method) in our investigation
was most expressed (during staging, including

ISSN 1028-0987. Microbiological Journal. 2023. (3)

the preparation of test slides) and did not exceed
three hours. At the same time, the immunoper-
oxidase test was nonspecific due to the high level
of background reaction of endogenic peroxidase
in the porcine organs.

As seen, the bone marrow isolate of virus from
three infected suckling piglets of this experimen-
tal cluster («latent/unapparent ASF infection»)
that was isolated in Vero cell demonstrates the
same cultural properties as «ASFVVYe™ clones
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used for these piglets inoculation. The viroscopy
of cellular detritus of the first passage material
of this isolate/clone (Fig. 3, b) was carried out
exclusively for morphological identification of
the virus. There was established that « ASFVVero»
clones contain virions with typical morphol-
ogy for Asfarviruses but with some special fea-
tures (preliminary data). Their diameter ranged
from about 210 to 220 nm while the diameter
of the «parental» virus (strain «IECVM/Terno-
pil/2017» per se) ranged from about 180 to 300
nm. In both instances, poorly-stained virions
were detected in addition to the contrast-stained
virions. They may be defective virus particles,
which requires additional study.

Table 1 summarizes the results of compara-
tive analysis of the virulence of «<ASFVPAM; and
«ASFVVeroy, clones of the strain «IECVM/Terno-
pil/2017» for suckling piglets according to the
criteria for 80—90 kg pigs used in the VNIIV-
ViM (former USSR [29, 30]) and Plum Island
Animal Disease Center (USA [35]).

Table 1 shows that by the model of suckling
piglets, the main clinical and experimental indi-
cators in which low-virulent clones of the ASF
agent differ from highly and moderately virulent
ones are the time to death following 14 days p.i.
(difference of 100%), fever duration (difference
of about 75%), and Max daily temperature (dif-
ference of about 75%).

Since, according to Table 1, the virulence
of «ASFVVer®, clones met the criteria of low-

virulent variants of the ASFV agent [35], it can
be concluded with an acceptable level of prob-
ability (p<0.05, n=25) that the passage of strain
«IECVM/Ternopil/2017» in the Vero cells line
allows for identifing clones with low virulence in
its population.

Hence the results obtained permit us to con-
clude that the criteria for low virulence of ASF
virus clones in the model of suckling piglets are
the absence of their death within 14 days after
intraperitoneally infection at a dose of about
1.5x 4.0 Ig HAdU,, 3, as well as seroconver-
sion to the ASF agent with the presence of viral
antigens in alveolar macrophages and/or spleen
(pulmonary and spleen tissues).

Implementation of the obtained clinical and ex-
perimental data. The results of the above studies
demonstrate a powerful possibility to study im-
portant items of ASF epidemiology and biotech-
nology by our methodological approach based
on maximizing conservation and analyzing the
biodiversity of ASF isolates.

First of all, based on the results of the above
studies, the NSC «IECVM» Standard Operating
Procedure (SOP) for quality control of disin-
fectants and drugs against ASF has been devel-
oped. According to it, the DZPT-2 disinfectant
developed at the NSC «IECVM» has been vali-
dated [36], and the validation of the «NanoVi-
roSan» line of antiviral drugs has begun, in par-
ticular, for preventive treatment of pigs in ASF
protection zones [37].

Table 1. Comparison of suckling piglet’s survival after inoculation with «<ASFVPAM,,
and «ASFVVYe, clones of the strain «IECVM/Ternopil/2017» following intraperitoneally inoculation*

Mean (SD)
Number Fever
Virus and dose of survi- Time eve
vors**/ total | to death Number Duration Max daily
(days) | of days to onset | (days) temperature (°C)
«ASFVPAM, clones, 1.75—3.50 Ig HAAU, 3 3/20 58+0.68 | 1.7+0.63 [39+027| 40.7+0.37
«ASFVVeroy, clones 4.25 lgHAdUSO/Cm3 5/5 0 1.2 £0.39 1.6 £0.14 | 39.4+0.22

Note: * — p<0.05, n=25; ** — on the14™ day p.i.
80
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Proposals for the State Food and Consumer
Service of Ukraine (project) to improve the
quality control of disinfection in ASF outbreaks
have been developed as well, in particular, to add
for using the drug DZPT-2 to final disinfection
in order to inoculate suckling piglets with spe-
cially prepared extracts of samples from critical
control points (CCP) of the object of veterinary
supervision (OVS). By our approach, inoculated
animals are kept on the OVS territory as senti-
nels (instead of 70—80 kg pigs), and after 7—10
days p.i., they should be investigated for ASF
and concurrent microflora by laboratory tests
(serology and PCR). According to preliminary
estimates, the use of these methods will provide
a significant increase in the effectiveness of mea-
sures against ASF in Ukraine.

