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Abstract

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has spread worldwide with its different variants. The
transmission efficiency of the new variants is much higher than the existing ones. Therefore, developing new preventive measures
based on the transmission routes of the virus is needed to limit the spread. The possible transmission routes include direct
contact with surfaces contaminated with droplets secreted by patients and airborne viral transmission from person to person.
Thermal inactivation is a preventive measure that applies high temperature to objects or fluids, as has been reported previously.
However, inactivation data of aerosolized SARS-CoV-2 exposed to heat for a short time at high temperatures are not in the
literature yet. We evaluated the inactivation of the aerosolized virus while passing through an electric heater. The virus
inactivation test experiments were conducted at two temperatures of the heater’s outlet air, 150±5oC, and 220±5 oC, at an air
flow rate of 0.6 m3/h (10 L/min) and heat exposure time of 1.44 s. The loss in viability of the virus at 150 oC and 220 oC was
measured as 99.900% and 99.999%, respectively. The results indicate that the high-temperature inactivation of SARS-CoV-2
may potentially reduce aerosolized viral indoors.
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The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has spread worldwide with its different
variants. The transmission efficiency of the new variants is much higher than the existing ones. Therefore,
developing new preventive measures based on the transmission routes of the virus is needed to limit the
spread. The possible transmission routes include direct contact with surfaces contaminated with droplets
secreted by patients and airborne viral transmission from person to person. Thermal inactivation is a
preventive measure that applies high temperature to objects or fluids, as has been reported previously.
However, inactivation data of aerosolized SARS-CoV-2 exposed to heat for a short time at high temperatures
are not in the literature yet. We evaluated the inactivation of the aerosolized virus while passing through an
electric heater. The virus inactivation test experiments were conducted at two temperatures of the heater’s
outlet air, 150+-5oC, and 220+-5oC, at an air flow rate of 0.6 m3/h (10 L/min) and heat exposure time
of 1.44 s. The loss in viability of the virus at 150oC and 220oC was measured as 99.900% and 99.999%,
respectively. The results indicate that the high-temperature inactivation of SARS-CoV-2 may potentially
reduce aerosolized viral indoors.

Keywords: SARS CoV-2, Aerosolized Coronavirus, Covid 19, Thermal inactivation, High Temperature

1 | INTRODUCTION

The new variance of SARS-CoV-2 has a 43% to 90% higher reproduction number than the existing vari-
ants(Davies et al., 2021). Possible transmission routes include airborne particles, respiratory droplets, and
contact with a contaminated surface. Interrupting the chain of the transmission routes is vital to limit the
spread of the virus. One of the inactivation methods is high-temperature exposure of contaminated sur-
faces or liquids, which has been reported previously(Darnell et al., 2004; Hessling et al., 2020; Liu, 2004).
Heat inactivation of SARS-CoV-2 has mainly been used to sterilize contaminated personal protective equip-
ment such as masks and gloves in hospitals and contaminated equipment and liquids in laboratories before
reuse(Abraham et al., 2020; Batejat et al., 2021; Biryukov et al., 2021).

SARS-CoV in liquid was inactivated in 45 minutes and 75 minutes at a temperature of 75 oC and 56 oC,
respectively(Darnell et al., 2004). A 4 log10 TCID50 reduction was observed with a heat treatment protocol
of 60oC - 60 min and 92 oC - 15 min(Pastorino et al., 2020). Using the SARS-CoV and SARS-CoV-2 data
from different studies, the time required for 5 log10-reduction was estimated as 32.5, 3.7, and 0.5 minutes for
temperatures of 60 oC, 80oC, and 100 oC(Hessling et al., 2020). A 6 log10 TCID50 reduction was obtained
within a fluidic system within 1.03 s at a temperature of 83.4 oC(Jiang et al., 2021). Nevertheless, dry heat
inactivation of aerosolized SARS-CoV-2 has not been investigated yet.

