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Effect of LSDV008 gene knockout on the cultural properties of recombinant lampy
skin disease virus

Lumpy skin disease virus (LSDV) is a poxvirus that causes a Severe systemic disease in cattle.and iSyrapidly
expanding its geographic boundaries. Lumpy dermatitis (LD) is characterized by fever, nodules on thejskin,
mucous membranes, and internal organs. The disease can cause emaciation with swollen‘lymph nedes and
sometimes death. In recent years, the disease has become endemic in various partts of Asid, causing
significant economic damage to livestock production. Since there are no specific ‘treatments for LSD,
vaccination is the most effective way to control and eradicate the disease. The gnost Gomplete immunity can
be obtained by vaccination with live attenuated vaccines. Attenuation throughl long passages is associated
with random mutations in the genome, and the mechanism of attenuation remaing.uncléar. Targeted removal
of virulence genes in the viral genome by genetic engineering is the most premising direction in the creation
of attenuated poxviruses. The LSDV008 gene encodes a protein” similarite, the y-interferon receptor and is
apotential virulence gene for the LSD virus. In these studies, wegstudied“the effect of deletion of the
LSDV008 gene on the cultural properties of the recombinaft“AtyrausB virus. The parental LSD virus
Dermatitis nodulares/2016/Atyrau/KZ (Atyrau-KZ) was used'as a cantrol. As a result of the studies, it was
found that the gene knockout did not affect the replicatioh,activity of the recombinant Atyrau-B virus in vitro.
The recombinant virus accumulated in cell cultures in the'same titers as the parent virus. The most sensitive
cell systems for the reproduction of Atyrau-KZ'and Atyrau-B LSD viruses are lamb testicle (LT), bull kidney
(MDBK) and saiga kidney (SK) cell cultures, whieh can be used to obtain viral mass in further scientific
research.

Keywords: lumpy skin disease virus, cell culture, cultivation, virus titer, replication, infectious activity, gene
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Introduction

Lumpy skin disease isampacute, subacute, chronic, less often latent disease of cattle characterized by
fever, development of nodularskin lesions, skin necrosis, generalized lymphadenitis, and edema of the
ventral parts of the body andfextremities. The disease can be seen in buffaloes, cattle, giraffes and impalas.

The causativeagent of the disease is the bovine lumpy skin disease virus (LSDV), which has an
antigenic relationghip*with strains of viruses that cause pox in sheep and goats, which differ at the genetic
level, and together with i®form an independent genus Capripoxvirus, family Poxviridae.

LSDV istene of‘the largest known human and animal viruses, virions have a spherical shape, the
diaméter of the, virion is 300-450 nm. LSDV genomic DNA has a size about 150 thousand bp.

In grder 10 prevent lumpy skin disease, active attenuated vaccines are considered effective [1]. They
have been, uséd in veterinary practice for many years and have also shown their safety, reliability and the
ability to ‘guarantee long-term protection. The development of attenuated lumpy skin disease vaccines
follows a traditional approach. In the process of prolonged passaging of the virus in the cells of permissive
and non-permissive hosts, mutations appear in the genome, which lead to a decrease in virulence. The
mechanism of attenuation remains unclear. In this regard, there is a threat of reversion to virulence [2-4].

An alternative method for attenuating viruses has become site-directed mutagenesis. In recent years, the
creation of attenuated poxviruses has increasingly begun to use genetic engineering methods, namely, the
method of inactivation of virulence genes [5-8]. Potential virulence genes that confer increased
pathogenicityand increase the replication activityof capripoxviruses in immunocompetent hosts have been
identified by genome sequencing and annotation [9]. Only a few genes of capripox viruses have received
experimental confirmation of their functions. Pilot studies were conducted in which two putative
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immunomodulatory genes (ORF005 and ORF(008) were deleted separately from the genome of a virulent
LSDV field isolate. As a result of the study, it was determined that the deletion of the genes resulted in the
manifestation of avirulent LSDV phenotype in cattle, but was safe in sheep and goats. Also, other authors
obtained a strain of sheeppox virus (SPPV) in which the ORF019 gene was deleted. As a result of infection
of lambs with the virus, data were obtained that indicate that the ORF019 gene is an important determinant
of SPPV virulence in sheep [10-12].

