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Storage Methods of Complex RNA Viruses

Pecbepat: B 0630pe paccmaTpuBaeTcs paspaboTka METOAOB AONTOCPOYHOrO XpaHeHusi crnoxHeix PHK-cogepxalimnx BuMpycos.
HeobxoammocTb npeacTaBneHHon paboTbl obycrnoBneHa 3HaYUTENbHLIM PacnpoOCTpPaHeHneM UHMEKUMOHHbIX 3aboneBaHuii, Bbl3-
BaHHbIX AaHHBIMW BUPYyCaMu, U yBENUYEHWEM KONMyecTBa WCCMef0BaHWN, HanpaBrieHHbIX Ha pa3paboTKy npenapaToB Ans
MMMYHONPOMUNAKTUKM 1 MMMYHOTEpanuu. TeXHONOrMM NPou3BOACTBA 3TUX NpenapaToB BKIOYAKT aTanbl AONITOCPOYHOIO XpaHeHust
BUPYCOB, AN KOHCEPBMPOBAHUSI KOTOPbIX MCNOMb3YIT NModunmnsaunio n xpaHeHne npu temnepatypax Huxe 0°C. OgHako B
HacTosiee BpeMsl OTCYTCTBYIOT obLenpuHATbLIE NOAXOAbl K BbIOOPY cOCTaBa 3alMTHbIX cpef Ans nmodunmsaumm unm HU3Ko-
TemnepaTypHoOro xpaHeHus BupycoB. C 3TON Lenblo NPpUMeEHSAT A06aBkM U KOMOUHaALMM pas3fnnyHbIX caxapoB, MHOrOATOMHbIX
CcnupTOB, GEMKOB XMBOTHOTO MPOUCXOXAEHNS, XMMUYECKNX COeAMHEHWA. [INa XxpaHeHns NModunn3npoBaHHbIX BUPYCOB UCMOSb3YHOT
Temnepatypbl 4 unu —20°C, a Anst XxpaHeHUs BMPYCOB B 3aMOPOXEHHOM coCTosiHUM — 0T —60 no —85°C, yto 06ycnoBneHo Aoc-
TYNMHOCTbIO MOPO3UINbHbIX Kamep, obecneynBaloLLMX yKasaHHble TeMnepaTypHble PeXuMbl, U BbICOKON COXPaHHOCTbIO BMPYCOB
pasHbiX CEMEeNCTB.

KnioueBble cnoBa: crnoxHele PHK-copepxalyme BMpycCbl, AONTOCPOYHOE XpaHeHue, nuodunusaums, ctabunuampyowme
BellecTBa, 3alluUTHble Cpefbl, COXPaHHOCTb BMpYyCa, BaKuMHa.

Pecbepat: B ornsgi posrnsHyTo po3pobka MeToniB AOBroCTPOKOBOro 36epiraHHsa cknagHux PHK-BmicHux BipyciB. HeobxigHicTb
naHoi poboTn 06ymMoBeHa 3HAYHWM PO3MOBCIOMKEHHSAM IH(PEKLIMHUX 3aXBOPHOBaHb, siki BUKNMKaHI AaHWMU Bipycamu, Ta 36inb-
LLIEHHSIM KiNbKOCTi OOCNIAXEHb, CNPsIMOBaHWX Ha po3pobky npenapaTiB Ans iMyHonpodinakTukmi Ta imyHoTtepanii. TexHonorii Bu-
pobHMUTBa LMX NpenaparTiB BKMOYAOTb eTany 4OBroCTPOKOBOro 36epiraHHsi BipyCiB ANS KOHCEPBYBAHHS SIKUX BUKOPUCTOBYIOTb
nioginisauito Ta 36epiraHHst 3a Temnepatypu Huwxde 0°C. Ane Ha CbOrofHi BiACYTHI 3aranbHOMPUHATI niaxoan oo Bubopy cknagy
3aXUCHUX cepefoBuLY Ans nioginisauii abo HM3bkoTeMnepaTypHoro 36epiraHHs BipyciB. 3 L€t MeTol 3aCTOCOBYKOTb AOMILLKM Ta
KoMGiHauii pi3HUX UykpiB, 6araToaToOMHUX CNMPTIB, GiNKiB TBAPUHHOIO MOXOMAXEHHS, XiMiYHUX cnonyk. [ns 36epiraHHst nioginisosa-
HUX BipyCiB BUKOPUCTOBYIOTbL Temnepatypu 4 abo —20°C, a ans 36epexeHHst BipyciB Yy 3amopoxeHoMy cTaHi — Big —60 go —85°C,
Lo oByMOBMEHO AOCTYMHICTIO MOPO3UIbHUX KaMmep, siki 3abe3nedytoTb BKkasaHi TemrnepaTypHi pexummn, Ta BUCOKOK CXOPOHHICTHO
BipyCiB pi3HUX CiMENCTB.

KniouoBi cnoBa: cknagHi PHK-BmicTHI Bipycu, foBroctpokoBe 36epiraHHsi, niodinisadisi, crabinizytodi 3acobu, 3axucHi cepe-
[oBuMLWA, BipyC, BakuuHa.

Abstract: The review describes the development of methods for the long-term storage of complex RNA viruses. The need of
such an activity is stipulated by a wide spreading of infectious diseases caused by these viruses and rising number of the studies
dealing with developing of the biologicals forimmunoprophylaxis and therapy. Among other things the technology for these preparations
production involves the long-term storage of viruses. This includes freeze-drying and storage at temperatures below 0°C. However,
to date no generally accepted approaches exist in terms of composition of protective media for either freeze-drying or low-temperature
storage of viruses. For this purpose, one uses the numerous additives and combinations of various sugars, polyhydric alcohols,
animal proteins, chemical compounds. Storage of frozen-dried viruses is performed at either 4 or —20°C, and in case of a frozen state
it ranges from —60 to —85°C, that is stipulated by the availability of freezing chambers providing these temperatures, and high survival
of viruses from different families.

Key words: complex RNA viruses, long-term storage, freeze-drying, stabilizing substances, protective media, virus preservation,
vaccine.

B mupe exerogHo ot ocTpbiXx HWHDEKIIMOHHBIX
3a00JIeBaHMIA BUPYCHOTO ITPOUCXOKICHUS TIOTHOAST OT
10 mo 14 muH 9yenoBek. B OONBIIMHCTBE ClydaeB
MIPUYMHON JIETAIBHOTO MICX0/1a SBIISIOTCS KUIIIEYHBIC
W pecriupaTopHbie HHMEKIINH, OJTHAKO, KPOME HO30JIOT U~
Yyeckux (hopM HHGEKIHHA, BUPYCHI MOT'YT HHIYLIUPOBATD
3710Ka4eCcTBEHHbIE 3a00eBaHNs, OOJIE3HN LEHTPaJIb-
HOH HEPBHOW M MIMMYHHOH CHCTEM, BBI3bIBaTH 000CTpe-
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From 10 to 14 million people die annually worldwide
from acute infectious diseases of a viral origin. In most
cases, the cause of death is intestinal and respiratory
infections. Nevertheless, in addition to nosological forms
of infections, viruses can induce malignant diseases,
cause pathologies of the central nervous and immune
systems, provoke aggravations of cardiovascular, urina-
1y, endocrine and gastrointestinal tract pathologies [15].
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HUS [TATOJIOTHYECKHUX COCTOSTHUN CO CTOPOHBI Cepied-
HO-COCYIUCTOH, MOYEBOM, SHJIOKPUHHOM CUCTEM U
JKEIYINOYHO-KHILIEYHOIrO TpakTa [3].

