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Impact of Storage Temperature Regimens and Protective Media
Composition on Rabies Virus CVS Strain Preservation

Pedrepat: [JocnigxeHo BNNvMB 3aXMCHUX CEpenoBULL i3 caxapo3ok, MILEpUHOM i ManbTo30 Ha 30epexeHHst Bipycy ckasy
wramy CVS y npoueci 36epiraHHs 3a 37, 5, —20, —80 Ta —196°C. BcTaHoBneHo, o TemnepatypHuin pexum 37°C He npuaaTHWn
ans 36epiraHHs Bipycy, 5°C Moxe BUMKOPUCTOBYBaTUCS 3a BUPOOHMYOI HEOOXiAHOCTI ANst HETpuUBanoro 36epiraHHs y BignoBigHOMY 3a-
XUCHOMY cepefioBuLLi. [MokasaHo, Lo 36epiraHHs 3a —80 Ta —196°C y cepepoBuLlax KoHcepByBaHHA Ha ocHoBi DMEM 3 0,5% de-
TanbHOI CMpOBaTKM BenuKoi poratoi xyaobu 3 goaaBaHHa abo 5% caxaposu, abo 5% rniuepuHy, abo 5% manbTosn abo cymili caxa-
po3u 3 rriuepuHom 3abesnevye BMCOKI MOKa3HWKM iHAPEKLiMHOI akTMBHOCTI Bipycy ckady wtamy CVS npotsrom 24 micsuiB (TepMiH
crnocTepexeHHst). 3a Temnepatypu —20°C y pocTOBOMY CepefoByLLi 3 Caxapo30t0 i CyMILLLLI0 caxapo3u 3 MilepuHoM yepes 6 mics-
uiB 6yno 36epexeHo 79-82% BuxigHOi akTUBHOCTI Bipycy, a Yepe3 12 micauiB — 69—72%. lMicna gocarHeHHs —80°C i y npoueci no-
nanblioro 36epiraHHs 3paskiB Bipycy 3a LUiei TemnepaTypu B OOCHIOXYBaHVWX CepefoBULLAx KOHCEpBYBaHHS BTOPWHHA KpucTa-
ni3auisi KOHLEHTPOBAHUX PO3YMHEHMX PEYOBUH Oyna NponoHroBaHa.

KniouoBi cnoBa: Bipyc ckasy, KynbTypa KMiTWH, [OBrocTpokoBe 30epiraHHs,
iHpekLUinHa akTUBHICTb BipyCy.

Abstract: The impact of protective media supplemented with sucrose, glycerol, and maltose on the rabies virus CVS strain
preservation during storage at 37, 5, —20, —80, and —196°C has been studied. The temperature regimen of 37°C was found as not
suitable for virus storage, but temperature of 5°C could be used for a short-term storage in corresponding protective medium in
case of production need. It was shown that storage at —80 and —-196°C in DMEM-based preservation media containing 0.5%
fetal bovine serum, supplemented with either 5% sucrose, or 5% glycerol, or 5% maltose, or sucrose and glycerol mixture
provided high levels of the rabies virus CVS strain infectious activity within 24 months (observation period). At —20°C, in a growth
medium with sucrose and mixture of sucrose and glycerol, after 6 months 79-82% of the initial virus activity were preserved,
and after 12 months that was 69-72%. Upon reaching —80°C and during subsequent storage of virus samples at this tempera-
ture in the studied preservation media, the secondary crystallization of concentrated dissolved substances was prolon-
ged.

Key words: rabies virus, cell culture, long-term storage, protective media, virus preservation, virus infectious activity.

3axUCHi cepefoBuLa, 30epexeHHs Bipycy,

Cka3 — HeOesnevyHe HEHpPOBIpyCHE 3aXBOPIOBAH-
Hs 3 HaWBHMIUM KOe(DIliEHTOM CMEPTHOCTI cepen
iHmuXx iHQekmid. OCHOBHUM 3aX0J0oM OOpOTHOM 3
HUM € Mpo(diJaKTHKa, J0 SKOT BXOIUTh BaKIIMHALISA
CBICHKMX Ta JMKUX TBapHH 1 BBEICHHS aHTUpA-
OlYHMX BaKIMH Ta IMyHOIJIOOYJIHIB JIIOISM MiCIs
YKYCy Ta KOHTaKkTy 3 iH(QIKOBAHUMH TBapHHaMH [3,
11, 16-19]. BignoBigHo mo pexomenmanii BOO3
BUPOOHMITBO JaHUX IIpenapariB KOHTPOIIOETHCS
3 BUKOPUCTAHHSAM (PiKCOBAaHOTO IITaMy BIpyCy cKa3zy
CVS [9, 11, 17].

SkicTe aHTHPAOIYHUX IIperapariB y Xo/i BUPOO-
HHUITBA MOKHa 3a0€3MEYUTH JIMIIE 3a HasBHOCTI
JIOCTATHIX 3amaciB Bipycy ckady mramy CVS, orpu-
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Rabies is a dangerous neuroviral disease with the
highest mortality rate among other infections. The
main way to combat the rabies is the prophylaxis,
involving the domestic and wild animal vaccina-
tion and introduction of anti-rabies vaccines and
immune globulins to humans after bite and contact
with infected animals [5, 9, 15-18]. According
to the WHO guidelines, the production of these
drugs is monitored using the fixed rabies virus CVS
strain [7, 9, 16].

The quality of rabies products in manufacturing
may be only ensured when sufficient stocks of the
rabies virus CVS strain, obtained from a single
batch is available. For this purpose, one applies
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MaHOTO 3 OnHi€l cepil. 3 I[iEF0 METOK 3aCTOCOBY-
I0Th €()EKTUBHI Ta JOCTYITHI METOIU JTOBTOCTPOKO-
BOro 30epiranHsi Bipycy cKasy, OCKUIBKH Je(eKTHi
a00 1HAKTHBOBaHI BIPYyCHI YaCTUHKH KOHKYPYIOTh
i3 TIOBHOIIIHHMMH BipiOHAMU 3a 3B’sS3yBaHHS CIIEIIH-
(iuanx anTutin [15].

OCHOBHMMH METOJIaMHM KOHCEPBYBaHHS BIpY-
Cy ckazy € miodimizamis Ta 30epiraHHs 3a pi3HHX
HM3BKHUX Temmeparyp. Jliodimzamii mramy CVS
oOMe)XeHa, OCKUIBKH Ui MOJANbIIOr0 BUKOPH-
CTaHHS Bipyc HEOOXiTHO HEOJHOPAa30BO ITACHBY-
Baru. HaiiGinemr momupeHe 30epiraHHs BEIHKHX
00’eMiB BIpyCy Yy KOMEPILIHHUX MOPO3WIBHUX Kame-
pax opu —20...—85°C [3, 6, 9, 10, 15, 16]. dus mo-
KpallIeHHsI 30epeKEeHOCTI MaTepialy y CepeoBHIINa
BBOJIATH 3aXMCHI JIOMIIIKHU: Ji- Ta MOJicaxapujy,
CIHPTH, AMMETHICYAb(POKCHI, CHPOBAaTKy Ta ajb-
OyMiH KpOBI TBapuH, a TaKOX iHIII OpraHiuHi pe-
yoBuHH [3, 6, 8—10, 15]. Pesynpratu mpoBeaeHUX
y [IbOMY HANPsSMKY JOCITIKEHb CYMEepeUsIuBI Ta HE
JIOKa3yloTh €(EKTHBHICTh MEBHOIO KOHCEPBYIOUOTO
CEepeIOBHIIA TP PI3HUX TemIieparypax 30epiraHHsl.
3a pexomennarniero BOO3 Bipyc ckazy mramy CVS
ciig 30epirat y OypepHOMY CEpemoBHIIN 3 JOma-
BaHHSIM HHU3BKUX KOHIIEHTpAIliii KOMITOHEHTIB KPOBI
BENMKOI poratoi Xyno0u ((peTanpbHa CHpOBaTKa, ajlhb-
Oymin) 3a Temmeparyp Big —70 mo —80°C, ame mani
mo/10 e(peKTUBHOCTI 1IIbOTO PEKUMY JJISI TPUBAIIOTO
30epiranns BincyTHi [11, 17].