Another practical aspect of using the data
obtained in this study is the epidemiological
analysis. In our case, it is possible to retrospec-
tively assess the influence of biodiversity of the
«founding strain» on the dynamics of the epizo-
otic process of ASF in the Ternopil region. The
most valuable information is that the date of
the disease in the pig from which the «<IECVM/
Ternopil/2017» strain was isolated corresponds
to the first officially registered outbreak of ASF
in the Ternopil region (No. 275/22.10.2017).
In the period 2017—2020, ASF outbreak No.
275 was the first on the territory of Berezhany
Opillia (Site-center location in decimal degrees:
Longitude 49.446524 Latitude 24.854004[38])
and adjacent lands of Western Podillia with
a total epidemic area of up to 5000 ha, where
13 more outbreaks of ASF were officially reg-
istered additionally [39]. This gives reason to
consider the «IECVM/Ternopil/2017» strain as
the «founding strain» of the specified enzootic
focus of ASFE. Outbreaks Nos. 285, 287, and 288
appeared in 2017; outbreaks Nos. 326, 327, 366,
373,388, and 444 — in 2018; outbreaks Nos. 474
and 291 — in 2019, and Nos. 521 and 526 — in
2020. Moreover, four of them (Nos. 285, 287,
288, and 327) — in wild boar populations over 9
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months of 2017—2018, that is, only in the initial
phase of the ASF epizootic process in the Terno-
pil region. Since 2018, no ASF outbreaks have
been registered in wild boar populations, while
10 ASF outbreaks have been registered in back-
yards and small pig farms within the Opillia and
adjacent lands of Western Podillia.

A similar pattern of ASF is typical for Central
Africa’s nosoarea: there, in the enzootic centers,
the source of the pathogen is wild pigs of vari-
ous species and domestic pigs — carriers of low-
virulent variants of the ASF virus [40, 41]. Thus,
retrospectively, it can be assumed that outbreak
No. 275 became an important prerequisite for
the formation of a stationary enzootic center
of ASE Therefore, following the retrospective
analysis, the results of studying the biodiver-
sity of the «IECVM/Ternopil/2017» strain can
be interpreted as a definite confirmation of the
hypothesis about the rooting of the ASF agent,
especially in wild pigs (at least in Opillia within
2017—2020) due to the accumulation of low-
virulence variants in the ASF virus field popula-
tion. This poses a great threat not only to Ukrai-
nian but also to Polish pig breeding since the
Meridian Opillia Ecocorridor is connected to
the Latitudinal Galicia-Slobozhanskyi Ecocor-
ridor, through which cross-border migration of
wild boars, latent carriers of the ASF agent, takes
place. This analytical data support the promise of
using our approach for epidemiological studies.

Our approach would be even more produc-
tive if it were improved in the direction of quan-
titative assessment (in percent) of biodiversity
of viral clones of populations of the ASF agent
by virulence.

Discussion. Control of farm animal diseases
is constantly complicated by the influence of
changing environment on the circulation of
pathogens of various etiologies [42, 43]. This
is directly touching the problem of ASF eradi-
cation in the current period of development of
its Eurasian nozoareal. This is evidenced in par-
ticular by scientific data on the plasticity of this
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disease pathogen depending on the ecotype of
enzootic areas [44, 45]. Antigenic diversity of
the ASF pathogen is manifested in the formation
of group-specific immunity against its variants
of the corresponding serogroup: this is based
on the suppression of group-specific antibodies’
hemadsorption of the pathogen in cell cultures
[46]. Different ASF genotypes with different
virulence have been linked to different encores
of sub-Saharan Africa and around the world,
and understanding the mode of the genotype
circulation is important for studying its phylo-
genetic relationships and improving prevention
and control strategies [47—49]. In its Eurasian
nozoareal, issues of associative activity of the
causative agent of this disease with viruses and
bacteria of certain species appear on the agen-
da. In this direction, there are certain solutions
to the problems of the spread and rooting of
low-virulence variants of the pathogen, in par-
ticular, within the framework of our Stop ASF
mix concept [47]. The influence of competitive
microflora on the adaptation of the ASF patho-
gen to the ecosystem (rooting in nozoareal) is
absolutely indisputable, but today, it is practi-
cally completely ignored, at least in the accessed
information. Regarding competing microflora,
we saw that in no less than 3 of 7 cases of ASF
Pasteurella hemolytic were present in samples
from pig farms, in our opinion, in enzootic ar-
eas, where the State vets effectively detected the
virus. According to our data, outbreaks of ASF
in these farms occurred shortly after the imple-
mentation of measures against Pasteurellosis
(to be published). This drove us to consider the
possible participation of some bacteria in the
selective influence on respective variants of the
causative agent of ASF, in particular, through in-
fluence on the reproductive activity. In our opin-
ion, an important step in this direction, is to find
out whether there are such options for the field
agent circulating in Ukraine.