B 6opn0e ¢ BupycHbIMH HHPEKIUSIMA OCHOBHOE
MECTO 3aHUMAET UMMYHONPO(UIIAKTHKA, 17151 KOTOPOH
HeoOXxoanMa pa3pabdoTKa BaKIUH, CIICIH(PUISCKUX
HMMYHOITIOOYJIMHOB ¥ JUarHOCTUKYMOB. B 3T0ii cBsi3n
Ba)KHO M3YyYEHHE YABTPACTPYKTYPHOH OpraHU3aluy 1
(bm3nonorny BUPyCcoB, a TakKe CO3aHNe HEOOX0an-
MBIX 3aI1aCOB IIPOU3BOICTBEHHBIX IIITAMMOB BUPYCOB.
C 3TO#i IeTbI0 CO3/AI0TCS KOJJIEKIIUU B TPONU3BOACT-
BeHHBIC OaHKHU BUPYCOB [1, 3, 5, 27].

HVIMMyHOTE€HHOCTD BaKIIUH 3aBUCHT OT HH(EKIINOH-
HOH aKTUBHOCTH BUPYCa, KOTOPBIM UCIIOJIB3YETCS 11
UX rojydeHus. Hanudue moBpekJACHHBIX U WHAK-
TUBHUPOBAHHBIX YACTHII B BUPYCHBIX ITperapaTax 3Ha-
YHUTENNBHO CHIKAET I0CTOBEPHOCTH PE3YNIBLTAaTOB U BOC-
MPOU3BOANMOCTD AUArHOCTUYECKUX TECTOB HA OCHOBE
HeHTpanu3auuu BUPycoB. ITO 0OBsICHIET HE0OX01U-
MOCTh pa3paboTKu 3((PEKTUBHBIX METOJIOB J[OJITO-
CPOYHOT'0 XpaHEHUS BUPYCOB B YCIOBUSX IPOU3-
BojcTBa [15, 20].

OO0r11eit 0COOCHHOCTHIO BUPYCOB SIBIISICTCSI OTCYTCTBHC
KJIETOYHOTO CTPOEHHs, TEM HE MEHEe OHHU pa3Jiv-
YaroTcs 10 COCTaByY, CTPYKTYpe, pa3Mepam U yCTOWYH-
BOCTH K (PU3UKO-XMMHUIECKUM (pakTopam [ 18], aTo Baxk-
HO YYUTBIBATh P BBIOOPE METOAOB MX I0IATOCPOYHOTO
XpaHeHUs. BUpHMOHBI, MITH BUPYCHBIC YACTHIIBI, MOTYT
OBITH MPOCTBIMU WU CIOXHBIMU. CIIOKHbBIE BUPYCHI
OTJIMYAFOTCSI OT TPOCTBIX HAJMYUEM CyIepKaIcuaa —
000JI04KH, KOTOpast COCTOUT U3 (PParMeHTOB ABYXCIIOM-
HOHW KJIETOYHOH MeMOpaHbl KJIETKH-XO0351MHa, 00ora-
IICHHBIX BUPYCHbIMH Oenkamu. Hocurenem reHeTH-
YeCKoi HHPOpMAIIHU BUPYCOB SIBISICTCS OJIMH U3 TUIIOB
nykienHoBor kucnoTsel — JJHK nu6o PHK. Boib-
I1asi 9acTh BUPYCOB YEJIOBEKA M )KUBOTHBIX COZIEPIKAT
PHK [3]. Ilokazano, uTo nH(EKINOHHASI aKTUBHOCTH
psiza BUPYCOB MOYKET OBICTPO CHMXKATHCS P TEMIIE-
patypax oT 4 no —20°C u He U3MEHITHCS Ha MPOTS-
YKEHUH HECKOJIBKUX JIET TIOCIIe XPAaHSHHS TTPH TEMIIe-
parypax ot —120 10 —196°C unu B itnodunusupoBaH-
HOM cocTosiHuu [12, 27].

B nanHO# paboTe paccMOTpPEHBI CYIIECTBYIONIUE
cnocoObI xpaneHus cioxubix PHK-conepsxkammx Bu-
pPYCOB Ha mpuMepe MpeacTaBUTenel cemeilcts Para-
myxoviridae, Coronaviridae, Orthomyxoviridae,
Togaviridae n Rabdoviridae.

B npaktudeckoit Mmeauiuuae, hapMaineBTHICCKOR
MIPOMBIIIUIEHHOCTH U TIPH TIPOM3BOJICTBE BETEPUHAPHBIX
MIPENaparoB JUIsl XPaHEHHUs BUPYCOB U CTPYKTYPHBIX KOM-
MOHEHTOB BUPUOHOB IIMPOKO UCTIONB3YIOT THO(HITN3a-
L0 — BBICYIIIMBAHUE TIPEABAPUTEILHO 3aMOPOKEHHBIX
onosorrmyeckux 00bekToB [3, 7, 19, 26]. Hemocrarkom
9TOTO Croco0a KOHCEPBUPOBAHUS SIBIISIETCS OOJee KO-
POTKUH CPOK XpaHEHUsI 110 CPAaBHEHUIO C HU3KOTEM-
nepaTypHbIM KOHCEpBUpoBaHueM [7, 12, 20].
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A significant role in the therapy of viral infections
is occupied by immunoprophylaxis, which requires
the development of vaccines, specific immunoglobulins
and diagnostic systems. In this regard, it is important
to study the ultrastructural organization and physio-
logy of viruses, as well as to create the essential stocks
of industrial strains. For this purpose, the collections
and operational banks of viruses are established [3,
15,23,27].

Immunogenicity of vaccines depends on the infec-
tious activity of the virus, which is used for their pro-
duction. The presence of damaged and inactivated par-
ticles in viral suspensions significantly reduces the
reliability of the results and reproducibility of diagnostic
tests based on virus neutralization. This highlights the
need for effective methods of the long-term storage
of viruses intended for production issues [11, 17].

A common feature of viruses is the absence of a
cell-like structure, nevertheless, they differ in com-
position, structure, size and resistance to physicoche-
mical factors [14], that is important for choosing the
methods for their long-term storage. Virions, or viral
particles, can be either simple or complex. Complex
viruses differ from simple ones by the presence of
a supercapsid. i. e. a shell, which consists of the
fragments of a bilayer cell membrane of the host cell
enriched with viral proteins. The carrier of genetic
information of viruses is one of the types of nucleic
acid, either DNA or RNA. Most of the human and
animal viruses contain RNA [15]. It is shown that the
infectious activity of a number of viruses can rapidly
decrease at temperatures from 4 down to —20 °C and
stay unchanged for several years after storage at
temperatures from —120 to —196°C or in a frozen-dried
state [8, 27].

