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SUMMARY

Swine vesicular disease (SVD) is a viral infectious disease, which, if acute, is manifested by the clinical pattern similar to a number of vesicular diseases including
foot-and-mouth disease. In case of subclinical disease, there are no evident clinical signs, therefore the diagnosis is problematic, and there can be the risk of the
disease introduction into the Russian Federation with the infected pigs. The key measure for the prevention of SVD introduction involves control diagnostic testing
of all animals imported in the country that makes it necessary to keep updated the currently used methods and tools for the disease laboratory diagnosis. The
paper demonstrates data on experimental infection of pigs with SVDV strain 2348 Italy/2008 that belongs to the most recent one of the four known phylogenetic
groups. The virus was kindly provided by the World Reference Laboratory for Foot-and-Mouth Disease (Pirbright, Great Britain), and it was adapted to the monolayer
continuous cell cultures of porcine origin (IB-RS-2 and PSGK-30). The pigs were intradermally infected with concentrated cultured virus at a dose of 10°TCID, .
The infected animals demonstrated clinical signs typical for the acute disease. There was evidence that the virus was not transmitted to the intact animal in case
husbandry conditions were met that allowed to avoid the infection transmission by the fecal-oral and contact mechanisms. As a result of the experiment, reference
serawere collected at different time intervals post infection and their activity was determined using virus microneutralization testin cell culture and ELISA. Aphthae
collected from the infected animals were deposited into the Strain collection of the Reference Laboratory for Foot-and-Mouth Disease, FGBI “ARRIAH”.
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PE3IOME

Be3ukynapHas 60ne3Hb BUHel — MHOEKLMOHHAA BUPYCHaA Hone3Hb, CONPOBOXAAILLAACA PI OCTPOM TeUeHIM KNMHUYECKOIA KapTUHOIA, 06LLeil AnA pada 3a-
6onesaHuii ¢ Be3MKyNAPHBIM CUHAPOMOM, BKMtouas Ayp. Mpu cyOKNMHIYECKOM TeUeHUN ABHbIE NPU3HAKN O0NIE3HM OTCYTCTBYHOT, UTO 3aTPYAHAET NOCTAHOBKY
[A11arH03a v MOXeT C03/3aBaTb yrpo3y 3aHoca MHeKLIMOHHOro 3aboneBaHNA Ha Tepputopuio Poccuiickoii Oesepaii C MHYULIMPOBAHHBIMU CBIUHBAMY. OCHOBHOI
Mepoii NpefoTBPaLLEHIA 3aHOCa BE3UKYNAPHOIA 60Ne3HY CBUHEN ABNAETCA NPOBEAEHME KOHTPOMbHbIX AMArHOCTUYECKMX UCCNe[0BAHNIA BceX BBO3MMbIX Ha Tep-
PUTOPYIO CTPAHbI XKUBOTHIX, UTO TPEOYET NOCTOAHHOTO NOAALPKAHMA B aKTYaNbHOM COCTOAHUM NCMONb3yeMblX METOZOB U CPeACTB NabOPaTOPHOI AMArHOCTUKM
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3abonesanuA. B cTaTbe npeacTaBneHbl AaHHble N0 IKCNEPUMEHTAbHOMY 3apaXeHto eCTeCTBEHHO BOCTPUNUMUMBBLIX MBOTHBIX LuTamMMoM «N@ 2348 Uta-
n1s/2008» BUpYca Be3MKYNAPHOIA 6one3HN CBUHENA, NPUHAANEXALLEro K Haubonee NO3AHeIA U3 UeTbipex U3BECTHBIX GUnoreHeThueckux rpynn. Bupyc nonyyen
13 BcemmpHoii cnpasouHoit nabopatopuu no Awypy (Mup6paiit, BenukobputaHua) n ananTupoBaH K nepesirBaeMblM MOHOCTOIHbIM KYNbTYPam KNeToK CBUHOTO
nponcxoxaenns 1B-RS-2 u NCTK-30. Ceuneil 3apaxani MHTPa[epManbHO KOHLEHTPUPOBAHHbIM KyNbTypanbHbiM Bupycom B fo3e 10° T . Y 3apaxeHHbix
KUBOTHBIX HaOMIOAANN KNUHNYECKINe NPU3HAKM, XapaKTepHbIe AA 0CTPOro TeueHna 6one3Hu. lokasaHo 0TCYTCTBUE Nepesayum BUPYCa MHTAKTHOMY KUBOTHOMY
npu CoBt0AeHNM YCNOBHIA COfePXKaHuA, MPeAOTBPALLAILLMX GeKanbHO-0PabHbII I KOHTAKTHbIA MexaHn3Mbl nepefaun uHdekumu. B pesynbrate onbita nony-
YeHbl pedepeHTHble 00pa3Libl CbIBOPOTKI KPOBY CBUHE! B pa3Hble CPOKY NOCIE MHOULIMPOBAHNSA, ONPeeneHa X aKTUBHOCTb B PeakLiMi MUKPOHeTpanu3aLmum
BUPYCa B KyNbTYpe KNeToK 1 B IMMYHODepMeHTHOM aHanu3e. 0To6paHHbIii 0T 3apaXeHHbIX XKIBOTHbIX apTO3HDIA MaTepuan 3anoxeH Ha XpaHeHue B pabouyio
KONNeKLMH LUITaMMOB MUKPOOPraHu3MoB pedepeHTHoil nabopatopuu AnarHoctuky Aiwypa OrbY «BHUU3X».

