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ABSTRACT

This article presented the results of a study on the impact of physicochemical factors on the biological activity of the
SARS-CoV-2 coronavirus isolated from a dog in the Republic of Kazakhstan. The results indicated that storing the virus at
a temperature of -70°C led to a decrease in viral activity, similar to the effect observed when stored at room temperature.
Storage at +40°C resulted in complete inactivation of the virus. The study on the effect of various concentrations of ionic and
non-ionic detergents revealed that exposure to the ionic detergent DOC at concentrations of 0.1% and 0.5% caused a decrease
in viral activity, while no change was observed at a concentration of 0.01%. The detergent SDS, at concentrations of 0.01%,
0.1%, and 0.5%, reduced the biological activity of the virus from the initial titer (5.25 Ig TCID_ /cm?®) to 4.00 Ig TCID50/cm®.
Similarly, the use of non-ionic detergents, Triton X-100 and Tween-20, led to a reduction in viral activity from the initial titer

to 4.50 1g TCID50/cm?.

The effect of pH in acidic, neutral, and alkaline environments on the biological activity of the virus was also studied. A
decrease in viral activity was observed at acidic and alkaline pH levels, whereas a neutral pH environment had no impact on

viral activity.

Keywords: coronavirus infection, physicochemical properties, biological activity.physico-chemical factors, isolation from
the virus, virus resistance, coronavirus infection, virus resistance, biological activity.

INTRODUCTION

Coronaviruses (CoV) are a family of viruses that include
43 types of RNA-containing viruses, such as severe acute re-
spiratory syndrome coronavirus (SARS-CoV), Middle East
respiratory syndrome coronavirus (MERS-CoV), bat SARS-
like CoV, among others, that infect mammals, including hu-
mans, birds, and amphibians [1]. To date, seven types of hu-
man coronaviruses from the Coronaviridae family are known,
including three associated with severe acute respiratory syn-
dromes (SARS-CoV, MERS-CoV, and SARS-CoV-2) and
four types of coronaviruses (HCoV) that primarily cause mild
colds. According to researchers from various countries, all
four types of HCoV circulate in the human population year-
round and have seasonal peaks in incidence [1,2].

The coronavirus disease 2019 (COVID-19) pandemic has
placed an unprecedented burden on healthcare systems world-
wide, leading to a global crisis. Coronaviruses can infect hu-
mans as well as several animal species [1-3]. When infected,
coronaviruses can cause a spectrum of illnesses, ranging from
mild acute respiratory infections to severe acute respiratory
syndrome [3, 4].

During the replication process, coronaviruses can induce
genetic variability through spontaneous mutations, although
their mutation rate is relatively low compared to other RNA
viruses, such as the influenza A virus and HIV [4].

Despite the extensive research conducted globally on the
immunobiological properties of the SARS-CoV-2 virus, the
virus’s physicochemical properties have not been studied as
extensively.

This paper presents the results of a study examining the
influence of physical and chemical factors on the biological

activity of the SARS-CoV-2 virus isolate from Kazakhstan.

MATERIALS AND METHODS

Samples

Virus. The study used the SARS-CoV-2/Canis lupus famil-
iaris/KAZ/CCoV_Almaty KZ 2022 coronavirus isolate (ID:
PP898122) isolated from a dog with a biological activity of
5.251g TCID, /cm’®. The virus was grown in a Vero cells and
isolated by blind passaging for at least three generations [5].

Determination of the biological activity of virus-contain-
ing material by titration

The infectious activity of the virus was determined by ti-
tration [6] in a Vero cell culture grown in a 96-well culture mi-
croplate. Serial 10-fold dilutions of the virus stock from 10!
to 10°® were prepared in DMEM supplemented with 2% FBS,
100 U/ml penicillin and 100 pg/ml streptomycin, and 100 pl
of the diluted virus was added to each well. The cells were
incubated at 37 °C in an atmosphere of 5% CO, for 7 days,
and a cytopathic effect was assessed using an inverted micro-
scope. The virus titer was calculated using the Reed-Muench
formula and expressed as 1g TCID50/cm3 [5, 7].

