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Under conditions of COVID-19 pandemic, considerable amounts of SARS-CoV-2 contained in
household, municipal, and medical wastewaters inevitably reach natural water bodies. Possi-
ble preservation of virus infectivity in liquid environment is of a paramount epidemiological
importance. Experiments demonstrated that SARS-CoV-2 is resistant to multiple freezing/
thawing cycles and retains its infectivity in tap and river water for up to 2 days at 20°C
and 7 days at 4°C. In natural milk, its viability is preserved in a refrigerator for 6 days. The
exposure of aquarium fish to the virus-containing water fails to cause any infection.

Key Words: COVID-19; contaminated wastewaters; rate of virus inactivation in wastewaters
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The development of COVID-19 pandemic has attracted
attention of many researchers to the fact that not only
the pulmonary system, but also the gastrointestinal
tract is involved in the infectious process. This leads
to the presence of SARS-CoV-2 in human excrements
and, therefore, in wastewater and water bodies.

At the first stage of the pandemic, the research-
ers focused on the disease transmission via a direct
contact with an infected person or an indirect contact
with an infected surface followed by virus transmis-
sion to the mouth, nose, or eye mucosae [8]. In partic-
ular, the Center for Disease Control (USA) reported the
possibility of a human infection with SARS-CoV-2 via
a contact with infected surfaces; however, this risk is
rather low and is not the main route of disease trans-
mission (https://www.cdc.gov/coronavirus/2019-ncov/
more/science-and-research/surface-transmission.html).
The major detected epidemiological points were that
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the virus survived to 14 days retaining its infectivity
on the surfaces under standard conditions and that
the smooth surfaces, such as plastic and wood, are
more favorable for its survival [5]. A COVID-19 infec-
ted person sheds SARS-CoV-2 RNA for a mean period
of approximately 14 to 21 days, and the magnitude
of shedding ranges between 10? and 10® RNA copies
per gram [6].

Although inhalation of infected drops or aerosols
is the main infection route for SARS-CoV-2, other
potential transmission routes are considered, includ-
ing the fecal-oral route [4]. First, SARS-CoV-2 was
detected in fecal samples and anal swabs of some
patients [8], then, SARS-CoV-2 RNA was detected in
untreated wastewater, medical wastewater, secondary
purified wastewater, river water, municipal wastewater,
silts of sewage treatment plants, and wastewater of
cruise ships and planes [11]. It is known that many
enveloped viruses retain their infectivity in fluid envi-
ronment from several days to several months [9]. This
raised the concern about the possible direct fecal-oral
SARS-CoV-2 transmission as well as the transmission
via secondary aerosols in sewage systems with sub-
sequent airborne transmission [12], especially in the
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case of a poor sewage with improper ventilation, drain
traps, and so on.

The presence of SARS-CoV-2 in human excre-
ments and wastewaters has serious consequences for
both wastewater treatment [10] and purification of tap
water. The load of SARS-CoV-2 in the excrements of
COVID-19 patients falls into the range of 10*-10® cop-
ies/liter depending on the stage of infection [4,6,10].
The liquefaction of feces in wastewater decreases the
virus load to 10%-10° copies/liter [3,4,10]. This and
many other studies have been performed in natural or
model experiments with their conditions differing from
the regional conditions. In particular, the experiments
with model (not natural) fluids reproduced the already
known results [1].

Evidently, the period of coronavirus survival in
water environment significantly depends on tempera-
ture, water properties, concentrations of particulate
and organic substances, pH of solution, and dose of a
used disinfectant. The WHO asserts that the process
currently used for disinfection of drinking water is
able to effectively inactivate the majority of bacterial
and viral communities present in water. Note that
SARS-CoV-2 is sensitive to the disinfectants, such as
free chlorine. A large-scale epidemic will be accom-
panied by the release of the virus into sewage; its
subsequent presence in technical and drinking waters
is also evident. An important point is for how long
the virus retains its ability to infect, ie., its “viability”
in a virological sense. In this work, we focus on the
most important point, namely, the survival of SARS-
CoV-2 in bathing ponds, water accumulation basins,
drinking water reservoirs, and natural liquid products,
for example, milk, under different working conditions
(for example, temperature and water composition). In-
evitably, this issue includes the question on the SARS-
CoV-2 adaptation to the ichthyofauna of water bodies.

Our aim was to assess the period during which
SARS-CoV-2 retains its infectivity in fluid environment
on a regional level and the potential of its adaptation
to the ichthyofauna of these water bodies.

