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Abstract

There is a potential risk for severe acute respiratory syndrome coronavirus 2 (SARS‐

CoV‐2) spread through human contact with seafood and the inanimate materials

contaminated by the virus. In this study, we examined the stability of the virus in

artificial seawater (ASW) and on the surface of selected materials. SARS‐CoV‐2 (3.75

log10 TCID50) in ASW at 22℃ maintained infectious about 3 days and at 4℃ the

virus survived more than 7 days. It should be noticed that viable virus at high titer

(5.50 log10 TCID50) may survive more than 20 days in ASW at 4℃ and for 7 days at

22℃. SARS‐CoV‐2 on stainless steel and plastic bag maintained infectious for 3

days, and on nonwoven fabric for 1 day at 22℃. In addition, the virus remained

infectious for 9 days on stainless steel and non‐woven fabric, and on plastic bag for

12 days at 4℃. It is important to highlight the role of inanimate material surfaces as a

source of infection and the necessity for surface decontamination and disinfection.
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According to the World Health Organization Commentaries, severe

acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2) is mainly

transmitted through contact (<1.0 m) as well as droplet, airborne,

fomite, fecal‐oral, bloodborne, mother‐to‐child, and animal‐to‐human

transmission. Direct and close contact transmission occur by

respiratory secretions or droplets (>5–10 μm in diameter).1,2 Indirect

contact transmission may be possible by contacting with a contami-

nated object or surface (fomite transmission). The virus may transmit

via virus‐contaminated surfaces and hands.3 SARS‐CoV‐2 virus has

the ability to survive on different surfaces for extended periods,

ranging from days up to months depending on environment

temperature.1 In our previous study, we have found that SARS‐

CoV‐2 (1.2 × 103 PFU) was able to survive for 3 days in liquid medium

or on dry filter paper at 22℃.4 In addition, SARS‐CoV‐2 (1.2 × 103

PFU) can persist in acidic condition (pH 2.2) for 60min.4 SARS‐CoV‐2

have been isolated from a seafood package and a chopping board in

the seafood market in China, underscoring risk assessment of SARS‐

CoV‐2 transmission in environment.5–7 Furthermore, WHO pointed

out that crowded beaches or swimming pools did pose a risk of

spreading SARS‐CoV‐2 through close contact with infected people or
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contaminated surfaces.8 Sala‐Comorera et al. found that SARS‐CoV‐2

(4 log10 TCID50/ml) declined 1 log titer in seawater for 1.1 days at

20℃ and for 2.2 days at 4℃.9 It suggested the risk of SARS‐CoV‐2 in

seawater for the disease spreading. However, how long SARS‐CoV‐2

can survive in seawater remains to be investigated. In the present

study, we examined the stability of SARS‐CoV‐2 in seawater (artificial

seawater, ASW) and on the surface of selected materials (stainless

steel, plastic bag, non‐woven fabric, etc), which would provide

evidence for COVID‐19 epidemic control.

SARS‐CoV‐2 early cases have been linked to wholesale seafood

markets inWuhan,10 and SARS‐CoV‐2 nucleic acid have been detected in

the imported frozen seafood in Qingdao.11 It suggests that the virus may

survive in seawater and frozen seafood. We, therefore, evaluated the

stability of the virus in artificial seawater (The chemical composition of

ASW in Table S1 by Dr J Floor Anthoni).12 The titer of plague‐purified

SARS‐CoV‐2 strain nCoV‐SH01 (Genbank MT121215)13 was determined

using 50% cell culture infectious dose assay (TCID50). The viruses in ASW

or medium as control were added into each well of 48‐well plates

(Corning costar) and incubated in a wet box (~80% humility) at 22℃ or

4℃ for 1, 3, 5, 7, or 14 days. The viral solutions were then transferred to

Vero‐E6 cell monolayer (80% confluent) supplemented with maintenance

medium containing 5µg/ml trypsin and incubated in a humidified

chamber with 5% CO2 at 37℃. The cytopathic effects (CPE) were

checked daily under a microscope for 5 days and viral titers were

determined with TCID50. When viruses were kept in medium or ASW at

22℃, the viral titer dropped from the initial 3.75 log10 TCID50 to 1.50

log10 TCID50 (ASW, reduced to 0.56% viability) and 1.75 log10 TCID50

(medium, reduced to 1.00% viability) on Day 3 and no viable virus was

detected on day 5 (Table 1), which was consistent to the findings of our

previous study that SARS‐CoV‐2 was able to survive for 3 days in liquid

medium at 22℃.4 Then we increased the initial viral titer to 5.50 log10

TCID50, the viral titer decreased to 1.13 log10 TCID50 (ASW, reduced to

0.004% viability) or 1.75 log10 TCID50 (medium, reduced to 0.02%

viability) by Day 7 and no viable virus could be detected on Day 14

(Table 1).