In this paper we review the existing methods of
the storage of complex RNA-containing viruses as
exemplified by the representatives of the Paramy-
xoviridae, Coronaviridae, Orthomyxoviridae, Toga-
viridae and Rabdoviridae families.

Practical medicine, pharmaceutical industry and
production of veterinary preparations widely apply
freeze-drying, i. e. drying of biological objects from a
pre-frozen state for the storage of viruses and struc-
tural components of virions [1, 15, 16, 26]. The di-
sadvantage of this method of preservation is a shorter
shelf life if compared with low-temperature preser-
vation [1, 8, 17].

The survival of viruses during freeze-drying is
affected by the conditions of the drying process itself,
the specimen preparing and composition of protective
media. Drying conditions include cooling regimens,
the sublimation onset temperature, the vacuumation
power of the sublimation chamber, and provision
of the required residual moisture values. The para-
meters of technological process of freeze-drying are
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Ha coxpaHHOCTB BHPYCOB B X0j1€ THOGUIN3AIUH
BIIHSIFOT DTAITBI IIPOIIECCA BHICYIMBAHUSI, TOATOTOBKA
MaTepualia U COCTaB 3alIUTHBIX cpen. K ycnosusm
BBICYLLIMBAHUS OTHOCSATCSI PEKUMBI OXJIaXKICHHS, TEM-
nepaTypa Havyajia CyOnuManuy, CTeeHb BaKy yMUPO-
BaHUs KaMepbl YCTAaHOBKH U1 cyOIMManuu, ooecrie-
YeHHe HEOOXOOUMBIX 3HAUYEHHH OCTAaTOYHOM BiIaXK-
HocTu. [lapaMeTpsl TEXHOIOTHYECKOTO IMpolecca
TUO(QUIIN3AIMHA ONPENCTSIOTCS KOHCTPYKTUBHBIMH
O0COOEHHOCTSIMH UCTIOIB3yEeMOT0 00opynoBaHus. s
TUO(UIN3ALNY BUPYCOB YaIlle NCIOB3YIOT MEIJICH-
HOE OXJIaXJIEHHE, TOCKOJIbKY HH(PEKIIMOHHAST aKTHB-
HOCTb INO(MITN3NPOBAHHBIX BUPYCOB IOCTIE OBICTPOTO
oxJaxaeHus cHmxaercs [19]. BaxHo, uTo mpuMene-
HUE BBICOKOH CTENIEHH OYMCTKH BUPYCHBIX PEapaToB
OT KJIETOYHOTO JETPUTA U OEJIKOB Cpelbl KyJIbTUBH-
pPOBaHUS C MOMOILIBIO YIBTPALECHTPUPYTUPOBAHUS
WIH yABTPA(QUIBTPALMH BBI3bIBACT IOTIOJTHUTEIBHYIO
ru0esb BUPHOHOB, TaK Kak OeNKU, CoAep Kalliecs B
cpeze KyJbTUBUPOBaHMS, CTAOMIIN3UPYIOT CyllepKall-
cuj BuproHoB [3]. B psine cirydaeB npu 1o6aBieHAH
B 3AIIUTHYIO Cpely HEKOTOPHIX CTAOMIM3UPYIOMINX
BEIIECTB TAKKE POUCXOIIUT CHIDKEHHE HH(PEKIOHHOM
AKTHBHOCTH BUPYCOB. ITO O0YCIOBIICHO 00pa30BaHUEM
MPOYHBIX XUMHUYECKUX CBsI3€H JaHHBIX BEIIECTB C
BUPUOHAMH B TIPOIIECCE IMOPHITN3AINH, YTO IIPHBOJTUT
K MIHaKTHBALlUU BUPYCOB [3, 19].

Kpowme Toro, omauM n3 pakTopoB, ONpeASISIONINX
3¢ GEeKTUBHOCTH Mpolecca JINnoGuan3aunuu ¢ mpumMe-
HEHHEM CTaOMIM3UPYIOLINX BELIECTB, SBISETCS MO
JiepyKaHue ONTUMAIBHON ocMossipHOcTH ¥ pH B nipene-
nax ot 7,0 no 8,012, 14, 18, 19, 27]. Kak npasuno, cpena
JUIs1 XpaHEeHUs BUPYyca JOJDKHA coAeprkarh Oydepsl s
noiepxkanust pH u ipyrue BeriecTsa, KOTOpbIe KOHT-
POIUPYIOT OCMOJIIPHOCTH PACTBOPA MIIM HA KOTOPBIX
BHpYC MOXET azicopbuponathes [18]. B kauecTBe cTa-
OMJIM3UPYIOIINX BEIIECTB IMPH JIMODHUIU3AIINY BUPYCOB
HCTIONB3YIOT OT/ICIBHO WIIM B Pa3HBIX KOMOMHAIIUSX
JKeJIaTHH, caxaposy, 00e3KUPEHHOE MOJIOKO, IITyTamar
HaTpHsl, CBIBOPOTKY KPOBH IIO3BOHOYHBIX U €€ KOMIIO-
HeHThI (Tabnuia) [18, 19]. Pesynbrarer uccnenoBanms
MIpUMEHEHHS 0€30€TKOBBIX Cpe sl JINO(PUITH3AIIHH,
COJZIepIKAIIHX JICIIUTHH, THOMOUEBHHY, CYJIb(aT HATPHS,
TIOJTAAITKOT OJTUH, TIOJIMBUHHIIIITUPPOIHIOH, TIOJIHATHIICH-
OKCH]I, Caxapo3y, COPOHT, TOKA3aJIH, YTO OHM MOT'YT OKa-
3BIBATH MOJIOKUTEIBHOE BIMSHUE HA COXPAHHOCTD BHU-
pycoB. OHaKo py XpaHSHUH B TeueHue 2—3 et (Tipu
4 u —20°C) BUpYCOB, JIMOPUIUIUPOBAHHBIX B TAKUX
cpenax, MpONCXoAnIa X rudens [3], MpUUNHBI KOTO-
pOM HEIOCTAaTOYHO U3y4eHbl. MexaHnu3Mbl JeHCTBUS
3alIUTHBIX BEUIECTB, MCIOIb3yEMbIX MPH JTHOPUIU-
3allu¥l BUPYCOB pa3in4Hbl. Tak, u3BecTHa ClIOCOOHOCTH
HEKOTOPBIX CaxapoB 00Pa30BbIBATh BOIIOPOIHBIC CBSA3H
C TOJISIPHBIMHE U 3aPsDKEHHBIMH TPYTIIIAMH CTPYKTYP-
HBIX KOMIIOHEHTOB BUPUOHOB I10 MEPE YIAJICHUS BOIbI
IIPY BBICYIIIMBAHWH, YTO TIPEIOTBPAIIIACT TOBPEIKICHHE
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determined by the features of the used equipment
operation. For freeze-drying of viruses, slow cooling
is often used, since an infectious activity of lyophili-
zed viruses decreases after a rapid cooling [16]. It is
important to note that the high-rate purification of
viral preparations from cellular detritus and proteins
of the culture medium by means of either ultracentri-
fugation or ultrafiltration causes an additional death of
virions, as proteins contained in the culture medium
stabilize the supercapsid of virions [15]. In a number
of cases, when certain stabilizing substances are added
to a protective medium, the infectious activity of viru-
ses also decreases. This is due to the formation of strong
chemical bonds of these substances with virions
during freeze-drying, which leads to the inactivation
of viruses [15, 16].

