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Abstract: (50 words)
At room temperature, SARS-CoV-2 was stable on environmental surfaces and
remained viable up to 7 days on smooth surfaces. This virus could survive for several

hoursin feces and 3-4 daysin urine.
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In the end of 2019, a novel human coronavirus, severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), emerged and rapidly spread throughout the
world. The disease caused by SARS-CoV-2 was named as Coronavirus Disease 2019
(COVID-19) by World Health Organization (WHO). Globally, as of 5 May 2020,
there have been 3,525,116 confirmed cases of COVID-19, including 243,540 deaths,
reported to WHO. It is an extremely contagious disease with high risk of
person-to-person transmission, notably the transmission in hospital and family
settings[1, 2]. Prevention and control of SARS-CoV-2 epidemic is based on the
knowledge of its transmission route. Although close exposure to respiratory droplets
from an infected patient is the main transmission route of SARS-CoV-2, touching
contaminated surfaces and objects might also contribute to transmission of this virus.
When the droplets produced by a COVID-19 case are too heavy to be airborne, they
land on surfaces surrounding the person. A person can be infected with SARS-CoV-2
by touching the contaminated surfaces followed by touching his eyes, nose or
mouth[3]. In addition, the evidence for gastrointestinal infection of SARS-CoV-2 and
the presence of SARS-CoV-2 RNA in faecal specimens raised a question of a
fecal-oral transmission route[4, 5]. Here, we provide a report of our study of the
stability of SARS-CoV-2 on various environmental surfaces and in human excreta
(feces and urine). The data on the stability of SARS-CoV-2 in different conditions has

great importance for our understanding of the transmission route of this virus.

METHODS

Virusesand cell line
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SARS-CoV-2 dtrain BetaCoV/Beijing/AMMS01/2020 was originaly isolated
from the throat swab specimen of a COVID-19 patient. Viral stocks were prepared
and titrated on Vero cells as previously described, which were grown in essential
Dulbecco’'s modified Eagle’'s medium (DMEM) containing 2% fetal bovine serum
(FBS), 100 U/ml penicillin and 100 pg/ml streptomycin in 5% CO2 at 37°C.

Stability of SARS-CoV-2 on environmental surfaces

Nine different objects representing a variety of household and hospital situations
were collected (stainless steel, plastic, glass, ceramics, paper, cotton clothes, wood,
latex gloves, surgical mask). All the materials were cut into small pieces with the area

about 1x1cm, which were washed with deionized water and autoclave sterilized at
121°C for 20 min except for latex gloves. The pieces of latex gloves were sterilized

with 75% (v/v) ethanol for 30min.

Fifty microliters of virus stock with the infectious titer of 10°50% tissue culture
infectious dose (TCIDsp) per milliliter was deposited on each surface and left at room
temperature (25-27°C) with arelative humidity of 35%. At predefined time points (Oh,
1h, 2h, 6h, 1d, 2d, 3d, 4d, 5d, 7d), the viruses were recovered by adding 500ul of viral
transport medium. The infectivity of residual virus was titrated in quadruplicate on
96-well plates containing 100ul of Vero cells (2x10° cellsml). The plates were
incubated in 5% CO2 at 37°C. On the fifth day, the cytopathic effect (CPE) was
observed under a microscope, and the TCIDs, for each sample at a different time was
calculated with Reed-Muench method. All experiments were repeated three times.
Stability of SARS-CoV-2 in fecesand urine

The specimens of feces and urine were collected from three health donors,
including two adults and one seven-year-old child. A 10% suspension of each faecal
specimen was prepared in PBS (pH, 7.4) as described previously[6]. Faecal
suspension and urine samples were filtrated with 0.2um filter to remove bacteria. A
total of 2.7ml of each filtered faecal suspension and urine sample was inoculated with
0.3ml of virus stock (10° TCIDsy/ml) and left at room temperature for 7days. At
desired time points (Oh, 1h, 2h, 6h, 1d, 2d, 3d, 4d, 5d, 7d), 50ul of each sample was
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taken and virus titer was determined with the same method described above.
The decay of SARS-CoV-2 in experimental conditions

Two-phase linear regression fitting for the log unit TCIDsy/ml against time and
estimation of initial and terminal half-lives were performed using R project based on
the method for biologic half-life data[7].

