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Coronavirus disease 2019 (COVID-19) outbreak: some serious
consequences with urban and rural water cycle
Gourav Dhar Bhowmick 1✉, Dhruba Dhar 2, Dibyojyoty Nath3, Makarand Madhao Ghangrekar 3,4✉, Rintu Banerjee1,
Soumen Das 2 and Jyotirmoy Chatterjee 2

The COVID-19 outbreak due to SARS-CoV-2 has raised several concerns for its high transmission rate and unavailability of any
treatment to date. Although major routes of its transmission involve respiratory droplets and direct contact, the infection through
faecal matter is also possible. Conventional sewage treatment methods with disinfection are expected to eradicate SARS-CoV-2.
However, for densely populated countries like India with lower sewage treatment facilities, chances of contamination are extremely
high; as SARS-CoVs can survive up to several days in untreated sewage; even for a much longer period in low-temperature regions.
With around 1.8 billion people worldwide using faecal-contaminated source as drinking water, the risk of transmission of COVID-19
is expected to increase by several folds, if proper precautions are not being taken. Therefore, preventing water pollution at the
collection/distribution/consumption point along with proper implementation of WHO recommendations for plumbing/ventilation
systems in household is crucial for resisting COVID-19 eruption.
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INTRODUCTION
A coronavirus (CoV) linked disease was identified in Wuhan, the
capital of Hubei province, China in December 2019. On 12th
February 2020, it was officially named as COVID-19, abbreviated
form of coronavirus disease 2019, by the World Health Organisa-
tion (WHO). The virus responsible for this pneumonia associated
COVID-19 outbreak, was initially designated as 2019-nCoV.
However, it was later changed to severe acute respiratory
syndrome coronavirus-2 or SARS-CoV-2, because of its close
genetic resemblance (88% similarity) with two bat-originated
SARS-like coronaviruses (bat-SL-CoVZC45 and bat-SL-CoVZXC21)1.
Apart from that, the SARS-CoV-2 shows approximately 79%
genetic similarity to SARS-CoV and ~50% similarity to middle east
respiratory syndrome coronavirus (MERS-CoV)1,2. On 11th March
2020, WHO declared COVID-19 a pandemic, indicating the huge
risk of global exposure that it possesses; furthermore, pointing
towards the need for protective measures. Reports from affected
countries suggested droplets and direct contact to be the major
modes of transmission of SARS-CoV-2 among humans3. However,
transmission through the faecal–oral route can never be under-
mined considering the historical evidence of SARS-CoV and MERS-
CoV led wastewater contamination through human waste4–6.
If the freshwater or sewage is adulterated with SARS-CoV-2, it

can pose a potential threat to a larger amount of population
worldwide. Even when infected patients are isolated in quarantine
centres, the freshwater source or sewer systems in public places or
hospitals contaminated with SARS-CoV-2 might defeat the
purpose of quarantine with awful consequences7. The possibility
of spreading of COVID-19 cannot be neglected even if the infected
individuals are exiled from a particular area. The presence of SARS-
CoV-2 in water and sewage undermined the quarantine practice,
unless proper attention is not sought to prevent the possible
contamination of receiving water bodies along with proper
biomedical waste disposal. This review elaborately summarises

the current scenario on the possibility of faecal–oral transmission
of COVID-19 and related water contamination along with the
precautionary measures that need to be taken by the government
as well as by the individuals with an eye on knowledge-based
scientific resolution to confront the COVID-19 outbreak.

WHAT IS SARS-COV-2 AND HOW DOES IT TRANSMIT?
SARS-CoV-2s are single-stranded; spherical shaped; positive-sense
RNA viruses (genome size: 29,903 nucleotides)3 with helical
symmetry, belonging to the family Coronaviridae8,9. These beta
coronaviruses express dense glycosylated spiked (9–12 nm long)2