Merta nociiKeHHST — po3po0Ka CKIIaAy cepeio-
BHIIT JUIsL JIOBIOCTPOKOBOTO 30€piraHHs Bipycy CKazy
mramy CVS 3a pi3HHX TeMmmeparyp B yMOBax BH-
POOHMLTBA aHTUPAOIYHUX TpENaparis.

Marepiaiau Ta MeTOIH

O06’exToM mociipkeHHsT OyB (PiKCOBaHWM IITaM
Bipycy ckazy CVS, Haganuii /lep>kaBHUM HayKOBO-
TOCITITHAM ITHCTUTYTOM CTaHAApTH3aIlii Ta KOHTpPO-
JII0 MEIWYHUX Oionorivaux mpermapatis iM. JI1.O. Ta-
paceBmua (MockBa, Pocis) Ta amanToBaHMiA 10 TOC-
TiiHO1 KynmeTypHu kKiaituH BHK-21 (clone 13) B AT
«BIOJIIK» (XapkiB, Ykpaina). lllTam 3amernoHoBaHO
(cBimonrtBO Ne679) y memosurapii [lep:kaBHoro Hay-
KOBO-KOHTPOJIHOTO IHCTUTYTY OioTexHOsorii Ta
mramiB Mikpoopranizmis (Kuis, Ykpaina).

BignosigHo 1o pexomennanii BOO3 ta MixHa-
POAHOTO €Mi300TUYHOrO OO y SIKOCTI cyOcTpary
JUISE KYJBTUBYBaHHS BipyCy BUKOPHCTOBYBAJIU IIO-
criiiny kinituany Jiniro BHK-21 (clone 13), sika Oyna
HajaHa CBPONECHCHKOIO KOJEKITIEK KIITUHHUX KYJb-
typ («<ECACC», Benuka bpuranis) 3, 11, 17].

[lepen 3apaxennsm xmituau niHii BHK-21 mig-
JaBaJI JTOOOBOMY KYJIETHBYBaHHIO Y TIPUCTIHKOBOMY
MOHOIMIAPi B CTEPHIILHUX TUIACTUKOBHUX KYIIBTYPallb-
Hux ¢nakonax («SPLy, Himequnna) y DMEM 3 no-
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the efficient and available methods for rabies
virus long-term storage, since the defective or
inactivated viral particles compete with integ-
ral virions for binding specific antibodies [14].

The main methods for rabies virus preservation
are lyophilization and storage at various low tem-
peratures. The CVS strain lyophilization is limi-
ted due to a need to its repeated passage for fur-
ther use. The virus large volumes are most com-
monly stored in commercial freezing chambers
at —20... -85°C [1, 5, 7, 8, 14, 15]. To improve
the material preservation, the following additives
such as: di- and polysaccharides, alcohols, DMSO,
animal blood serum and albumin, as well as other
organic substances, are introduced into the me-
dium [1, 5-8, 14]. The findings in this direction
are inconsistent and prove no efficiency of the cer-
tain preserving medium at different storage tempera-
tures. According to the WHO recommendation,
the rabies virus CVS strain should be stored in a
buffer medium, supplemented with low concentrated
blood components of cattle (fetal serum, albumin)
at temperatures ranging from -70 to —80°C, but
there are no data on this mode efficiency for a long-
term storage [9, 16].

The research aim was to develop the medium
composition for a long-term storage of the rabies
virus CVS strain at different temperatures in rabies
products manufacturing.

Materials and methods

The research object was the fixed rabies virus
CVS strain, provided by the L.O. Tarasevich State
Research Institute for Standardization and Control
of Biomedical Preparation (Moscow, Russia) and
adapted to the continuous BHK-21 (clone 13) cell
culture at JSC BIOLIK (Kharkiv, Ukraine). The
strain was deposited (certificate N 679) at the
depository of the State Scientific Control Institute
of Biotechnology and Strains of Microorganisms
(Kyiv, Ukraine).

In accordance with the recommendations of
the WHO and the International Epizootics Bureau,
the continuous BHK-21 (clone 13) cell line, pro-
vided by the European Collection of Authenticated
Cell Cultures (ECACC, United Kingdom) was used
as a substrate for virus cultivation [5, 9, 16].

Prior to infecting, the BHK-21 cells were cultured
within one day in a wall monolayer in sterile
plastic culture flasks (SPL, Germany) in DMEM
supplemented with 10% (v/v) fetal bovine serum
(Sigma-Aldrich, United States). The cells were
cultured in CO, incubator (Binder, Germany) at
37°C and 5% CO,. The culture was infected with
a fixed CVS strain with infectious activity (4.79 +




nasanHsaM 10% (v / v) ¢eranbHOI CHPOBATKU BETHKOL
poraroi xymobu (BPX) («Sigma-Aldrich», CIA).
Knitunu xyneruBysamu B CO,-inkybaropi («Bin-
der», Himewunna) nipu 37°C i 5% CO,. Kynstypy 3a-
paxanmu QikcoBanum mramoM CVS i3 iH]eKIiitHO0
aktuBHicTiO (4,79 £ 0,15) lg CCID,; (50%-a indi-
Kyro4a J103a JUIsl KyJIbTypH KITITHH). Excro3uito kiti-
THH 13 BIPYCHOIO CYCIICH3I€I0 TPOBOAWINA IPOTS-
rom rogunn y CO,-inky6aropi npu 33°C 1 5% CO,.
[Motim y KynbTypaibHi (DIaKOHH BHOCHIIM POCTOBE
cepenoBuie (PC) ans Bipycy Ha ocHoBi DMEM
i3 momaBanHsM 0,5% (v / v) dertanbHOi cupoBaTKu
BPX Ta xyneTHBYBanu Bipyc sk onucaHo Bumie. Ha
4-ty noOy micnsi 3apaKeHHS BIPYCHY CYCIEH3iO
OYMIIATY Bil KJIITHHHOTO JETPUTY MPOTSIroM 15 XB
npu 2000g, 4°C y pedpmxeparopHii HeHTpudy3i
(«MPWy, Ilonpma) [3, 16, 17]. YV 3i0panuii cynep-
HataHT BHocwiM caxaposy («AppliChem», Himeu-
ynHa), tinepuH («AppliChem») i manbrosy («Sigma-
Aldrichy). Jlns 30epiranHs Bipycy BUKOPHCTOBYBAIN
taki cepemoBuma: 1 — PC 6e3 gomimok; 2 — PC i3
5% caxaposu; 3 — PC 3 5% mminepuny; 4 — PC i3 5%
caxaposu Ta 5% mrminepuny; 5 — PC i3 5% mansro-
3H.