KnioueBble cnoBa: Be3uKynapHas 60n1e3Hb (BUIHel, 1abopaTopHas ANarHOCTIKA, SKCNEPUMEHTANbHOE 3apaxeHie, IMMYHODEPMEHTHDIN aHanu3, peakuma
MUKPOHENTPaNU3aLum BIUPyCa B KyNbType KNeToK

bnarogapHoctb: WccnenoBaHue BHIMOMHEHO 3a CYeT CPEACTB GeflepanbHoro OlofpKeTa B paMkax NPOBEEHNA HayuHO-ICCNIefoBaTeNbCKUX paboT no Teme
«Pa3paboTka MeToa BbIABNEHIA aHTUTEN K Be3MKYNAPHOI 60Ne3HM CBUHElH B peakLuin MUKpoHeiiTpanusaumum» (I3 Ne 081-00010-19-00 ot 28.12.2018).
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INTRODUCTION

Swine vesicular disease (SVD) is a contagious viral dis-
ease associated with a complex of symptoms common for
a number of diseases with vesicular syndrome, and, first
of all, for foot-and-mouth disease (FMD) being one of the
economically significant animal diseases. Due to the si-
milar clinical manifestations, the differential diagnosis
of the vesicular diseases is impossible without a number
of virus-specific tools for laboratory tests [1-5].

In spite of high contagiousness and increased virus
resistance to the environmental factors, the morbidity
of the susceptible animals varies substantially. The direct
losses due to SVD are not significant, because in case of
the disease outbreak the animals demonstrate only tem-
poral loss of productivity and low mortality. The indirect
damage due to the disease eradication measures are how-
ever significant [3, 4, 6-8]. The factor aiding to the spread
of the infection involves the SVD's capacity for subclinical
development being long undetected. During the latest
officially reported epidemics the asymptomatic disease
resulted in the mass SVD spread in susceptible animals,
and the disease was reported only based on the sero-
logical monitoring data [9, 10]. Therefore, the largest World
Reference Laboratories involved in examination and diag-
nosis of the diseases with vesicular syndrome developed,
implemented and maintain up-to-date tools for SVD labo-
ratory diagnosis [5].