Purification and concentration of the virus by centrifu-
gation

The virus was centrifuged at 400,000 g in a Himac FN-150
ultracentrifuge for 30 min. The pellet was then resuspended
in 0.05% phosphate buffer [8].

Effect of different temperatures on the virus. The purified
virus was incubated at -70°C, +22°C, and +40°C.

Effect of pH environment on the virus. After purification,
the virus pellets were resuspended in buffer solutions with dif-
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ferent pH values: 5.0-5.3, 7.0-7.2, and 8.8-9.0.

Study of the effect of chemical factors on the biological
activity of coronavirus. The virus-containing suspension was
treated with ionic detergents: sodium dodecyl sulfate (SDS),
sodium deoxycholate (DOC), Tween-20 and Triton X-100.
The detergent was added to the virus-containing suspension
at a concentration of 0.5%, 0.1%, and 0.01%. The mixture
was incubated for 30 minutes at 37°C with constant shak-
ing. It was then freed from the detergent by centrifugation at
400,000 g in a Himac FN-150 ultracentrifuge for 30 minutes.
The sediment was resuspended in 0.05 M phosphate buffer
and used to determine biological activity in Vero cell culture.

The data were processed using the GraphPad Prism 8 soft-
ware package and subjected to statistical analysis using the
Student’s t-test, with significance considered at p < 0.05

RESULTS

Currently, there are studies on the influence of physical
and chemical factors on the properties of coronavirus [5]. De-
spite the in-depth analysis of the immunobiological properties
of the virus conducted in many countries, the physicochemical
properties of coronavirus have not been sufficiently studied.
As a result of circulation in the environment, the virus is ex-
posed to various physical factors, such as high/low tempera-

ture, acidity of the environment, exposure to UV rays, etc.
Along with this, chemical effects on the virus can affect its ac-
tivity. The subject of our study was the effect of some of these
factors on the virus. The data obtained can be used to develop
means and methods for disinfection and virus inactivation.

The virus was precipitated by centrifugation, and the vi-
rus sediment was resuspended in 0.05 M PBS with a pH be-
tween 5.0 and 9.0.

It should be noted that the biological activity of the Ka-
zakhstan coronavirus isolate at pH values within 7.0-7.2 re-
mains at the same level as the initial titer, and within 5.0-5.3,
a slight decrease in virus activity is observed. When the en-
vironment is alkalized (pH 8.8-9.0), a significant reduction
in the virus’s biological activity titer is observed (Table 1).

When studying the effect of low temperature (-70°C) on
the virus’s biological activity, it was found that during the ob-
servation period, no significant changes in biological activity
were observed. However, when incubating the viral material
at room temperature, a slight decrease in the virus’s biologi-
cal activity was observed. Further research showed that incu-
bation of the viral material at elevated temperatures (+40 °C)
leads to complete inactivation of the virus (Table 2).

Further work was carried out to study the effects of chem-
ical factors on the biological activity of the coronavirus. In

Table 1. Study of the effect of pH on the biological activity of a virus-containing coronavirus suspension

Physical factors

Name of material Initial titer

Biological activity (IgTCD, /cm’) at pH values in acidic, neutral and alka-

line environments

pH=5.0-5.3

pH=7.0-7.2 pH=8.8-9.0

Coronavirus isolate | 5.25 Ig TCID, /cm’

5.08+0.14

5.25+0.08 4.4210.14

Table 2. Study the effect of various temperature indicators on the biological activity of the virus-containing coronavirus

suspension

Name of material Initial titer

Results of the impact of different temperatures on the virus

The effect of subzero temperatures on the biological activity of the virus

(IgTCID, /em’)

at -70°C for 3 days

at -70°C for 6 days at -70°C for 9 days

5.25+0.08

5.08+0.14 5.00£0.00

5251g

The effect of room temperature on the biological activity of the virus (IgT-

CID, /cm’)

Coronavirus isolate TCID Jem’

at +22°C for 3 days

at +22°C for 6 days at +22°C for 9 days

4.50+0.14 4.00+0.08 3.25+0.08
The effect of elevated temperatures on the biological activity of the virus
(IgTCID, /em’)
at +40°C for 3 days at +40°C for 6 days at +40°C for 9 days
1.50 £0.00 0.0 £0.00 0.0 +0.00
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Figure 1. Analysis of the effect of formaldehyde on biological activity at different temperature conditions and inactivator concentrations
compared with the control.