We further investigated virus survival at 4℃ by inoculated with

low titer (3.75 log10 TCID50) or high titer (5.50 log10 TCID50) virus. By

keeping in ASW (4℃) till Day 14, the viral titer decreased from 5.50

to 3.00 log10 TCID50, and in medium (4℃) dropped to 2.75 log10

TCID50 (Table 1, Figure 1A). When the virus with 3.75 log10 TCID50

kept in ASW (4℃), by Day 7 the viral titer dropped to 1.38 log10

TCID50 (ASW) and 1.50 log10 TCID50 (medium), and no CPE was

observed on Day 14 (Table 1, Figure 1B).

Salinity has previously been demonstrated to have a negative

effect on stability of an enveloped RNA virus such as influenza

virus.14 Sala‐Comorera et al. found that infectious SARS‐CoV‐2 titers

(4.00 log10 TCID50) remained stable for 24 h in river water at both 4

or 20℃ and in seawater at 4℃.9 By 20 days at either 4 or 20℃ the

virus RNA in both river water and seawater were detected with no

decline.9 In the present study, we found that SARS‐CoV‐2 (3.75 log10

TCID50) in ASW and liquid medium at 22℃ maintained infectious for

about 3 days, and at 4℃ the virus survived more than 7 days. When

we put the viral survival times in high titer group and low titer group

together, it suggested that the virus at a high titer (5.50 log10 TCID50)

may survive more than 20 days in ASW at 4℃. At either 4 or 20℃,

there was no significant difference of the SARS‐CoV‐2 stability

between in ASW and in liquid medium. It suggested that the viability

of the virus was not significantly affected by seawater and has similar

risk of infection. Therefore, it is necessary to pay attention to protect

those in contact with seafood and the environment contaminated by

SARS‐COV‐2.

Since SARS‐CoV‐2 nucleic acids have been detected on the

surface of agricultural products, package of imported goods or cold

chain products, and farmer's market environment,5,7,15,16 there is a

potential risk for virus spread through human contact with these

inanimate materials. We, therefore, determined survival of SARS‐

CoV‐2 on the surface of selected materials including stainless steel,

plastic bag, nonwoven fabric, rubber glove, cardboard, and wood

board. 4.0 log10 TCID50 of nCoV‐SH01 in 10 µl was inoculated on a

square piece (1 cm × 1 cm) of the material in 12‐well plates

TABLE 1 Survival of SARS‐CoV‐2 in artificial seawater (ASW) or medium.

Virus Temperature (℃) Treated
Titer (log10 TCID50) of virus kept for days*
Day 1 Day 3 Day 5 Day 7 Day 14

Low titer

(3.75 log10 TCID50)

22 Medium 2.00 1.75 UD UD UD

ASW 2.25 1.50 UD UD UD

4 Medium 2.75 2.25 2.00 1.50 UD

ASW 2.75 2.50 1.75 1.38 UD

High titer
(5.50 log10 TCID50)

22 Medium 3.25 3.00 2.00 1.75 UD

ASW 3.50 3.25 2.00 1.13 UD

4 Medium 3.50 3.25 3.25 3.25 2.75

ASW 3.25 3.25 3.00 3.00 3.00

Abbreviations: SARS‐CoV‐2, severe acute respiratory syndrome coronavirus 2; UD, under detective level.

*The nCoV‐SH01 at TCID50 5.50 log10 or 3.75 log10 were treated with medium or artificial seawater for days at 22℃ or 4℃, and the titers were detected
by TCID50 assay at Day 1, 3, 5, 7, or 14.
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(Corning costar) and placed at 4℃ or 22℃ for 1, 3, 5, 7, 9, 12, or 14

days after air dry in a biosafety cabinet. After the incubation, viruses

were eluted with DMEM and viral titers were determined by TCID50

assay. Before the testing, we first measured virus elution efficiencies

from the different materials, and it showed that 100% (104.00/104.00)