The SVD virus, as well as many members of Picorna-
viridae family, is characterized by relatively high antigenic
variability. There are four separate phylogenetic groups
in the singular serotype, which developed successively
at different time points and significantly differ antigeni-

cally [5, 10]. In the Russian Federation, SVD is considered
to be an exotic disease and it has never been reported,
but it was observed in the USSR (Odessa Oblast) in 1972.
Strain 463 Odessa/1972 isolated and identified during
the epidemics was placed into SVD phylogenetic group Il
the isolates from which are antigenically different from the
subsequent isolates of genetic groups lll and IV [5, 10-12].
Hence, of specific academic and practical interest for SVD
diagnosis is the virus strain 2348 Italy/2008 that belongs
to the latest of the known groups, i.e. to group IV; and ac-
cording to the published reports it causes mainly asym-
ptomatic and subclinical disease on the pig farms [7].

The goal of the work was representation of the SVD cli-
nical pattern in naturally susceptible animals following ex-
perimental infection with SVDV strain 2348 Italy/2008 and
examination of the dynamics of the antibody formation in
the infected pigs. The experiment poses a unique opportu-
nity for the collection of sera from the experimental pigs at
different, precisely known time points following infection,
and such sera are of some value as reference controls that
can be used for diagnostic purposes.

MATERIAL AND METHODS

Virus. In the experiment we used the SVDV provided
by the World Reference Laboratory for Foot-and-Mouth
Disease (Pirbright, Great Britain). The virus was adap-
ted to monolayer continuous cell cultures and deposi-
ted National Collection of Microorganism Strains of the
FGBI“ARRIAH" as 2348 Itlay/2008 strain. The infectivity titer
was determined in IB-RS-2 cell culture-containing 96-well
culture plates using micromethod. The passage VIl virus
cultured in IB-RS-2 cell culture and having infectivity ti-
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ter (7.73 £ 0.60) Ig TCID, /50 ul was used for experimental
infection and hyperimmunization of the naturally suscep-
tible animals.

Cell culture. In order to adapt SVDV strain 2348 Ita-
ly/2008 the following porcine cell cultures produced in
the cell cultivation sector of the Innovation Department
of the FGBI “ARRIAH” were used: PKC (primary porcine kid-
ney cell culture), PSGK-30 (continuous porcine cell culture)
and IB-RS-2 (continuous porcine kidney cell culture). The
cell sensitivity to the virus was determined by a series of

“blind” passages in 25 cm? plastic culture flasks containing
maintenance medium. The blind passages were carried
out until apparent cytopathic effect (CPE). The infected cell
culture was incubated at (37.0 £ 0.5) °C for at least 72 hours.
The duration of each consecutive passage was reduced
as the time necessary for the development of 80-100%
CPE reduced.

Animals. Three 35-40 kg Yorkshire and Landrace gilts at
the age of 4 months old were used for the experimental
infection, and they had been delivered from the infectious
disease-free farms of the Vladimir Oblast.

All animal experiments were performed in strict com-
pliance with interstate standard on laboratory animal
keeping and handling GOST 33215-2014, adopted by In-
terstate Council on Standardization, Metrology and Cer-
tification and pursuant to the requirements of Directive
2010/63/EU of the European Parliament and of the Council
of 22 September 2010 on the protection of animals used
for scientific purposes.

Experimental infection of pigs. The animals were kept iso-
lated at the animal keeping facilities of the FGBI “ARRIAH"
for 29 days, and they had free access to water and feed.
Pigs 1 and 2 were intradermally infected with the con-
centrated virus at a dose of 10° TCID,  inoculated in the
snout, coronary bands of both forelegs and one hind leg.
For hyperimmune serum production the convalescent
animals were additionally immunized on day 21 post
infection (dpi), i.e. 100-fold concentrated virus antigen
supplemented with incomplete Freund’s adjuvant in 1:1
ratio was intramuscularly inoculated. Intact animal 3 was
transferred to the isolator with the infected gilts on 4 dpi
and they were further kept together. Before and during the
experiment, blood samples were regularly collected from
all animals at 2-6 day intervals. The blood samples were
used for serological tests.

