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A B S T R A C T   

Currently, the rapid global spread of SARS-CoV-2 is related to G clade (including GH, GR, GRY and GV clades), 
which are associated with more than 98 % of sequenced viral isolates worldwide. The unprecedented velocity of 
spread of SARS-CoV-2 outbreak represents a critical need for prevention strategies. Vaccines are recently being 
available and antiviral drugs have shown limited efficacy in COVID-19 patients. Thus, it is needed to know how 
to reduce the infectivity of the virus by different physicochemical conditions in order to prevent exposure to 
contaminated material. 

This work describes heating and irradiating UV-C light procedures to reduce the infectivity of SARS-CoV-2 
belonging to different three lineages. Results of physicochemical treatment showed no differences among viral 
lineages. Analytical conditions for efficient inactivation of SARS-CoV-2 were determined.   

1. Introduction 

The current COVID pandemic has generated 176,380,186 infected 
people and 3,814,228 deaths worldwide until June 15 (https://cor 
onavirus.jhu.edu/map.html). The disease-causing virus was identified 
as severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) due 
to its similarity to SARS-CoV (Coronaviridae Study Group of the Inter-
national Committee on Taxonomy of Viruses, 2020). Eight major clades 
are defined by GISAID, based on marker mutations, grouping SAR-
S-CoV-2 in. S, L, V, G, GH, GR, GRY and GV (https://www.gisaid.org/). 
These clades are subdivided into major lineages from A to Z and sub-
sequently in lineages (for example A.2 and A.2.1) (Rambaut et al., 
2021). 

In february 2021, the World Health Organization (WHO) defined the 
“SARS-CoV-2 variant of concern” (VOC) and “SARS-CoV-2 variant of 
interest” (VOI) as viral isolates from lineages with highest public health 
implications (World Health Organization, 2021). By the middle of June 
2021, a WHO label was added to these variants as follow for VOCs: 
Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), Delta (B.1.617.2) and for 
VOIs: Epsilon (B.1.427/429), Zeta (P.2), Eta (B.1.525), Theta (P.3), Iota 
(B.1.526), Kappa (B.1.617.1) and Lambda (C.37). By June 15, almost 25 
% of the total sequences submitted to GISAID belonged to Alpha variant; 
5% to Gamma variant and 70 % to Delta and Eta variants. From the total 

(3495) of Chilean sequences submitted by that date 22.6 % corre-
sponded to Gamma, 19.2 % to Lambda, 3.75 % to Alpha, 0.6 % to 
Epsilon, 0.5 % to Zeta, 0.4 % to Iota and 0.05 % to Beta. Moreover, 
B.1.110 lineage was present in 3.5 % of this total, and is characterized in 
cov-lineages.org as a Chilean, American and Australian lineage (O’Toole 
et al., 2021). 

The G, GR (P.1 included), GRY (B.1.1.7 included), GH (B.1.110 
included) and GV clades are associated with more than 98 % of 
sequenced circulating viruses (https://www.gisaid.org/). All they have 
a spike protein variant, and pseudotyped viruses expressing Gly614 
instead Asp614 produces a virus with higher infectivity than wild type 
variant, which has been correlated with increased thermostability (Long 
et al., 2020). Despite this, heat, detergents and ultraviolet (UV) irradi-
ation have been described as useful for inactivating SARS-CoV-2 samples 
and/or decontaminating work areas and sample processing elements 
(Heilingloh et al., 2020; Inagaki et al., 2020; Patterson et al., 2020; 
Biasin et al., 2021). However, these studies do not show the response of 
SARS-CoV-2 isolates from different lineages to different temperature or 
UV irradiation conditions. 

In this work, we showed how three isolates belonging to lineages P.1 
(VOC), B.1.1.7 (VOC) and B.1.110 were affected by heat using different 
temperatures and UV irradiation at different dosages. 
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2. Material and methods 

2.1. SARS-CoV-2 isolation 

Three clinical isolates of SARS-CoV-2, previously confirmed as pos-
itive by rRT-PCR and classified in lineages B.1.110, P.1 and B.1.1.7 by 
whole-genome sequencing, were isolated from nasopharyngeal swabs 
collected in tubes containing UTM-RT mini transport media (Copan 
Diagnostics Inc.) in a BSL3 laboratory. Monolayers of Vero E6 cells 
(ATCC® CRL-1586™) were seeded in MEM containing 10 % (v/v) fetal 
calf serum and cultured at 37 ◦C in a 5% carbon dioxide atmosphere. 
After seven days of incubation, all tissue cultures showed SARS-Cov-2 
cytopathic effect. Virus stocks were collected by centrifuging superna-
tants of infected cells at 3000 rpm for 10 min and stored at − 80 ◦C. Viral 
titers were determined by endpoint dilution assay: serial dilutions of 
virus samples were incubated at 37 ◦C for 4 days and subsequently 
examined for cytopathic effect (CPE) in infected cells, calculating the 50 
% tissue culture infective dose (TCID50). 