A - incubation at 4°C; B - incubation at 22°C; C - incubation at 37°C

Table 3. Effect of detergents on biological activity

Name of L Biological activity (IgTCID, /cm’) after treatment with detergents

. Initial titer
material DOC SDS Triton X-100 TWIN-20
Coronavirus ”Sf,éfDlg/ 0.5% | 0.1% | 0.01% | 0.5% | 0.1% | 0.01% | 0.5% | 0.1% | 0.01% | 0.5% | 0.1% | 0.01%
isolate cm’ ¥ 4.00 | 4.75 5.25 4.00 | 4.50 5.25 450 | 4.75 5.25 450 | 5.00 5.25

this case, the rate of virus inactivation under the influence of
formaldehyde in different concentrations (0.025%, 0.05% and
0.1%) at temperatures of 4°C, 22°C and 37°C was assessed.

The Figure 1 illustrates the rate of virus inactivation un-
der the influence of formaldehyde at different concentrations
and temperatures. At a final formaldehyde concentration of
0.05% and 0.10%, and a temperature of 37°C, the virus rap-
idly loses infectivity in cell cultures, with significant inactiva-
tion observed after just 1 hour. At room temperature (22°C),
the virus begins to lose infectivity starting from the 3rd hour
of exposure to the tested formaldehyde concentrations.

In contrast, at 4°C, virus inactivation by formaldehyde oc-
curs much more slowly compared to 22°C and 37°C. Treat-
ment with 0.1% and 0.05% formaldehyde solutions at 4°C
leads to a complete loss of viral infectivity for cell cultures af-
ter 5 and 6 hours of exposure, respectively. By the 7th hour of
observation, the virus has entirely lost its residual infectivity.

Thus, it was established that formaldehyde’s effectiveness
depends on the ambient temperature and the concentration of
the inactivator. The most pronounced decrease in the virus’s
biological activity is observed at high temperatures (37°C).

At room temperature (22°C), formaldehyde is less effective.
At low temperatures (4°C), more time is required to achieve
similar results.

Next, detergents, such as DOC, SDS, Triton X-100, and
Tween-20, were added to the viral material at concentrations
0f 0.01%, 0.1%, and 0.5% (v/v). The mixture was incubated
for 30 min at 37°C with constant shaking. The detergent was
precipitated by centrifugation. The sediment was resuspended
in 0.05 M PBS and used to determine the biological activity
in the Vero cell culture.

The data in Table 3 indicate that the viral material is sen-
sitive to the action of detergents. Under the influence of the
ionic detergent DOC in concentrations of 0.1% and 0.5%, a
decrease in viral activity can be observed, and in 0.01% con-
centrations, no change in viral activity is observed. Using the
detergent SDS in concentrations of 0.01%, 0.1% and 0.5%,
a decrease in the biological activity of the virus from the ini-
tial titer (5.25 1g TCID, /cm’) to 4.00 1g TCID, /ecm® is notice-
able. Also, using the non-ionic detergents Triton X-100 and
Tween-20, a decrease in viral activity from the initial titer to
4.50 1g TCID, /cm’ can be observed.
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DISCUSSION

According to the literature, the new coronavirus infec-
tion, SARS-CoV-2, is no longer an extreme event in soci-
ety’s life and is gradually becoming a dangerous infection
for which it is necessary to plan and implement anti-epidemic
measures [9].

Emergency measures (medicines, immunobiological
drugs, and diagnostic test systems) to contain the spread of
coronavirus infection helped to avoid a global collapse during
the exponential growth of the incidence rate [10-15].

In recent years, virology has focused on studying the mo-
lecular genetic properties of pathogens of viral infections,
and the study of the physicochemical and biological prop-
erties of viruses remains poorly understood. Thus, many of
the main virological questions remain unanswered despite the
studies of biological and physicochemical properties. Despite
the abundance of scientific information, there is a lack of in-
formation on the physicochemical properties of coronavirus
infection, mainly related to their resistance to various envi-
ronmental factors (pH, temperature, ultraviolet, chemicals),
which does not provide confidence in the effectiveness of vet-
erinary and sanitary measures.