Virus microneutralization test in cell culture. Virus micro-
neutralization test (MNT) in 2348 Italy/2008 SVD virus-
based cell culture and sensitive continuous cell culture
IB-RS-2 was used for pig serum testing for virus-neutralizing
antibodies. The pig serum samples were tested in 96-cell
culture plate by serial dilutions with the virus suspension
inoculated at pre-calculated working dose. The plate was
kept in CO,-incubator with 5% CO, at (37.0 £ 0.5) °C for
1 hour in order the virus neutralizing antibodies contained
in the tested sera could interact with the virus. Then the
cell culture of (0.8-1.0) x 10° cells/cm?® was inoculated.
The plate was again transferred to the CO,-incubator at
(37.0+£0.5) °C for 60-72 hours. The reaction was examined
using the inverted microscope and the number of cells
with the preserved monolayer was calculated. The anti-
body titer was calculated using Karber’s method.

Enzyme-linked immunosorbent assay. Enzyme-linked
immunosorbent assay (ELISA) was used for the determi-
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nation of SVDV antibodies in animal sera. The assay was
performed according to the ‘Methodical Guidance on De-
tection of SVDV Antibodies Using Competitive Sandwich
ELISA with Monoclonal Antibodies 5B7’ (CS-ELISA), and
using ELISA kit for SVDV antibody detection (FGBI“ARRIAH",
Russia). Commercial PrioCHEK SVDV Ab Kit (Prionics Lelys-
tad B.V., Netherlands) was used as a reference diagnostic
test-kit. The test-kits were used according to the manufac-
turer’s instructions.

RESULTS AND DISCUSSION

SVDV adaptation to cell cultures. SVDV strain 2348 Ita-
ly/2008 was adapted by means of blind passages in PKC
cell culture (3 passages), PSGK-30 (5 passages) and IB-RS-2
(8 passages). For further work the cell culture was selec-
ted, to which the virus adapted most rapidly and which re-
quired less time for 80-100% CPE development. Herewith,
the infectivity titers remained constant during at least five
successive passages. The data in Table 1 demonstrate that
SVDV strain 2348 Italy/2008 better adapted to the conti-
nuous cell lines PSGK-30 and IB-RS-2.

There were no signs of the virus reproduction in PKC
cell culture during three passages. During cultivation in
PSGK-30 and IB-RS-2 cultures, the virus induced 100%
CPE in 48 hours. By passage 3, the time period necessary

Table 1

Adaptive capacity of SVDV strain 2348 Italy/2008 in cell cultures of porcine origin

Time for 80-100%

Infectivity titer determined

Cell culture | Passage CPE development, using MNT cell culture,
hours lgTCID, /50 pl

PKC I none -
PSGK-30 I 48 n/t
IB-RS-2 I 48 n/t

PKC Il none -
PSGK-30 I 48 it
IB-RS-2 I 24 nt

PKC Il none -
PSGK-30 M1l 21 n/t
IB-RS-2 1l 18 7.80+0.60
PSGK-30 v 18 n/t
IB-RS-2 v 18 7.80£0.60
PSGK-30 v 18 n/t
IB-RS-2 ) 18 7.73£0.60
IB-RS-2 Vi 18 6.98 +0.60
IB-RS-2 Vil 18 7.73£0.60
IB-RS-2 Vil 18 6.75%0.60

n/t — not tested.
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Fig. 1. 1B-RS-2 cell culture after 96 hours
of cultivation (magnification 200x)
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Fig. 3. CPE of SVDV in IB-RS-2 cell culture in 18 hours post
inoculation (magnification 200x):
1—rounded cells, 2 - in the process of degradation

for the complete destruction of the cell monolayer re-
duced to 21 hours for PSGK-30 and to 18 hours for IB-RS-2.
IB-RS-2 cell culture was selected for further work due to its

sensitivity to SVDV. The pattern of the cellular degenera-
tive changes caused by 2348 Italy/2008 was typical for SVD

agent. In 12-15 hours post inoculation, initially irregular
polygon-shaped monolayer cells of IB-RS-2 culture (Fig. 1)

slightly stretched under the effect of the accumulated vi-
rus and took the shape of a spindle (Fig. 2). Hereafter, the

cells rounded, detached from the plastic walls of the cul-
ture flask (Fig. 3) and finally shrunk and degraded (Fig. 4).