In addition, one of the factors determining the ef-
fectiveness of freeze-drying with the use of stabilizing
substances is the maintenance of optimal osmolarity
and pH within the range from 7.0 to 8.0 [8, 10, 14, 16,
27]. Typically, the virus storage medium should contain
buffers to maintain pH and other substances that
control the osmolality of the solution, or on which
the virus can be adsorbed [14]. As stabilizing substan-
ces during freeze-drying of viruses, gelatin, sucrose,
skimmed milk, sodium glutamate, vertebrate blood
serum and its components are used alone or in various
combinations (Tables) [14, 16]. The results of the study
about using protein-free media containing lecithin,
thiourea, sodium sulfate, polyalcoholine, polyvinylpyrro-
lidone, polyethylene oxide, sucrose, sorbitol for freeze-
drying showed that they can positively affect the sur-
vival of viruses. Nevertheless, storage for 23 years at
4 and -20°C of the viruses frozen-dried in such me-
dia results in their death [15] and the reasons for this
are still not clear. The mechanisms of action of pro-
tective substances used in freeze-drying of viruses
are different. Indeed, there is an ability of some su-
gars to form hydrogen bonds with polar and charged
groups of structural components of virions as the
water is removed during drying, that prevents the
damage of biomolecules [16, 25]. Sodium glutamate
neutralizes the carbonyl groups in the protective me-
dium, which can adversely affect viral proteins du-
ring freeze-drying [16]. Protective effect on viruses is
rendered by introduction of proteins of animal origin
into the preserving medium. These proteins, as the
authors believe, hamper the pH change, adhering
the virus particles and other processes that cause a
damage to virions [8, 27]. High efficiency of freeze-
drying of viruses was demonstrated by using the
compositions of culture media, carbohydrates and
polypeptides [5, 15, 19]. For the effective storage of
the frozen-dried viruses, as well as of other micro-
organisms, the certain values of residual moisture
are needed. The majority of authors determined the
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ouomorexyn [19, 25]. I'myramar HaTpust HEUTpaIU3yeT
B 3aIIUTHOM Cpefie KapOOHMIIbHBIE TPYIIIBI, KOTOPBIE
MOTYT HETaTUBHO BJIMATH HA BUPYCHBIE OCJIKH B ITPO-
necce mmodwimsanuu [19]. 3amuTHOE NeiicTBre Ha
BHPYCHI OKa3bIBa€T BHECEHHE B KOHCEPBUPYIOILYIO
cpeny OelIKOB )KUBOTHOTO POUCXOKICHUSL. DTH OCITKH,
10 MHEHHIO HEKOTOPBIX aBTOPOB, MPEMATCTBYIOT U3Me-
HEeHUIO pH, cIMnaHuio BUPYCHBIX YaCTHL M APYTHM IPO-
1ieccam, BBI3bIBAIOIINM TIOBPEXKIEHNE BUPHOHOB [12,
27]. Boicokyto 3 HEeKTHBHOCTD MPHU JTHOPUIU3ALUN
BHPYCOB ITOKa3bIBAIOT KOMITO3UIINU U3 CPEJ KyJIbTH-
BHPOBaHMS, YIJIEBOAOB U MOMUIenTHa0B [3, 9, 19]. [lns
3¢ HeKTUBHOTO XpaHEeHHs JTHODUIU3UPOBAHHBIX BH-
PYCOB TaK ke, KaK 1 ISl XpaHEHUs JPYTUX MUKPOOP-
raHU3MOB, HEOOXOAMMBI ONpeleJIeHHbIE 3HAUYCHUS
OCTaTOYHOH BIaKHOCTHU. bOJIBIIIMHCTBOM aBTOPOB yc-
TaHOBJIEHBI ONTHMAJIbHBIE 3HAYEHHU S ATOTO MTOKA3ATENS
s BupycoB 1-3% [3, 7, 13].

B nacrosiiee Bpems CymecTByeT MHOKECTBO yC-
MEIIHBIX TEXHOJIOTUH CYIIKH KOHKPETHBIX IITAMMOB,
HO TP 3TOM €IMHBIE PEKOMEHIAIINH T10 JTHO(PHUITH3aIN
BHUPYCOB C pa3IMYHOMN yIBTPACTPYKTYPOH BUPHOHOB HE
pazpabotansr [7, 19, 24]. Tak, mis nuodrim3anuu
KOpOHaBHpYCa U BUPYCOB Maparpuira KpPymHoro pora-
toro ckota (KPC) u miioTossmHbIX, BUpyCa TPAHCMUC-
CHBHOT'O TaCTPOdHTEpHTA CBHHEH Hamboiee addek-
TUBHOH ObLIa cpesia Ha OCHOBE MUTATEILHOW Cpelibl
¢ nobasnenuem 3% smOproHanbHol ceiBOpoTKH KPC,
2,5% xxenaruHa u 3,5% caxapo3sl [ 18, 19]. s muodu-
JM3aN PECTIPATOPHO-CUHIUTHAIBHOTO BUPYCa PEKO-
MEHJJ0BaHO MCI0JIb30BaHKE Cpeibl Ha OCHOBE (ocdart-
Horo Oydepa ¢ 0,2 M caxapossl, 0,005 M rimyramara
Harpus u 1% Obrusero ansOymuna [11, 26]. Ipu ucee-
JIOBAHUU CTAOMJIBHOCTH YKUBOW aTTCHYMPOBAaHHOU
BaKI[UHBI IPOTHB YyMbI MEJIKHX )KBaUHBIX JKUBOTHBIX,
THOQHIN3UPOBAHHON C Pa3TNYHBIMU HATIOJHUTEIISIMH,
HauOoJbINUK 3alUTHRIA d(PPekT obecneunBaa
KOMTIO3UIUS TUApOau3ara akransOymuHa (5%) u
caxapo3sl (10%) [24]. s nuoduin3aiuu KUBbIX
BaKLUH [IPOTHUB KOPH, IAPOTUTA U KPACHYXH HCIIOJIb-
3yI0T cpeay Ha ocHoBe hocdarHoro Oydepa ¢ 1o0as-
JICHHEM €axapo3bl, IyTamaTa HaTpusl U YeloBeyec-
koro anbOymuHa [ 18, 20]. [Tpu nmodunmzanuu Bupyca
rpurnma (mramm PR8) B kauecTBe cTaOUIU3UPYIOMIIX
BEIIECTB UCIIOJIB3YIOT JIAKTOOMOHAT KaJIbLHsI M ChIBO-
POTOYHBIN aNEOYMHH Y€JI0BEKa B (DU3HOIOTHYECKOM
pacTBOpe ¢ KOHEYHOW KOHIEHTpalHuel KaxXJaoro
BemecTBa 1%. BpI10 yCcTaHOBIICHO, UTO AT JAHHOTO
ITaMMa ONTUMAIbHOE 3HAYCHHE OCTATOYHOMN BIIAXK-
Hoctu — 1,6% [13]. Pesynsrarsl paboThl ¢ MeXTyHa-
POIHBIMU KOJUIEKIIMSIMH BHPYCOB CBUETEIBCTBYIOT
0 OoJee BBICOKON COXPaHHOCTH TMO(DUIN3UPOBAHHBIX
BHpYCOB BO BpeMs xpaHeHus npu —20°C, yem npu
4°C[2,7,12,21,23,27].