proteins on their surface and show high-affinity binding to the
human angiotensin-converting enzyme 2 (ACE2) receptors10. The
ACE2s are membrane glycoproteins, highly expressed in organs
like lungs, kidney, heart, etc., and play an important role in
cardiovascular as well as in the immunoregulation system11,12.
However, in human body, expression of ACE2 receptor has been
observed to be highest in intestinal enterocytes13. The SARS-CoV-2
infects its host cells, especially alveolar epithelial cells, via receptor
(ACE2) mediated endocytosis, thereby affecting mainly the lower
airways14. As far as transmissibility is concerned, several published
reports suggested that SARS-CoV-2 has a basic reproduction
number (R0; average new infections triggered by an infected
person in a totally unaffected population) of 1.40–6.49, which is far
more than that of presumed by WHO (1.4–2.5)15.
In general, the transmission of COVID-19 takes place via two

basic routes. The first and the foremost route involves respiratory
droplets. The respiratory droplets in the form of aerosols coming
out of the protruding parts of the infected person’s face while
sneezing or coughing can bring the risk of contaminating other
people in close contact16. The other route is contact transmission,
where the respiratory droplets may land on surfaces, which if
come in contact with a healthy person can cause infection. This is

1Department of Agricultural and Food Engineering, Indian Institute of Technology Kharagpur, Kharagpur 721302, India. 2School of Medical Science and Technology, Indian
Institute of Technology Kharagpur, Kharagpur 721302, India. 3School of Environmental Science and Engineering, Indian Institute of Technology Kharagpur, Kharagpur 721302,
India. 4Department of Civil Engineering, Indian Institute of Technology Kharagpur, Kharagpur 721302, India. ✉email: gourav.db@iitkgp.ac.in; ghangrekar@civil.iitkgp.ac.in

www.nature.com/npjcleanwater

Published in partnership with King Fahd University of Petroleum & Minerals

1
2
3
4
5
6
7
8
9
0
()
:,;

http://crossmark.crossref.org/dialog/?doi=10.1038/s41545-020-0079-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41545-020-0079-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41545-020-0079-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41545-020-0079-1&domain=pdf
http://orcid.org/0000-0002-7628-4746
http://orcid.org/0000-0002-7628-4746
http://orcid.org/0000-0002-7628-4746
http://orcid.org/0000-0002-7628-4746
http://orcid.org/0000-0002-7628-4746
http://orcid.org/0000-0003-0361-5820
http://orcid.org/0000-0003-0361-5820
http://orcid.org/0000-0003-0361-5820
http://orcid.org/0000-0003-0361-5820
http://orcid.org/0000-0003-0361-5820
http://orcid.org/0000-0002-0691-9873
http://orcid.org/0000-0002-0691-9873
http://orcid.org/0000-0002-0691-9873
http://orcid.org/0000-0002-0691-9873
http://orcid.org/0000-0002-0691-9873
http://orcid.org/0000-0003-0080-0860
http://orcid.org/0000-0003-0080-0860
http://orcid.org/0000-0003-0080-0860
http://orcid.org/0000-0003-0080-0860
http://orcid.org/0000-0003-0080-0860
http://orcid.org/0000-0002-4059-8743
http://orcid.org/0000-0002-4059-8743
http://orcid.org/0000-0002-4059-8743
http://orcid.org/0000-0002-4059-8743
http://orcid.org/0000-0002-4059-8743
https://doi.org/10.1038/s41545-020-0079-1
mailto:gourav.db@iitkgp.ac.in
mailto:ghangrekar@civil.iitkgp.ac.in
www.nature.com/npjcleanwater


corroborative to the previously reported investigations performed
while analyzing the transmission of various CoVs through
contaminated water droplets and aerosols7; similar to respiratory
pathogen, Legionella, and an enteric pathogen, Cryptosporidium,
which can spread upon inhaling or ingesting the contaminated
water aerosols17,18. Apart from that, earlier reports suggest that
aerosolization and desiccation of body fluids and faecal matter
resulted in ingestion and inhalation of the dried particles,
ultimately causing infection by pathogens like norovirus19 and
hantavirus20. Transmission of CoVs through insect vectors like
houseflies and cockroaches, who may carry the virus while in
contact with infected faeces on its body or in intestinal tract, can
also be a possible route of spreading COVID-19 as reported
elsewhere21.