During the Covid-19 pandemic, exposure to indoor aerosolized SARS CoV-2 has become one of the primary
challenges (Chia et al., 2020; Morawska et al., 2020). Heat inactivation of the aerosolized SARS-CoV-2 is
one way to reduce the spread of 2019 coronavirus disease (COVID-19). In the present study, the inactivation
of SARS-CoV-2 at high air temperatures of 150 oC and 220 oC has been investigated using an experimental
setup, while minimizing potential hazards.

2 | MATERIALS AND METHODS

Preparation of SARS-CoV-2 Suspensions Experiments were performed in biosafety level 3 (BSL3) facilities,
using a stock suspension of SARS-CoV-2 strain (Gen Bank No: MT955161.1). SARS-CoV-2 virus stock was
prepared by inoculating the Vero E6 cell line in Dulbecco’s modified Eagle’s medium (DMEM-10). Dulbecco’s
modified Eagle’s medium containing supplements (10% fetal bovine serum, 2nM/ml L-glutamine, 100 U/ml
penicillin, 100 mg/ml streptomycin, and 0.5 mg/ml fungizone (Amphotericin B)) was added to the flask,
and the cells were incubated at 37oC for 72 h. The supernatant was collected, clarified by centrifugation,
and stored at -80oC. TCID50 titer was determined by the Spearman- Karber method as described(Hubert,
1984).

Experimental Setup for Heat Inactivation of SARS-CoV-2 The experimental system is shown in Fig.1, con-
sisted of an air compressor with an air flow rate of 0.6 m3/h (10 L/min), an electric heater (600 Watt), a
venturi injector, an air flow meter (RST Measurement Control Tech., Istanbul, Turkey), a nebulizer (M102,
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Jiangsu Yuyue Medical Equipment & Supply Co., Ltd., Danyang Jiangsu, China) with a nebulization rate
of 0.2 mL/min, with an average particle size of 3.7 microns, an inline polycarbonate filter holder with a
gelatin membrane filter (Sartorius, Gottingen, Germany), a thermometer with k-type thermocouple (CEM-
613, CEM, Shenzhen, China), and an aspirator (Ecoaspir, Kare Medical, and Analytical Devices Ltd. Co.,
Ankara, Turkey ) for vacuuming. Suspension of the SARS-CoV-2 was nebulized into the venturi injector and
mixed with the compressor’s air before entering the electric heater. The temperature of the air increased
through the heater. Since the gelatin filter’s maximum working temperature was 60oC, the silicone house
connected the heater’s outlet and the filter holder wound around the ice to reduce the temperature below
60 oC. The aspirator with an airflow of 0.6 m3/h was connected to the filter holder output and used as a
vacuum pump.

FIGURE 1 1) Hose between the air compressor and air flow meter, 2) Air flow meter, 3) Venturi injector,
4) Nebulizer, 5) Heater, 6) Heater control knob, 7) Thermometer with K-type thermocouple, 8) silicone hose,
9) Ice molds, 10) Gelatin filter holder, 11) Aspirator

A detailed illustration of the electric heater is shown schematically in Fig. 2. The body of the heater was
made of a metal sheet with a thickness of one mm. In the heater, an electric heating coil was located
perpendicular to the air flow and used as a thermal energy source. The heater’s airway cross-section area
is 4x4 cm2 with a length of 25 cm. The heating coil occupies 15 cm of the heater. The thermocouple was
located at the outlet of the heater to measure the outlet temperature. Outside of the heater was isolated
using a fiberglass slab.
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FIGURE 2 Detailed schematic presentation of the heater.

In the control experiment, the heater was off, the compressor and the nebulizer were on for five minutes. The
control experiments were repeated twice. In the test experiments, the heater’s outlet temperature was set
to 150±5oC and 220±5oC. This was accomplished by varying the current through the electric heating coil.
The air flow rate was set to 0.6 m3/h in all the experiments. In the test experiments, the compressor and
the heater were turned on, and then the outlet air temperature was set to one of the above temperatures.
Then, the nebulizer was turned on. After five minutes, the nebulizer was turned off, then the heater and the
compressor were turned off. After the experiments, the gelatin filter inside the inline polycarbonate filter
holder was dissolved in distilled water to harvest the virus.