Cycnensiro BipyCy B 3a3HAYCHHX 3aXHCHHUX CEpe-
JIOBHII[AX MEXaHIYHUM JI03aTOPOM 31 3MiHHUM 00’€-
MoM («Biohit Proline Plusy, ®innsHuis) BHOCHIH
mo 1 M3 y cTepuibHI TJIACTUKOBI KpionmpoOipKu
(«SPL») 1 30epiranmu y tepmoctari («Binder») mpu
37°C; xononmunbHiii kamepi («Liebherr», Himeuun-
Ha) nipu 5°C; Mopo3uibHii kamepi («National Laby,
Himeyunna) npu —20 i —80°C; mocymuni proapa
(XapkiBCbKHMH 3aBOJ TPAHCIOPTHOIO 0O HAHHS,
VYkpaina) mpu —196°C. IIBUAKOCTI O0XOIOKEHHS
710 BKa3aHUX TEMIepaTyp He KOHTPOJIIoBaiau. [H(ek-
LiHY aKTHBHICTH 3pa3KiB OIHIOBAIN Tmepen 30e-
piraHHsAM, a TaKOX Yepe3 TKACHb Ta 3, 6, 12, 18 1
24 micsti (TepMiH CTIOCTEPEKCHHS ).

JlocmimKyBaHUI MMOKa3HUK BU3HAYAIH METOIOM
tutpanii B Kyasrypi kimituH BHK-21 y 96-nynkoBux
KyneTypadbHux riaHmerax («TPPy», IlBednapis)
y ST ToBTOpax. KIiTHHM y TUlaHIIeTax KyJbTH-
ByBau B CO,-inky0aropi ipu 37°C 1 5% CO, npors-
roM 48 ronuH, hikcyBagu oxomomkeHuM mpu —20°C
alleTOHOM 1 3a0apBitoBaiy crelu(iyHIMH MOHOK-
JIOHAJIbHUMH aHTUTUIAMH JIO BIpyCy CKazy, MiYCHUMH
i3oTiomianaroM iyopecueiny («Fujirebio», CILA).
3a nmornomororo jgadopatopHoro mikpockomna («Leica
DM2000», HimeyunHna) 3 momynem ¢iayopecueHIii
npu x100 BpaxoByBaiM HasBHICTb y KOXKHIH JyHII
IUTaHIIeTa SCKPaBOro crenu(iyHoro CBITIHHA 3e-
JICHOTO KOJIBOPY, SIKE CBIIYMIIO MPO 3apakeHHs KIIi-
THH BipycoM cka3y [3, 16]. Indekuiiiny akTHBHICTb
Bipycy pospaxoByBasinm MerogoMm Cripmena-Kep-
Oepa i Bupaxanu y g CCID, [3, 7, 15].

150

+ 0.15) lg CCID,, (50% cell culture infectious
dose). The cells with viral suspension were exposed
for one hour in a CO, incubator at 33°C and 5%
CO,. Then, the DMEM-based growth medium
(GM) for virus with 0.5% (v/v) fetal bovine serum
was introduced into the culture flasks and cultured
as described above. To day 4 after infection, the
viral suspension was purified from cell debris wi-
thin 15 min at 2000 g, 4°C in refrigerator centri-
fuge (MPW, Poland) [5, 15, 16]. The sucrose (Ap-
pliChem, Germany), glycerol (AppliChem) and mal-
tose (Sigma-Aldrich) were introduced into collected
supernatant. To store the virus we used the follo-
wing media: 1 — GM without additives; 2 — GM
with 5% sucrose; 3 — GM with 5% glycerol; 4 — with
5% sucrose and 5% glycerol; 5 — with 5% maltose.

Using a variable volume mechanical pipette (Bio-
hit Proline Plus, Finland), by 1 ml of virus suspen-
sion in the mentioned protective media were in-
jected into the sterile plastic cryovials (SPL) and
stored in a thermostat (Binder) at 37°C; refrigerated
chamber (Liebherr, Germany) at 5°C; freezing
chamber (National Lab, Germany) at —20 and —80°C;
Dewar vessel (Kharkiv Plant of Transport Ma-
chinery, Ukraine) at —196°C. The cooling rates
down to the specified temperatures were not control-
led. An infectious activity of the samples was
evaluated before storage, as well as after one week
and 3, 6, 12, 18 and 24 months later (observation
period).

The studied index was determined by titration
in the BHK-21 cell culture in 96-well culture plates
(TPP, Switzerland) in five replicates. The cells
in plates were cultured in CO, incubator at 37°C
and 5% CO, for 48 hrs, then fixed with cooled at
—20°C acetone and stained with specific rabies virus
monoclonal antibodies labeled with fluorescein
isotiocyanate (Fujirebio, USA). The presence of
bright specific green luminescence in each plate
well, testified to a cell infection with rabies virus,
was observed with laboratory microscope (Leica
DM2000, Germany) with a fluorescence module
at x100 [5, 15]. The virus infectious activity was
calculated by the Spearman-Karber method and
expressed in Ig CCID, [3, 5, 14].

The efficiency of the virus storage was assessed
by virus infectious activity in GM prior to mani-
pulation (control). The effect of temperature re-
gimens on virus storage efficiency was determined.
In addition, at each storage period we compared
the studied index with that in previous one,
and after 24 months we did with that in the additive-
free medium at each of temperatures.

The findings were statistically processed using
the Statistica 10 software (StatSoft, USA) using the
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EdexruBHicTh 30epiraHus BipyCy OLIHIOBAIM 3a
iH(eKiiHo akTUBHICTIO Bipycy B PC 1o Mmanimy-
JsIil (KOHTpoIb). BusHavanu BIMB TemMmeparypHuX
pexuMiB Ha e(eKTUBHICTH 30epiranus Bipycy. Kpim
TOTO, Ha KOKHOMY 3 TEepMIiHIB 30epiraHHs JOCIif-
’KyBaHUH ITOKa3HUK MOPIBHIOBAIH 3 TaKMM Ha MOIe-
PEeIHBOMY TEPMiHi, a yepe3 24 MicsIli — 3 TaKUM Y ce-
penoBwHII 0e3 JOMIIITOK TIPH KOXKHIH 13 TeMIepaTyp.

CTaTUCTUYHUHA aHaJi3 Pe3yabTaTiB IPOBOIIIIH
3a JIOTIOMOTOI0 KOMIT FOTepHOI Tporpamu «Statistica
10» («StatSoft», CIIIA) 3 BHKOPHCTaHHSIM METOIY
nucriepciiinoro ananizy (ANOVA): Bu3Hauanu 3Ha-
YYHIiCTh BIIMIHHOCTEW MK CepeTHIMH 3HAYCHHSIMH
aKTHBHOCTI BIpYCY; OLIHIOBINM BIUIMB KOKHOTO 3
¢daxTopiB Ha iH(eKUiliHy aKTUBHICTH Bipycy. Bin-
MIHHOCTI BBaXKaJll CTaTUCTUYHO 3HAYYLIMMHU IPH

p<0,05[1].