POSSIBILITY OF TRANSMISSION OF COVID-19 THROUGH
WASTEWATER CONTAMINATED WITH HUMAN WASTE
A plethora of investigations suggests that c.a. 2–10% of the
confirmed COVID-19 cases are showing diarrhoeal symptoms on
the very first day of admission and have persisted even for several
days after hospitalization22–24. Moreover, few investigations have
already detected viral RNA fragments of SARS-CoV-2 in the faecal
particles of infected patients24–27. These results indicate that the
indirect transmission of contaminated fomites may also play a
crucial role in spreading COVID-1928,29. During the 2002–2003s
SARS outbreak, stool samples were tested to be positive for the
outsourcing of the virus30 and RNA traces of SARS-CoV were also
reported to be present in patients’ stool samples, even after
10 weeks of symptom onset6.
In case of COVID-19, the gastrointestinal (GI) symptoms like

indigestion/dyspepsia, bloating and constipation at times precede
the respiratory symptoms and fevers for ~10% of the cases23,26,31.
Moreover, there are instances, when the patients had recuperated
from the illness, however, still tested positive for the presence of
viral RNA in stool samples32–34. In a recent investigation, detection
of SARS-CoV-2 from stool sample of an asymptomatic child of 10
years of age was an eye-opener for considering stool to be an
additional routine diagnostic sample apart from the respiratory
tract specimens35.
Although the current investigations indicate shedding of the

SARS-CoV-2 through the stool samples of a subset of patients,
however, only the detection of viral-RNA does not inevitably
indicate the presence of live virus in faecal matter and spread of
COVID-19 through faecal–oral transmission36. Researchers from
around the globe have been working in this matter and a few of
them have come up with some positive results with the presence
of live SARS-CoV-2 in the stool samples, which further confirms the
possible faecal–oral transmission of COVID-1937. Moreover, from
the virological perspective, this intestinal tropism of enveloped
SARS-CoV-2 is a bit unusual as most of the diarrhoea-related
viruses (i.e. adenovirus, rotavirus, norovirus etc.) are non-
enveloped. These have more resistance and a lot better chances
of survival in intestinal tract. However, in a recent investigation by
Xing et al.38, the intestinal tropism of SARS-CoV-2 indicates much
higher resistance than other enveloped viruses in the intestinal
tract, which is also in corroborative to the investigation done by
Leung et al. in case of SARS-CoV6.
It has been well documented that the SARS-CoV-2 utilizes ACE2

receptors to enter the host’s body39,40 and after that, the multiple
copies of viral RNA and proteins are synthesized in the host
cytoplasm to assemble the new virions41, which can then be
released in the GI tract. In an investigation, faeces of 73
hospitalized patients with SARS-CoV-2 were tested using real-
time reverse transcriptase-polymerase chain reaction (rRT-PCR)
and 53.42% of the cases resulted positive in stool samples42.
Surprisingly, 23.29% of the patients with viral RNA untraceable in
respiratory tracts showed the presence of SARS-CoV-2 in their

faeces42. Moreover, the gastric, rectal, and duodenal epithelia
exhibited positive immune-fluorescent staining of viral host
receptor ACE2 and viral nucleo-capsid protein in case of COVID-
19 patients. Moreover, the investigators also successfully isolated
infectious SARS-CoV-2 from the stool sample indicating the
presence of infectious virions in the GI tract (claimed unpublished
data)42. These outcomes decidedly highlighted the potential of
the faecal–oral transmission route of SARS-CoV-2 in the recent
worldwide outbreak31,42.
Furthermore, in a recent investigation, Wang et al. have cultured

stool specimens of four COVID-19 patients with very high viral
RNA copies and could observe live viruses in two of them43.
Moreover, they also reported the presence of live SARS-CoV-2 in
the anal swabs or blood samples; whereas, oral swabs tested
negative for the same in few of the cases. Therefore, these
patients would likely to be considered as COVID-19 negative
through routine surveillance despite posing threat to other people
by faecal–oral transmission43.
In another investigation, occasional presence of subgenomic