Previously, we obtained a recombinant LSD virus Atyrau-B with a deletion of the LSDV008 gene. This
gene encodes an interferon gamma receptor-like protein (IFN-y) and is apotential virulence gene. Using the
myxoma virus as an example, it was shown that this gene is expressed early after infection and remains in
the supernatants of infected cells until late postinfection periods, inhibits the binding of IFN-y to its cellular
receptor, thereby eliminating its antiviral activity [13]. Deletion of genes in the viral genome should not
affect their replication activity in vitro. In these studies, we studied the effect of deletion of the LSDV008

gene on the cultural properties of the recombinant Atyrau-B virus. .
Experimental ‘

LSDV viruses were used in the study: virulent strain Dermatitis nodulares/2
KZ), recombinant Atyrau-B with LSDV008 gene knockout; and the followi
trypsinized lambs testicle cells (LT), transplantable bovine kidney cell line (M

green monkey kidney epithelial cell line (Vero), transplantable saiga kid
calf testicular cell line (CT).
(0]
an

ine (SK), transplantable

The sensitivity of cell cultures to viruses was determined by th f successive passages. A
monolayer cell culture was infected with Atyrau-KZ and Atyrau-B uxirus ultivated until a 100% cyto-
pathic lesion of the monolayer appeared. Infected cells were ble freeze-thaw. The infectious
activity of viruses was determined by microtitering in LT ce NThe calculation of infectious activity
ressed in Ig TCD50/cm?®. Accounting for

To study the cultural properties of the Atyrau- Ive successive passages were carried out in vari-
ous cell cultures. The parent Atyrau-KZ virusgwas used for comparison. The research results are presented in
Figure 1 and Table.

At-KZ- Atyrau-KZ
At-B - Atyrau-B

"o T,

Figure 1. Infectious activity of Atyrau-KZ and Atyrau-B viruses in different cell cultures after the fifth successive
passage
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Table
Reproduction of LSD viruses Atyrau-KZ and Atyrau-B in cell cultures (n=3)

Atyrau-KZ Atyrau-B
Cell culture | Passage | Cultivation |Infectious activ-| Passage | Cultivatio Infectious
number | time, days ity titer, number n time, activity titer,
lg TCD50/cm3 days Ilg TCD50/cm3
1 5 7,454£0,25 1 4 7,20+0,10
2 4 7,20+0,10 2 4 7,35+0,05
LT 3 4 7,30+0,20 3 4 7,20+0,30
4 4 7,80+0,10 4 4 7,00+0,10
5 4 7,5040,00 5 4 7,40+0,10
1 7 7,20+0,10 1 7 7,00+0,30
2 5 7,40+0,10 2 5 7,5020,00
MDBK 3 5 7,30+0,40 3 5 740+0,00
4 5 6,80+0,10 4 5 6,50£0,00
5 5 7,00+0,25 5 5 6:75+0,25
SK 1 6 6,70+0,20 1 6 6,50£0,00
2 6 6,37+0,12 2 6 6150+0,25
3 6 6,30+0,00 3 6 6,10+0,20
4 6 6,75+0,00 4 6 6,50+0,00
5 6 6,50+0,00 5 6 6,62+0,12
Vero 1 7 5,15+0,25 1 7 5,00+0,10
2 10 4,75+0,50 2 10 4,20+,010
3 10 4,05+0,05 3 10 3,82+0,07
4 10 2,60+0,30 4 10 2,40+0,10
5 10 4,12:0387 5 10 3,12+0,37
CT 1 7 5,30+0,00 1 7 5,00+0,30
2 7 $20+0,10 2 7 4,70+0,20
3 8 4,60:£0,10 3 8 3,90+0,00
4 8 4,30£0,00 4 8 3,80+0,30
5 8 4,50+0,00 5 8 4,25+0,50

From the data presented in Tablemit can®be seen that the accumulation of lumpy dermatitis viruses
Atyrau-B and Atyrau-KZ is not the same inthe used cell cultures.