During six passages in monolayer continuous IB-RS-2

cell culture the SVDV strain 2348 Italy/2008 demonstrated

relatively constant infectivity ranging from (6.98 + 0.60)

to (7.80 £ 0.60) Ig TCID, /50 pl. Seventh passage 100-fold

concentrated virus cultured in IB-RS-2 cell culture and

having the infectivity titer (7.73 £ 0.60) Ig TCID, /50 pl was

used for the infection of pigs. Cell suspension containing

sixth passage SVDV strain 2348 Italy/2008 and having the

infectivity titer (6.98 + 0.60) Ig TCID, /50 pl was used for
microneutralization test.

Infection of naturally susceptible animals. The pigs
were observed daily during the whole experiment. The
observation involved clinical examination with thermo-

Fig. 2. CPE of SVDV in IB-RS-2 cell culture in 15 hours
post inoculation (magnification 200x)

Fig. 4. CPE of SVDV in IB-RS-2 cell culture in 18 hours post
inoculation (magnification 400x)

metry, assessment of the general condition of the animals,
pattern of movements and neurological signs.

In 2 dpi, animals 1 and 2 infected with the concentrated
cultured SVDV strain 2348 Italy/2008 demonstrated clin-
ical signs typical for the acute disease. Reduced motion
activity and hyperthermia were reported in both pigs.
Initial aphthae were formed at the sites of intradermal
inoculation: in pig 1 - on the snout and coronary bands,
in pig 2 — on coronary band of three limbs. Generalized
infection and formation of secondary aphthae were re-
ported on 5 dpi. Significant improvement of the pigs’
health conditions was reported only after the formation
of the secondary aphthae and before 7 dpi. Diarrhea was
reported in animal 2 on 4 dpi and starting from 5 dpi the
animal demonstrated lameness due to hoof inflamma-
tion. Herewith, the animal mostly remained laying and
laboriously rose on carpal joints. On 11 dpi the animals
demonstrated pododermatitis complicated with puru-
lent process formed due to secondary infection. In pig 1
diarrhea was reported and lameness was demonstrated
from 7 dpi; they were not so expressed but lasted longer,
until 11 dpi, due to pododermatitis formation. During the
whole experiment, none of the animals demonstrated any
nervous signs, and they did not refuse from feed. Starting
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from 5 dpi, both animals demonstrated papular eruption
on the belly and in the pelvic area that was later accom-
panies with itching.

Animal 3 demonstrated no clinic signs of SVD, hyper-
thermia or behavioral changes.

During the experimental infection samples of bio-
logical materials were collected from the diseased animals:
aphthous epithelium and lymph. Molecular and genetic
tests of the biomaterials confirmed presence of SVDV
genome that was similar to the genome of SVDV strain
2348 Italy/2008. The obtained epithelium sample were de-
posited to the collection of the strains of microorganisms
at the Laboratory for FMD Diagnosis, FGBI “ARRIAH".

Serological tests. Blood samples used for serum pro-
duction were collected from pigs before the experiment
and during the whole experiment starting from 4 dpi.
Total of 26 samples with different serological activity
were collected. Studies showed correlation between the
SVDV virus antibody test results obtained using various
test methods. The results are demonstrated in Table 2.

The obtained results demonstrated that the diseased
pigs had virus-specific antibodies that were detected by
all test-kits: in animal 1 - starting from 7 dpi; in animal 2 -
starting from 4 dpi. The antibody titers increased until
11 dpi, and they further gradually decreased [8]. Herewith,
animal 2 demonstrated higher virus-specific antibody titer
as compared to animal 1. For the production of the hyper-
immune sera against SVDV the convalescent animals were
additionally immunized on 21 dpi. Additional immuniza-
tion intensified the immune response as expected, and
antibody titers in the sera of both pigs reached significant
values that was demonstrated by all test results.