The results described in the current publica-
tion indicate a clear biological heterogeneity by
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the pathogenicity of the studied ASFV popula-
tion. Since this population dates back to the
initial phase of the ASF epidemic in Western
Podillia (2017), according to the Sorbonne Uni-
versity’s mathematical model, it can be consid-
ered an epidemically unpredictable (stochastic)
«starting cluster» in the initial period of the epi-
demic outbreaks [50]. However, there for the fol-
lowing three years, more than 14 officially reg-
istered outbreaks of ASF (among domestic and
wild pigs) adjacent to the primary outbreak else
to the territory of Opillia (area of Western Podil-
lia) were added, with a total threatened area of
up to 3.000 hectares. Therefore, according to the
OIE Terrestrial Animal Health Code (2022), ASF
should consider this area an enzootic area. Our
analysis of the clones’ population of the strain
«JECVM/Ternopil/2017» (as mentioned, «start-
ing cluster») showed that, in addition to highly
pathogenic variants, it also contains low-viru-
lence variants. Therefore, the obtained results
indicate the need to include the factor «biodiver-
sity of the agent population» in the specified epi-
demiological model in order to increase the pre-
dictability of the epidemic process of ASE. This
is consistent with the current data on the epizo-
otiology of ASFV, which increasingly support
the argument about the gradual replacement
of highly virulent variants of the ASFV patho-
gen in enzootic centers with low-virulence ones
[51]. The obtained data also provide grounds for
searching in the Opillia enzootic area for a natu-
ral avirulent variant of the pathogen, which is
necessary for the development of biotechnology
of veterinary drugs against ASF in Ukraine.

To improve anti-epizootic measures in the
near future, in our opinion, special attention
should be paid to info about the relative short-
term clinical status of convalescent pigs in terms
of viral load of low-virulence variants of the 1*
genotype ASF virus [51, 52]. Recent literature
data indicate a possible role in these processes
of just associative infections and microflora of
certain species, i.e., the associative activity of
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the ASF agent [47, 52, 54]. It should be empha-
sized that the data obtained by us allow one to
improve the selection of disinfectants with the
required virocidal properties for ASF counter-
measures as well as to improve the procedure
of quality control of disinfection, which is cur-
rently counted as the most effective measure to
eradicate and prevent this disease in pigs [54]
and pork processing [55]. Being developed on
the basis of the above data, standard operating
procedures meet the international requirements
for the use in ASF countermeasures «mainly
those disinfectants that have been tested in con-
trol trials with local field strains of the agents»
[56—58]. Taking into account the circulation of
the pathogen of ASF on the territory of Ukraine,
which became especially active after the attack
of the Russian Federation on Ukraine in 2014, as
well as the growing threat of agroterrorism un-
der current conditions, it is advisable to use the
developed approaches to control the quality of
anti-epizootic and forensic veterinary measures,
especially within the framework of agricultural
export programs of Ukraine.