messenger-RNA containing cells was reported in stool samples,
indicating occurrence of independent active replication of SARS-
CoV-2 in the GI systems24. The investigators suggested the
containment measures for viral transmission to focus more on
droplets rather than on fomites, as they detected infectious viral
strain while cell-culturing only in lungs and throat-derived
samples but not from stool samples24. However, they also
emphasized on the need for further investigation to validate the
same, as they had only cultured 13 samples from four patients
with only one mild intermittent diarrhoea case24. In another case-
study, the Chinese Centre for Disease Control and Prevention
(CCDC) reported isolation of live SARS-CoV-2 from the stool
sample of a laboratory confirmed patient from Heilongjiang
Province, China, about 15 days after the onset of disease44. As the
findings are only from a small dataset of patients, hence, further
investigations are required to understand the frequency of
presence of infectious viral strain and the range of viral load in
faeces, which is of major concern for transmissibility in the present
scenario45.
On the other hand, saliva has also been found to be positive

with SARS-CoV-2, and can lead to spread of COVID-19 through
aerosol transmission; or mixing of infected saliva with drinking
water source; or water contaminated with infected saliva if
unknowingly used for washing hands/face by the healthy
individuals46. Hence, considering our current knowledge of huge
SARS-Cov-2 load on saliva, sputum as well as in stool samples of
COVID-19 patients, it can easily contaminate a large amount of
wastewater being generated from the hospitals, quarantine
centres and domestic households from the areas with positive
COVID-19 cases. It can then contribute towards the elevated
concentration of SARS-CoV-2 in the receiving water bodies if not
being treated properly (Fig. 1).

CURRENT TREATMENT OPTIONS FOR SARS-COV-2
CONTAMINATED WASTEWATER
Various reports suggest that it is possible to detect faecal–oral
transmitted viruses (like adenovirus, norovirus, hepatovirus,
rotavirus, even CoVs) in sewage47. In a recent report, the SARS-
CoV-2 load was estimated in the municipal wastewater to be in
the range of 56.6 million to 11.3 billion viral genomes/infected
person.day48. It was based on the previous reports on the
presence of 600,00049 to 30,000,00024 number of viral genomes/
ml of faecal matter, considering the faecal load to be around 100 g
of faeces/person.day with 1.06 g/ml of specific density50.
The analysis of incoming sewage may thus be a useful tool to

reveal the presence of excreted faecal-based viral strains to warn
the government about the possible outbreak in the near vicinity of
the sewage contaminated area51. Global Water Pathogen Project
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dynamically reported the current available technologies to control
the outbreak of different enteric viruses by sewage treatment
plants52. Therefore, the wastewater coming out of the contami-
nated areas can thus be treated by several processes in municipal
wastewater treatment facilities in order to reduce the impact on
the receiving water bodies53. Otherwise, if the treatment is not
ensured, the enteric transmission of SARS-CoV-2 is possible and
the contaminated wastewater with the viral load can pose threat
to the people utilizing that water source at downstream points54.
It is well documented that the presence of predatory

microorganisms like protozoa can proliferate the rate of inactiva-
tion of viruses with the catalytic action of proteases and
nucleases55–57. In general, the conventional secondary treatment
processes can remove the virus content up to 2–3 log-scale
through the process of adsorption to the solid particles or
enmeshment to the flocs of activated sludge58. The treatment
processes involving filtration membranes (nano-filtration or
reverse osmosis, RO) have proven to be another efficient approach
towards the removal of viruses by filtering the solids (like cell
monolayer, etc.) and solid-associated viruses. Although, the
membrane filtration process apparently depends on molecular
weight cut-offs (MWCO) for a higher degree of virus removal,
which generally ranges from as low as 0.2 log-scale in microfiltra-
tion to more than 6.5 log-scale in RO process58.
However, the removal of viruses in all the above cases is due to

the action of mechanical straining and not by inactivation of the
viruses. The tertiary treatment systems like chlorine dosing,
ozonation, or UV irradiation are reported to be effective for
inducing inactivation of the viruses. Although, ozonation and UV
irradiation are more effective than chlorine induced reactive

oxygen species formation; however, the former cannot provide
residual disinfection as chlorine does in the distribution pipe-
lines58,59. Nevertheless, further scientific investigations are
required on these disinfectants to decide dose and contact time
for this specific SARS-CoV-2 inactivation.