3 | RESULTS AND DISCUSSION

The viral presence of the stock virus was 7.5 log10TCID50. The control experiments were performed twice,
and the average viral load was 5.5 log10TCID50. In setting the heater outlet air temperature to 150±5oC,
the viral load was reduced to 2.5 log10TCID50. The reduction in the viability of the virus is 3 log10 or 99.9%.
At the higher temperature of 220±5oC, the virus load viability was 0.5 log10TCID50, reducing the infectivity
of the virus to 5 log10 or 99.999%.

Table 1 log10 TCID50 values of the stock virus, control, and test groups.

TEST Experiments
(Log10
TCID50 ) Mean

The average
reduction in
the viral
load

The average
reduction in
the viral
load

Virus
Titration

Stock virus 7.5 - R= log10 C-log10
T R=3.00

%99.900

Virucidal Test
(5 min at 150
0C)

Positive Control
1

5.00 5.50

Positive
Control 2

6.00

Test 1 2.5 -
Virucidal Test
(5 min at 220
0C)

Positive Control
1

5.00 5.50 R= log10 C-log10
T R=5.00

%99.999

Positive
Control 2

6.00
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y. TEST Experiments
(Log10
TCID50 ) Mean

The average
reduction in
the viral
load

The average
reduction in
the viral
load

Test 1 0.5 -

In the table, R is the reduction in viral load, C is an average of TCID50 of the positive control groups, andT
is the TCID50 values of the test groups. The residence time of the air was 1.44 seconds at the air flow rate
of 0.6 m3/h in the heater with a cross-section area of 4x4 cm2 and length of 15 cm. During this time, the
air temperature increased from 20 oC to 150oC or 220 oC.

An analytical model based on the rate law for a first-order reaction and the Arrhenius equation was used
to determine the temperature dependence of the rate constant and estimate the time required to inactivate
SARS-CoV-2(Hessling et al., 2020; Yap et al., 2020) . The rate constantk (T ) for thermal inactivation of
both SARS-CoV-2 and SARS-CoV was obtained(Hessling et al., 2020). Using the same data, we calculated
the inactivation time 0.320 s for 3 log10reductions at 150 oC and 0.007 s for 5 log10 reductions at 220 oC
in the viral load. The residence time of the virus in the heater is 4.5 times and 205 times longer than the
calculated time needed to inactivate the virus at the temperature of 150 oC and 220oC. The approach of
using the heater outlet temperature as a reference is reasonable since the estimated times for inactivation of
the viruses are a fraction of a second and much smaller the residence time for the selected temperatures.

4 | CONCLUSION

Our results show that high-temperature is very effective in inactivating aerosolized SARS-CoV-2 within a
second. It can be implemented primarily during winter, just by increasing the heater’s temperature to 150oC
or above for a fraction of a second to provide 3 log10 reductions in the viral load of SARS-CoV-2 in air.
It has the potential to be used in houses, hospitals, shopping centers, HVAC (heating, ventilating, and air
conditioning) systems, and public transport vehicles during winter.
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Batéjat C, Grassin Q, Manuguerra J-C, Leclercq I. 2021. Heat inactivation of the severe acute respiratory
syndrome coronavirus 2.J. Biosaf. Biosecurity 3 :1–3. https://doi.org/10.1016/j.jobb.2020.12.001.

Biryukov J, Boydston JA, Dunning RA, Yeager JJ, Wood S, Ferris A, Miller D, Weaver W, Zeitouni NE,
Freeburger D, Dabisch P, Wahl V, Hevey MC, Altamura LA. 2021. SARS-CoV-2 is rapidly inactivated at
high temperature. Environ. Chem. Lett. 19 :1773–1777. https://doi.org/10.1007/s10311-021-01187-x.

5



P
os

te
d

on
31

Ja
n

20
24

|T
he

co
py

ri
gh

t
ho

ld
er

is
th

e
au

th
or

/f
un

de
r.

A
ll

ri
gh

ts
re

se
rv

ed
.