Pig 3 did not demonstrate any antibodies by any of
the tests that led to the conclusion that the animal was
not diseased with SVD, although it was housed with the
diseased pigs. It could be supposed that the animal was
not infected because of the housing conditions that mi-
nimized the virus transmission: the pigs were housed in
dry and daily cleaned spacious room. This excluded the
contact route of the infection transmission. In spite of the
fact that SVD infected animals typically shed the virus with
the feces for a long time and the fecal-oral transmission
route remains the major one, the concentration of the vi-
rus particles in the feces is relatively low as a number of
researchers reported [3, 6]. Feeding and watering of the
pigs was arranged in such a way as to allow the animals to
consume the combined feed in short order and to supply
the water in the drinking bowls on an ongoing basis thus
continuously renewing it. That excluded contamination
of both feed and water by the excrements and therefore
prevented the infection transmission from the diseased
animals to the contact one either with water or with feed.

CONCLUSION

The research results demonstrated that swine vesicular
disease induced by SVDV strain 2348 Italy/2008 was char-
acterized by typical clinical signs and accompanied with
the expressed immune response. Early virus-specific anti-
body response was reported in the infected pigs on 4 dpi.
Length of the log and stationary phases of the productive
stage of antibody formation following the primary contact
with SVDV amounted to about two weeks: the level of vi-
rus-specific antibodies reached its maximumon 11-15 dpi
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and steadily decreased. Following repeated virus inocula-
tion the animals demonstrated evident dynamics in the
increase of the virus-specific antibodies that was main-
tained until the experiment completion. Since SVD is an

Table 2

Activity of sera collected from pigs at different time intervals post disease

and immunization with 2348 Italy/2008 SVDV strain and tested
using different test-kits (n > 3)

ELISA results

MNT results
: PrioCHEK
ARRIAH test-kit (S-ELISA SVDV Ab Kit -

Animal

4 1 <1 neg. <1 neg. 1.00 pos. 1.81 pos.

7 1220 pos 2.08 pos. 1.90 pos. 2.58 pos.

11 | 2.68 pos. 2.08 pos. 2.08 pos. 2.71 pos.

1 15 | 251 pos. 2.08 pos. 1.78 pos. 2.58 pos.
21% | 2.34 pos. 1.78 pos. 1.48 pos. 241 pos.

25 |2.68 pos. 234 pos. 1.90 pos. 3.01 pos.

29 |37 pos. 3.28 pos. 298 pos. 3.79 pos.

31 [ 419 pos. 371 pos. 3.89 pos. 3.79 pos.

0 | <1 neg. <1 neg. <1 neg. <1 neg.

4 1178 pos 1.30 pos. 1.30 pos. 21 pos.

7 1268 pos 298 pos. 2.98 pos. 271 pos.

11 | 298 pos. 2.81 pos. 2.98 pos. 2.89 pos.

2 15 | 2.68 pos. 2.68 pos. 2.81 pos. 2.71 pos.
21% | 2.68 pos. 2.08 pos. 2.51 pos. 2.71 pos.

25 1298 pos. 2.68 pos. 2.51 pos. 3.49 pos.

29 | 4.01 pos. 3.58 pos. 3N pos. 391 pos.

31 419 pos. 3.58 pos. 371 pos. 391 pos.

0 | <1 neg. <1 neg. <1 neg. <1 neg.

4 1 <1 neg. <1 neg. <1 neg. <1 neg.

7 | <1 neg. <1 neg. <1 neg. <1 neg.

m | <1 neg. <1 neg. <1 neg. <1 neg.

: 17 | <1 neg. <1 neg. <1 neg. <1 neg.
21 | <1 neg. <1 neg. <1 neg. <1 neg.

24 | <1 neg. <1 neg. <1 neg. <1 neg.

27 | <1 neg. <1 neg. <1 neg. <1 neg.

*booster immunization.
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exotic disease for the Russian Federation, the sera of the
convalescent experimental animals are of definite value
as they can be used as reference sera during the disease
laboratory diagnosis.
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