RISK ASSOCIATED WITH THE TREATMENT OF SARS-COV-2
CONTAMINATED WASTEWATER
The SARS-CoV and MERS-CoV were experimented extensively to
assess the chances of transmission through the faecal–oral
route60. During the 2003 SARS-CoV outbreak, it was reported that
the RNA of SARS-CoV was found in the sewage treatment facilities
of two hospitals in Beijing, China, where infected patients were
being treated30. It was also investigated that SARS-CoV can survive
up to 14 days at 4 °C, and for only 2 days at 20 °C in untreated
sewage61. Moreover, the current COVID-19 situation has also
raised similar concerns, due to which the Centres for disease
control and prevention (CDC), USA has suggested that, transmis-
sion of SARS-CoV-2 through untreated sewage may also be
possible61. Most recently, investigations performed in The Nether-
lands62, Australia63, Italy64, Spain65 and France66 also corroborates
the same as they were successful in detecting SARS-CoV-2 in
untreated sewage. Hence, if such developments occur, it will be
very difficult to control the community transmission rates in
subsequent days.
As per reports by the National Green Tribunal (NGT) on the

effluent-discharge standards of sewage treatment plants
(last updated on 8th May 2019), from densely populated
developing countries like India, only 22,963 million liters per day

Fig. 1 The possibility of COVID-19 contamination scenario in the urban and rural water cycle with potential human exposure. (1) Spread
of SARS-CoV-2 among humans in contact with infected animals, (2) SARS-CoV-2 may enter the sewerage system through faeces, urine, or
vomit of the infected person, (3) Hospitals and quarantine centres, (4) Wastewater escaped from in-situ treatment facilities of hospitals/
quarantine centres and reaching to the sewerage system, (5) Mishandling of biomedical wastes and careless disposal causing water
contamination, (6) Wastewater generated from the public places, (7) Treated wastewater discharge to the receiving water bodies, (8)
Bypassing of untreated, contaminated wastewater directly into the receiving water bodies, (9) Direct consumption of contaminated water by
rural people or people having no access to water treatment facilities, (10) Contaminated water if properly disinfected/treated in water
treatment plants can curb the spread of COVID-19 (leaky conveyance lines can also lead to contamination in water distribution systems), (11)
Direct consumption of contaminated water by the urban people bypassing water treatment line, (12) Contaminated water consumption can
infect healthy people in urban areas, (13) Human exposure to SARS-CoV-2 through toilet flushing and defective indoor plumbing systems, (14)
Rain water and snowmelt excess water can further cause spreading of COVID-19 among unaffected human beings during major wet weather
events, (15) Community spreading of COVID-19.
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(MLD) of sewage is treated67. However, the total generated
sewage stands at 61,754 MLD, leaving behind 38,791 MLD (>60%)
of sewage untreated to the receiving water bodies67. Moreover,
situations like rain and snowmelt can further deteriorate the
conditions causing combined sewer overflows, and ultimately
resulting in untreated sewage dumping in water bodies at a larger
magnitude68. In an overall health risk assessment study, the risk of
infection due to the ingestion of urban floodwater for a number of
waterborne pathogens like Campylobacter, Cryptosporidium,
Giardia, norovirus and enterovirus, which can cause gastrointest-
inal diseases, was quantified69. The report showed a mean risk of
infection for children in the community, who are exposed to the
floodwater coming out of combined sewer overflows, storm
sewers and from the surface runoff generated due to rainfall was
33%, 23% and 3.5%, respectively. However, for the adults, the
corresponding mean risk of infection was 3.9%, 0.58% and 0.039%,
respectively, mainly due to noroviruses and enteroviruses present
in floodwater69. Therefore, the factor of risk can never be
undermined for COVID-19 to spread through the human waste
contaminated wastewater specifically at wet weather events.
There is further risk associated with the decentralized waste-

water treatment systems, like septic tanks, because such systems
do not disinfect the effluent at all. Therefore, it can contaminate
the water bodies with shallow groundwater depth or areas prone
to flooding or if open well used for drinking water is located
within a distance of 30 m from the septic tank if appropriate
precautions are not being taken70. In case of situations like
disaster response, Sphere Project in 2011 has also recommended a
minimum standard lateral distance of 30m in between the onsite
sanitation structures and the freshwater sources71.
On the other hand, there is a high chance of spreading SARS-

