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

Lumpy skin disease virus (LSDV) is a poxvirus that causes a Severe systemic disease in cattle and is rapidly
expanding its geographic boundaries. Lumpy dermatitis (LD) is characterized by fever, nodules on the skin,
mucous membranes, and internal organs. The disease can cause emaciation with swollen lymph nodes and
sometimes death. In recent years, the disease has become endemic in various parts of Asia, 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 most complete immunity can
be obtained by vaccination with live attenuated vaccines. Attenuation through long passages is associated
with random mutations in the genome, and the mechanism of attenuation remains unclear. Targeted removal
of virulence genes in the viral genome by genetic engineering is the most promising direction in the creation
of attenuated poxviruses. The LSDV008 gene encodes a protein similar to the y-interferon receptor and is
apotential virulence gene for the LSD virus. In these studies, we studied the effect of deletion of the
LSDV008 gene on the cultural properties of the recombinant Atyrau-B virus. The parental LSD virus
Dermatitis nodulares/2016/Atyrau/KZ (Atyrau-KZ) was used as a control. As a result of the studies, it was
found that the gene knockout did not affect the replication 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, which 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 is an acute, subacute, chronic, less often latent disease of cattle characterized by
fever, development of nodular skin lesions, skin necrosis, generalized lymphadenitis, and edema of the
ventral parts of the body and extremities. The disease can be seen in buffaloes, cattle, giraffes and impalas.

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

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

In order to prevent lumpy skin disease, active attenuated vaccines are considered effective [1]. They
have been used 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 ORFO019 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/2016/Atyrau/KZ (Atyrau-
KZ), recombinant Atyrau-B with LSDV008 gene knockout; and the following cell cultures: primary
trypsinized lambs testicle cells (LT), transplantable bovine kidney cell line (MDBK), transplantable African
green monkey kidney epithelial cell line (Vero), transplantable saiga kidney cell line (SK), transplantable
calf testicular cell line (CT).

The sensitivity of cell cultures to viruses was determined by the method of successive passages. A
monolayer cell culture was infected with Atyrau-KZ and Atyrau-B viruses and cultivated until a 100% cyto-
pathic lesion of the monolayer appeared. Infected cells were lysed by double freeze-thaw. The infectious
activity of viruses was determined by microtitering in LT cell culture. The calculation of infectious activity
was carried out according to the method of Reed and Mench and expressed in I|g TCD50/cm?. Accounting for
the results of microtitering was carried out on the 10th day of incubation.

Results and Discussion

To study the cultural properties of the Atyrau-B virus, five successive passages were carried out in vari-
ous cell cultures. The parent Atyrau-KZ virus was used for comparison. The research results are presented in
Figure 1 and Table.
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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 7,4040,10 2 5 7,50+0,00
MDBK 3 5 7,30+0,40 3 5 7,10+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 6,50+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+0,87 5 10 3,12+0,37
CT 1 7 5,30+0,00 1 7 5,00+0,30
2 7 5,20+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 Table, it can be seen that the accumulation of lumpy dermatitis viruses
Atyrau-B and Atyrau-KZ is not the same in the used cell cultures.

Both viruses replicated stably for five 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. Complete damage to the monolayer of LT cells was noted after 4 days of cul-
tivation, infectious activity reached 7.0-7.5 Ilg TCD50/cm?. In MDBK and SK cells, the virus accumulated up
to 6.5-7.5 and 6.0-6.5 Ilg TCD50/cm3, respectively. The duration of incubation was 5 and 6 days, respective-
ly.

In cultures of Vero and CT cells, even with an increase in the cultivation time, the activity of both vi-
ruses in the process of passaging significantly decreased compared to the culture of LT cells (p<0.001) and
(p<0.0 01), respectively (Fig. 1). The titer of Atyrau-KZ and Atyrau-B viruses in Vero cells was within
2.60+0.30-5.15+0.25, 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 Ig TCID50/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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A - Monolayer of LT cell culture 72 h after infection with the Atyrau-B virus; B - Monolayer of uninfected LT cell cul-
ture; C - Monolayer of MDBK cell culture 72 h after infection with Atyrau-B virus; D - Monolayer of uninfected
MDBK cell culture; (E) Vero cell culture monolayer 72 h after infection with the Atyrau-B virus; F, Monolayer of unin-
fected Vero cell culture; G, Monolayer of SK cell culture 72 h after infection with the Atyrau-B virus; H, monolayer of
uninfected SK cell culture; | — Monolayer of CT cell culture 72 h after infection with the Atyrau-B virus; J — Monolayer

of uninfected CT cell culture

A

Figure 2. Cytopathic effect of lumpy skin disease virus Atyrau-B in the studied cell cultures (magnification 10%)