PesyabTaTn Ta 00roBopeHHs

VY 3B’S3Ky 3 THM, L0 BHECEHHS 3aXMCHHUX PeyO-
BuH y PC Bipycy n0o momimeHHS Ha 30epiraHus
3Hauyllle He BIUIMBAJIO Ha HOr0 aKTUBHICTb, BUXIJ-
HAM KOHTPOJIEM BBaKalu iH(EKIIHHYy aKTHBHICTH
Bipycy B PC mo manimyssimiit (mami — BuximgHa iH(ek-
IMiifHa aKTUBHICTH BIpycCy), sika craHoBmia (4,68 =+
+0,19) Ig CCID,,

BceranoBiieno, 1mo Ha iH(EKIHY aKTUBHICTh
Bipycy ckazy mramy CVS mporarom 24 wicsuis
30epiraHHs (TEPMiH CIIOCTEPEKEHHS) 3HAYYIIE BILIH-
BaJM: CKJIaJ 3aXMCHOIO CEpEIOBHUINA, TEMIIEpaTy-
pa i TepmiH 30epiranHs. HaitOumem Ha maHwmid 110-
Ka3HWK BINTMBaja TeMIlepaTypa 30epiraHHs, a MEH-
IITOT0 MIPOIO — TePMiH 30epiraHHs i CKJIaJ 3aXHCHOTO
CepeIoBHIIA.

[Ticast 30epiraHHs TPOTATOM THXKHA 1H(DEKIIN-
Ha aKTUBHICTh Bipycy HE 3MiHIOBajacs y 3paskax i3
caxaposoro (—80°C), rinepunHom (—80 1 —196°C) i
cymimmno nux pedoBuH (—196°C) (puc. 1). ¥V iHmmx
3pa3kax JIaHW# MMOKa3HUK 3HU3MBCs. HailiOinbmn BU-
COKy iH(QEKIiifiHy aKTHBHICTb BipyCy BHSBICHO
B 3paskax micis 30epiranHs mpu —80 i —196°C,
HaiOnbm HU3BKY — ipu 37°C. Ipotsirom 3-x Micsis
30epiranns npu 37°C y Bcix 3paskax BigOynacs
ITOBHA 1HAKTHBAIIiSl BIpyCY.

B ymoBax 306epiranns mpu 5°C mpotarom 3-x
MICAIIIB HaWOULTBII BHCOKWH TOKAa3HHUK 30epexe-
HocCTi Bipycy BigzHaueHo y PC Ge3 pomimok — 22%
Bix BuUXigHOI iH(EKIIHHOT aKTUBHOCTI, Yepe3 6 Mi-
CAIIB BipyC IHAKTHBYBaBCS y BCIX 3pa3kax, KpiM
CEepe/IOBHINA 3 CYMINIINII0 Caxapo3W Ta IIIIEepPHHY,
B sIKOMY 30epekeHo 13% Bij BUXiTHOTO MMOKAa3HHKA.

3Miny iHQekiiHoi aktuBHOCTI mramy CVS y
KO)KHOMY 3 3aXHCHHX CEpEIOBHII MPOTAroM 24 Mmi-
CSIIB (TEPMiH CIIOCTEPEKEHHSI) OLIHIOBAIN 33 TEM-
neparyp —20, =80 u —196°C (puc. 2). ¥ PC 6e3
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analysis of variance (ANOVA), i. e. the significan-
ce of differences between the mean values of virus
activity was determined; the impact of each factor on
virus infectious activity was assessed. The differences
were considered significant at p < 0.05 [2].

Results and discussion

Due to the fact that the introduction of protective
substances into the virus GM prior to be placed
for storage did not significantly affect its activity,
the virus infectious activity in the GM prior to
manipulation (hereinafter referred to as the virus
initial infectious activity), was considered as the
initial control, which amounted to (4.68 + 0.19)
lg CCID,,,

The infectious activity of rabies virus CVS strain
within 24 months (observation period) of storage
was found to be affected by protective medium
composition, temperature and storage period. Sto-
rage temperature influenced this index mostly and it
was less dependent on storage term and protective
medium composition.

After one-week storage, the virus infectious
activity remained unchanged in the samples with
sucrose (—80°C), glycerol (-80 and —196°C) and
mixture of these substances (-196°C) (Fig. 1). In
the other samples, this viral index was decreased.
The highest virus infectious activity was revealed in
the samples after storage at —80 and —196°C,
and the lowest one was found at 37°C. During
3 months of 37°C storage, the virus was completely
inactivated in all the samples.

Under storage at 5°C for 3 months, the highest rate
of virus preservation was observed in the additive-
free GM: 22% of the initial infectious activity,
after 6 months the virus was inactivated in all the
samples except the medium with sucrose and glycerol
mixture, where 13% of the initial index was preser-
ved.

The change in the CVS strain infectious activity
in each of the protective media for 24 months
(observation period) was assessed at —20, —80, and
—196°C (Fig. 2). In the additive-free GM (medium
1) after storage at —20°C for 3 months this index
decreased down to 73% (Fig. 3), between 3 and
6 months it remained unchanged, between 6 and
18 months it decreased and remained stable up
to 24 months, i.e. 53% of the initial value (see
Fig. 2). At —80°C, the virus infectious activity dec-
reased during the first 3 months of storage, after
24 months it remained unchanged and made 76%
of the initial one. The storage at —196°C resulted
in a partial destruction of viral particles and a de-
crease in the virus infectious activity by 18% at
the freezing stage only (see Fig. 1). During the vi-
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Puc. 1. IHdekuinHa akTnBHICTb Bipycy ckady wrtamy CVS nicna 3amopoxyBaHHSA
B 3aXMCHMX cepefoBuLlax i 3bepiraHHsa NPOTAroM TUXHSA 3a Pi3HMX Temnepartyp:
kKoHTporb (a); —196°C (b); —80°C (c); —20°C (d); 5°C (e); 37°C (f); * — BigMiHHOCTI
CTaTUCTUYHO 3Hauylli MOPIBHSAHO 3 KOHTponew; # — BigMIHHOCTI 3HauyLli Mix
TemnepaTtypamu —196 Ta —80°C; & — BigMiHHOCTI 3HauyLwi M TemnepaTypa-
M —80 Ta —20°C; § — BiAMIHHOCTI CTATUCTUYHO 3HAuYYLLi MiXX Temnepatypamu
-196 ta -20°C (p < 0,05; n = 5).

Fig. 1. Infectious activity of the rabies virus CVS strain after freezing in pro-
tective media and storage for a week at different temperatures: control (a);
—-196°C (b); —80°C (c); —20°C (d); 5°C (e); 37°C (f); * — differences are significant
as compared with the control; # — the differences are significant between —196
and —-80°C; & — differences are significant between —80 and —20°C; § — difference-
sare significant between —196 and —20°C (p < 0.05; n = 5).

rus strain storage under
these conditions within 24
months, its infectious acti-
vity remained unchanged.

The virus infectious ac-
tivity in the protective me-
dium, supplemented with
5% sucrose (medium 2) at
a storage temperature of
—20°C during the first 3
months decreased down to
82% (Fig. 4), from the 3" to
6™ month remained unchan-
ged, and decreased down
to 37% from the 6™ to 24
month (see Fig. 2). This
index dynamics in the suc-
rose-contained medium at
—80 and —196°C was the
same as in the additive-free
medium. After 24 months of
storage at —80 and —196°C
it was 83 and 94%, respec-
tively (see Fig. 2).