CoV-2 through the aerosols formed over the uncovered aerobic
wastewater treatment facilities like activated sludge process,
etc.72. In an investigation, the detection of three different virus
strains (norovirus, adenovirus, and the hepatitis E virus) was done
over the air samples of 31 different wastewater treatment plants
(WWTPs) for two seasons of two consecutive years72. The results
indicated that the adenovirus was present in almost all the
samples (100% in summer and 97% in winter), with the highest
airborne concentration of 2.27 × 106 genome equivalent/m3.
Whereas, the norovirus was sparsely detected and hepatitis E
remained undetected from the air-samples obtained from the
plants over time. Thus, this investigation showed the presence of
potential pathogenic viral particles in the aerosols coming out of
different units of WWTPs72. Although, according to the WHO
interim guidance (Water, sanitation, hygiene, and waste manage-
ment for the COVID-19 virus), there were no such evidences, of
people working in WWTPs contracting SARS-CoV during the
2002–2003s outbreak16, it is however not to be neglected
considering the chances of contamination to the workers handling
these units in the current COVID-19 scenario72.
During the 2003s SARS-CoV outbreak, it was reported that

defective plumbing/ ventilation systems contributed to the
spreading of SARS-CoV through aerosols at the Amoy Gardens
housing complex, Hong Kong, where more than 300 infections
and 42 deaths occurred73,74. In the present COVID-19 outbreak,
similar kind of suspected cases of infection were observed among
two positive cases of residents of a high-rise tower named Hong
Mei House, at north-western Hong Kong’s Tsing Yi, possibly due to
faulty pipes; although later, the claims were denied by the
authority75. A total of 58 COVID-19 cases were reported from a
building at Kapashera in Southwest Delhi, India, question further
the possibility of same because of common toilets being used by
the affected persons76. Therefore, the possibility of transmission of
COVID-19 can never be neglected because of faulty plumbing/
ventilation systems specifically in high-rise buildings.

CURRENT FRESHWATER TREATMENT OPTIONS FOR
MITIGATING SARS-COV-2 CONTAMINATION
The surface water treatment plants are most susceptible to viral
contamination specifically during the current COVID-19 outbreak
situation. Although at present, there are no reliable data available
on the load of viable SARS-CoV-2 causing infection through
drinking, bathing, or recreational activities, the best way to halt
any chances of the same is to treat the water before ingestion at
the consumer end.
The techniques including the stress due to sunlight exposure,

chemical dosing for reactive oxidative species formation, or
predation by other microorganisms are employed in water
treatment plants to mitigate the viral contamination in general.
In the case of conventional centralized water treatment plants,
filtration followed by disinfection is expected to be sufficient
enough to get rid of SARS-CoV-2. Although the fragile vitality of
SARS-CoV-2 in open sunlight condition reduces the threat to raw
water contamination, the application of chlorination and UV
disinfection poses further assured inactivation of SARS-CoV-2 to an
extent that it represents a low health risk to the consumer16.
Furthermore, the application of secondary disinfection measures,
like dosing of chloramines to maintain a certain residual chlorine
level in the distribution network adds to further protection from
contamination77.

RISK ASSOCIATED WITH THE FRESHWATER SUPPLY WITH
POSSIBLE SARS-COV-2 CONTAMINATION
The water treatment systems with downstream (surface water) or
down gradient (groundwater) sources have rough chances of
getting SARS-CoV-2 contaminated raw water supply. This happens
either because of discharge from combined sewer overflows or
incomplete disinfection at wastewater treatment systems or from
faecal matter of infected patients present in near vicinity. The
faecal–oral based or waterborne transmission of viruses is on the
whole challenging in places with poor sanitation and very limited
access to the uncontaminated drinking water36,60. Moreover, it has
been reported that ~884 million people worldwide do not have
access to fresh water, with around 1.8 billion people using the
faecal contaminated source of drinking water with 4.2 billion
people bereft of safely-managed sanitation; which can possibly
make the COVID-19 outbreak situation even worse in days to
come78–80.
The SARS-CoV-2 has not yet been found in any drinking water