Studying the pathogen’s resistance to various manipula-
tions during which it is exposed to multiple physicochemical
factors is very important. Edward Patterson carried out simi-
lar work on the SARS-CoV-2 inactivation method for subse-
quent biological analyses, which found that Triton X-100 in
concentrations of 0.5% completely inactivates the virus. In
our studies, Triton X-100 was used in 0.01%, 0.1% and 0.5%
concentrations. According to our data, this detergent reduces
the activity of the virus from the initial titer (5.25 1g TCID,/
cm’) to 4.50 Ig TCID, /em’, but complete inactivation of the
virus did not occur. These same studies showed that when the
virus was exposed to the detergent Tween-20, a decrease in
the biological activity of the virus was observed; we obtained
similar results. [16-19].

The study of the influence of physicochemical factors on
the properties of coronavirus infection is relevant and of not
only theoretical but also practical importance for the selec-
tion of relevant strains for the production of diagnostic and
prophylactic agents and for the development of measures to
combat this infection.

CONCLUSION

This work studied the effects of physical and chemical fac-
tors on the biological activity of the SARS-CoV-2 virus iso-
late isolated in the Republic of Kazakhstan.

The obtained data are of current value to the scientific
community and have theoretical and practical significance in
the fight against coronavirus infection.
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TYHUIH

By makanana Kazakcran PecrryOnmukaceHbIH aymarsiaaa HTTeH O0eniared SARS-CoV-2 kopoHaBUPYCHIHBIH OHOIOTHSITBIK
OenceHaiNiriHe pU3NKa-XUMUSIIBIK (PaKTOPIAPIBIH dCepiH 3epTTey HOTmKenepi Kenripinrern. Hotmxenep Bupyctsl — 70°C
TeMIIepaTypaja cakTay 0eMe TeMIepaTypacklHAa caKTay CHSKTHI BUPYC OCJICEHIUIITIHIH TOMEH/IEYiHe OKeIeTiHIH KOPCEeTTi.
+40 °C TemriepaTypaga cakTay BUPYCTHIH TOJBIK HHAKTHBAIISICEIHA oKeJIe li. Op TYPIIi acepiepi 3epTTey HOHIBIK KOHE HOH-
JIBIK eMEC JKYFBIII 3aTTapAblH KoHneHTpausice 0,1% xone 0,5% xorunenTparmsiceiana JJOX MOHABIK JKYFBIII 3aTTHIH ocepi-
HEH BHpYC OCICEHAITIriHIH TOMEHEYIH Oalikayra OomaTsiHBIH KepceTTi, an 0,01% KoHIeHTpanmsaaa Bupyc 0eiIceHALTIriHIz
e3repyi Oaitkammaiiner. 0,01%, 0,1% xone 0,5% xoHnenTpanuscsiHAars! JJCH skyFbImT 3aT BUPYCTHIH OHOIOTHSITBIK OeliceH-
nimirigig 6actanks! TatTp (5,25 1g THI[SO/CM3) 4,00 1g TI.[I[SO/CM3/:[eP“IiH temeHzeyiHe okengi. Connaii-ak, Tputon X-100 xone
TWIN-20 noHIBIK eMec KYFBIII 3aTTapAsl KOJIIaHy apKBUTBI BUPYCTHIH OeJCeHIUTIriHIH 6acTanks! TuTpaeH 4,50 1g TI_II[SO/
oM’ fieifin TeMeHIereHin Galikayra 00ajbl.

Kpimkput, 6eriTaparn xoHe CiTin opTragarsl pH-HBIH BUPYCTHIH OMOJIOTHSUTBIK OeNICeHAUTIriHE acepi 3epTTenai. KpIKbut
JKoHE cinTiii opraHbiH pH-ma Bupyc OenceHaiuTiriHig ToMeHaeyi Oaiikanaapl, oiTKeHi OefiTapan opTaHblH pH-bI BUPYCTHIH
OenceH/ITIriHe 9cep eTIeHI.