Both viruses replicated staply forfive/consecutive passages (observation period) in LT, MDBK, and SK
cell cultures. There were no significant differences in terms of cultivation and infectious activity for Atyrau-
B and Atyrau-KZ viruses fComplete"damage to the monolayer of LT cells was noted after 4 days of cul-
tivation, infectious actiyity‘te@ched 7.0-7.5 Iy TCD50/cm?®. In MDBK and SK cells, the virus accumulated up
to 6.5-7.5 and 6.0-@:5 Ig TCD50/cm3, respectively. The duration of incubation was 5 and 6 days, respective-
ly.

In cultures of'Merotand CT cells, even with an increase in the cultivation time, the activity of both vi-
ruses inghe pracess afypassaging significantly decreased compared to the culture of LT cells (p<0.001) and
(p<04001), respeetively (Fig. 1). The titer of Atyrau-KZ and Atyrau-B viruses in Vero cells was within
2.60£0.30-5.1520.25, 2.40+0.10-5.00+0.10 lg TCID50/cm?®, in CT cells 4.30+0.00-5.30+0.00, 3.80+0.30-
5.00+0:30.1g FCID50/cm3, respectively.

Lumpy skin dermatitis viruses Atyrau-KZ and Atyrau-B exhibited a similar cytopathic effect in the
monolayer of used cell cultures (Fig. 2). At the same time, the morphological manifestation of the cytopathic
action of viruses differed in different cultures.

In the culture of LT and SK cells, 72 hours after infection, the cells begin to stretch and separate, by 3-4
days, fusion of cell membranes and rupture of the monolayer were observed (Fig. 2A and 2G). In MDBK
cells, 72 hours after infection, the formation of pronounced conglomerates was observed, and by day 4, the
monolayer was broken and fragmented (Fig. 2C).

Visible changes in Vero and CT cell cultures were noted on days 5-6 of cultivation in the form of de-
formation of individual cells, by days 7-8, the formation of pronounced localized foci of cell damage with
the formation of conglomerates (Fig. 2E and 21) .
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MDBK ceII culture; (E) Vero cell culture monolayer 72 h after infection with the
fected Vero cell culture; G, Monolayer of SK cell culture 72 h after infection
uninfected SK cell culture; | — Monolayer of CT cell culture 72 h after infectio

of uninfected CT cell culur

au-B virus; H, monolayer of
yrau-B virus; J — Monolayer

Figure 2. Cytopathic effect of lumpy skin disease virus Atyrau-Bga th ied cell cultures (magnification 10x)

Currently, a large number of poxvirus gene ing virulence factors have been identified. It has been
experimentally confirmed that knockout of som leads to attenuation of viruses in vivo. The

and likely competitively prevent interfe
genes to produce attenuated viruses s
tion of vaccines requires the produc
established that knockout of t
Atyrau-B virus in vitro. Th
recombinant Atyrau-B virus
to develop a new_ generatic

binding to their native receptors. Knocking out virulence
ect the reproduction of viruses in vitro, since the produc-
ighly active viral suspensions. As a result of our studies, it was
3 gene did not affect the replication activity of the recombinant
itive cell systems for reproduction of both parental Atyrau-KZ and
DBK and SK cell cultures The resulting recomblnant WI|| be used

vaccine vector forithe creatio
evaluated.

of polyvalent vaccines against infectious dlseases of animals will also be
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LSDV008 reHiniH HOKayTHIHBIH PEeKOMOMHAHTDHI HOAYJISAPJIbI 1ePMATHT
BHPYCBIHBIH 6CY KaCHeTTepiHe dcepi