facilities and as per current pieces of evidence, it is safe to
comment that the risk to drinking water supplies is low, if proper
precautions are being taken. Laboratory investigations on
different surrogate coronaviruses showed that they could remain
infectious in the water contaminated with faecal matter for days
to weeks81. Duan et al. reported that SARS-CoV can survive for at
least 96 h in sputum (testing condition—1:20 dilution in
phosphate buffer solution, PBS), serum, and faecal (testing
condition—1:20 dilution in PBS) samples, whereas in urine for
no less than 72 h though with lower infectivity82. In another
investigation, it was found that the SARS-CoV could sustain for
2 days in domestic sewage, hospital wastewater, and dechlori-
nated tap-water4. Furthermore, SARS-CoV sustained for 3 days in
faecal matter, 14 days in PBS and for 17 days in urine at 20 °C,
however, at 4 °C, it could sustain for more than 17 days in both
faecal matter and urine4.
Over the years, several CoV strains like transmissible gastro-

enteritis virus or TGEV, a Group 1 CoV-based diarrhoeal swine
pathogen and mouse hepatitis virus or MHV, a Group 2 CoV-based
enteric and respiratory pathogen of laboratory mice, were also
investigated extensively83. Casanova et al. experimented the time
needed for reduction of 99% infectious titer at 25 °C in reagent-
grade water was 22 days and 17 days for TGEV and MHV,
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respectively7. However, there was no substantial deterioration in
the infectious titer of both the viruses over a period of 49 days of
observation at 4 °C in reagent grade water7. Moreover, in the
natural water body (lake water in this case), a 99% reduction in
infectious titer was witnessed over 13 days for TGEV and 10 days
for MHV at 25 °C. In wastewater contaminated with human faecal
waste, a 99% decline in infectious titer was witnessed over 9 and
7 days for TGEV and MHV, respectively at 25 °C. However, in both
the cases, at 4 °C, no significant decline was witnessed even after a
considerable amount of observational period7. During another
investigation, survival times of CoVs in tap water and wastewater
was estimated using representative CoVs like, feline infectious
peritonitis virus (FIPV) and human coronavirus 229E (HCoV), where
required time for both the virus titers to reduce by 99.9% (T99.9) in
tap water was 10 days at 23 °C compared to more than 100 days at
4 °C, whereas in wastewater the T99.9 values were around 2–3 days
at 23 °C84. Apart from these, during the most recent COVID-19
outbreak; serum, sputum, faeces and urine samples have also
tested positive for SARS-CoV-2 for up to 2–14 days, 3–14 days,
1–12 days and ~7 days, respectively, in different
investigations26,27,35,42,85,86.
Therefore, from the above observations, it is clearly evident that

the incubation time and temperature are significant factors for
viral reduction or inactivation in the water distribution system,
which is corroborative to the previous researches on the survival
of different viruses in water87–89. Therefore, the possibility of long
term survival and related airborne faecal-droplet transmission
system showed that faecal-contaminated media (aqueous) could
stance a major health risk in the COVID-19 outbreak if proper
precautions are not being taken (Table 1).

PRECATIONARY MEASURES TO BE TAKEN TO CONTROL
FURTHER SPREADING OF COVID-19

● In order to ensure appropriate control over water quality,
necessary measures required to be taken include: preventing
pollution of water at the point source, i.e. proper water
treatment at the distribution/collection/consumption point;
storing treated water properly in clean and well-covered
vessels, etc. Unlike coxsackieviruses, SARS-CoV-2s are sur-
rounded by a non-robust lipid membrane, making them
susceptible to inactivation by chlorine or other disinfectants.
Therefore, efficient disinfection of water using conventional
methods should be followed in order to maintain the free
residual chlorine concentration of ≥0.5 mg/L after 30 min of
exposure at pH < 8.0 throughout the distribution system90. In
a recent investigation, a successful approach has been
showcased how a sewage disinfection pool with sodium
hypochlorite solution can completely eradicate the SARS-CoV-
2 load from the sewage generated from the isolation wards of
First Affiliated Hospital of Zhejiang University, China91. More-
over, the technical persons working in the close vicinity of
WWTPs should take proper precautions like usage of personal
protection equipment (masks, gloves, gowns and eye protec-
tion), to minimize the viral transmission through aerosols
coming out of treatment units.