MATERIALS AND METHODS

SARS-CoV-2. The virus isolate recovered from a naso-
pharyngeal lavage sample of a patient in Novosibirsk
in 2020 was used in the work. The strain is deposited
with the collection of the 48™ Central Research Insti-
tute, Ministry of Defense of the Russian Federation,
as SARS-CoV-2/human/RUS/Nsk-FRCFTM-1/2020 [2].
The strain was expanded in Vero cell culture using
an infective dose of 0.01 CPE/cell. On day 5, a total
CPE and separation of 100% cells were observable. The
virus titer (5x10° CPE/ml) was determined by endpoint
dilution technique.
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Cell culture. Continuous Vero cell culture was
used. The cells were cultured in Eagle’s MEM supple-
mented with 10% fetal bovine serum and 1% antibiot-
ic/antimycotic (Gibco).

Assessment of the virus inactivation during
freezing/thawing. The virus aliquots (1 ml) in Ep-
pendorf tubes produced as the master virus pool
and stored at -70°C, were frozen/thawed 1, 3, 5, and
7 times. Each sample after the corresponding freezing/
thawing cycles was stored at -20°C until titrated. All
samples were simultaneously thawed; 10-fold dilutions
of each sample (to and through 10~7; 100 pl each) were
placed into wells of a 96-well culture plate simulta-
neously with Vero cell culture grown under the same
conditions. The eighth well of each row was used as
the control for the absence of CPE.

Virus titer was determined by endpoint dilution
technique. For this purpose, the corresponding wells
of a 96-well plate with Vero cell culture were infected
with 10-fold dilutions of the virus in Hanks’ solution.
The result was recorded on day 5 after infection by
the presence/absence of CPE in each well.

The water was sampled from the Ob River artifi-
cial reservoir in summer (water temperature 20-22°C)
and late fall (water temperature 4-6°C) into sterile
glass containers (200 ml in each). In addition, samples
of cold tap water (200 ml) and goat milk (200 ml)
were taken. The virus sample (20 ml) with a titer of
5x10% CPE/ml was used for infection. The sample of
the Ob water harvested at 20-22°C was kept at a room
temperature and the remaining samples, in a refriger-
ator (4-8°C). Each variant was sampled 15 min, 1 and
5 h after infection, and then daily (3 aliquots of 1 ml
for each variant and time point) and frozen at -70°C.
On completion of the experiment, each sample of each
variant was thawed and titrated in a tenfold sequence.
Each dilution was placed into 3 wells of a 96-well
plate containing Vero cell culture. The results were
visually recorded on day 6 using an inverted micro-
scope. The titration was repeated for the second series
of samples. In the case of an ambiguous result, the
corresponding sample of the third series was titrated.

Study of potential SARS-CoV-2 carriage by ich-
thyofauna. We tried to answer this question using the
marble gourami as the model object. The marble gour-
ami (an aquarium fish species) was used as the model
object. A container with aquarium water was supple-
mented with 4 ml of the virus-containing fluid with
a titer of 2x10° CPE/ml (final dilution, 2x10° CPE/ml).
Six marble gourami individuals were placed into the
container with the virus suspension and exposed for
40 min; then the fishes were sponged with sterile
gauze and transferred to common aquarium water
(400 ml). The exposure was repeated for 10 min and
the fishes were sponged and transferred to a 5-liter
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aquarium aiming to wash them from the virus. Any
changes in their behavior were unobservable. On the
next day, two individuals were used to prepare a 10%
homogenate, which was added to Vero cell monolay-
er and assayed with PCR for the presence of SARS-
CoV-2 RNA. The reference preparation was a sample
of aquarium water where the fish individuals were
exposed to the virus. The analysis was repeated using
two individuals 1 day later and, using two additional
fishes, after 21 days.

PCR. RNA was extracted using a RealBest Ex-
traction 100 kit (Vector-Best) according to the manu-
facturer’s protocol. The SARS-CoV-2 RNA was detected
with a RealBest RNA SARS-CoV-2 kit (Vector-Best) fol-
lowing the manufacturer’s protocol in a CFX96 Touch
Real-Time PCR Detection System (Bio-Rad).

Statistical analysis. The data were statistically
processed using analysis of variance with the help of
Microsoft Excel software package; the differences were
regarded as significant at p<0.05.