Honynsipner nepmarut Bupycsl (LSDV) — ipi kapa‘Maigafaysip sxyiteni aypyabl TyAbIpaThIH KOHE reorpa-
(UKaIBIK IIeKapachlH XXbUIIAM KeHeWTeTiH) nmokcBupyc. Homymsapner nepmatut (HJI) OesrerimeH, Tepize,
IIBIPBIIITEL KabaTTapa yKoHe iIIKi MyIIenepie TyHiHAep maiga OOJTysIMEH CHIATTaNaabl. AypyablH JuMdpa
TYHiHIEpi iCIHreHae MaIabIH apbIKTayhlHa HeMece eiMre okeryl MyMKiH. COHFBI KbULAApPEI OyJI aypy Asus-
HBIH OpTYPIIi OemiKTepiH/e SHIeMUsEIbIK CUTIATKA Fe OOJIBIN, Mall MIapyalIbUIBIFEIHA Al TapIIBIKTalH YIKOHOMU-
KaJIBIK 3usH kenripai. HJI yrmin ApHailsl emaey Kypaingapsl O0IMaraHIbIKTaH, BaKIMHAIMS aypyas! OaKpLIay
JKOHE JKOIOJIBIH eH THIMAL®Iici. (LombIK sKapamMIbl IMMYHUTETTI Tipi QJICIPETUITeH BaKI[MHATAPMEH BaKIIMHA-
LUsIay apKbUIBI ayFa Oosiabl. ¥ 3ak2iefPri3iireH nmaccaxaap apKbuibl maiia 6oirad aTTeHyalus TeHOMIarbl
Ke3/1eiicoK MyTanusiapMeH OalliaHBICTHI )KSHE JJICipey MeXaHH3Mi aHbIK eMec. BUpycThIK TeHOMIarbl BUPY-
JICHTTLTIK TeHIepiH DEHAIK WHKCHEPHs d/1iCTepi apKBUIBI KO0 — KOFaphl AJICipereH MOKCBUPYCTapIbl KYpy-
Jarel eH rnepcrekTrBagsl 0appit. LSDVO00S reni y-maTepdepoH pementopsiHa yKcac aKybI3Abl KOITAMIbI
woHe HI@upyobl YINHWIOTEHIIHANBI BUPYJICHTTI TeH GObIn caHataasl. by 3eprreynepae 6i3 LSDV00S
TeHiHIH >KOMBEIYBIHEIH Atyrau-B pekOMOMHAHTTHI BUPYCHIHBIH ©CY KacHeTTepiHe ocepiH 3epTTenik. bakpuiay
perinne aga-aHanbiKk HJ Bupycer Dermatitis nodulares/2016/Atyrau/KZ (Atyrau-KZ) xongansiigsl. 3epTrey-
JIep HOTHXECIH/IC TeH HOKAyTBIHBIH iN Vitr0 pekoMOHHAHTTHI Atyrau-B BHPYCBIHBIH peruTHKanus GeceHini-
rine Qeep eTHEHTiHI aHBIKTaIIbl. PeKOMOMHAHTTHI BUPYC JKacyllanap/a aTa-aHAJIBIK BUPYyCIeH Oipiel TUTp-
nepre >xuHakzanraH. Atyrau-KZ sxone Atyrau-B HJI BupycTapbiHbIH KeOeroi YIIiH eH ce3iMTall KacyIIajbIK
JKyiteiiep — Ko3bIHBIH aTaiblk 0e3i (LT), 6yka Oyiiperi (MDBK) sxone akbexen Oyiiperi (SK) sxacymanapsr
JKoHe JIE OJapabl opi Kapail FEUIBIMHU 3epTTeyliep/ie BUPYCTHIK MaccaHbl aly YIIiH naiinananyra 6onassl.

Kinin co30ep: HOTYIAPIBI IEPMATHT BHPYCHL, JKacyIlla ©CiH/ICi, 6cipy, BUPYC THTPI, peTUMKanus, NHOEKINs-
JBIK O€JICEH/TUTIK, TeH HOKAYTHI, aTTeHYaIHs.

A.Y. Ucabek, A K. boriu, P.A. Axmer, E.B. ®okxuna, I'.O. llIeiapi0ekoBa, A.K. Haxanos,
K.T. Cynrankynosa, O.B. UepBsikoBa

Binsinne Hokayta reia LSDV008 na kyabTypajibHble CBOHCTBA PEKOMONHAHTHOT O
BHPYCA HOAYJISIPHOTO iepMaTHTA