2.2. Inactivation of SARS-CoV-2 by temperature 

To determine the susceptibility of SARS-CoV-2 to temperature, 
200 u L aliquots of virus normalized at 108.5 TCID50/mL in Phosphate- 
Buffered Saline (PBS) were incubated in triplicates in 1.5 mL poly-
propylene tubes using a heating block (Thermomixer comfort, Eppen-
dorf) to set four different temperatures: 45, 50, 55 and 60 ◦C in different 
times up to 60 min. After exposure, the TCID50/mL of each sample was 
determined by endpoint dilution using seven serial ten-fold dilutions, as 
described before. An unheated virus suspension was used as a negative 
control. 

2.3. Inactivation of SARS-CoV-2 by UV-irradiation 

To determine the susceptibility of SARS-CoV-2 to UV-C irradiation, 
200 u L aliquots of virus normalized at 108.5 TCID50/mL in PBS were 
irradiated in triplicates with UV-C light for up to 30 min in the six upper 
wells of flat-bottomed 24-well plates. Those upper wells were irradiated 
at a distance of 60 cm with one lamp UV-C light source in a Class II type 
A2 laminar flow biosafety cabinet (NuAire). Irradiation with 0.1 mW/ 

cm2 was in times 2.5, 5, 7.5, 10, 12.5, 15, 20 and 30 min and, each dose 
corresponding to 15, 30, 45, 60, 75, 90, 120 and 180 mJ/cm2, respec-
tively. After exposure, the TCID50/mL of each sample was determined by 
endpoint dilution using seven ten-fold dilutions, as described before. An 
unirradiated virus suspension was used as a negative control. 

3. Results 

When the isolates of lineages B.1.110, P.1 and B.1.1.7 of SARS-CoV-2 
were incubated at different temperatures, they showed to be susceptible 
to heat: at 45 ◦C the log10 of TCID50/mL after 60 min decreased from 
8.5 to 2.5, 2.5 and 1.5 in each isolate, respectively. At 50 ◦C, the log10 of 
TCID50/mL after 30 min decreased from 8.5 to 2, 0.5, and 2 in each 
isolate, respectively. At 55 ◦C, the log10 of TCID50/mL after 10 min 
decreased from 8.5 to 1.5, 1.5 and 2 in each isolate, respectively. At 
60 ◦C, the log10 of TCID50/mL decreased from 8.5 to 0.5 for the three 
isolates before 10 min of incubation (Fig. 1). 

The three isolates also showed high susceptibility to UV-C irradia-
tion, decreasing from 8.5 to 0.5 log10 TCID50/mL after 30 min of 
exposition into the biosafety cabinet (Fig. 2). 

4. Discussion 

The current global SARS-CoV-2 pandemic is of urgent concern due its 
high transmission rate and spread throughout the world. Although 
currently there are vaccines available, however, the high case number at 
world level (incidence) is related to vaccine escape (Thompson et al., 
2021) and there are reports about some escape variants (Ikegame et al., 
2021; Collier et al., 2021; Zhou et al., 2021). Thus, there is a funda-
mental need to know how to reduce the virus infectivity and inactivate it 
under different physicochemical conditions, in order to reduce the risk 
of contagion by contaminated surfaces in laboratories working with 
COVID samples or healthcare facilities. 

