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A B S T R A C T   

The SARS-CoV-2/COVID-19 pandemic has spread across the globe and affected millions of individuals as of the 
efficient virus transmission potential mediated via multiple virus shedding routes. The presence of SARS-CoV-2 
in the stool samples and its prolonged shedding in environmental compartments like sewage and wastewater 
signifies a potential threat adding to the transmission cycle of this novel virus. The potential role played by the 
asymptomatic COVID-19 patients in transmitting the disease via the fecal-oral route is now under investigation. 
Hence, in the present scenario, wastewater-based epidemiology, and sewage surveillance may provide valuable 
insights into the prevalence of SARS-CoV-2 among the human population and could serve as a sensitive sur
veillance system and a crucial early warning tool. Further studies are required to determine the survival of SARS- 
CoV-2 in the environment, transmissibility through wastewater, and the potential to infect humans via the fecal- 
oral route. Appropriate frameworks with regards to evaluation and analysis of SARS-CoV-2 will help implement 
appropriate intervention strategies and necessary sanitation practices to ensure virus free clean water supply to 
have a check on the further spread of this pandemic virus.   

The ongoing coronavirus disease 2019 (COVID-19) pandemic that 
began in December 2019 is caused by a novel coronavirus identified as 
severe acute respiratory syndrome virus 2 (SARS-CoV-2) by the Inter
national Committee on Taxonomy of Viruses (ICTV) (Gorbalenya et al., 
2020). The Huanan seafood market in Wuhan, China, was primarily 
believed to be the origin of this virus (Chan et al., 2020). The complex 
transmission mechanisms and non-availability of specific targeted drugs 
and diagnostics led to the worldwide spread of this virus (Dhama et al., 

2020), affecting more than 215 countries and territories with more than 
8 million laboratory-confirmed cases and approximately 0.4 million 
deaths. Most of the SARS-CoV-2 infections are mild but some progress to 
severe clinical manifestations with acute respiratory distress syndrome 
(ARDS) (Harapan et al., 2020; Rodriguez-Morales et al., 2020) and the 
disease progression, in part, may be associated with immune responses 
(Keam et al., 2020). In this artcle, the key finding on the existence SARS 
CoV-2 in sewage and wastewater is reviwed from the published 
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literature. For this, the literature search was carried out using the key
words SARS-CoV-2, Sewage, Wastewater, Public Health in the Pubmed 
and Google Scholar, Pubmed search using SARS-CoV-2 and Sewage as 
key words showed 57 articles, whereas SARS-CoV-2 and wastewater 
keywords resulted in 108 articles. The key findings from the most 
relevant articles were discussed in this article to highlight the public 
health concern. 

The virus transmission is established through direct close contact 
with COVID-19 patients (symptomatic as well as asymptomatic) via 
their secretions, mainly respiratory droplets produced as a result of 
coughing or sneezing and indirectly via contact with the virus contam
inated droplets (Harapan et al., 2020; Zou et al., 2020). Reports confirm 
the presence of COVID-19 on more than two dozen cruise ships in 
different parts of the world that could be one more source of large 
waterbodies contamination which may not have any significance due to 
the dilution of virus particles in large waterbodies such as occean (Sal
ducci et al., 2020; Dahl et al., 2020; Chen et al., 2020a). A recent study 
comparing the SARS CoV-2 detection in the wastewater and river 
showed the virus was detectable only in the wastewater but not in the 
river waster (Haramoto et al., 2020). 