from stainless steel, 83.18% (103.92/104.00) from plastic bag, 6.76%

(102.83/104.00) from nonwoven fabric and 0.18% (101.25/104.00) from

rubber glove respectively. Since the elution efficiencies of cardboard

and wood board used were too low (<0.1%), the two materials were

excluded in the following study (Table S2). At 22℃, the titers of the

viruses eluted from stainless steel and plastic bag were 1.33 log10

TCID50 (initial 4.00 log10 TCID50) and 2.00 log10 TCID50 (initial 3.92

log10 TCID50) on Day 3, respectively and no CPE was observed on

Day 5. The titer of the viruses eluted from non‐woven fabric

decreased from the initial 2.83–1.08 log10 TCID50 on Day 1 and no

CPE was observed on Day 3. No viable virus was detected in the

eluent from the rubber glove by Day 1, although after 2‐h incubation

virus could be detected (1.25 log10 TCID50) (Table 2, Figure S1A).

At 4℃, the eluted viruses from stainless steel and non‐woven

fabric dropped to 1.50 log10 TCID50 and 0.52 log10 TCID50 by Day 9,

respectively, and no CPE was observed on Day 12, while that from

plastic bag dropped to 1.75 log10 TCID50 by Day 12 and no CPE was

observed on Day 14. Loss of viral infectivity was confirmed by

passing the culture supernatant blindly for three generations. Thus,

the virus can survive much longer on stainless steel, nonwoven fabric,

and plastic bag (>9 days) at 4℃ (Table 2, Figure S1B).

Chin et al. have reported that SARS‐CoV‐2 (6.8 log10 TCID50)

remained viable after 14 days at 4℃ in the transport medium with

a reduction of a 0.6 log10 TCID50 in viral titer by 7 days at 22℃,

and 1 day at 37℃. They also found that the virus is extremely

stable (with no significant decrease in titer) under a wide range of

pH values (pH 3–10) for 60 min at room temperature.17

Doremalen et al. compared SARS‐CoV‐2 and SARS‐CoV‐1, and

found that both viruses were more stable on surfaces of plastic

and stainless steel (3 days) than on copper and cardboard (1

day).18 Many factors may affect the viral survival on the surface

of various materials, including virus inactivation by materials and

virus adsorption by porous materials. Hirose et al. found that

SARS‐COV‐2 could survive 59.8 h on the surface of plain paper,

and paper surface treatments that enable the rapid evaporation

of liquid might reduce the stability of virus.19 Additionally, Hirose

et al. found that the survival times of SARS‐CoV‐2 VOCs

(Variants of Concern) on the plastic surface were much longer

than on the human skin, and the Omicron variant (5.0 × 104

TCID50) survived for 193.5 h on the plastic surface and only

21.1 h on the human skin.20,21 The importance of surface‐

mediated transmission was demonstrated by Rawlinson et al.

who used a DNA oligonucleotide surrogate for contaminated

bodily fluid to determine how SARS‐CoV‐2 would spread within a

clinical surface environment. It showed that within 10 h, the

surrogate moved from the isolation room and transferred to 41%

of all surfaces sampled.22 We found that at 22℃ SARS‐CoV‐2
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F IGURE 1 (A) Survival of SARS‐CoV‐2 (high
titer) in artificial seawater (ASW) or medium at
4℃. The nCoV‐SH01 at 5.50 log10 TCID50 were
treated with artificial seawater or medium for
days at 4℃, and the titers were detected by
TCID50 assay at Day 1, 3, 5, 7, or 14. (B) Survival
of SARS‐CoV‐2 (low titer) in artificial seawater
(ASW) or medium at 4℃. The nCoV‐SH01 at 3.75
log10 TCID50 were treated with artificial seawater
or medium for days at 4℃, and the titers were
detected by TCID50 assay at Day 1, 3, 5, 7, or 14.
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(4.0 log10 TCID50) on stainless steel and plastic bag maintained

infectious for 3 days, and on non‐woven fabric for 1 day. In

addition, at 4℃ the virus was more stable with remaining

infectious for 9 days on stainless steel and non‐woven fabric,

and on plastic bag for 12 days. It suggests that virus‐

contaminated items and packaging surfaces pose a risk of

infection by close contacts.

Taken together, the data suggest that contaminated viruses may

survive on the surfaces of the materials in cold‐chain shipping (e.g.,

stainless steel, plastic, and nonwoven fabric) for a long time. It is

important to highlight the role of inanimate material surfaces as a source

of infection and the necessity for surface decontamination and

disinfection. In addition, more stringent personal protection, as well as

hand hygiene, should be implemented on the personnel engaged in the

transportation and handling of cold‐chain shipped food.
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