● Adoption of a wastewater-based epidemiology approach will
be useful for establishing an effective early warning system
followed by implementation of a prompt intervention system
for rapid on-site detection of SARS-CoV-2 at the wastewater
source or at collection points48,92. For this, paper-based
biosensors can serve as a portable and robust option for
detecting SARS-CoV-2 in wastewater93. Apart from that,
inexpensive and high throughput diagnostic platforms like
Pathogen-Oriented Low-Cost Assembly & Re-Sequencing
(POLAR) can also be exploited for SARS-CoV-2 monitoring in Ta
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municipal WWTPs94. Such approaches could not only provide
continuous real-time monitoring, however, these can also help
local agencies/governments to track the possibility of com-
munity spread of COVID-19 at different waves of re-
emergence at worst case scenario93. The lockdown in the
United States is costing them around US$11.5 billion/day95,
which can be drastically put down with proper policy-making;
given the real-time data available on the presence of SARS-
CoV-2 while monitoring the wastewater discharged from the
places well before in hand.

● Apart from conventional methods, in case of places, where
safe piped water supplies and centralized water treatment
facilities are not available, water disinfection techniques for
households like boiling, nanofiltration, solar/UV irradiation or
addition of free chlorine (bleaching powder) in appropriate
doses, are also effective. The SARS-CoV-2 is sensitive to
heating and can be completely inactivated when heated at
92 °C for 15 minutes (>6 log-scale removal)96. The irradiation
by UV for a duration of 60min can also be a good option for
the destruction of CoVs activity to an undetectable level as
reported elsewhere82. The SARS-CoV could be inactivated
from the faeces or urine samples well within a few minutes by
500–1000mg/L of chlorine or peracetic acid dosing as
reported by Wang et al.4. Moreover, the SARS-CoV is highly
susceptible to the disinfectants like free chlorine compared to
chlorine dioxide than E. coli and f2 phage4.

● When properly installed, a septic system should be located at
a distance and location should be suitably designed to avoid
impacting a water supply well. In the case of small health care
setups at low-resource areas, where conventional treatment
facilities are unavailable, pit latrines can be constructed and
operated with lime addition to prevent contamination of
water sources. However, one should confirm the distance
between the groundwater table and the pit bottom of at least
1.5 m; horizontal separation distance between groundwater
source (both shallow wells and boreholes) and latrines of at
least 30 m shall be followed70.

● According to WHO recommendations, bathroom drains
should be properly sealed, plumbing systems should be
well-maintained and sprayers/faucets should have backflow
valves to restrict entry of faecal aerosols into pumping/
ventilation systems. Furthermore, to prevent the spreading of
droplets or generation of aerosol clouds, flush toilets should
have operational drain traps as details reported by Gormley
et al.97. Also, while flushing, the lid of the toilet should be kept
down. Apart from that, appropriate risk assessment should
also be done for those healthcare setups connected to
sewerage, to prevent leakage of the contaminated wastewater
before reaching to the disposal sites98.

CONCLUSIONS
The alternate route of transmission of SARS-CoV-2 like human
waste contaminated wastewater sources can cause further
implications in restricting the COVID-19 outbreak. Steps like the
confinement of the infected patients at the quarantine centres
other than existing healthcare treatment facilities without proper
in-situ wastewater treatment systems can further worsen the
situation. In general, the conventional tertiary wastewater treat-
ment systems like chlorination, UV irradiation are expected to be
capable of eradicating SARS-CoV-2 for possible contamination.
However, for densely populated countries like India, where more
than 60% sewage is currently left untreated even in urban areas,
chances of contamination of water bodies are extremely high with
SARS-CoV-2. Therefore, preventing pollution of water at the point
sources i.e. at the collection/distribution/consumption point along
with the proper implementation of WHO recommendations for

plumbing/ventilation systems in a household is highly necessary
to control COVID-19. The perseverance of CoVs in water and
sewage further advocates that the measures like quarantining,
which ascertained effective containment at previous SARS out-
break, might not be effective enough if proper precautions are not
being taken with the fate of biomedical wastes and wastewater
discharges. Proper hygiene, social distancing and adequate onsite
treatment to the sewage generated from quarantine wards, and
ensuring the presence of sufficient free residual chlorine in the
drinking water received at consumer end are thus some of the
important aspects to get rid of SARS-CoV-2 and related health
issues to control the COVID-19 outbreak.
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