Conclusions. Low-cost operational proce-
dures have been developed that allow the use of
a vivarium of laboratory animals for ASF bioas-
say and meet principal requirements for scien-
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EKCITEPVMIMEHTAJIbHA EIII300TOJIOI'TA CJIABOBIPYJTEHTHMX
BAPIAHTIB BIPYCY AOPYIKAHCBKOI YYMI CBUHEN

A¢pukancpka yyma cButeit (AYC) 3anminaerbes aKTyaabHOIO TPOo6IeMOI0 CBMHAPCTBA YKpaiHu, BUPIIIeHH SKOT
MO>X/IVIBE JINIle Ha OCHOBI IMIMOOKMX HAaYKOBMX 3HAHD IPO crienndiKy pyLIiiiHIX CUI eMi300Tii B if KOHKPETHOMY
Hozoapeai. Ile He0OXigHO 1A TOrO, OO CIPAMYBATH MPOTHUENI300THYHI 3aX0y Ha HalOiIbII ypasIuBy 1aH-
Ky eIli300TMYHOrO JIAHII0I'a B KOHKPETHOMY HOo30apeasi. MeToxo fociifkeHH: Oya po3pobKa OoKeTomagHol
MeTOAMYHOI 6a3y eKCIepUMeHTaIbHOI enidooToorii cnabosipynrentHux Bapiantis AYC B Ykpaini, 30xpema s
BJMBYEHHS MeXaHi3MiB (POpPMYyBaHHS €H300TUYHUX apeasiB, KOHTPOJIO AKOCTI HIPOTHEIi300TUYHMX 3aXOHiB Ta
OLiHKM e(DeKTMBHOCTI IPOTUBIPYCHMX IIperapariB mpoTu Hux B YKpaini. Meromu. ExcrepumeHnTanbHO-eMmi30-
OTOJIOTiUHI JOCII/PKeHHs 3 afjanTallii MopoCAT-CUCYHIB O YMOB iX yTpMMaHHS y BiBapifx 1abopaTOpHMX TBa-
puH 3 piBHeM 6iozaxucty BSL-3 (ITatent Ykpainu Ne 133248 Bix 25.03.2019) npoBoaumich Ha TabopaTopHiit 6asi
Opnecokoi ¢inii HHIT «IEKBM». Yci mpouenypu 3 iHeKLilfHO-aKTMBHUMM 6i07OTiYHMMM MaTepiajaMu MpOBO-
IWINCS B YMHHOMY TOpAAKY B Moxyii BSL-3, mobynoBanoMy Ta ceprudikopanoMy 3a cipusuus Ypsapy CIIA B
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YxpHITYI im. 1.I. Meunnkoa MO3 Vkpaiuu (Ogeca). Sk TecT-Bipyc BUKOPMCTOBYBaBCs 1taM 36yaHuKa AUC
«IECVM/Tepuomninb/2017» (indekuiitna aktusnics 4,0—7,5 Ig TARO,, . *), 0 1mpkymosas Ha Teputopii Tep-
Hominbcbkoi 06macti y 2017—2020 pokax. HasBHicTh HU3bKOBipy/IeHTHUX BapiaHTiB 30ynHuKa AUC y gocmimxy-
BaHMX 3pasKaX BU3Havanu 6ionpo6oio Ha HOpOCATaX-CUCYHAX 3 HOAAIBLUIMMIY TPhOMa IOCIiJOBHIMY MacaXKaMu
Ha CTabOiIbHI TiHil Vero KIiTUH HMPOK 3eneHoi MaBIu. InenTudikaniio BuaineHnx kinoHis Bipycy AUC nposopu-
1M METOJJaMU Ta JIiaTHOCTMKyMaMMy, pekoMeHnoBaHuMy Manyanom MED. Pesynbraru. Ilepemerxarodi macaxi sa
METOJIUKOK) «T€HETUYHOTO 3aCHOBHMKa» po3Benenb 107! ta 1072 mramy Bipycy AYC «IEKBM/Teprominb/2017»
Ha nopocaTax (n=20) Ta B KynbTypi anbBeonspuux makpodaris ceuneit, AMC («BAYCAMSy), nossonunu inen-
Ti(hiKyBaTU BUCOKO-, TOMIPHO- Ta C/1abOBipy/IeHTHI BapiaHTN/K/IOHN B CKIafi itoro momyswii. Ilepesipka 3a go-