The virus could survive on surfaces, clothes, and fomites for different 
time intervals like 3 hours in the air, 4 hours on copper, 24 hours on 
cardboard along with 2–3 days on stainless steel and plastic (ECDC 
2020; van Doremalen et al., 2020). However, as viruses cannot replicate 
outside the host cell, their detection in environmental samples/surfaces 
and sewage suggests their excretion by infected humans or animals 
(O’Brien and Xagoraraki, 2019). For host cell entry, SARS-CoV-2 uses 
the receptor angiotensin-converting enzyme 2 (ACE2), which is highly 
expressed in the gastrointestinal tract (enterocytes) and other internal 
organs, like the testes, kidneys, and heart (Harmer et al., 2002; Xu et al., 
2020; Zheng et al., 2020a), but has medium to low expression in the 
lungs (type 2 pneumocytes), liver, blood, spleen, and brain (Li et al., 
2020; Lukassen et al., 2020). The higher expression of ACE2 in the 
gastrointestinal tract (GIT) is also supported by SARS-CoV-2 shedding 
for a longer duration from the stool samples of patients with COVID-19 
(D’Amico et al., 2020). Consequently, diarrhea has been observed in 
2–50% (average, 10.4%) of COVID-19 patients, with or without respi
ratory symptoms (D’Amico et al., 2020). Although current evidence 
suggests the involvement of the GIT in SARS-CoV-2 infection, evidence 
for the direct involvement of the liver is lacking. Further studies are 
required to understand the mechanism underlying viral shedding via the 
fecal route, and to investigate whether SARS-CoV-2 is a hepato- or 
cholangio-tropic virus that can be secreted into the bile (Ding and Liang, 
2020). 

The involvement of the GIT has been confirmed by detecting the 
virus in 53% (9 out of 17) stool samples of COVID-19 cases, although 
with a lower viral load compared to respiratory samples, throat, and 
sputum (Pan et al., 2020). The viral RNA has been detected in fecal 
samples from both symptomatic and asymptomatic patients (Gao et al., 
2020; Holshue et al., 2020; Zhang et al., 2020a; D’Amico et al., 2020). 
Furthermore, the viable virus has also been detected in stool samples 
from patients with COVID-19 (Wang et al., 2020; Wu et al., 2020). 
Additionally, shedding of the virus in the feces for several days after the 
disappearance of all respiratory symptoms has been reported in patients 
with COVID-19 (Wu et al., 2020). Peccia et al. (2020) amid COVID-19 
pandemic detected the viral RNA of SARS-CoV-2 in sewage sludge in 
the New Haven, Connecticut, USA over 2 months of time. Notably, the 
higher virus concentration was noted in sludge prior to peak of infection 
cases in community that indicated shedding of the virus in larger 
numbers before onset of clinical signs. 

Viral shedding can occur via the fecal route in patients whose 
oropharyngeal samples tested negative for SARS-CoV-2 and up to 7 days 
after negative conversion in pharyngeal swabs (Chen et al., 2020b). A 
study reported the median duration of viral shedding in the stool was 22 
days in comparison to the 18 and 16 days in respiratory airways and 
serum samples, respectively (Zhang et al., 2020b). Hence, to prevent the 

possibility of a false negative result during the initial screening, stool 
samples should be tested to complement other tests for enabling the 
early diagnosis of COVID-19. Moreover, the fecal sample collection is 
non-invasive and can be performed by the patients themselves (Bonato 
et al., 2020). Taking into consideration the possibility of prolonged viral 
shedding in cured patients, laboratory-confirmed cases of COVID-19 
should only be declared as negative when both the oropharyngeal and 
fecal samples test negative, to prevent the possibility of fecal-oral 
transmission (Ali et al., 2020). 

The SARS-CoV-2 RNA has been detected in the sewage or wastewater 
samples (Ahmed et al., 2020; Young et al., 2020; Wang et al., 2020). This 
contamination could be because of viral excretion from symptomatic, 
asymptomatic, or pre-symptomatic cases (Lodder et al., 2020). Wang 
et al. (2020) have reported that sewage samples from the inlet of the 
pre-processing disinfection equipment and the outlet of pre-processing 
disinfection pools tested positive for SARS-CoV-2 RNA in a hospital 
setting. Still, samples from the final outlet of the last sewage disinfection 
pool tested negative for the viral RNA. Moreover, all the sewage samples 
collected from the hospital were cultured and found to be negative for 
the virus, indicating that sewage cannot lead to the transmission of 
SARS-CoV-2 (Wang et al., 2020). However, as the findings of Wang et al. 
(2020) indicated the absence of a virus in the final outlet, the role of 
sewage water and sewage-contaminated drinking water in SARS-CoV-2 
transmission further needs assessment. The evidence of shedding of live 
virus in stool is weak, and for which purpose more studies are suggested, 
however municipal wastewater from the affected communities may 
contain the virus (Wang et al., 2020; Zhang et al., 2020b). In 
wastewater-based epidemiology (WBE), SARS-CoV-2 was detected in 
50% samples (6/12) from influent untreated wastewaters in the world’s 
worst-affected country, Italy (La Rosa et al., 2020a). Recently, it has 
been speculated with an apprehension of SARS-CoV-2 transmission 
through irrigation system that relies in the majority of places through 
usage of sewage water especialy the less developed countires. Amid 
ongoing COVID-19 pandemic and emerging evidences of SARS-CoV-2 
presence in the wastewater one must be hesitant to reuse the unpro
cessed or partially processed waterwater for irrigation (Polo et al., 2020; 
Siddiqui et al., 2020). 