Conclusions

Currently, a large number of poxvirus genes encoding virulence factors have been identified. It has been
experimentally confirmed that knockout of some of them leads to attenuation of viruses in vivo. The
LSDV008 gene is a homologue of the B8R gene of the vaccinia virus. Poxvirus interferon-y receptor-like
proteins generally show limited affinity to the extracellular domains of the mammalian interferon-y receptor
and likely competitively prevent interferons from binding to their native receptors. Knocking out virulence
genes to produce attenuated viruses should not affect the reproduction of viruses in vitro, since the produc-
tion of vaccines requires the production of highly active viral suspensions. As a result of our studies, it was
established that knockout of the LSDV008 gene did not affect the replication activity of the recombinant
Atyrau-B virus in vitro. The most sensitive cell systems for reproduction of both parental Atyrau-KZ and
recombinant Atyrau-B viruses are LT, MDBK, and SK cell cultures. The resulting recombinant will be used
to develop a new generation of vaccines against lumpy dermatitis in cattle. The possibility of its use as a
vaccine vector for the creation of polyvalent vaccines against infectious diseases of animals will also be
evaluated.
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LSDV008 reHiHiH HOKaAyTHIHBIH PEKOMOMHAHTTHI HOAYJISAAPJIbI IePMATHT
BHUPYCBIHBIH 6CY KacHeTTepiHe dcepi

Honynsipner nepmarut Bupycsl (LSDV) — ipi kapa Manja ayslp Kyifeni aypyabl TyAbIpaThIH KOHE reorpa-
(UKaNBIK IIeKapachlH XXbUIaM KeHelTeTiH mokcBupyc. Homymsapner nepmarut (HJI) OesrerimeH, Tepize,
IIBIPBIIITEL KabaTTapa JKoHe iIIKi MyIIeneplae TyHiHAep maiga OOTysIMEH CHIATTalaabl. AypyablH JuMdpa
TYHiHAEp] iICIHreHAe MalAbIH apBIKTayblHa HEMece oiMre oKenmyi MyMKiH. COHFBI )KbUIIaphl Oyi1 aypy Azus-
HBIH OpPTYPJIi OeMiKTepiHAe SHASMHSIIBIK CHITaTKa e OOJBIM, Maj IapyallbUIBIFBIHA alTapIIBIKTall IKOHOMH-
KabIK 3usH KenTipai. H/l yinin apHaiiel emMaey Kypanaapbl OoIMaraHIbBIKTaH, BaKIMHAIMS aypyabl OakbLiay
JKOHE JKOIOJIBIH eH THIMI 9/ici. TOMBIK jxapamMIbl IMMYHUTETTI Tipi QJICIPETUITeH BaKI[MHATAPMEH BaKIIMHA-
LUsIay apKbUIBI ayFa 6oJtaziel. ¥3aK JKYpri3ijireH naccaxaap apKbuibl maiia 6oiraH aTTeHyalus rTeHOMIarbl
Ke3/1eiicoK MyTanusiapMeH OaiIaHBICTHI )KSHE JJICipey MeXaHHU3Mi aHbIK eMec. BUpyCThIK TeHOMIarbl BUPY-
JICHTTLTIK TeHJIepiH FeH/IiK NHKEHEePHs /1iCTepi apKBUIBI KO0 — KOFaphl AJICipereH MOKCBUPYCTapIbl KYpy-
nmarel eH mepcnekTuBanbl OarbiT. LSDVO008 reni y-uHTepdepoH pemenTopblHa YKcac aKybI3Obl KOATAHIbI
skoHe HJI BHpyCHI YIIIH MOTEHIMANABI BUPYJIEHTTI TeH Oonbin caHamaapl. byn 3eprreynepae 6i3 LSDVO00S
TeHiHIH >KOMBUTYBIHBIH Atyrau-B pekoOMOMHAHTTHI BUPYCHIHBIH ©CY KacHeTTepiHe ocepiH 3epTTenik. bakpuiay
pertinzge ata-anansik HJ[ Bupycel Dermatitis nodulares/2016/Atyrau/KZ (Atyrau-KZ) xongaseuiasl. 3eprrey-
JIep HOTH)KECIH/Ie T€H HOKAyTBIHBIH IN Vitr0 pekoMOHHAHTTHI Atyrau-B BHPYCBIHBIH peruTHKanus GeaceHini-
TiHe ocep eTNeHTiHI aHBIKTaNbl. PeKOMOMHAHTTHI BUPYC Kacyllanap/ia aTa-aHaJIbIK BUPYCIIEH Oipael THTp-
nepne xuHakTanraH. Atyrau-KZ sxone Atyrau-B HJI BupycTapbiHbIH KeOeroi YIIiH eH ce3iMTall KacyIIabIK
JKyiienep — Ko3bIHBIH aTajiblk 0e3i (LT), 6yka Oyiiperi (MDBK) sxone akbexeHn Oyiiperi (SK) sxacymanapsr
JKOHE JIe OJIapAbl opi Kapail FEUIBIMHU 3epTTeyliep/ie BUPYCTHIK MaccaHbl aly YIIiH naiiiananyra 6omassl.

