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ABSTRACT

Several outbreaks of COVID-19 were associated with seafood markets, raising concerns that
fish-attached SARS-CoV-2 may exhibit prolonged survival in low-temperature environments.
Here we showed that salmon-attached SARS-CoV-2 at 4°C could remain infectious for more

than one week, suggesting that fish-attached SARS-CoV-2 may be a source of transmission.

Text

The first outbreak of COVID-19 in late 2019 and early 2020 was associated with the Huanan
Seafood Market in Wuhan, China, while the second outbreak of COVID-19 in June of 2020 was
associated with the Xinfadi Seafood Market in Beijing, China (1-2). Several groups in different
countries have identified SARS-CoV-2 in meat or meatpacking workers (3-7), raising concerns
that fish- or meat-attached SARS-CoV-2 could be a potential source of COVID-19 transmission.
Therefore, it is essential to determine the survival time of SARS-CoV-2 in the low-temperature

environment of seafood markets.

In this study, we detected the titer (50% tissue culture infectious dose/mL, TCIDso/mL) of
viable SARS-CoV-2 attached on salmon or untreated SARS-CoV-2 in culture medium stored at
4<C, the temperature in refrigerators or cold rooms for the temporary storage of fish, or 25<C, the
regular room temperature, respectively, using end-point titration assay on Vero E6 cells as
described previously (8). As shown in Figure A and B, salmon-attached SARS-CoV-2 remained
viable at 4<C and 25<C for 8 and 2 days, respectively, while the untreated SARS-CoV-2 in
culture medium remained infectious at 4<C and 25<C for more than 8 days. SARS-CoV-2

attached on salmon or suspended in culture medium stored at 4<C remained viable for at least 8
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days, while these stored at 25<C resulted in attenuating infectivity very quickly. The result from
the experiment on samples stored at 25<C is consistent with that reported by van Doremalen et al.
They showed that SARS-CoV-2 remained viable in aerosols, or on the surface of copper,
cardboard, stainless steel, and plastic, at 21~23<C and 40% relative humidity for 3 ~ 24 hours (8),

confirming that the loss of SARS-CoV-2 viability is associated with increased temperature.

Imported and exported fish must be transported under a low-temperature (e.g., 0 ~ 4<C)
environment. Under such condition, SARS-CoV-2-contaminated fish from one country can be
easily transported to another country within one week, thus serving as one of the sources for

international transmission of SARS-CoV-2.

Different from vegetables and other food, fish have to be transported, stored and sold under
a low-temperature environment. Fish are generally sold in quarters having temperatures much
lower than regular room temperature. This means that virus attached on fish skin and sold in fish

or seafood markets can survive for a long time.

In conclusion, fish-attached SARS-CoV-2 can survive for more than one week at 4<C, the
temperature of refrigerators, cold rooms, or transport carriers for storage of fish before selling in
the fish or seafood market. This calls for strict inspection or detection of SARS-CoV-2 as a

critical new protocol in fish importation and exportation before allowing sales.
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Fiugre A and B. Viability of salmon-attached and untreated SARS-CoV-2 in culture medium at
4<C and 25<C. Panel A is the overview of the study design and experimental procedure. In panel
B, the titer of SARS-CoV-2 was quantified by end-point titration on Vero E6 cells and is
expressed as logig TCIDsg /mL. Plots show the means of data from two or three samples. The

dashed lines indicate the limit of detection, which were 10> TCIDso /mL.
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110  Appendix
111 Methods
112 Virus

113 SARS-CoV-2 GDPCC-nCOV4 strain used in this experiment was isolated and provided
114 by Guangdong Provincial Center for Disease Control and Prevention. All work with SARS-CoV-
115 2 was performed under BSL3 containment at the South China Agricultural University ABSL3
116  laboratory.

117
118  Titration of salmon-attached virus and untreated SARS-CoV-2

119 Salmon purchased from a salmon shop in Guangzhou was detected negative for SARS-
120 CoV-2 with a 2019-nCoV detection kit (Bioperfectus, Taizhou, China) using real-time RT-PCR.
121 Individual salmon cubes (5x5x5 mm) were placed in a 50 mL tube containing 13 mL liquid of
122 SARS-CoV-2 at 3.16x10° TCIDso/mL, and the tube was gently inverted 5 times. The salmon

123 cubes were transferred into the 10 cm dish and incubated for 15 seconds at room temperature and
124  then put on filter paper in another 10 cm dish to remove the excess virus liquid. Salmon cubes
125  were transferred to 1.5 mL freezing tubes and stored at 4 <C and 25<C, respectively. On day 1, 2,
126 3,4,5,6,7,8, 10, and 12, respectively, one freezing tube was taken out, to which 1 mL DMEM
127  culture medium was added, oscillated for 5 seconds, and then centrifuged at 6,000 rpm for 5

128  minutes at 4<C. About 0.5 mL of the liquid was transferred to a new freezing tube and kept at -
129  80<C until viral titration (Figure A). The untreated virus in culture medium was stored at 4<C and
130  25<C, respectively. On day 1, 3, and 8, 1 mL of the viral liquid was taken out and put in a

131 freezing tube, which was kept at -80<C until viral titration (Figure A). The virus titer (50% tissue
132 culture infectious dose, TCIDsg per mL) was quantified by end-point titration assay on Vero E6
133 cells (1). The detection limit of the typical TCIDs, assay used in this study was 10? TCIDso/ mL
134 ().

135
136

137
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138  Supplementary Table 1.

139 Stability of salmon-attached SARS-CoV-2 at 4<C and 25C

Virus titer (Log TCIDse/ml)
Day 4°C 25°C

Samplel Sample2 Sample3 Mean Samplel Sample2 Sample3 Mean

1 4.57 4.43 4.59 4.53 4.57 4.43 4.59 4.53
2 4.33 3.80 4.07 3.67 3.33 3.50
3 4.00 3.75 3.88 U U U
4 3.80 3.57 3.69 U U U
5 3.67 3.71 3.69 U U U
6 3.67 3.29 3.48 U U U
7 3.33 3.50 3.42 U U U
8 3.50 3.40 3.45 U U U
9

10 2.50 2.50 2.50 U U U
11

12 U U U U U U

140 Note: U, undetectable. The detection limit of a typical TCIDsassay is 100 TCIDso/mL.

141
142 Supplementary Table 2.

143 Stability of untreated SARS-CoV-2 in culture medium at 4<C and 25<C

Virus titer (Log TCIDso/ml)
Day 4°C 25°C

Samplel Sample2 Sample3 Mean Samplel Sample2 Sample3 Mean

1 6.20 6.43 6.43 6.35 6.20 6.43 6.43 6.35
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3 6.30 5.80 6.05 5.50 5.30 5.40
8 6.20 5.90 6.05 3.60 3.40 3.50
Note: The detection limit of a typical TCIDsg assay is 100 TCIDso/mL.
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