RESULTS

Initially, the effect of freezing/thawing on the virus
infectivity was assessed. This is an important issue
for a practicing virologist since a decrease in the virus
titer during freezing/thawing can influence the results
of experiment. Another important point is the effect
of weather conditions on the survival of virus in the
water bodies of cold countries, such as Russia, where
the water temperature can decrease to lower tempera-
tures, more favorable for survival of the virus, and even
to freezing. For this purpose, the virus aliquots (1 ml)
in Eppendorf tubes were frozen/thawed 1, 3, 5, and
7 times. After the corresponding number of freezing/
thawing cycles, the samples were assayed using a simul-
taneous titration. The multiple freezing/thawing fails to
decrease the titer of SARS-CoV-2 within the range of
the studied number of cycles. Both the initial virus titer
and the titer after 1, 3, 5, and 7 freezing/thawing cycles
remained in the range of 3-7x10°% which is insignificant
and suggests the absence of inactivation effect caused
by freezing/thawing of the virus suspension.
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The temperature regime of a water body un-
doubtedly has most significant effect on the rate of
virus inactivation there. Therefore, we examined the
summer (20-24°C) and fall-winter (4-6°C) temperature
regimes. The latter regime was also applied to tap
water and milk since the temperature of tap water,
typically running at a depth of 3 m, and milk, kept in
a refrigerator, is 4-10°C. In this experiment, PCR was
used to confirm the specificity of CPE. The fact of
specific cell death of SARS-CoV-2 was recorded only
when the PCR signal exceeded the background signal
of the virus dose introduced by 4-6 cycles.

The virus in the river water at 20°C retained its
activity for 2 days and at 4°C and for 6 days (Table 1).
As for tap water (4°C), SARS-CoV-2 remains infective
for even longer period, which is rather difficult to ex-
plain. Unlike tap water, the river water by definition
contains considerably more protein as microorgan-
isms, protists, algae, fish, metabolic products of the
living world, and so on. The proteins in suspensions
prevalently act as virus protectors, elevating their vi-
ability. In addition, tap water contains chlorine, used
during water purification, which should enhance the
inactivation of the virus there. Nonetheless, the virus
for a longer period retained its infectivity in this par-
ticular variant. SARS-CoV-2 also remained infective for
a long time in milk. Thus, the primary data published
by several researchers [1,3,4], who assessed the sur-
vival of SARS-CoV-2 in water as low because of high
seasonal water temperature, require correction and the
issue in general requires more attention.

In one of the most comprehensive study [3], the
duration of persistence of SARS-CoV-2 RNA signal in
water and its infectivity were analyzed. At 20°C, the
SARS-CoV-2 with initial titers of 10* and 10° CPE, /ml
remained infective for 3 and 7 days, respectively. It
was also shown that SARS-CoV-2 RNA was consid-
erably more stable than infective SARS-CoV-2, which
suggests that detection of virus RNA alone does not
necessarily prove the risk of infection. Presumably,
this study fits best the real conditions; however, the
authors assayed the water samples from a water puri-
fication plant, whereas we used the real natural water

TABLE 1. Time Interval of SARS-CoV-2 Infectivity in Assayed Samples

Time interval
Sample 15 | 20l sy 2 3 4 5 6 7 8
min day days | days | days | days | days | days | days
River water 20°C CPE/PCR +/+ +/+ +/+ ++ +/+ -/- -/- -/- -/- -/- -/-
River water 4°C CPE/PCR ++ ++ +/+ ++ ++ +/+ ++ ++ ++ -I- -I-
Tap water 4°C CPE/PCR +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+ -I-
Goat milk 4°C CPE/PCR +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+ -/- -I-
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from the Ob River artificial reservoir. Moreover, we
used the samples harvested under the correspond-
ing temperature regimes and, thus, containing the
accompanying microflora and mineral composition. It
cannot but be mentioned that it is necessary to study
the SARS-CoV-2 stability in the cold (winter) season
of the year. This regime is the most poorly studied.
Hokajarvi, et al., [7] report a long-term stability of
SARS-CoV-2 RNA at -20°C, i.e., at a winter temperature
of environment, in the region close to Russia in its
climate. Unfortunately, this study also relies on RNA
assays, which does not reflect an actual situation with
the preservation of infectivity.

The virus retains its infectivity for several hours
and days when entering water bodies; thus, the ques-
tion arises on the possibility of infection of local ich-
thyofauna with SARS-CoV-2 and its carriage. We tried
to answer this question using the marble gourami
as the model object. On days 2, 4, and 21, two fish
individuals were used to prepare a 10% homogenate,
which was added to Vero cell monolayer and assayed
for the infectivity of SARS-CoV-2 in the fish bodies.
The reference preparation was a sample of aquari-
um water where two fish individuals were exposed to
the virus. The presence of SARS-CoV-2 RNA on the
Vero cell monolayer with 10% fish homogenate was
assayed by PCR. The results in all cases were nega-
tive, suggesting that this fish species is insusceptible
to the coronavirus. However, it cannot be excluded
that another fish species may be more susceptible to
the virus. At least, our attempt to infect FHM (cau-
dal peduncle of the fathead minnow) cell culture has
shown that an abortive infection is possible (data not
shown), which suggests the danger of a potential ich-
thyological focus.

Thus, temperature regime is the main factor de-
termining the preservation of SARS-CoV-2 infectivity
in natural water bodies and technological devices. No
signs suggest that ichthyofauna can become the focus
of SARS-CoV-2 in natural water bodies.