After storage of the vi-
rus for 3—12 months in GM,
supplemented with 5% gly-
cerol (medium 3) at —20°C,
its infectious activity redu-

JIoMimok (cepemosumie 1) micas 30epiraHHs Tpu
—20°C mpoTsaroM 3-X MiCAIIB JTAHWH TTOKAa3HUK 3HU-
3uBcst 10 73% (puc. 3), mix 3 1 6 MmicsAsIMH — He
3MiHIOBaBCs, 6 1 18 MicALsIMM — 3HHU3UBCA 1 3ajIH-
mascst cTablapHUM 10 24-x micsamiB — 53% Bing Bu-
XiZIHOTO 3HadeHHS (OWB. puc. 2). 3a Temrmeparypu
—80°C iH(exiiiHa aKTUBHICTH BIpyCy 3HHU3WIIACS
MPOTATOM TepIInX 3-X MicsIiB 30epiranus, depes
24 wmicsui He 3MiHIOBaNacs 1 ckinanana 76% Bin mo-
yarkoBoi. 30epiranHs 3paszkiB 3a —196°C mpusBo-
JUJI0 IO YacTKOBOi 3aruOeli BipyCHHMX YacTHHOK 1
3HIDKCHHSI iH(EKIIHHOT akTUBHOCTI Bipycy Ha 18%
TIIPKM Ha €Tami 3aMOpOXKyBaHHs (ouB. puc. 1).
30epiranHs mramy Bipycy 3a JaHUX YMOB IIPOTATOM
24-x MicAIliB HE BIUIMBAJIO HA HOrO iH(EKIIHHY aK-
THUBHICTb.

IHdexmilina akTUBHICTH BipyCcy y 3aXHCHOMY
cepenoBHIli 3 fAomaBaHHAM 5% caxapo3u (cepe-
moBuie 2) 3a Temreparypu 30epiranHs —20°C
MPOTATOM TEpIINX 3-X MICAIiB 3HMU3MIacs 10 82%
(puc. 4), 3 3-ro Mo 6-if MicAIe HE 3MIiHIOBajacs,
3 6-ro mo 24-i micsame 3HM3MWIAacs n0 37% (muB.
puc. 2). Jlunamika maHOTO TOKa3HHWKA Y CEpemo-
BHUIII 3 caxapo30r0 3a Temmeparyp 30epiranus —80 i

ced, then remained at the

same level and 24 months
later made 62% of the initial control (Fig. 2, 5).
At —80°C, during the first 6 months it reduced and
remained stable up to 24 months, making 80% of
the initial control. The temperature of —196°C pro-
vided this index stability within the entire obser-
vation period at the level of 94% (see Fig. 2).

It was found that in the GM supplemented
with 5% sucrose and 5% glycerol (medium 4), the
virus infectious activity at —20°C storage tempera-
ture decreased within the first 3 months and between
6 and 24 months (Fig. 6). After 24 months at —20°C,
63% of the virus infectious activity were preser-
ved (see Fig. 2). At —80°C, a partial destruction of
viral particles occurred at the freezing stage only.
During further storage, the studied index remai-
ned stable and after 24 months it was 80%. The
storage temperature of —196°C preserved the virus
initial infectious activity within 18 months, bet-
ween 18 and 24 months it decreased down to 94%
(see Fig. 2).

In the protective medium supplemented with
5% maltose (medium 5) at —20°C storage tempera-
ture, the virus infectious activity decreased within
24 months (Fig. 7) and made 8% of the initial one
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Puc. 2. I|HdekuiiHa akTUBHICTb Bipycy ckasy wTamy CVS 4yepe3 24 wmicaui
36epiraHHa B 3aXUCHUX CepefoBULIAX 3a Pi3HUX TeMnepaTyp: KOHTponb (O);
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posullem 1 3a KoxHOI 3 Temnepatyp; & — iHgekKUillHa akTUMBHICTb 3Haudylle
BULWA, Hix 3a TemnepaTtypu —20°C; § — iHdekuUiiHa akTUBHICTb 3HauyLle BULLA,

Hix 3a TemnepaTtypu —80°C (p < 0,05; n = 5).

Fig. 2. Infectious activity of the rabies virus CVS strain after 24 months of storage
in protective media at different temperatures: control (O0); —196°C (m); —80°C (m);
—20°C (m); * — differences are significant as compared with the control; # — dif-
ferences are significant as compared with medium 1 for each of tempera-
tures; & — infectious activity is significantly higher than at -20°C; § — infec-
tious activity is significantly higher than at —80°C (p < 0.05; n = 5).

—196°C Oymna Takoro, Sk # B CEpemoBUIN O3 0-
Mimrok. Yepes 24 micsi 30epiranHs 3a TeMneparypu
—80°C BiH criianaB 83%, 3a temmneparypu —196°C —
94% (nuB. puc. 2).

[Micns 30epiranHs Bipycy mnpoTsrom 3—12 wi-
cauiB y PC i3 momaBanusim 5% miiuepuny (cepeno-
Bumie 3) 3a temmeparypu —20°C ioro iHdekuiii-
Ha AaKTUBHICTb 3HU3WIACH, MICNs 3aldIIaiacs Ha
OJTHOMY piBHI, a depe3 24 wMicsli ckimamana 62%
BiJl BUXiIHOTO KOHTpOiro (puc. 2, 5). 3a Temrepa-
Typu —80°C mpoTsarom mepmux 6 MICAIiB BOHA
3HM3MWIACS Ta 3ajJuianacs crabuibHO0 110 24 Mi-
camiB i ckmamana 80% Big BUXIIHOTO KOHTPOJIIO.
Temmepatypa —196°C 3abe3medyBana CTaOUTBHICTD
JIAHOTO TIOKAa3HUKA TPOTITOM BCHOTO TEPMiHY CIIOC-
TepexxeHHs Ha piBHI 94% (auB. puc. 2).

Bcranosneno, mo B PC i3 momaBanusm 5% caxa-
po3u 1 5% miinepuny (cepenosuinie 4) iH(EKIii-
Ha aKTHBHICTBH BIpycy 3a TemIlepaTypu 30epiraHus
—20°C 3HMKYyBajacs NPOTATOM MEPIINX 3-X MICAIIB 1
MiX 6 1 24-Mm Micsiipsimu (puc. 6). Uepes 24 micsi npu
—20°C 30epernocst 63% iHdeKUilHOT aKTUBHOCTI
Bipycy (muB. puc. 2). IIpu —80°C wacTkoBa 3arndemsb
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(see Fig. 2), after 3 months

at —80°C it reduced and

remained stable until the

observation period end, and

e after 24 months it made

*e 73% of the initial control.

. During storage at —196°C in

the medium with maltose,

17% of viral particles were

destroyed at the freezing

stage (see Fig. 1). During

12 months, the virus infec-

tious activity remained un-

o changed, between 12 and

24 months of storage in

contrast to all the mentioned

above samples, it decreased

and made up 73% of the
control (see Fig. 2).

Our findings testify to
the fact, that the positive
temperatures are not sui-
table for the rabies virus
CVS strain long-term sto-
rage. The temperature regi-
men of —20°C and GM-based
protective media supplemen-
ted with sucrose or the mix-
ture of sucrose and glycerol
may be used for operation
reasons to store the virus for
6—12 months. Such storage
conditions ensure 69-82% preservation of the virus
initial infectious activity.