[IpencraBnsier nHTEpEC UCCIEOBaHUE 110 XpaHe-
HUI0 BUpYyca La Sota, BBICYIIEHHOTO C IPUMEHEHUEM
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optimal values of this index for viruses equal to
1-3%[1, 9, 15].

Now there are numerous successful technologies
for drying specific strains, but no common recom-
mendations for freeze-drying of viruses with diffe-
rent ultrastructure of virions [1, 16, 22]. In particular,
freeze-drying of coronavirus and parainfluenza viru-
ses of cattle and carnivorous, porcine transmissible
gastroenteritis virus was successful when using the
medium based on a culture medium supplemented
with 3% fetal bovine serum, 2.5% gelatin, and 3.5%
sucrose [14, 16]. For freeze-drying of the respiratory
syncytial virus, a medium based on phosphate buf-
fer with 0.2 M sucrose, 0.005 M sodium glutamate,
and 1% bovine albumin was useful [7, 26]. When
studying the stability of a live attenuated vaccine
against plague of small ruminants, lyophilized with
various additives, the composition of hydrolyzate
of lactalbumin (5%) and sucrose (10%) provided the
greatest protective effect [22]. For freeze-drying
of live vaccines against measles, mumps and rubella,
a phosphate buffered medium supplemented with
sucrose, sodium glutamate and human albumin was
used [14, 17]. When the influenza virus was frozen-
dried (strain PRS), the calcium lactobionate and hu-
man serum albumin were used as stabilizing substan-
ces in physiological saline in a final 1% concentration
of each substance. It was found that for this strain
the optimum value of residual moisture was 1.6% [9].
The results of investigations performed in internatio-
nal collections of viruses indicate a higher preservation
of frozen-dried viruses during storage at —20°C than
at4°C[1,4,8, 18,21, 27].

It is of interest to study the storage of La Sota virus,
dried using the VFD (vacuum foam drying) method.
The virus was introduced into protective media, based
on the potassium phosphate buffer, containing either
sucrose or trehalose under various concentrations
with the addition of N-Z-amine, fructose, galactose,
polyvinylpyrrolidone, PEG-6000 in various combi-
nations. Samples were foamed in a drying chamber
under vacuum, frozen-dried and stored at temperatures
of 5, 25, 40°C. The highest results of virus preser-
vation provided drying in mixtures of sucrose, N-Z-
amine and polyvinylpyrrolidone. The infectious virus
titer persisted for 21 days (observation time) at 5°C in
all the samples, and at higher temperatures in several
samples it was decreased. After storage for 21 days
at 40°C in four of the six samples the virus was comple-
tely inactivated [19].

Many factors can influence the viability of viruses
during freezing and further storage at low tempe-
ratures: composition, osmolarity and pH of preserving
medium, cooling rate, temperature and storage time,
thawing rate [7, 14]. As for the freeze-drying the most
optimal initial value of pH of the protective medium to
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Metoaa VFD (vacuum foam drying). Bupyc BHOCHIH
B 3alIUTHBIE CPEAbl HA OCHOBE Kanuii-pocdaTHOTrO
Oyepa, coneprkaliero B pa3HbIX KOHIIEHTPALUIX ca-
Xapo3y WM Tperajosy c 1o0aBieHHE B pa3iIMYHBIX
koMOuHanmsax N-Z-aMuHa, GpyKTO3bl, FaIaKTO3bI, O-
IMBUHUIIUpPposuaoHa, [131'-6000. O6pa3ipl BerieHU-
Balld B KaMepe CYLIKH MOJA BaKyyMOM, JHO(UIH-
3UPOBAJIM M XPaHWIIU [IPH TeMnepaTypax 5, 25, 40°C.
Haubosee BeicOKnE pe3ynbTraThl COXpaHHOCTH BHpYyCa
o0ecrneurBaso BEICYITUBAHUE B CMECSIX caxapo3bl, N-
7-aMUHa ¥ TIONMBUHWIHPPOHAoHa. H(EKITMOHHBINA
TUTP BUPYyCa COXpaHsics B TeueHne 21 CyTok (Cpok HaO-
mofenust) mpu 5°C Bo Bcex obpasmax, a mpu 0oiee
BBICOKHX TeMIIepaTypax B psife 00pa3iioB CHUKAJICS.
[Tocne xpanenus B Teuenue 21 cytok npu 40°C B ue-
TBIPEX M3 LIeCTH 00pa3lax BUPYC MOJHOCTHIO HHAK-
TUBHpOBAJCS [22].

YcraHoBIeHO 00JIbII0E YHCITO (PAaKTOPOB, KOTOPHIE
MOTYT BIHSITb Ha )KM3HECIIOCOOHOCTH BUPYCOB B ITPO-
Lecce 3aMOpaKUBaHUA U AaIbHEHILIEro XpaHeHUs! IPH
HU3KUX TEMIIEpaTypax: cCoCTaB, OCMOJISIPHOCTH ¥ pH
KOHCEpBUPYIOMIEH Cpeabl, CKOPOCTh OXJaXACHUS,
TeMIeparypa U JUIMTEIbHOCTh XPaHEHHs, CKOPOCTh
orraunBanus [ 11, 18]. Ucxoqnoe 3nauenue pH 3ammr-
HO¥ cpenbl B ipeaenax ot 7,0 xo 8,0 Takke, Kak U mpu
TUO(GUIN3ALNH, ABIISIETCS ONTUMAIBHBIM I XpaHe-
HUS BUPYCOB B 3aMOPOKEHHOM cocTostHuN [12, 14, 27].
Ocoboe 3HaYeHne TPy MOA00PE 3AIUTHBIX CPEA IS
XpaHEHHUs BUPYCOB MMEET MX KaTHOHHBIH COCTaB.
Hanpumep, npucyrcreue Mg?', Ca?* mpu nob6asie-
Huu QocdarHo-coseBoro Oydepa B cpemy odecrie-
YUBAET JIUIIYI0 COXPAHHOCTh HEKOTOPBIX BHPYCOB
[11,18].

