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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 lg TCID50/cm³) to 4.00 lg TCID50/cm³. 
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 lg TCID50/cm³. 

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 
5.25 lg TCID50/cm3. 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 10-1 
to 10-8 were prepared in DMEM supplemented with 2% FBS, 
100 U/ml penicillin and 100 μg/ml streptomycin, and 100 μl 
of the diluted virus was added to each well. The cells were 
incubated at 37 °C in an atmosphere of 5% CO2 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 lg 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

Name of material Initial titer

Physical factors

Biological activity (lgTCD50/cm3) at pH values in acidic, neutral and alka-
line environments

рН=5.0-5.3 рН=7.0-7.2 рН=8.8-9.0

Coronavirus isolate 5.25 lg TCID50/cm3 5.08±0.14 5.25±0.08 4.42±0.14

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

Coronavirus isolate 5.25 lg 
TCID50/cm3

The effect of subzero temperatures on the biological activity of the virus 
(lgTCID50/сm3) 

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

The effect of room temperature on the biological activity of the virus (lgT-
CID50/сm3)

at +22°С for 3 days at +22°С for 6 days at +22°С 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 
(lgTCID50/сm3)

at +40°С for 3 days at +40°С for 6 days at +40°С for 9 days

1.50 ±0.00 0.0 ±0.00 0.0 ±0.00
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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 
of 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 lg TCID50/cm3) to 4.00 lg TCID50/cm3 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 lg TCID50/cm3 can be observed. 

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 
material Initial titer

Biological activity (lgTCID50/cm3) after treatment with detergents

DOC SDS Triton Х-100 TWIN-20

Coronavirus 
isolate

5,25 lg 
TCID50/
cm3

0.5% 0.1% 0.01% 0.5% 0.1% 0.01% 0.5% 0.1% 0.01% 0.5% 0.1% 0.01%

4.00 4.75 5.25 4.00 4.50 5.25 4.50 4.75 5.25 4.50 5.00 5.25
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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 lg TCID50/
cm3) to 4.50 lg TCID50/cm3, 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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ТҮЙІН

Бұл мақалада Қазақстан Республикасының аумағында иттен бөлінген SARS-CoV-2 коронавирусының биологиялық 
белсенділігіне физика-химиялық факторлардың әсерін зерттеу нәтижелері келтірілген. Нәтижелер вирусты – 70ºС 
температурада сақтау бөлме температурасында сақтау сияқты вирус белсенділігінің төмендеуіне әкелетінін көрсетті. 
+40 ºС температурада сақтау вирустың толық инактивациясына әкеледі. Әр түрлі әсерлерді зерттеу иондық және ион-
дық емес жуғыш заттардың концентрациясы 0,1% және 0,5% концентрациясында ДОХ иондық жуғыш заттың әсері-
нен вирус белсенділігінің төмендеуін байқауға болатынын көрсетті, ал 0,01% концентрацияда вирус белсенділігінің 
өзгеруі байқалмайды. 0,01%, 0,1% және 0,5% концентрациясындағы ДСН жуғыш зат вирустың биологиялық белсен-
ділігінің бастапқы титр (5,25 lg ТЦД50/см3) 4,00 lg ТЦД50/см3дейін төмендеуіне әкелді. Сондай-ақ, Тритон Х-100 және 
TWIN-20 иондық емес жуғыш заттарды қолдану арқылы вирустың белсенділігінің бастапқы титрден 4,50 lg ТЦД50/
см3 дейін төмендегенін байқауға болады.

Қышқыл, бейтарап және сілтілі ортадағы рН-ның вирустың биологиялық белсенділігіне әсері зерттелді. Қышқыл 
және сілтілі ортаның рН-да вирус белсенділігінің төмендеуі байқалады, өйткені бейтарап ортаның рН-ы вирустың 
белсенділігіне әсер етпейді. 

Түйінді сөздер: физика-химиялық факторлар, вирустан оқшаулау, вирустың тұрақтылығы, коронавирустық инфек-
ция, вирустың тұрақтылығы, биологиялық белсенділік.
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АБСТРАКТ 

В данной статье приведены результаты изучения воздействия физико – химических факторов на биологическую 
активность коронавируса SARS-CoV-2, выделенного от собаки на территории Республики Казахстан. Результаты по-
казали, что хранение вируса при температуре – 70ºС приводит к снижению активности вируса также, как и хранение 
при комнатной температуре. Хранение при температуре + 40ºС приводит к полной инактивации вируса. Изучение вли-
яния различных концентраций ионных и не ионных детергентов показало, что под воздействием ионного детергента 
ДОХ в концентрациях 0,1% и 0,5% можно заметить снижение активности вируса, а в 0,01% концентрациях измене-
ние активности вируса не наблюдается. Детергент ДСН в концентрациях 0,01%, 0,1% и 0,5% приводил к снижению 
биологической активности вируса от исходного титра (5,25 lg ТЦД50/см3) до 4,00 lg ТЦД50/см3. А также с использова-
нием не ионных детергентов Тритон Х-100 и Твин-20 можно заметить снижение активности вируса от исходного ти-
тра до 4,50 lg ТЦД50/см3.

Изучено влияние рН кислой, нейтральной и щелочных сред на биологическую активность вируса. При рН кис-
лой и щелочных средах заметны снижение активности вируса, тогда как нейтральная рН среда не оказывает никакого 
влияния на активность вируса.

Ключевые слова: физико – химические факторы, изолят из вируса, устойчивость вируса, коронавирусная инфек-
ция, стабильность вируса, биологическая активность.
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