There were provided higher and more stable ra-
tes of virus preservation if compared with —20°C by the
temperatures of —80 and —196°C, namely 83% of the
initial infectious activity at —80°C in the medium with
5% sucrose and 94% at —196°C in the solutions
with 5% sucrose and 5% glycerol and their mixture.

It should be noted that the differences in struc-
ture of viruses and cells cause no impact on the ra-
bies virus response to freezing conditions and
temperature storage regimens, which corresponds
to the basic provisions of the two-factor and mul-
ti-factor theories of cryoinjuries [12, 19].

Taking into account the fact, that the temperature
range from —10 to —80°C corresponds to the crys-
tallization zone of cooled and supercooled water
[13], and considering the multicomponent nature
of the preservation media and the value of eutectic
temperatures for solutions of different electrolytes
and cryoprotectants [4], we may assume the follo-
wing: the virions during storage at —20°C are cons-
tantly in a liquid phase in microchannels between

*#8§




BIpYCHHMX YacTMHOK BijOyBajacsi TiJIbKM Ha eTari
3aMopoxxyBaHHs. [IporsiroM moganeimoro 30epira-
Hs JIOCHIJKYBaHUH TOKa3HUK 3aJUINABCSA CTaOiIb-
HUM 1 uepe3 24 wmicsui craHoBuB 80%. Temmepa-
Typa 30epiranus —196°C 3abe3nedyBaia 30epekeHHs
BHXiTHOT 1H(EKIIHHOI aKTUBHOCTI BipyCy MpPOTSITOM
18 MmicsmiB, Mk 18 1 24 micsusaMu BOHA 3HHU3UJIACS
1o 94% (muB. puc. 2).

Y 3aXrcHOMY CEepEeOBHIII 3 TOAABAHHAM 5% Mallb-
TO3U (CepeloBHINE S5) 3a TeMIepaTypu 30epiraHHs
—20°C indekuiiHa aKTHBHICTh BIpyCy 3HMXKyBaJa-
cst ipotsiroM 24 micsniB (puc. 7) 1 ckiagana 8% Bij
BUXiHOT (AuB. puc. 2), yepe3 3 micsui npu —80°C
BOHA 3HU3WIIACS 1 3anumIanacs cTabiIbHOIO 10 KiHIIS
TEpMiHY CIIOCTEpPEKEeHHs, a 4yepe3 24 Micsli CKia-
nana 73% BiJg BUXIJHOTO KOHTPOIO. Y IMpoleci
30epiranHs npu —196°C y cepeoBHIL 3 MaIBTO3010
17% BipycCHHX YacCTHHOK 3arMHYJIM Ha €Tami 3aMo-
poxyBaHHs (nuB. puc. 1). [Iporsrom 12 wmicsiiB iH-
(bekiiliHa aKTHBHICTH BipyCy HE 3MIiHIOBAIACs, MiXK
12 i 24 wmicsnsamu 30epiraHHs, Ha BiIMiHY BiJ ycix
BUIICONUCAHUX 3pa3KiB, BOHA 3HM3MWJIAci 1 CKJIa-
namna 73% Big KOHTPOIIO (IUB. puC. 2).

OTpumaHi pe3yJbTaTH CBigUaTh MPO T, IO TI0-
3UTHBHI TEMIIEpaTypu HE TPHUAATHI IS TPHBAIOTO
30epiranas Bipycy ckady mramy CVS. 3a BupoO-
HUY0i HEOOX1THOCTI /It 30epiraHHs Bipycy MpOTS-
rom 6-12 MicslliB MOXXHa BHKOPHCTOBYBAaTH TEM-
neparypuuii pexxum —20°C 1 3aXUCHI cepeloBHIIA
Ha ocHoBi PC i3 nmogaBanHsIM caxaposu abo cymimii
caxapo3u 3 DiinmepuHoM. Taki ymMoBH 30epiraHss
3abe3neuyioTb 69—82% BuximHoi iHdeKUidHOT ak-
TUBHOCTI BipycCYy.

Binbm Bucoki Ta cTabinbHi pe3yisTatu 30epexe-
HOCTI Bipycy NOpiBHSIHO 3 Temreparyporo —20°C 3a6e3-
neuyroTh Temneparypu —80 u —196°C, a came: 83% Bix
BuXifHOI iH(ekuiitHoi aktuBHOCTI pu —80°C y cepe-
noBui 3 5% caxaposu Ta 94% npu —196°C y pozunHax
13 5% caxapo3u i1 5% rrinepuny Ta ixX cyMimii.

Crim 3a3HAYNTH, IO BIAMIHHOCTI B OYIOBI Bipy-
CiB 1 KJIITHH HE BIUIMBAIOTH HA PEAKINI0 BIpyCy
CKazy IIOJI0 YMOB 3aMOPOKYBaHHSI 1 TeMmImeparyp-
HAX PESXHUMIB 30epiranfs, sSKa BiANOBITa€ OCHOB-
HUM TIOJIOKEHHSIM TBO(AKTOPHOT 1 MyIBTU(DAKTOPHOT
TEOpii KpiomomKopKeHb [4, 14].

BpaxoBytouu, 1o gianasoH temmeparyp Bix —10
no —80°C BigmoBimae 30HI KpuUCTai3aiii OXOJOA-
JKCHOT Ta MepPeoXoopkeHol Boau [5] 1, 3 onisany Ha
0araTOKOMIIOHEHTHICTb CEpeOBHI KOHCEPBYBAaHHS
Ta 3HAYCHHS EBTEKTHYHHUX TEMIIEpaTyp Ui PO3-
YHMHIB PI3HUX EJEKTPOJITIB 1 KpiOMpOTeKTOpiB [2],
MOJKHA TIPUITYCTUTH: BIPIOHM B Tporieci 30epiranHs
mpu —20°C mocTiiiHO TepeOyBaroTh y pinkiid ¢asi
B MiKpOKaHaJlaX Mi>K KpHCTaJaMH JhOAY 1 IMiIIar0Th-
Cs BIUIMBY CYKyIHOCTI (pakTopiB (TimepKoHIIEHpa-
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Puc. 3. IHdekuiiHa akTMBHICTb Bipycy ckasy wwTamy
CVS y xogi 36epiraHHa y PC 6e3 goMilIOK 3a pi3HUX
TemnepaTtyp: —20°C (#);—80°C (A ); —196°C (m); * — BiO-
MIHHOCTI 3HauvyLli NOPIBHAHO 3 NonepeaHiM TepMiHOM
36epiraHHs (p < 0,05; n = 5).

Fig. 3. Infectious activity of the rabies virus CVS strain
during storage in additive-free GM at different tempera-
tures: —20°C (e); —80°C (A ); —196°C (m); * — differences
are significant as compared with previous storage pe-
riod (p < 0.05; n = 5).

ice crystals and exposed to combination of factors
(hyperconcentration of salts and other components;
change in medium pH; dehydration of macromole-
cules; disorder of intermolecular interactions (‘effect
of solutions’)) [10, 11]. In addition, under low
temperature effect, the loosening and aggregation
of nucleocapsid proteins [4] and damage of viral
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Puc. 4. IH(ekuiiHa akTUBHICTb Bipycy ckasy wTamy
CVS y xogi 36epiraHHsa y PC 3 5% caxaposu 3a pi3Hux
Temnepatyp: —20°C (e); —80°C (A); —196°C (m); * —
BiAMIHHOCTI 3HauvyLi NOPIBHAHO 3 MoMepeaHiMm TepMi-
HOoM 36epiraHHs (p < 0,05; n = 5).