N
o

re
us

e
w

it
ho

ut
pe

rm
is

si
on

.
|h

tt
ps

:/
/d

oi
.o

rg
/1

0.
22

54
1/

au
.1

70
66

64
68

.8
07

33
03

3/
v1

|T
hi

s
is

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
-r

ev
ie

w
ed

.
D

at
a

m
ay

be
pr

el
im

in
ar

y.

Chia PY, Coleman KK, Tan YK, Ong SWX, Gum M, Lau SK, Lim XF, Lim AS, Sutjipto S, Lee PH, Son
TT, Young BE, Milton DK, Gray GC, Schuster S, Barkham T, De PP, Vasoo S, Chan M, Ang BSP, Tan
BH, Leo YS, Ng OT, Wong MSY, Marimuthu K, Lye DC, Lim PL, Lee CC, Ling LM, Lee L, Lee TH, Wong
CS, Sadarangani S, Lin RJ, Ng DHL, Sadasiv M, Yeo TW, Choy CY, Tan GSE, Dimatatac F, Santos IF,
Go CJ, Chan YK, Tay JY, Tan JYL, Pandit N, Ho BCH, Mendis S, Chen YYC, Abdad MY, Moses D.
2020. Detection of air and surface contamination by SARS-CoV-2 in hospital rooms of infected patients.
Nat. Commun. 11 .

Darnell MER, Subbarao K, Feinstone SM, Taylor DR. 2004. Inactivation of the coronavirus that induces
severe acute respiratory syndrome, SARS-CoV. J. Virol. Methods 121 :85–91.

Davies NG, Abbott S, Barnard RC, Jarvis CI, Kucharski AJ, Munday JD, Pearson CAB, Russell TW, Tully
DC, Washburne AD, Wenseleers T, Gimma A, Waites W, Wong KLM, van Zandvoort K, Silverman JD, Diaz-
Ordaz K, Keogh R, Eggo RM, Funk S, Jit M, Atkins KE, Edmunds WJ. 2021. Estimated transmissibility
and impact of SARS-CoV-2 lineage B.1.1.7 in England.Science (80-. ). 372 :eabg3055.

Hessling M, Hoenes K, Lingenfelder C. 2020. Selection of parameters for thermal coronavirus inactivation -
a data-based recommendation.GMS Hyg. Infect. Control 15 :Doc16.

Hubert JJ. 1984. Spearman-Karber Method. In: . Bioassay, 2nd Ed.2nd ed. Dubuque, Lowa: Kendall/Hunt
Pub. Co., pp. 65–66.

Jiang Y, Zhang H, Wippold JA, Gupta J, Dai J, de Figueiredo P, Leibowitz JL, Han A. 2021. Sub-second
heat inactivation of coronavirus using a betacoronavirus model. Biotechnol. Bioeng.118 :2067–2075.

Liu J. 2004. A rate equation approach to model the denaturation or replication behavior of the SARS
coronavirus. Forsch. im Ingenieurwesen/Engineering Res. 68 :227–238.

Morawska L, Tang JW, Bahnfleth W, Bluyssen PM, Boerstra A, Buonanno G, Cao J, Dancer S, Floto A,
Franchimon F, Haworth C, Hogeling J, Isaxon C, Jimenez JL, Kurnitski J, Li Y, Loomans M, Marks G,
Marr LC, Mazzarella L, Melikov AK, Miller S, Milton DK, Nazaroff W, Nielsen P V., Noakes C, Peccia J,
Querol X, Sekhar C, Seppänen O, Tanabe S ichi, Tellier R, Tham KW, Wargocki P, Wierzbicka A, Yao M.
2020. How can airborne transmission of COVID-19 indoors be minimised? Environ. Int. 142 .

Pastorino B, Touret F, Gilles M, Lamballerie X De. 2020. Samples : What Protocols for Biosafety ,:6–13.

Yap TF, Liu Z, Shveda RA, Preston DJ. 2020. A predictive model of the temperature-dependent inactivation
of coronaviruses. Appl. Phys. Lett. 117 :060601.

6