Coxpanenrie HHMEKITMOHHONW aKTUBHOCTH CIIOXK-
HBIX BUPYCOB MPH XPAaHEHUH B 3aMOPOKEHHOM COC-
TOSTHMY B OOJIBIIION CTETIEHN 3aBUCHT OT I[€TOCTHOCTH
CyTIepKarcuia BUPHOHA, COCTOSIIET0 U3 KOMIIOHEH-
TOB IIUTOIUIA3MAaTHYECKOH MeMOpaHbl BUPYCUH(U-
LMPOBAHHOM KJIETKH. DTO Jajl0 OCHOBAHMS ISl HIC-
MOJIb30BaHMUS P 3aMOPaKUBAHUH CIIO’KHBIX BUPYCOB
3aIUTHBIX BEIIECTB, MPUMEHIEMBIX AJIsi KPUOKOH-
CEpBUPOBaHMS KJIETOK 3yKapHOT, B YaCTHOCTHU AUMeE-
twicynbdokenna (AMCO) [15, 18, 24, 27]. Dddex-
tuBHOCTh JIMCO cpaBHMBanu ¢ 3¢(EeKTUBHOCTHIO
smOpuonansHOi ceiBopoTkn KPC B xonme xpanenus
BHPYCOB KOPH, BE3WKYJISIPHOTO CTOMaTHTa W BHpYyca
Cunpnbuc npu —40°C. Pe3ynbraTsl 3THX HCCIEI0BaA-
HU TIOKa3ai, 9To 1 SMOproHaIbHas ceiBopoTka KPC
B koHIeHTpanuu 20% (o oovemy), u JIMCO B koH-
nenTpanuax 5—-20% oxa3pIBasid BBIPAKEHHBINA TPO-
TEKTUBHBIH 2P PekT. [IpeqmonokuTeapHo, 3TO CBI3AHO
co crocobHocthio JIMCO cTabmin3npoBaTh JIHIIO-
[IPOTENHOBBIN KOMITJIEKC BUPYCHBIX yacTull [28]. [To-
Ka3aHa 3 PEeKTUBHOCTh IPUMEHEHHS JAHHOTO BEIIECT-
Ba TaKXKe JJIs1 XpaHEHHsI BUPYCOB TPUIINA U KOPH [IPH
—65°C [14].

npo6nemMbl KpMOOGMONOrMM M KPUOMeEeAULMHbDI
problems of cryobiology and cryomedicine

Tom/volume 27, Ne/issue 4, 2017

store the viruses in a frozen state was within the
range from 7.0 to 8.0 [8, 10, 27]. Of a particular
importance for the proper selection of protective media
for the storage of viruses is their cationic composi-
tion. For example, the presence of Mg*’, Ca®" in the
medium provides better preservation of some viru-
ses [7, 14].

Preservation of an infectious activity of the comp-
lex viruses during storage in a frozen state depends
to a large extent on an integrity of virion supercap-
sid consisting of the components of cytoplasmic
membrane of the virus-infected cell. This allowed
application of protective substances used for cryopre-
servation of eukaryotic cells, in particular dimethyl-
sulfoxide (DMSO), for freezing of complex viruses
[11,14,22,27]. For example, the efficiency of DMSO
was compared with effect of fetal bovine serum du-
ring storage of measles virus, vesicular stomatitis and
Sindbis virus at —40°C. The results of these studies
revealed that both fetal bovine serum at 20% con-
centration (v/v), and DMSO under concentrations of
5-20% had a pronounced protective effect. Presuma-
bly, this is due to the ability of DMSO to stabilize the
lipoprotein complex of viral particles [28]. The effec-
tiveness of this substance application was also demons-
trated during the storage of the influenza and measles
viruses at —65 °C [10].

To store the viruses at temperatures of 4 and —20°C,
glycerol is widely used in concentrations of 2—50%
(most often 10%). Nevertheless, glycerol can be toxic
for some viruses (Table) [14]. Human serum albumin
de-monstrated a more pronounced protective effect than
DMSO for freezing the Newcastle disease virus down
to —65°C [10, 14]. Freezing and subsequent storage
of most viruses were successful when sucrose and
trehalose were applied under various concentrations
(mostly 10%), as well as the serum albumin at the
concentrations ranged from 0.1 to 4% and inactiva-
ted blood serum of various vertebrates at concentrations
from 10 to 20% [14]. Preservation of infectious ti-
ters of the respiratory syncytial virus frozen down
to —86°C was observed when using the growth media,
supplemented with the following protective substan-
ces: 0.5% gelatin and 0.3 M sodium glutamate (6 months
follow-up period); 3.5% DMSO (2 years follow-up
period); 45% fetal bovine serum or 40% glycerol, or
sugars (25% sucrose, 10% trehalose and 10% sorbitol)
(3 years follow-up period) [11]. Phosphate buffer
medium with 0.2 M sucrose, as well as a growth me-
dium containing 2% fetal bovine serum were effec-
tive when the respiratory syncytial virus was stored at
—70°C [12, 24]. Glucose and albumin were recom-
mended as the stabilizing agents for storage of the
influenza virus types A and B at —70°C [2, 6]. In
addition to the above substances, polyethylene oxi-
de, glucose, dextran, polyvinylpyrrolidone, ammonium
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KoHLeHTpaumm cTabunmuamnpyioLLmx BELLECTB, KOTopble Haubonee YacTo MCMorb3yHTCs
Ans nuounmaalmm 1 3amMopauBaHUsl BUPYCOB

Concentrations of stabilizing substances, most often used for freeze-drying and freezing of viruses