Fig. 4. Infectious activity of the rabies virus CVS strain
during storage in GM with 5% sucrose at different
temperatures: —20°C (e); —80°C (A); —196°C (m); * —
differences are significant as compared with previous
storage period (p < 0.05; n = 5).
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Puc. 5. |HdekuUiiHa aKTUBHICTb Bipycy ckasy wTtamy
CVS y xopi 36epiraHHsa y PC 3 5% rniuepuHy 3a pis-
Hux TemnepaTtyp: —20°C (eo); —80°C (A); —196°C (m);
* — BigMIHHOCTI 3HauYyLLi NOPIBHAHO 3 NONepeaHiM Tep-
MiHOM 36epiraHHa (p < 0,05; n = 5).

Fig. 5. Infectious activity of the rabies virus CVS strain
during storage in GM with 5% glycerol at different
temperatures: —20°C (e); —80°C (A); —196°C (m); * —
differences are significant as compared with previous
storage period (p < 0.05; n = 5).

i coleld Ta IHIMIMX KOMITOHEHTIiB; 3MiHa pH cepe-
JIOBHIIA; JeTipaTallisi MaKpOMOJIEKYI; MOPYIICHHS
MDKMOJIEKYIIIPHUX B3a€MOJiN («e(eKT pO3UHHIBY))
[12, 13]. Kpim Toro, mim mi€r0 HU3BKUX TeMIIEpa-
Typ MOTJIM BimOyBaTHCS PO3IMYIICHHS 1 arperaris
OLIKIB HYKJICOKATNICUAY [2] Ta MOIIKOMKEHHS Bipyc-
voi PHK-3amexnoi PHK-monmiMepasu. 3 momoBkeH-
HsM TepMiHiB 30epiranns npu —20°C BijOyBasocs
nojiablne 301bIICHHS KPHUCTANIB JIOAY 3 TIiJIBHU-
IICHHSIM KOHIIEHTPAIlii COJeH Ta IHIIMX KOMIIOHCH-
TiB, 1110 MOCUITFOBAJIO «e()EKT PO3UHHIBY.

3HWKEHHsI TIOKa3HUKa 1HQEKIIMHOI aKTMBHOCTI
Bipycy B mpomeci 30epiranas npu —80°C (y PC
0e3 KpiompoTEeKTOpiB Ta 3 JIoAaBaHHIM 5% caxapo-
3M YIPOIOBXK 3-X MicsLiB, 5% MIieprHy MPOTATOM
6-TH MICAILIIB) MiATBEP/PKYE MPOJIOHTAIIO 3aBep-
IIeHHS BTOPHHHOI KpHCTami3alii B MiKpoKaHajIax
MPOTSTOM JICKUTBKOX MICSIIB TIICIs JTOCSTHEHHS
i€l TeMIepaTypy y 3a3Ha4eHUX 0araTOKOMIIOHEHT-
HHX 3aXUCHUX CEPEIOBHINAX. 3 UM €(PEKTOM ITOB’5I-
3aHE JO0MaTKOBE MOIIKO/KEHHS BIpYCHHUX YaCTHHOK
ITi]] BIUTMBOM KOHIICHTPOBAHUX PO3YNHEHUX PEUOBHH.

Pesynbsratn excriepumenTiB (auB. puc. 1, 2) Bka-
3yIOTh Ha BHPaXEHY TifpaTamiiiHy Iil0 BBEICHHX
y PC mpoHHMKanbHOTO 1 HEMPOHUKAIBHHUX KPiOMpo-
TekTopiB. Ha kopucTh 1bOrO (axTy CBiYUTH BU-
COKHMI TOKa3HUK I1H(EKI[ITHOI aKTUBHOCTI BIpyCy
B CEpelOoBHUINAX i3 Caxapo30l0 MOPIBHAHO 3 TaKUM
y CepenoBHIIl 3 MajbTo3010. Bimomo, mo y caxa-
pO3u OUIBII BHCOKA 3[aTHICTh 10 3B’SI3yBaHHS BO-

npo6nemu Kpiobionorii i kpiomeaULMHN

problems of cryobiology and cryomedicine
Tom/volume 30, Ne/issue 2, 2020

5.0
3
[m]
O ~B45
o8
o Q
=0
2240 .
L2 =
I =
Q >
=6 35 .
X ®©
C ¢ N
g3 .
< i 3.0
S
z 2
Q<
g 25
TwxaeHb 3 6 12 18 24
Week

TepmiHu 36epiraHHs, micaui
Storage periods, months

Puc. 6. IHdekuUiiHa aKTUBHICTb Bipycy ckasy LwTamy
CVS y xogi 36epiraHHa y PC 3 5% caxapos3u 1a 5%
rniuepuHy 3a pisHux Temnepatyp: —20°C (e); —80°C
(A); —196°C (m); * — BigMIHHOCTI 3Ha4yLli NOPiBHAHO
3 nonepeaHim TepmiHom 36epiravHa (p < 0,05; n = 5).
Fig. 6. Infectious activity of the rabies virus CVS strain
during storage in GM with 5% sucrose and 5% gly-
cerol at different temperatures: —20°C (e); —80°C (A);
—196°C (m); * — differences are significant as compared
with previous storage period (p < 0.05; n = 5).

RNA-dependent RNA polymerase, could occur.
When extending the storage term at —20°C, a further
increase in ice crystals with rise in salt concentration
and other components occurred, which increased the
‘effect of solutions’.
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Puc. 7. IHdekuiiHa akTUBHICTb BipyCy cKasy Ltamy
CVS y xopi 36epiraHHsa y PC 3 5% manbtosu 3a pis-
HUX Temnepatyp: —20°C (e); —80°C (A); —196°C (m);
* — BiAMIHHOCTI 3HauYyLi MOPIBHAHO 3 NONEepeaHiM Tep-
MiHOM 36epiraHHs (p < 0,05; n = 5).

Fig. 7. Infectious activity of the rabies virus CVS strain
during storage in GM with 5% maltose at different
temperatures: —20°C (e); —80°C (A); —196°C (m); * —
differences are significant as compared with previous
storage period (p < 0.05; n = 5).




mu [2]. KpiM 115010, BUBYEHI 3aXHMCHI CEpEIOBUINA
Ha ocaoBi DMEM 13 ¢etansHOIO cupoBarkoio BPX,
OYEBHHO, CTAOUII3yIOTh KallCHIl 1 CyNepKarcua Bi-
PIOHIB, TIPO TIO CBiYaTh Pe3yNbTaTH 30€pPEeKEHOCTI
Bipycy B PC 6e3 kpionpoTekTopis.

Bigkputum a1st 0OrOBOpeHHS Ta JOJATKOBO-
TO BUBYCHHS 3aJIMIIAETHCS BIEPIIE BCTAHOBICHHN
(hakT 3HWKCHHS 1HQEKIIHHOI aKTHBHOCTI BipycCy
micist 30epiraHHsl B CEPEIOBHUII 3 MajbTO30I0 IMPH
—196°C npotsirom 12-24 micsis.

