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Introduction
Enteric viruses shed in the infected individuals’ gastrointestinal 

tract and feces are primarily transmitted through ingestion of 
contaminated water, even at a low titer [1]. Most of such human 
infections are asymptomatic or self-limiting and are manifested 
as gastroenteritis, diarrhea or respiratory illness [2]. Of these, 
coronaviruses (CoVs) primarily cause respiratory infection in 
humans, including different symptoms in other mammals [3]. 
In addition, enteric manifestation and waterborne transmission 
of human CoVs through detection of CoV-like particles in 
fecal samples have been confirmed in symptomatic as well as 
asymptomatic individuals [4-6]. In humans, six CoVs viz., HCoV-
OC43, HCoV-229E, HCoV-NL63, HCoV-HKU1, SARS-CoV-1, 
and MERS-CoV, including the seventh recently emerged SARS-
CoV-2 are known to cause respiratory diseases [7,8]. Similar to 
SARS-CoV-1 and MERS-CoV, a proportion of SARS-CoV-2 
disease (Covid-19) patients have shown a relatively ‘asymptomatic’ 
state before the onset of typical symptoms [9,10].  
Gastrointestinal manifestations of HCoVs

Generally, the gastrointestinal manifestations of HCoVs include 
diarrhea and stool shedding. Of these, HCoV-OC43 and HCoV-
NL63 have been shown digestive symptoms and fecal shedding 
in an equal proportion [11] as compared to a higher frequency 
in cases of HCoV-NL63 patients [12]. In addition, HCoV-HKU1 
commonly associated with acute respiratory infection, has been 
also linked to the gastrointestinal symptoms [13,14]. Notably, 
diarrhea has been a common digestive manifestation of both 
SARS-CoV-1 and MERS-CoV [15,16]. 
Stool shedding of SARS-CoV-2

A proportion of SARS-CoV-2 infected patients have shown 
gastrointestinal and liver manifestations, such as abdominal pain, 
diarrhea, and hepatitis [17,18]. As compared to nasopharyngeal 
specimen, higher titer of SARS-CoV-2 RNA has been detected in 
the rectal and stool samples [18-20]. Notably, in a recent study, the 

infectivity of stool-derived SARS-CoV-2 has been demonstrated 
in cultured cells [21]. 
Detection of SARS-CoV-2 in sewage and wastewater 

Enteric or diarrheal viruses have been associated with drinking 
water sources such as wells and lakes, including raw wastewater. In 
view of this, the stool shedding of infectious SARS-CoV-2 further 
increases the risk of its waterborne or fecal-oral transmission [21]. 
Because, most underdeveloped or low-income countries have 
poor sanitation and inadequate water management, it potentially 
increase the risk of Covid-19 spread in a given community [22]. 
The SARS-CoV-2 contamination of water sources may occur 
through various pathways. The surface water, such as ponds, lakes 
and rivers where wastewater is often discharged directly without 
proper treatment, can further transport the virus through the water 
channels into the communities. In view of the highlighted plausible 
contamination and waterborne transmission of SARS-CoV-2, 
several wastewater surveillance studies have reported detection of 
viral RNA in raw and treated wastewater samples collected from 
wastewater treatment plants, river and hospital septic tanks [23-
32]. Therefore, water surveillance has been recommended as an 
early-warning preventive measure for Covid-19 spread [33]. 
Inactivation of SARS-CoV-2 in wastewater

In wastewater, the half-life of SARS-CoV-2 has been reported 
to be significantly affected by various physical and chemical 
factors, such as temperature, UV ozone, and chlorine [34]. The 
World Health Organization (WHO) has suggested free chlorine 
(0.5 mg/L) pH 8.0) and at least 30 min of contact time for 
centralized disinfection [35]. The half-life of SARSCoV-2 in 
hospital wastewater was estimated to range between 4.8 and 7.2 
h at 20°C [35]. Recently, a disinfection guideline, requiring free 
chlorine (6.5 mg/L) and contact time of 1.5 h for medical sewage 
has been initiated in China [34]. In view of this, there is a proposed 
measure that includes decentralization of wastewater treatment 
facilities, community-wide monitoring and testing of SARS-
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CoV-2 in wastewater samples, improved sanitation, developing 
point-of-use decontamination devices, and implementation of 
more focused policy. Nonetheless, in some cases, even when the 
cause of water contamination is resolved, the drinking water still 
gets contaminated by the sewage through blockage of the drainage 
system, pipe leakage or pump failure. In other cases, inadequate or 
failing treatment processes also lead to partial removal of enteric 
viruses from water sources.
Wastewater surveillance for SARS-CoV-2

The provision of safe water, sanitation, waste management and 
hygienic conditions is therefore, essential for protecting public 
health during infectious disease outbreaks. In a pandemic situation 
like Covid-19, wastewater-based epidemiology (WBE) serves 
as an important tool to detect and monitor enteric viruses in a 
community [36]. WBE has been therefore, applied to a wide range 
of waterborne enteric viruses, including CoVs which are ultimately 
discharged into urban sewage [37]. WBE is an integrated technique 
that implies extraction and nucleic acid-based techniques to detect 
viral RNA or DNA from water samples, its quantification, data 
processing, and interpretation. In the present situation, WBE could 
be a valuable surveillance tool to monitor SARS-CoV-2, providing 
opportunities to estimate its prevalence, genetic diversity and 
geographic distribution. The WHO guidelines recommend a 
preventive management framework for sanitation and water 
surveillance for authorities who set the health-based targets 
for the protection of drinking water from waterborne infections 
[35]. This includes assessing the adequacy of systems, defining 
and monitoring control measures, and establishing management 
strategies for water safety. Such framework for safe water can be 
therefore, adapted according to environmental, socio-economic 
and cultural circumstances on the national, regional and local levels 
[38]. In addition, sewages of hostels, housing complexes, hotels, 
hospitals, quarantine centers, prisons, factories and warehouses, 
railway stations, seaports, airports, malls, stadiums, military 
cantonments and other confined areas should be monitored for 
SARS-CoV-2. 
Future perspectives

Because SARS-CoV-2 is shed in high amount in patients’ stools 
and been detected in various water sources, it provides a cautionary 
warning on the further spread of Covid-19 in underdeveloped 
or developing countries. In spite of this, the roles of infected 
excreta and water surveillance have not been widely endorsed 
yet. Nonetheless, the provision of safe water through sanitation, 
wastewater management and hygienic conditions is essential for 
protecting public health during such pandemic. Therefore, more 
experimental and clinical studies are further needed to show whether 
transmittable amounts of SARS-CoV-2 can be found in water 
sources. In addition to the ongoing global monitoring of SARS-
CoV-2 in clinical and laboratory settings, wide implementation of 
WBE could be very useful in tracking the source of contamination, 
identifying the locations of potential carriers, and providing an 
indicator of Covid-19 within a community. However, tracking the 
source, spread, and mutational changes in SARS-CoV-2 in near 
real-time would be one of the most challenging aspects of water 
surveillance. 
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