REFERENCES

1. Zolin VV, Os’kina OP, Solodky VV, Eremina MN, Davydov
GF, Gosteva TA. Assessment of the Viability of SARS-
CoV-2 Coronavirus on Various Types of Test Surfaces,
as Well as in Drinking and Sea Water. Problemy Os-
obo Opasnykh Infektsii. 2021;(2):108-113. Russian. doi:
10.21055/0370-1069-2021-2-108-113

2. Chepurnov AA, Sharshov KA, Kazachinskaya EI, Konono-
va YuV, Kazachkova EA, Khripko OP, Yurchenko KS, Alek-
seev AYu, Voevoda MI, Shestopalov AM. Antigenic pro-

10.

11.

12.

Cell Technologies in Biology and Medicine, No. 2, August, 2022

perties of SARs-CoV-2/human/RUS/Nsk-FRCFTM-1/2020
coronavirus isolate from a patient in Novosibirsk. Zh.
Infektol. 2020;12(3):42-50. Russian. doi: 10.22625/2072-
6732-2020-12-3-42-50

. Bivins A, Greaves J, Fischer R, Yinda KC, Ahmed W,

Kitajima M, Munster V], Bibby K. Persistence of SARS-
CoV-2 in water and wastewater. Environ. Sci. Technol.
Lett. 2020;7:937-942. doi: 10.1021/acs.estlett.0c00730

. Buonerba A, Corpuz MVA, Ballesteros F, Choo KH,

Hasan SW, Korshin GV, Belgiorno V, Barcelé D, Naddeo V.
Coronavirus in water media: Analysis, fate, disinfec-
tion and epidemiological applications. J. Hazard Mater.
2021;415:125580. doi: 10.1016/j.jhazmat.2021.125580

. Chin AWH, Chu JTS, Perera MRA, Hui KPY, Yen HL,

Chan MCW, Peiris M, Poon LLM. Stability of SARS-
CoV-2 in different environmental conditions. medRxiv.
doi: 10.1101/2020.03.15.20036673

. Gwenzi W. Leaving no stone unturned in light of the

COVID-19 faecal-oral hypothesis? A water, sanitation and
hygiene (WASH) perspective targeting low-income coun-
tries. Sci. Total Environ. 2021;753:141751. doi: 10.1016/j.
scitotenv.2020.141751

. Hokajarvi AM, Rytkdnen A, Tiwari A, Kauppinen A,

Oikarinen S, Lehto KM, Kankaanp&i A, Gunnar T, Al-
Hello H, Blomqvist S, Miettinen IT, Savolainen-Kopra C,
Pitkdnen T. The detection and stability of the SARS-
CoV-2 RNA biomarkers in wastewater influent in Hel-
sinki, Finland. Sci. Total Environ. 2021;770:145274. doi:
10.1016/j.scitotenv.2021.145274

. La Rosa G, Bonadonna L, Lucentini L, Kenmoe S, Suf-

fredini E. Coronavirus in water environments: Occur-
rence, persistence and concentration methods — a scop-
ing review. Water Res. 2020;179:115899. doi: 10.1016/j.
watres.2020.115899

. Paleologos EK, O’Kelly BC, Tang CS, Cornell K, Rodriguez-

Chueca ], Abuel-Naga H, Koda E, Farid A, Vaverkova MD,
Kostarelos K, Goli VSNS, Guerra-Rodriguez S, Leong EC,
Jayanthi B, Shashank BS, Sharma S, Shreedhar S, Mo-
hammad A, Jha B, Kuntikana G, Bo MW, Mohamed
AMO, Singh DN. Post Covid-19 water and waste water
management to protect public health and geoenviron-
ment. Environ. Geotech. 2021;8(3):193-207. doi: 10.1680/
jenge.20.00067

Saawarn B, Hait S. Occurrence, fate and removal of
SARS-CoV-2 in wastewater: Current knowledge and fu-
ture perspectives. J. Environ. Chem. Eng. 2021;9(1):104870.
doi: 10.1016/j.jece.2020.104870

Tran HN, Le GT, Nguyen DT, Juang RS, Rinklebe ], Bhat-
nagar A, Lima EC, Igbal HMN, Sarmah AK, Chao HP.
SARS-CoV-2 coronavirus in water and wastewater: A
critical review about presence and concern. Environ. Res.
2021;193:110265. doi: 10.1016/j.envres.2020.110265
Wathore R, Gupta A, Bherwani H, Labhasetwar N. Un-
derstanding air and water borne transmission and sur-
vival of coronavirus: Insights and way forward for SARS-
CoV-2. Sci. Total Environ. 2020;749:141486. doi: 10.1016/j.
scitotenv.2020.141486




	ABSTRACT

	MATERIALS AND METHODS
	RESULTS
	REFERENCES