Crabunuaupytowme BelecTsa
Stabilizing substances

KoHueHTpauua ana nuocunmzauum, %
Concentrations for freeze-drying, %

KoHueHTpauua ana samopaxuBanva, %
Concentrations for freezing, %

HenatuH
Gelatin

2,5 0,5

Caxaposa
Sucrose

0,1-10

0,1-25

nyTtamat HaTpua
Sodium glutamate

0,001

0,05

OM6puoHanbHaA CbIBOPOTKA KPOBU KUBOTHbIX
Fetal serum of vertebrates

CbIBOPOTOYHbIN anbbymMmuH
Serum albumin

Mmpponusat naktanb6ymuHa
Hydrolyzate of lactalbumin

Cop6uTon
Sorbitol

JNakTo6uoHaT Kanbuua
Calcium lactobionate

AMCO
DMSO

muuepwuH
Glycerol

Tperanosa
Trehalose

Jns xpaneHus BUPYCOB NpU Temmeparypax 4 u
—20°C mmpoKo MPUMEHSIOT IIIMIIEPHH B KOHIIEHTPAIHIX
2-50% (mambomnee gacto — 10%). OmHAKO IIHIIEPUH MO-
KET OBITh TOKCUYHBIM JISI HEKOTOPBIX BUPYCOB [ 18].
ChIBOpOTOUHBIH aJIb0YMHH Y€JI0BEKa [TOKa3a 00mee Bbl-
pakeHHbIN 3amuTHBIN 3¢ ¢ext, yem [IMCO mpu 3a-
MOpaKMBaHUU BUpYca 0ose3nu Hprokacna 1o —65°C
[14, 18]. Jlnst 3aMopakMBaHUs U TOCIEAYIOLIETO Xpa-
HEeHMs OOJIBIIMHCTBA BUPYCOB UCIONB3YIOT Caxapo3y
Y TPETayIo3y B pa3IMYHBIX KOHIIEHTpaNusax (Hauboee
yacto 10%), ChIBOPOTOUHBIN aTb0YMHH B KOHIIEHTpa-
six o1 0,1 10 4%, MTHAKTUBUPOBAHHYTO CHIBOPOTKY KPO-
BU Pa3IMYHBIX MO3BOHOYHBIX KMBOTHBIX B KOHIICHT-
pammsix ot 10 10 20% (Tadmura) [18]. CoxpaHHOCTE HH-
(heKIMOHHBIX TUTPOB PECIIUPATOPHO-CHHITUTHATILHOTO
BHpYCa, 3aMOPOKEHHOTO0 710 —86°C, HaOIFOIaIIH B pOC-
TOBBIX CpeZiax ¢ JOOABICHUEM CIICAYIOIUX 3alUTHBIX
Bemiects: 0,5% sxenatuHa u 0,3M mryramara HaTpus
(cpox HabmrOne-HUs — 6 MecsteB); 3,5% AMCO (cpok
HaOmonenus — 2 roaa); 45% >mMOpHOHaTBHON CBHIBO-
potku KPC nnu 40% rauuepuna, nim caxapos (25%
caxapo3bl, 10% tperanossl u 10% copburona) (Cpok Ha-
omronenyst — 3 roma) [ 15]. Ipu xpaneHnn pecrmpaTopHo-
cuHImTHAIBHOTO Bupyca pr —70°C 3¢ ek THBHBIM ObLIO
HCIIONB30BaHKE Cpe/ibl HAa OCHOBE (hocdarHoro Oydepa
¢ 0,2 M caxapo3bl, a TaK’K€ POCTOBOM CPEJIbI, COAEP-
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acetate, citrate, peptone, skimmed milk, sodium
glutamate were also used to improve the preservation
of viruses in a frozen state [12-14, 27, 28].

Studies aimed to preserve the viruses at various
low temperatures have shown that during storage
at —20°C, a rapid inactivation of viruses occurs. It is
effective to store the specimens, containing live vi-
ruses at the temperatures below —60°C [8, 10, 27].
The most effective was to store the viruses at liquid
nitrogen temperature, however, this method was
not always applicable due to the lack of the equip-
ment needed [1, 8, 10, 27]. Glycerol or DMSO are
often used for cryopreservation in combination with
fetal bovine serum [1]. The storage of viruses is mostly
performed at temperatures from —60 down to —85°C,
since commercial freezers are usually suitable for
keeping these temperatures, which enable the sto-
rage of virus-containing specimens in a large volu-
me necessary for the further production of immuno-
biological preparations [1, 8, 10, 12, 27]. The effec-
tiveness of these temperature regimens was evidenced
by the outcome of storage of the influenza type B
virus. The virus was stored at room temperature and
at 4, —20, —70°C in Hanks solution supplemented
with the albumin and HEPES buffer. After 17 weeks
the virus with the original infectious titer was preser-
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karent 2% sMOproHanbHOM ceiBopoTku KPC [6, 16].
B xauectBe cTaOMIM3aTOPOB ISl XpaHEHUs BHpyca
rpumnma TinoB A u B npu —70°C pexoMeH10BaHBI IO~
ko3a 1 anpOymuH [8, 10]. [TomumMo BeILIETIEpEUHCIICH-
HBIX BELIECTB C IIEJbI0 YITy4ILIEHUs] COXPAHHOCTH BUPY-
COB B 3aMOPO>KEHHOM COCTOSIHUH HCIIOJIB3YIOT TaK¥Ke
MOJIMATUIIEHOKCHUI, IVIIOKO3Y, EKCTPaH, MOJIMBUHUI-
MIUPPOIIN/IOH, aLETaT aMMOHHUS, LIUTPAT, TIETITOH, 00E3/KH1-
pEeHHOE MOJIOKO, TiryTamar Harpus [16—18, 27, 28].
HUccrnenoBanns cOXpaHHOCTH BUPYCOB ITPH Pa3ind-
HBIX HU3KMX TEMIepaTypax MoKa3alu, 4To B IIPOIecce
xpanenus mpu —20°C mpoucxoauT ObICTpasi HHAKTUBA-
st BUpYycoB. D(P(HeKTHBHO XpaHEeHHEe MaTepHaa, co-
JIepIKAIETO )KUBbIE BUPYCHI, TPH TEMIIEpATypax HIKE
—60°C[12, 14, 27]. Han6onee 3ppeKTHBHO XpaHEHHUE
BHPYCOB IIpH TEMIIEPAType KHUJIKOrO a30Ta, OJHAKO
JaHHBIA METOJ| HE BCerja NPUMEHNUM H3-3a OTCYTCT-
BHsI He0OXoaMMOT0 00opynoBanus [7, 12, 14, 27]. s
KPUOKOHCEPBUPOBAHUS HCIOJIB3YIOT MIULEPUH WIN
JAMCO B koMOHHALKH C SMOPHUOHAIEHOIN CHIBOPOTKOM
KPC [7]. Haubonbiree pacmpoCTpaHEHHE TTOIYIIIIO
XpaHeHHe BUPYCOB Ipu TemrepaTypax ot —60 10 —-85°C,
MMOCKOJIbKY TEXHHUYECKH JJIsi COOJIOCHUS JaHHBIX
TEeMIEePaTyp MPUTOIHBI KOMMEPYECKHE MOPO3HIbHBIE
KaMephbl, KOTOpbIe TO3BOJISIOT XPaHUTh BUPYCCOIEP-
KAl Matepuan B 00JIbIIOM 00beMe, He0OXO0aH-
MOM ISl ajbHEHIIEro NPOU3BOJACTBa UMMYHOOHO-
Joruveckux mnpenaparos [7, 12, 14, 16, 27]. O6 a¢-
(DEeKTHBHOCTH yKa3aHHBIX TEMIIEPATYPHBIX PEKUMOB
XPaHEHUs CBUJIETENILCTBYIOT PE3YJIBTaThl HCCIIE0BA-
HUH 10 XpaHEeHU!o BUpyca rpumnma tuna B. Bupyc xpa-
HWIM NIPY KOMHATHOW TeMIIepaType U TeMIeparypax
4,-20,—70°C B coneBoM pacTBOpe XeHKca ¢ Jo0aBJie-
HueM anpOymuHa u Oypepa HEPES. Uepes 17 nenensb
BHPYC C MICXOJHBIM MH(EKIIMOHHBIM TUTPOM COXpa-
HUJICS TOoIbKO mpu Temmeparype —70°C. Ilpu Gomnee
BBICOKHX TeMIiepaTypax oH nHaktusupoBaics [ 10]. [Tpu
3a00pe ¥ TPAHCIIOPTHUPOBKE BUPYCCOIEPIKAIINX MaTe-
pHAIOB PEKOMEHIYIOT HCIOb30BaTh 3aIUTHBIE CPEJIbI
Ha OCHOBE MUTATEILHOIO OYJIbOHA C I00ABJICHUEM caxa-
O3Bl M XpaHEHHE TIPU TEMIIEpaType cyXxoro Jibja [18].
CornacHo pekomennauusiMm BO3 mis xpaneHus
MIPOU3BOJICTBEHHBIX IITAMMOB BHpYyca OCLICHCTBA B
3aMOPOKEHHOM COCTOSIHUHM IMPEATNOYTHTEIBHO HC-
oJip30BaTh Temneparypsl Hmke —00°C [29]. Tak, s
MIPOM3BOJICTBA AaHTUPAOWUECKUX BAKIUH PEKOMEH-
JIOBAHO XpaHEHHE BUpyca OCIMIeHCTBa, mTamMmma PM,
npu Temmneparype —70°C, mramma Flury-LEP — npu
—80 u —196°C, cycneH3un KOHTPOJBHHOTO IITaMMa
Bupyca oemenctBa CVS-11 — ot —60 mo —80°C. Uc-
10JIb30BaJIM KOHCEPBUPYIOIIHE COCTaBBI HA OCHOBE
KynbTypalibHbIX cpen [21, 23]. Bonee BricokHE MOKa-
3aTeNy COXPaHHOCTH BaKIMHHBIX IITAMMOB BUpYycCa
Oewmenctsa L. Pasteur u CVS B TedeHHe rojia OT™Me-
yeHsl pu —80°C 110 cpaBHEHHIO ¢ XpaHeHueM rpu —20°C.
B kagectBe cpezpl KOHCEPBHPOBAHUS UCTIONb30BAIIH
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ved only at a temperature of —70°C, and higher tem-
peratures resulted in its full inactivation [6]. During
the collection and transportation of virus containing
materials, it is recommended to use protective media
based on nutrition broth, supplemented with sucrose,
and dry ice temperaturestorage [14].