Bupyc vHonymsaproro aepmatura (LSDV) npencrasiser coboi MOKCBUPYC, KOTOPBI BBI3BIBAET TSKEIIOE CH-
cTeMHOe 3a00JIeBaHKe KPYITHOTO POraToro cKota M OBICTPO pacumpsier cBou reorpaduyeckue rpanuipsl. Ho-
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nyspHeii qepmatut (HJ) xapaktepusyeTcs TMxopaakoii, 00pa3oBaHHEM y3€IKOB Ha KOXe, CTU3UCTBIX 000-
JI0YKaxX M BHYTPCHHHMX OpraHax. 3a0oJieBaHHE MOXKET BbI3BaTh MCXYyJaHHE C yBEIHYCHHEM JTUM(aTHISCKUX
Y3JI0B, @ MHOT/a U Tubenb. B mocneqHue ropl JaHHOE 3a00JIeBaHIe UMEET IHICMHUYHOE 3HAUYCHUE B PAa3IN-
HBIX 4acTAX A3HH, HAHOCS 3HAUUTENILHEI SKOHOMUYECKHH yIepO )KMBOTHOBOJCTBY. Tak Kak OTCYTCTBYIOT
crierudeckue MeToas! JedeHus HJI, BakuuHamms sBisiercst Hanbosee 3G QeKTHBHBIM cIOCOO0M KOHTPOJIS
M UCKOopeHeHus Oorne3nu. HanGomnee MOIHONEHHBIH HIMMYHHTET MOYKHO TIOJIy9HTh IIPU BaKIMHAIINY SKUBBIMI
aTTCHyHPOBAaHHBIMH BaKIIMHAMH. ATTEHyalus ITOCPEICTBOM JUINTENEHBIX ITaCCAKEH CBsI3aHa CO CIyJaiHBIMU
MyTalMsIMH B T€HOME, U MEXaHHM3M aTTeHyalluH OCTaeTcs He sceH. HampaBneHHOe ynalieHHE T'€HOB BUPY-
JICHTHOCTH B BUPYCHOM T'€HOME METO/IaMU T'eHHON MH)XEHEPUH SIBISIETCsl HanboJiee MepCreKTHBHBIM HalpaB-
JICHHEM B CO3[IaHUHU aTTEHYHPOBaHHBIX MOKCBUPYCOB. I'en LSDV008 koxupyet 6e1oK, HOA00HBIN pEIenTopy
y-uHTepdepoHa, U ABILETCS MOTEHIUAIBHBIM F€HOM BUpYJeHTHOCTH Bupyca HJ[. B Hacrosimieii pabote Mbl
M3YYWIN BIHsSHUE aenenun reia LSDV008 Ha KynbTypalbHbIC CBOWCTBa pEKOMOWHAHTHOTO BUpyca Atyrau—
B. B kadecTBe KOHTPOJS HCHONB30BAIN pomutenbekuit Bupyc HJ Dermatitis nodulares/2016/Atyrau—KZ
(Atyrau—KZ). B pe3ynbTare NpoBeJEHHBIX HCCIIEOBAHNI YCTAaHOBIICHO, YTO HOKAayT I'eHa He HOBIISII Ha pe-
IUTHKAIIMOHHYIO aKTUBHOCTh PEKOMOHHAHTHOTO BHpyca Atyrau—B in vitro. PekoMOuHaHTHBIH BUpYC HaKam-
JIMBAJICS B KYJIBTypax KJIETOK B TaKHX K€ TUTPAX, KaK ¥ poANTENbCKuil Bupyc. Hanbonee ayBcTB Bl
KJICTOYHBIMH CHCTEMaMH JUIsl penpoayKIuu BupycoB H/[ Atyrau—KZ n Atyrau—B sBnsroTcs Ky. TOK
tectukyn sirienka (LT), mouku 6pika (MDBK) u mouku caiiru (SK), koTopble MOTYT OBITH HC 30

JUIS TIOJTyYeHHsI BUPYCHOM Macchl B JaJbHEHIINX HAYYHBIX UCCIECIOBAHMAX.

Kniouesvie cnosa: BUpyC HORYIAPHOTO JEPMaTHUTA, KyJIbTypa KIETOK, KyIbTUBHPOBAH a, per-
JIMKaIWsl, HQEKIMOHHAs! aKTHBHOCTD, HOKAYT I'CHOB, aTTCHYaIHs.
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