Furthermore, a study reported the detection of SARS-CoV-2 RNA in 
sewage samples before reporting COVID-19 cases, suggesting the pos
sibility of virus monitoring before the occurrence of cases by the health 
surveillance system (Medema et al., 2020). However, the hypothesis of 
detecting SARS-CoV-2 RNA in the sewage long before the report of first 
case seems to be a rare event since it will be very difficult for the virus to 
circulate undetected in the community. Another study conducted in 
Paris on wastewater samples revealed the increase in viral genome units, 
which was reflected in the rise in the number of fatal COVID-19 cases 
(Wurtzer et al., 2020). In this context, WBE may provide insights into the 
prevalence of SARS-CoV-2 and other viruses, as it may contain several 
viruses shed by symptomatic and asymptomatic individuals (Xagoraraki 
and O’Brien, 2020). Additionally, WBE has proved of use as an early 
warning system for disease outbreaks caused by poliovirus, norovirus, 
and hepatitis A virus (Hellmér et al., 2014; Asghar et al., 2014). More
over, WBE may serve as a crucial monitoring approach as it covers a 
broad array of compounds and pathogens present in the wastewater 
(Daughton, 2020). However, the sensitivity of WBE may depend upon 
the population size of sewer catchment, proportion of asymptomatic, 
presymptomatic, and mildly symptomatic individuals. Viral particles or 
RNA in sewage samples represents a collection of virus shed by many 
people in the community; hence it is equivalent to pooled testing. 
Moreover, global investigators highlighted that sewage surveillance 
could reveal the true scale of the COVID-19 pandemic and helps in 
designing crucial policy makings to contain the virus (Mallapaty, 2020). 

Waterborne infections have posed significant public health concerns 
in recent years since owing to their potential to cause various disease 
outbreaks, including virus origin (La Rosa et al., 2020b). Hence, for a 
timely exploration of such possibilities in COVID-19 and better 
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application of preventive strategies, deliberation on possibilities or 
otherwise, need to be undertaken. Waterborne viruses often enter and 
contaminate water sources through contaminated feces, and the same 
has been proposed for COVID-19 (Hart and Halden, 2020; Lodder et al., 
2020). Its survival in water, transmissibility through water, and poten
tial to infect the consumers are vital issues that need to be explored for 
SARS-CoV-2. Although enveloped viruses like coronaviruses (CoVs) 
have different structural and survival characteristics in water compared 
to non-enveloped viruses especially the waterborne enteric viruses like 
norovirus, enterovirus, hepatitis A virus or adenovirus which are 
excreted in large amounts in feces and are responsible for major 
water-related outbreaks (WHO 2017; Bonadonna and La Rosa, 2019), 
timely investigation and current evidence necessitate future strategies 
for prevention of any possible eventuality (La Rosa et al., 2020). 
Considering the current global emergency of COVID-19 and frequent 
detection of SARS-CoV-2 in sewage water (Amirian 2020; Heller et al., 
2020), leniency in any such aspect can prove dangerous. Additionally, 
wastewater management is considered a practical approach for tracking 
the transmission of waterborne viruses (Hart and Halden 2020). Thor
ough and regular monitoring of crucial reservoirs will help identify 
peaks in viral concentrations or indicators, which may be used as early 
signs of an epidemic. 