BucHoBkH

1. BcraHoBIIEHO, 10 TeMIIepaTypHi pekuMu 30e-
piranas —80 Ta —196°C 1 3axucHiI cepeqoBUIIa Ha
ocuoBi DMEM 3a0e3neuyioTh BHCOKY iH(EKIii-
Hy aKTHBHICTB Bipycy ckazy mramy CVS mpotsarom
24 wmicsauiB (TepMiH crnocTepekeHHs). HaiiGinbi
BUCOKY 30epexxeHicTb Bipycy (83% Big BuxigHo-
ro KOHTpOJO) y mnpoueci 30epiranns npu —80°C
3abesredyBano cepenoBuile Ha ocHoBi DMEM 3
0,5% deranproi cupoBarku BPX i3 nomaBanusm 5%
caxaposu, ipu —196°C — Ha ocHoBi PC 3 nomaBanHsM
5% caxapo3u, 5% miinepuny Ta cymimti 5% caxapo3u
1 5% mminepuny — 94% Bix modaTkoBOi iH(EKIIHHOT
AKTHBHOCTI.

2. 3 omany Ha BUPOOHWYI pErNIaMEHTH Ta CTaH-
JIApTHI OlepaliifHi Ipoueaypu BUPOOHUITBA aHTH-
pabiuHuX Tpenaparis, sl JOBIOCTPOKOBOTrO 30epi-
raHHs BEJIUKUX 00’eMiB Bipycy cka3y mramy CVS
pexoMeH0BaHo Temreparypuuil pexxum —80°C 1 3a-
xucHe cepenosuiie Ha ocHoBi PC i3 mogaBanusm 5%
caxaposu. Jlns 30epiranHsi eTaJOHHHUX 3pa3KiB 1 He-
BEJIMKHUX 00’€MiB BipyCy NpHUHSATHI TeMIeparypHi
pexumu —80 Ta —196°C 1 3aXHCHI cepeioBUIla Ha OC-
HoBi PC i3 nonaBanusm 5% caxaposu, 5% riminepuny
Ta cymin 5% caxaposu i 5% riinepuny.

3. 3a BupoOHUYOT HEOoOXigHOCTI s 30epiraHHs
BipyCy MPOTSATOM O-TH MICSIIiB MOXXHA BHKOPHUCTOBY-
BaTu TemmepatypHuit pexxum —20°C 1 3aXucHe cepe-
noswuie Ha ocHOBI PC i3 momaBanusM 5% caxaposu
Ta cymim 5% caxaposu 1 5% rinepuny.

4. Tlokazano, mo kpiozaxucuuii edpexr PC Ha
ocHoBi DMEM i3 noxaBanusm 0,5% deranbHOl
cupoBarku BPX Ta cepenoBuIll KOHCEpPBYBaHHs Ha
ocHoBi PC i3 nomaBanusM 5% caxaposu, abo 5%
mrinepuny, abo 5% maneTo3u abo cymimi 5% caxa-
po3u i 5% miinepuny OOYMOBIIEHO TigpaTariiii-
HUMHU BJIACTUBOCTSIMU Ta CTa01Ii3a1li€t0 BipiOHIB.
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A decreased index of the virus infectious
activity during storage at —80°C (in GM without
cryoprotectants and supplemented with 5% sucrose
for 3 months, 5% glycerol for 6 months) confirms
the prolongation of completion of secondary
crystallization in microchannels within several months
after achieving this temperature in the mentioned
multicomponent protective media. This effect is
associated with extra damage to viral particles under
the impact of concentrated solutes.

Our findings (see Figs. 1, 2) demonstrate a pro-
nounced hydration action of penetrating and non-
penetrating cryoprotectants, introduced into GM.
This fact is evidenced by a high virus infectious
activity in sucrose media as compared to that in
maltose one. The sucrose is known to have a higher
ability to bind water [4]. In addition, the studied
DMEM-based protective media with fetal bovine
serum apparently stabilize the virion capsid and
supercapsid, as evidenced by the results of virus
preservation in cryoprotectant-free GM.

The first established fact of a decrease in the
virus infectious activity after storage in the medium
with maltose at —196°C for 12-24 months has
remained open for discussion and further study.

Conclusions

1. The storage temperatures of —80 and —196°C
and DMEM-based protective media were established
to provide a high infectious activity of the rabies
virus CVS strain for 24 months (observation period).
The highest rate of virus preservation (83% of the
initial control) during storage at —80°C was ensured
by the DMEM-based preserving medium with 0.5%
fetal bovine serum supplemented with 5% sucrose,
at —196°C it was provided by GM-based medium
supplemented with 5% sucrose, 5% glycerol and 5%
sucrose and 5% glycerol mixtures and made 94% of
the initial activity.

2. Surveying the production regulations and the
standard operating procedures for the rabies products,
a temperature regimen of —80°C and a GM-based
protective medium supplemented with 5% sucrose
should be recommended for a long-term storage of
large volumes of the rabies virus CVS strain. To store
the reference samples and small volumes of virus, the
temperature regimens of —80 and —196°C and the GM-
based protective media supplemented with 5% sucrose,
5% glycerol and 5% sucrose and 5% glycerol a mix-
tures have been considered to be acceptable.

3. If for the production aims it is needed to store
the virus within 6 months, a temperature regimen
of —20°C and the GM-based protective medium
supplemented with 5% sucrose and the mixture of 5%
sucrose and 5% glycerol may be used.
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39.
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10.Gould EA. Methods for long-term virus preservation. Mol
Biotechnol. 1999; 13(1): 57-66.

11.Hooper DC. Rabies virus. In: Detrick B, Schmitz JL, Hamilton
RG, editors. Manual of molecular and clinical laboratory
immunology. 8th ed. Washington, DC: ASM Press; 2016.
P. 665-73.

12.Leibo SP, Mazur P. The role of cooling rates in low-temperature
preservation. Cryobiology. 1971; 8(5): 447-52.

13.Mazur P. Causes of injury in frozen and thawed cells. Fed
Proc. 1965; 24(1): 175-82.

14.Mazur P. Cryobiology: the freezing of biological systems.
Science. 1970, 168(3934): 939-49.

15.Varianytsia VV, Vysekantsev IP. Storage methods of complex
RNA viruses. Probl Cryobiol Cryomed. 2017; 27(4): 287-95.

16.Varianytsia VV, Vysekantsev IP. Infectious activity of L. Pasteur
rabies virus vaccine strain frozen-dried in various protec-
tive media and then stored at various temperatures. Probl
Cryobiol Cryomed. 2018; 28(4): 333—42.

17.World Health Organization Expert Committee on biological
standardization. Recommendations for inactivated rabies
vaccine for human use produced in cell substrates and
embryonated eggs. In: WHO Technical Report Series — 941.
Fifty-sixth report. Geneva: WHO; 2007. p. 83—132.

18.World Health Organization. Rabies vaccines: WHO position
paper, April 2018 — recommendations. Vaccine. 2018; 36(37):
5500-3.

19.World Health Organization. WHO expert consultation on
rabies: third report. Geneva: WHO; 2018. 184 p.
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4. It was shown that the cryoprotective effect of
the DMEM-based GM supplemented with 0.5%
fetal bovine serum and GM-based preserving media
supplemented with 5% sucrose or 5% glycerol, or 5%
maltose or the 5% sucrose and 5% glycerol mixture
was stipulated by hydration properties and virion
stabilization.
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