RESULTS
Stability of SARS-CoV-2 on environmental surfaces

SARS-CoV-2 was stable on plastic, stainless steel, glass, ceramics, wood, latex
gloves, and surgical mask, and remained viable for seven days on these seven surfaces.
Asis shown in Figure 1A, the virus titer declined slowly on these seven surfaces. For
example, its TCID*/ml decreased from 10°% &t time zero to 10 at day 7 on plastic,
which was about a 3.8 log10 reduction from the original inoculum. No infectious
virus could be recovered from cotton clothes after 4 days and from paper after 5 days
(Figure 1A). Rapid loss of infectivity was observed within 1h after incubation on both
paper and cotton clothes surfaces. From time zero to 1h, the virus titers decreased
from 10° to 10*% TCID>/ml on cotton clothes and from 10°* to 10** TCID*/ml on
paper, respectively, with an average of about two 1og10 reduction.
Stability of SARS-CoV-2 in fecesand urine

All the three faecal suspension were detected with a PH value of 7.5. Figure 1B
shows the duration of SARS-CoV-2 survival in three feces. In the first adult faecal
specimen, no viable SARS-CoV-2 was measured after 6 hours, and in the second adult
faecal specimen, no virus remained viable after 2 hours. However, the virus survived
for 2 days in the child feces, which might indicated the prolonged survival time of
SARS-CoV-2 in children’s feces than in adult’s feces. SARS-CoV-2 was more stable
in urine than in feces, and infectious virus was detected up to 3 daysin two adult urine
and 4 days in one child urine.
The decay of SARS-CoV-2 in experimental conditions

SARS-CoV-2 displayed a two-phase decay in all experimental conditions except
for that on paper and in feces (Supplementary Figure). The initia haf-lives of
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SARS-CoV-2 ranged from 0.17h to 0.9h, and rapid loss of infectivity was observed in
this phase. However, the terminal half-lives of SARS-CoV-2 with an average of 19.2h
were longer than the initial half-lives (Supplementary Table). In the terminal phase,
the virus titer decreased slowly. The survival time of SARS-CoV-2 in feces was too
short to calculate the half-life, and SARS-CoV-2 presented a one-phase decay after
incubation on paper.

DISCUSSION

The continuously rapid growing of COVID-19 pandemic indicates the great
difficulty in controlling and curbing the spread of this disease. As WHO
recommended, besides respiratory droplets, fomites such as contaminated objects and
surfaces may also serve as transmission sources. A recent study showed evidence that
there was extensive environmental contamination by patients with SARS-CoV-2,
which suggested the contaminated environment as a potential medium of
transmission[8]. Research into the stability of SARS-CoV-2 in different conditions is
required urgently. In this study, we provided the information of SARS-CoV-2 stability
on nine environmental surfaces, and the data in human excreta (feces and urine) for
the first time.

Prior to our study, two research teams had just reported the stability of
SARS-CoV-2 on different material surfaces. One study reported by van Doremalen et
al found that the viable virus could be detected up to 2-3 days on surfaces of plastic
and stainless steel[9]. Chin and colleagues demonstrated the duration of SARS-CoV-2
survival on different surfaces ranged from 2 to 7 days depending on whether the
surface is smooth[10]. In comparison with the above two studies, our data displayed a
prolonged survival time of this virus on environmental surfaces. In general, the
stability of virus in environments was derived from simulate experiments, which were
influenced by many factors. The titer of virus stock and the volume of virus
inoculation were related with the final results. Compared with van Doremalen’s
experiments, we used the same volume of inoculation, but the titer of virus stock was

one log unit higher. In Chin’s study, a five microliters of virus stock with the
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infectious titer of 10°8 TCIDsy/ml was deposited on the surface. Therefore, we highly
recommended that a technical specification should be drafted to guide further research
into the survival of newly emergent virus.

Fomites such as human excreta is a matter of considerable public concern for the
transmission of SARS-CoV-2. Several studies reported the presence of viral RNA in
feces of patients in which respiratory samples had switched negative[5, 11]. In this
study, we showed that this virus remained viable for several hours in feces and 3-4
days in urine, respectively. With respect to virus isolation, it seems not easy to isolate
SARS-CoV-2 from faecal sample, in spite of high virus RNA concentration. Until
recently, three SARS-CoV-2 strains were successfully isolated from faecal
specimens[12]. The short duration of SARS-CoV-2 surviva in feces has practical
implications for virus isolation from faecal sample. A reasonable suggestion is that we
should shorten the time from sample collection to virus isolation. There was scarce
evidence for the presence of viral RNA of SARS-CoV-2 in urine, and no infectious
virus has yet been isolated from urine sample. However, isolation of SARS-CoV,
closely related to SARS-CoV-2, has indeed been reported. Taken together, the
transmission of SARS-CoV-2 by human excreta was plausible.

In conclusion, SARS-CoV-2 displayed stable on environmental surfaces and
could survive for several hours in feces and 3-4 days in urine. Effective hand hygiene
and adequate disinfection in toilet were recommended to limit the transmission of this

virus.
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Figure legend

Figure 1. Stability of SARS-CoV-2 on environmental surfaces and in human excreta.
(A) Survival time of SARS-CoV-2 on nine surfaces. The Limit of Detection (LOD)
for the assays was 10° TCIDsy/ml. (B) Survival time of SARS-CoV-2 in three faecal
and urine specimens. The LOD for the assays was 10%° TCIDsy/ml due to cytotoxicity
caused by faecal and urine specimens.
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