Additionally, community fecal pollution represents the public and 
animal health status of a society (O’Brien and Xagoraraki, 2019). In view 
of the possible role of asymptomatic and undiagnosed COVID-19 pa
tients in transmitting the disease via the fecal-oral route, strict waste
water surveillance should be implemented as a preventive measure, as 
the SARS-CoV-2 virus present in water, soil, and other environmental 
compartments will finally accumulate in the wastewater and sewage 
(Bogler et al., 2020). In addition to that, the virus can also get accu
mulated in the groundwater, surface water, and other natural water 
compartments as a result of leaking sewers or insufficient wastewater 
treatment (Bogler et al., 2020). The conventional and centralized water 
treatment methods that utilize filtration and disinfection may also 
inactivate the COVID-19 virus (EPA 2020). 

As of now, trivial information is existing on the treatement meth
odologies applied in wastewater treatment plants. Bhatt et al. (2020) 
reviewed and emphasized the treatment options for eliminating viruses 
in wasterwater and thus reducing the risk of SARS-CoV-2 transmission 
through wasterwater, a neglected but possible source of infection. The 
treatment of biomedical wastewater treatment is an instant challenge 
where need arises of developing disinfection data and boosting disin
fection amounts while treating biomedical wasterwater and employing 
suitable disinfection methodology. COVID-19 pandemic to stop plau
sible transmission. A list of disinfectants including benzalconium chlo
ride, sodium dichloro isocyanurate, peracetic acid, performic acid, 
chloramines, chlorine dioxide are showing good virucidal activities. 
Adopting such measures would be beneficial in stopping the COVID-19 
pandemic plausible transmission (Kataki et al., 2021). In a related study, 
Zaneti et al. (2020) looked at the consequecnes of COVID-19 and 
highlighted the risk of SARS-CoV-2 infection among personnels working 
in wastewater treatment plants using a surrogate pathogen (SAR
S-CoV-1). The results are suggestive of virus transmission among 
workers. 

Moreover, to prevent transmission via sewage, the current conven
tional methods of sewage treatment need to be analyzed, re-evaluated, 
and replaced with advanced methods that can prevent the spread of 
SARS-CoV-2 through the environment (Núñez-Delgado, 2020). In this 
context, novel computational surveillance methods are being used for 
analyzing wastewater based epidemiology of COVID-19 at national and 
global levels and temperature, average in-sewer travel time, and 
per-capita water use have been identified as critical variables (Hart and 
Halden 2020). Besides, many new economic and rapid monitoring tools 
are being developed for the detection of SARS-CoV-2 in sewage and 
wastewater, including ELISA, paper-based indicator methods, and bio
sensors (Orive et al., 2020). These tools will reveal the accurate picture 

of the ongoing pandemic associated with a specific population linked to 
a wastewater treatment plant (Orive et al., 2020). Sewage and waste
water surveillance can help in the screening of entire population. it is 
non-invasive, as well as it can help in diagnosis well before the detection 
of clinical cases (Medema et al., 2020; Randazzo et al., 2020). Several 
studies points presence of multiple pathogens in sewage sludge, count
ing even SARS-CoV-2. Integrated point-of-care biosensor system could 
improve the wastewater-based epidemiology for establishing early 
warning (Mao et al., 2020). Therefore, WBE can be used as an early 
warning tool that can rapidly detect COVID-19 outbreaks. However, the 
sensitivity of WBE for detecting SARS-CoV-2 is less as compared to 
norovirus due to the low viral load in wastewater (Hata and Honda, 
2020). Viability of CoVs in wastewater is the issue concerning the wider 
transmission and spread of these viruses and posing high public health 
concerns. Data on the survivability of SARS-CoV-2 in sewage r waste
water is lacking at the moment. However, a few studies were successful 
in isolating infective SARS-CoV-2 from urine (Sun et al., 2020) and stool 
samples (Wang et al., 2020; Zhang et al., 2020b). The failure of isolating 
infective SARS-CoV-2 from stool or wastewater samples does not imply 
the absence of infective virions, instead, it indicates the difficulty of 
isolating intact enveloped virions (Bogler et al., 2020). In addition to 
this, the concentration of SARS-CoV-2 needs to be even higher to isolate 
infective virions from stool or wastewater samples as compared to RNA 
detection (Wölfel et al., 2020). This could very well define why waste
water can get tested positive for the SARS-CoV-2 RNA, but cannot isolate 
the infective virions. Based on structural characteristics of SARS-CoV-2 
it is assumed to behave differently in aqueous environments (Quilliam 
et al., 2020) but still considerable persistence in various environments 
(van Doremalen et al., 2020) provides clues regarding risks of trans
mission (Amirian 2020; Quilliam et al., 2020). 