omorow 6iornpobu Ha MOpocsATax-cUCyHaX (n=5) KIacTepy c1aboBIpyIeHTHUX KIOHIB 36ynHMKa, cTabimisoBa-
HUX Y KynbTypi kaitus Vero («BAUCYe™»), nokasasa, n1o mic/is BHyTPilIHbOYEPEBHOTO 3apaKeHHA B 1031 4,25 1g
FA;LOSO/ CM3 BiH 3TaTHMII BUK/IMKATY JIMILE HeJleTalnbHy iHpeK1Iio (TepMiH criocTepeXkeHH: 2 TYDKHI) 3 MaKC/MaIb-
HOIO J0OOBOIO peKTaJIbHOK TeMIepaTypow 39,4+0,22 °C i TpuBasicTIO IMXOMaHKM B cepenHboMy 1,6+0,14 ni6
(n=5 3 5 cucynis). Knacrepu k1oHiB 6inbl1 Bipy/eHTHUX («<BAUCAMCy) 3a amamorivamx YMOB BUK/IMKA/IA BU-
KJIIOYHO JIeTa/IbHY iH(eKIIiio CHCYHIB 3 MaKCUMaIbHOIO TeMIlepaTyporo 40,7+0,37 °C Ta TpUBaIiCTIO IMXOMAaHKA B
cepeguboMy 3,9+0,27 n1i6 (17 3 20 mopocst). CrabosipyneHTHI K1oHN ifeHTI(IKOBAMIN METOLOM IPsIMOI iIMyHO(-
JIFOOpeCIieHIil B Ma3Kax-BiffONTKaX JeTeHb Ta Cele3iHKM 3a3HaYeHNX KTiHIYHO 3JOPOBUX MOPOCAT Ha 14 1 17 neHp
micnA 3apakeHHA (I1.3.); iXHI aHTMUTeHM BisyasisyBamyu B MOHOIIApi KIiTMH Vero Ha cKelbLAX (Ho3a 3apaskeHHA
6musbko 0,01 1g TARO, ), CM3) HeIpsIMUM iIMYHOIIEPOKCHJJA3HMM METOLOM depes 48 rof. 11.3; BOHU BUK/IMKA/IN «PUX-
ny» reMazicopbuito iHpikoBaHUX KmiTHH Vero, a IXHi BipioHM Many XxapakTepHuii fst achapBipycy BUIISS Ta po3-
mip (ikocaempu piamerpom 210—220 HM). OTpuMaHi JaHi CIyTyBaau OCHOBOIO aHA/i3y MeXaHi3My IOLIVpPEHHS
36ypHuka AYC B eH300TMYHOMY ocepenky 3axinHoro Ilomimia («omibcbKoMy»), @ TAKOXK PO3POOKN peraMeHTiB
MaJIOOIOf[KeTHOTO KOHTPOJIIO AKOCTI IPOTHUEII300TUYHNX 3aXO/iB Ta OLIHKM Aii IPOTUBIPYCHUX 3acO0iB IIPOTH
AYC (mesindexTanTiB Ta XiMionpenaparis). BucHoBku. Po3po6ieHo 61o/KxeTomanHi onepaniliti mponenypu, axi
[I03BOJISIIOTH BUKOPUCTOBYBATH BiBapiil maboparopHux TBapuH s 6iorectis Ha AUC i BifnoBifaoTs BuMoram
10 fOKAa30BUX HOCTIIKeHb B 0a30BUX HANPsIMKaX eKcIeprMeHTanpHOI emiszooronorii AYC. 3a iXHbOIO JOIOMO-
TOI0 OTPMMAaHO MiATBePIKeHH reTeporeHHOCTi monynAuii Bipycy A4YC, 1mo HupKy/II0€e B eHIeMiYHIX ocepefKax
3axipnoro Ilogimnsa Ykpainn (p<0,05, n=25). Po3pobneHnii METORMYIHMI HiAXiS € IPUAATHUM 5K [JI BUBYEHHS
¢dbyHmaMeHTaIbHMX NUTaHD emisooTosnorii AYC, Tak i 11 KOHTPOJIIO AKOCTI IPOTHENi300TUYHNX 3aX0/iB Ta 3aCO-
6iB mpot AYC. 30kpema, i1oro OIiTbHO BUKOPUCTOBYBATH /I MIOCH/IEHHA 6103aXUCTy arpoeKcnopTy YKpaiHu
AK KpalHy, 1o HepeOyBae B HeCIpUATINBOMY cTaHOBUIL mogo AYC.

Kmiouosi cnosa: sipyc appukarcokoi uymu céumeil, 6ioposmaimmsi, eipynenmuicmo, 6ionpoba, nopocsma-cucyHu,
azpoexcnopm, 0io3axucm.
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