The TCID50 assay is an endpoint dilution assay that determines the 
point at which 50 % of cells in a culture are infected (Ramakrishnan, 
2016), relating those results with the viral infectivity or viral inactiva-
tion. Heat was the first way for viral inactivation: viral isolates from the 
three lineages were incubated at several temperatures showing different 
results. At 45 ◦C, TCID50/mL decreased by half after 10 min, but after 

Fig. 1. Effect of heating on the infectivity of SARS-CoV-2. Virus aliquots (200 μL at 108.5 TCID50/mL and ten-fold dilutions, in triplicates) of 3 isolates from lineages 
B.1.110, P.1 and B.1.1.7 were incubated at 45, 50, 55 and 60 ◦C. Samples were removed at the designated time and titrated in Vero E6 cells. 
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60 min virus was still infective, indicating that this temperature was not 
enough to inactivate the virus. In spite of this, B.1.110 and P.1 isolates 
showed to be more resistant than B.1.1.7 isolate at 45 ◦C after 60 min of 
treatment. Heated viruses at 50 ◦C showed differences after 30 min, 
being P.1 isolate more sensitive to temperature. The three isolates were 
completely inactivated after 40 min at 50 ◦C, probably achieving the 
lower limit of detection of this assay (0.5 TCID50/mL), because subse-
quent treatments with longer time of incubation did not decrease the 
infectivity, even using higher temperatures. At 55 ◦C, SARS-CoV-2 was 
inactivated after 20 min and after 10 min at 60 ◦C. 

These results are slightly different to previously described for SARS- 
CoV-1, in which inactivation was achieved at 65 ◦C for 20 min (Darnell 
et al., 2004; Inagaki et al., 2020) and 67 ◦C for 60 min (Duan et al., 
2003) but similar to other study that indicates SARS-CoV-2 could be 
inactivated heating it at 56 ◦C for 30 min, 70 ◦C for 10 min or 90 ◦C for 
5 min (Xiling et al., 2021). 

When the three isolates were irradiated using UV-C light into the 
biosafety cabinet, B.1.110 and B.1.1.7 isolates reduced their infectivity 
first than P.1 at 2.5 min of exposition. However, after 30 min the three 
isolates were completely inactivated, indicating the three lineages could 
be equally sensitive to UV irradiation. It is important to highlight that in 
this study the virus was inactivated irradiating UV light at work distance 
60 cm (a standard distance in a biosafety cabinet). This protocol showed 
similar results to other studies performed with very short distance 
(2− 3 cm) for irradiation treatments (Darnell et al., 2004; Heilingloh 
et al., 2020; Inagaki et al., 2020) and the UV dosages to achieve viral 
inactivation were 112.5 and 1048 mJ/cm2, respectively (Inagaki et al., 
2020; Heilingloh et al., 2020). In this work, the UV dosage necessary to 
inactivate the virus was approximately 180 mJ/cm2 using both a 
biosafety cabinet (1 lamp), similar to Inagaki et al.. This finding can be 
an important additional measure in preventing the spread of 
SARS-CoV-2 infection in laboratory practices because most microbi-
ology laboratories have a biosafety cabinet, and these results demon-
strated this UV dosage was useful to inactivate SARS-CoV-2 in high 
infection titer samples. Consequently, heat inactivation and UV-C light 
inactivation are strongly recommended as chemical-free methods for 
applying in laboratories or healthcare facilities. 

The G clade was described before as more resistant to heat than 
isolates from L and S clades (Long et al., 2020), but the sensitivity to 
UV-C irradiation in different clades or lineages has not been studied yet. 
In this work, three G clade-isolates, considering their globally spread 
and predominance, were selected: B.1.1.7 (GRY, Alpha), P.1 (GR, 
Gamma) and B.1.110 (GH). Two of them (Alpha and Gamma) were 
designated as VOC by WHO and the third is a not relevant lineage in 

terms of public health but it is present in more than 3% of sequenced 
Chilean isolates. The three isolates were tried and no significant differ-
ences were found among them, thus there would be no relationship 
between a higher resistance to heat or UV-C irradiation and the type of 
variant studied. Additional studies including more isolates from 
different lineages and clades are necessary to corroborate these 
suggestions. 

In conclusion, SARS-CoV-2 is susceptible to temperature and UV-C 
light: a short time of incubation (10 min) at 60 ◦C or UV-C irradiation 
for 30 min of exposition in a biosafety cabinet (1 lamp) were effective to 
inhibit the viral infectivity in high infection titer samples. However, 
lower temperatures could be also recommended at different times: 
40 min at 50 ◦C or 20 min at 55 ◦C. These procedures could be useful to 
decontaminate work areas and personal protective equipment used in 
biological sample processing to prevent laboratory-acquired infections 
or in healthcare facilities. Also, understanding different ways for SARS- 
CoV-2 inactivation will allow an easier and safer manipulation of the 
virus in laboratories with fewer resources. 
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