Based on the available literature, evidence on the presence of SARS- 
CoV-2 in surface or groundwater sources and transmission through 
contaminated drinking-water is rising (La Rosa et al., 2020b). Although 
the possibility of fecal-oral transmission is not yet established for 
SARS-CoV-2, a thorough investigation is needed to ascertain the role of 
water and related sanitation interventions in the spread of COVID-19 via 
this route. Presence of SARS-CoV-2 in the stools (Chen et al., 2020b; 
D’Amico et al., 2020; Gu et al., 2020; Holshue et al., 2020; Pan et al., 
2020; Wang et al., 2020; Wu et al., 2020; Zhang et al., 2020a) and 
persistence in surroundings (Kampf et al., 2020) suggests the possibility 
to contaminate the environment especially water. Though respiratory 
droplet infection through close contact is the primary and dominant 
route of transmission of SARS-CoV-2 but the potential of fomite-based 
(Cai et al., 2020; van Doremalen et al., 2020), vertical (Chen et al., 
2020c) and faeco-oral transmission (Gu et al., 2020) cannot be ruled out 
as considerable evidence are accumulating (Amirian 2020). This respi
ratory infection is now widening its dimensions of spread through 
various transmission routes with current evidence supporting probable 
faeco-oral transmission to have dare consequences (Amirian 2020; Gu 
et al., 2020). 

Additionally, viral shedding in the stool necessitates the adoption of 
a modified strategy for screening the COVID-19 patients (found negative 
in nasopharyngeal swabs) by focusing on this route of viral shedding and 
environmental contamination, including that of water bodies and 
sewage. The involvement of enteric transmission may add a new sphere 
to global risk. It may further pose a risk for the public health workers, 
sanitation workers, and drinking water suppliers and consumers if the 
necessary measures are not practiced (CDC 2020; Lodder et al., 2020). 
Further, since due to the presence of SARS-CoV-2 in stools, sewage and 
wastewater, the possibility of faecal-oral transmission increases, there is 
need for evaluating all the probable routes from feces to the mouth of the 
susceptible population and analyzing available studies using frame
works of environmental dynamics and viral persistence or survivability 
and transmission in shaping future strategies for pandemic management 
(Heller et al., 2020). One such framework analysis by Heller et al. (2020) 
proposed the possible transmission of SARS-CoV-2 from feces to the 
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mouth of human beings via water and contact surfaces. Hence consid
ering this framework of possible SARS-CoV-2 faecal-oral transmission 
routes, novel interventions safeguarding clean water supply and 
adequate sanitation for controlling the COVID-19 pandemic should be 
added to current mitigation strategies (Heller et al., 2020). The waste
water plumbing system harbors several pathogenic microorganisms. 
Some of these viruses such as SARS-CoV-2, under some circumstances, 
might have the potential to enable airborne transmission (Gormley 
et al., 2020). In 2003, a superspreading event of SARS-CoV was reported 
in Hong Kong that was transmitted by “virus laden droplets” generated 
from the empty U-bends in bathrooms (McKinney et al., 2006). The 
proposed route of airborne transmission was found to be aided by 
bathroom ventilation that drew contaminated air into the room 
(McKinney et al., 2006; Gormley et al., 2020). The virus-laden air can 
even get transported to the adjacent buildings with the help of prevailing 
winds (McKinney et al., 2006). The feasibility of this airborne trans
mission route was evaluated in a full-scale experimental study using 
wastewater plumbing test-rig (Gormley et al., 2017). The authors used 
Pseudomonas putida as the model organism that was flushed into the 
wastewater plumbing system. Findings indicated the transmission of 
viable organism between the rooms situated at different floors through 
the airflow system. This subsequently contributed to the contamination 
of surfaces within the system and rooms via droplet fallout (Gormley 
et al., 2017). Thereore, the possibility of SARS-CoV-2 transmission via 
virus-laden droplets generated from the wastewater plumbing system 
cannot be ruled out. With the current literature providing evidences for 
viral persistence in environment, possible transmission via contami
nated waste surfaces and aerosols from wastewater systems (Nghiem 
et al., 2020), frameworks are being drafted to deduce probable routes of 
transmission (Heller et al., 2020) with focus on adopting appropriate 
pandemic mitigation strategies that can help in prevention and control. 