According to the WHO recommendations, it is
preferable to use the temperatures below —60°C [29]
to store the industrial strains of the rabies virus in a
frozen state. In particular, the production of antira-
bies vaccines should involve the storage of the rabies
virus, PM strain, at —=70°C, Flury-LEP strain at —80
and —196°C, and suspension of the control strain of
rabies virus, CVS-11, from —60 down to —80°C. Pre-
servative compositions based on culture media were
used in all these cases [18, 21]. Higher survival of
vaccine strains of the rabies virus L. Pasteur and
CVS within the year of storage were found at —80°C
in comparison with —20°C, the DMEM culture me-
dium supplemented with 0.2% serum albumin and
5% sucrose was used as a preservation medium (Fi-
gure [4]). The storage of rabies virus vaccine strains
of the Schelkovo-51 K rabies virus and RB-71 at
—18°C in the growth medium supplemented with fetal
bovine serum provided the preservation of infectious
activity just for 6 months [20].

Most RNA viruses are pathogenic [15] and in all
the recommendations for handling the collections
and operational banks of viruses it is indicated that the
design of cryovials and containers for storing the viruses
at low temperatures should minimize the infection
of the environment and personnel [1 , 14, 27].

Thus, long-term storage of viruses could be perfor-
med using freeze-drying followed by storage either at
sub-zero or moderately-low temperatures or free-
zing down to low temperatures. To prevent the adverse
effects of physico-chemical damaging factors during
freezing and drying the viruses, stabilizing substances
of various nature should be used. There is no single
optimal protocol for a long-term storage of viruses,
which is probably due to differences in their ultrastruc-
ture [15]. In this regard, it is necessary to develop spe-
cific methods for a long-term storage of different strains
and types of viruses.
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KyneTypanibayto cpeny AMEM c no6asnerunem 0,2%
CBIBOPOTOYHOTO anbOyMuHa M 5% caxaposbl (pucy-
HOK) [2]. XpaHeHue BaKIIMHHBIX IITAMMOB BHpYyca Oe-
meHctsa lllenkoBo-51 Ku Pb-71 npu—18°C B pocToBoit
cpene ¢ 1o0aBiIeHHEM SMOPHUOHANBHON CHIBOPOTKH
KPC obecnieunBaino coxpaHHOCTh HH(PEKIIMOHHOHN aK-
TUBHOCTH TOJIBKO B TedeHUe 6 Mecsues [4].
bonpmnuctBo PHK-conepxkamux BUpycoB sIB-
JISTFOTCS TTATOTeHHBIMH [3], ¥ BO BCEX PEeKOMEHIAITHIX
o obecrnedyeHnto padoThl € KOJUICKIUSAMHU M MTPOU3-
BOJICTBEHHBIMHU OaHKaMH BHPYCOB yKa3bIBAETCS, YTO
KOHCTPYKIHSI KPUOTPOOUPOK M KOHTEHHEPOB IS
XpaHEeHUs BUPYCOB MPY HU3KHUX TeMIIepaTypax J0JKHA
MaKCHMAaITbHO CHUKATh BEPOSTHOCTh MHOUIINPOBAHUSI
OKpY>Kalolllel cpenbl u nepconana [7, 18, 27].

Taxum 00pazom, AJsl ZONTOCPOYHOTO XPAHEHHS
BUPYCOB MO’KHO HCIIOJIb30BaTh METO THO(PHIH3ALUH
C TOCJEAYIOUIMM XpaHEHWEM NpPU CYOHYJIECBBIX WM
YMEPEHHO HU3KUX TeMIlepaTypax U 3aMOpaKHBaHHE
JI0 HU3KUX TeMnepatyp. [y mpenorepamienns nedma-
TONPHUATHOTO BO3IEHCTBHS (PU3NKO-XUMUIECKHX MOB-
pexaaromux GaKTopoB NPH 3aMOPAKHUBAHUH 1 BBICY-
[IMBaHUHU BUPYCOB CIEAyeT IPHUMEHSTh CTAOMIH3UPYIO-
LIMe€ BellecTBa pa3ndHoM npupoasl. He cymecTtsyer
€IMHOI0 OIITUMAJIbHOTO IIPOTOKOJIA JOJITOCPOYHOIO Xpa-
HEHHUSI BUPYCOB, YTO, BEPOSATHO, OOBACHSIETCS Pa3iu-
YHUSAMH HX YIBTPAacTPYKTYpsblI [3]. B 31011 cBsI3M HeoOXo0-
Ma pazpaboTKa METOAMK JOJITOCPOYHOIO XPaHEHHS
Pa3HBIX IITAMMOB U BH/IOB BUPYCOB.
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