Tyiiinai cenep: ¢puzrka-xUMHUSIIBIK (haKTOpiap, BUPYCTaH OKLIAyJay, BAPYCTHIH TYPAKThUIBIFBI, KOPOHABUPYCTHIK HH(EK-
LHsI, BUPYCTBIH TYPaKTBUIBIFbI, OMOJIOTHUSUIBIK OEICEH/LTIK.
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BJIUSAHUE ®U3NKO-XUMHNYECKNX ®PAKTOPOB HA U30JIAT SARS-COV-2, BBIIEJIEHHOI'O OT
COBAKH

Camnkasmena C.0.!, Kaaumouaa 9.0K."", Adaii XK.C.!, Hlasxmeros E.A.!, Mosgarynosa C.V.!, lllopaeBa K.A.!,
Jxexebexo K.K.!, Omypraii A.J1.!, Kynymos A.T.2, Koxxadeprenos H.C.!, Ecneméeros B.A.!, Kacenos M.M.!,
HypneiicoBa A.C..

'TOO «Hayuno-ucciedosamenvckuil uHcmunym npoonem ouonocudeckoii 6esonachocmuy Isapoeiickuii 080409, Kazaxcman
’Hayuonanvhas akademus nayk Kvipewvisckou Pecnyonuxu, Keipevizcman
* Asmop o koppecnondenyuu. elina.kalimolda@mail.ru

ABCTPAKT

B nanHO# cTaThe MpUBENEHBI Pe3yNbTaThl H3yUeHHUsT BO3ACUCTBHS (PU3UKO — XUMHUYECKHX (aKTOPOB Ha OHOJIIOTHYECKYIO
aKTUBHOCTH KopoHaBupyca SARS-CoV-2, BeigenenHoro ot cobaku Ha Tepputopun Pecryonuku Kazaxcran. Pesynsratsl mo-
KazaJjH, 9T0 XpaHeHHe BHpyca Ipu Temueparype — 70°C npuBOIHUT K CHIDKEHHIO aKTUBHOCTH BHpYCa TaKkKe, Kak U XpaHEHHe
MIpU KOMHATHOM Temreparype. XpaHeHnue npu temneparype + 40°C npuBoaUT K IOJTHON MHAKTUBAIMK BUpyca. V3yueHue Biu-
SHUS pa3IMYHBIX KOHLIEHTPAIMA HOHHBIX U HE HOHHBIX JIETEPreHTOB MTOKA3aJI0, YTO MO BO3AEHCTBHEM HOHHOTO JIeTepreHTa
JOX B xonnentpanusax 0,1% u 0,5% MO0XHO 3aMeTHTh CHH)KEHHE aKTHBHOCTH BHpyca, a B 0,01% KoHIIeHTpanusx u3MeHe-
HHUe aKTUBHOCTHU Bupyca He Habmonaercs. ereprent JICH B xonnentpauusax 0,01%, 0,1% u 0,5% npuBoANUI K CHIKEHHIO
OMOJIOrMYECKOH aKTHBHOCTH BUpYCa OT McxoHoro Tutpa (5,25 Ig TLJL, /em®) o 4,00 g TLL, /em®. A Takke ¢ MCTIOIb30Ba-
HUEM He HOHHBIX neTepreHToB TputoH X-100 u TBUH-20 MOXXHO 3aMETUTh CHIDKEHUE aKTHBHOCTH BHUPYCa OT UCXOIHOTO TH-
Tpa j10 4,50 g THJL, /em’.

W3zyueno pnusinue pH kucioi, HEHTpaNbHOM | IETOYHBIX Cpell Ha OMOIOTHYECKYI0 aKTUBHOCTh BUpyca. [Ipu pH kuc-
JIOW U LLEJIOYHBIX CpeAax 3aMETHBI CHU)KEHUE aKTUBHOCTH BUPYCa, TOrAA Kak HeUTpanbHas pH cpena He 0ka3bIBa€T HUKAKOTO
BJIMAHUA HAa aKTUBHOCTH BHUpYCa.

KiioueBrble cjioBa: (1)H3I/IKO — XUMHUUYCCKHEC q)aKTOpI)I, H30JIAT U3 BUpPYCa, YCTOfI‘IPIBOCTL BHUpYyCa, KOpOHABHUPYCHas I/IH(l)eK-
s, CTaOUILHOCTE BUpYCa, OHOJIOrMY€ECKast AKTUBHOCTb.
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