Though the wastewater surveillance is very useful, there is an urgent 
need to develop a standardized and optimized protocol for the detection 
of SARS-CoV-2 in wastewater which can be used globally for the sur
veillance (Kitajima et al., 2020). While there is no evidence for SARS 
COV-2 transmission through feco-oral route via contaminated drinking 
water, it is a major public health concern in underprivileged societies 
such an rural and urban slums where there is no wastewater treatment 
infrastructures, no clean drining water, high population density, and 
poor hygiene (Arslan et al., 2020). 

The super spreading nature of SARS-CoV-2 is pointing towards the 
evaluation of the potential of wastewater and sewage for waterborne 
transmission. The explorative wastewater-based epidemiology and 
sewage surveillance investigations for SARS-CoV-2 are now the need of 
the hour. Such studies can provide the actual virus burden in commu
nities and to take appropriate control measures to prevent further spread 
of this virus. Additionally, strict personal hygiene (hand hygiene) and 
precautionary measures must be adopted while handling the stools of 
COVID-19 positive patients along with proper disinfection of waste
water and sewage from healthcare settings, elderly houses, quarantine 
facilities, and containment areas. Future research to ascertain the role of 
fecal-oral route in the transmission of SARS-CoV-2 must include envi
ronmental factors to determine whether the virus remains viable in the 
conditions that would facilitate such transmissions or not. A thorough 
study on the enteric involvement and viral shedding in the feces is 
necessary to investigate whether concentrations of SARS-CoV-2 RNA in 
fecal samples correlate with the disease severity and gastrointestinal 
symptoms. In the future, if the fecal-oral transmission hypothesis is 
confirmed, immediate sanitation interventions for safe and wholesome 
water supply must be ensured to contain this pandemic. 

Besides, frequent hand washing and personal hygiene measures must 
be adopted along with mass awareness programs. In this context, 

Fig. 1. Potential mechanisms of sewage and wastewater contamination by excretions and secretions of COVID-19 patients along with mitigation strategies to 
counter it. 
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reinforcement of provisions related to safe drinking water and adequate 
sanitation is of utmost importance. It would be helpful to design pre
vention and control strategies, including treatment of diarrhea, and 
conduct wastewater-based epidemiological studies, which would help 
alert the population catered to by a specific sewage treatment plant. 
Besides, regular monitoring of wastewater for various pathogens is 
essential even after this pandemic ends to maintain public health and 
address the threat of waterborne diseases. Frameworks of environmental 
dynamics and the persistence and transmission of SARS-CoV-2 from 
waste water and sewage need to be evaluated for designing appropriate 
interventional strategies to contain the spread of virus while ensuring 
clean water supply and proper waste water disposal. Ample sanitation 
practices are also needed for curbing further spread of this pandemic 
virus. Wastewater-based epidemiology and sewage surveillance can be 
alternative or complementary to other mechanisms of surveillance to 
understand the prevalence and disease spread. 

An overview of the modes of sewage and wastewater contamination 
by excretions and secretions of COVID-19 patients along with strategies 
to counter it are presented in Fig. 1. 
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