Kinm ce30ep: HOMYSPIBI NEpMATUT BUPYCHI, JKacyIla ©CiH/ICi, oCipy, BUPYC THTPi, peTUIHKAINSA, HH(EKIU-
JIBIK O€JICEHTUTIK, 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 CBOHiCTBA PEKOMONHAHTHOI O
BHPYCA HOAYJ/ISIPHOTO iepMaTHTA

Bupyc vHonymsaproro aepmatura (LSDV) npencrasiser coboi MOKCBUPYC, KOTOPBI BBI3BIBAET TSKEIIOE CH-
cTeMHOe 3a00JIeBaHKe KPYITHOTO POraToro cKota M OBICTPO pacumpsier cBou reorpaduyeckue rpanuipsl. Ho-

Cepus «buonorua. MeguunHa. MNeorpadms». Ne 4(112)/2023 59



A.U. Issabek, A.K. Bopi et al.

60

nynspubii nepmarut (H/I) xapakrepusyercst auxopaakoid, 00pa3oBaHUEM Y3€JIKOB Ha KOXKE, CIIM3UCTBIX 000-
JIOYKax M BHYTPEHHHUX opraHax. 3a0oJieBaHUE MOXKET BBI3BaTh UCXYJAHUE C yBEIMYCHHUEM JMM(ATHUECKUX
y3JI0B, a HHOTIa ¥ TuOenb. B mocneanue ronsl qanHoe 3a00neBaHNE UMEET SHAEMUYHOE 3HAUCHHE B pa3iind-
HBIX 9acTsAX A3WH, HAaHOCS 3HAYUTENBHBII SKOHOMUUYECKUI yIep0O >KMBOTHOBOACTBY. Tak Kak OTCYTCTBYIOT
crierudeckue MeToas! JedeHus HJI, BakuuHamms sBisiercst Hanbosee 3G QeKTHBHBIM cIOCOO0M KOHTPOJIS
U HcKopeHeHus 6oe3Hu. Hanboree moIHONECHHBI HIMMYHUTET MOKHO ITOJYYUTh P BaKIIMHALUH KHBBIMH
aTTCHYUPOBAHHBIMH BaKIIMHAMU. ATTECHYAIIHs OCPEACTBOM JITUTEIILHBIX ACCAXKEH CBS3aHa CO CIyJaitHBIMU
MyTalMsIMH B T€HOME, M MEXaHH3M aTTeHYaIlMH OCTaeTcs He siceH. HampaBneHHoe ynajieHue T€HOB BHPY-
JICHTHOCTH B BUPYCHOM I'€HOME METOJIaMH T'€HHON MHXCHEPUH SBIsAETCS Hanbojee NepCreKTUBHBIM HalpaB-
JICHHEM B CO3[IaHUHU aTTEHYHPOBaHHBIX MOKCBUPYCOB. I'en LSDV008 koxupyet 6e1oK, HOA00HBIN pEIenTopy
y-uHTep(depoHa, H SIBISIETCS MOTCHIHATBHBIM T€HOM BHpYieHTHOCTH Bupyca HJI. B Hacrosiieit pabore Mbl
W3YYIIN BIUSIHUE Jenenun reHa LSDV008 Ha KynbTypalbHbIe CBOHCTBA peKOMOMHAHTHOTO BUpyca Atyrau—
B. B kadecTBe KOHTPOJS HCHONB30BAIN pomutenbekuit Bupyc HJ| Dermatitis nodulares/2016/Atyrau—KZ
(Atyrau—KZ). B pe3ynbTare NpoBeJeHHBIX HCCIIEOBAHNI YCTaHOBIICHO, YTO HOKAayT I'eHa He HOBIISII Ha pe-
TUTMKAIHOHHYIO aKTHBHOCTh PEKOMOMHAHTHOTO Bupyca Afyrau—B in vitro. PexoMOWHAHTHBIM BUPYC HaKarl-
JIMBAJICS B KYJIBTypax KJIETOK B TAKUX XK€ THTPaX, KaK U POAUTEILCKHA BUpyc. Hambomnee 4yBCTBUTEILHBIMU
KJICTOYHBIMH CUCTEMaMH Il PeNpoyKIuu BUpycoB H/{ Atyrau—KZ n Atyrau—B sBIsAIOTCS KyJIbTYPBI KJICTOK
tectukyn sirHeHka (LT), mouku Opika (MDBK) n mouku caiiru (SK), koTopeie MOTYT OBITH HCIHOJB30BaHbI
JUIS TIOJTyYeHHsI BUPYCHOM Macchl B JaJbHEHIINX HAYYHBIX UCCIECIOBAHMAX.

Kniouesvie cnosa: BUpyc HOAYIAPHOTO JEPMaTHUTA, KyJIbTypa KIETOK, KyJIbTUBHPOBAHUE, TUTP BUpYyca, pel-
JIMKaIWsl, HQEKIMOHHAs! aKTHBHOCTD, HOKAYT I'CHOB, aTTCHYaIHs.
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