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        Abstract


        The ongoing Covid-19 pandemic, caused by SARS-CoV-2 is taking a toll on public health. The spread of Covid-19 is confirmed through person-to-person direct contact, aerosolized nasal or oral droplets, and fomites. The clinical symptoms of Covid-19 are cough, headache, fever and breathlessness, including mild to severe pneumonia and death. In addition, a proportion of individuals experience vomiting, stomach ache or diarrhoea with or without respiratory disease. Recent clinical studies have reported detection of SARS-CoV-2 RNA in gut specimen and stool samples, suggesting another route of transmission in both symptomatic and asymptomatic cases. Therefore, occurrences of SARS-CoV-2 in human excreta and wastewater may further aggravate faecal-oral spread of Covid-19 in underdeveloped nations. Nonetheless, more studies are needed to show whether infectious as well as transmittable amounts of SARS-CoV-2 can be found in water sources.
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        Background


        The ongoing Covid-19 pandemic is taking a toll on public health, especially in underdeveloped countries with inadequate healthcare systems [1,2]. SARS-CoV-2, the etiological agent of Covid-19 is the third and most pathogenic human coronavirus after 2002-3 SARS-CoV-1 and 2012-13 MERS-CoV [2-4]. The SARS-CoV-2 is an enveloped, RNA virus genetically very close to bat SARS-like-CoV, suggesting its zoonotic origin [4,5]. The spread of Covid-19 is confirmed through person-to-person direct contact, inhalation of aerosolized nasal or oral droplets, and fomites [6-8]. Though the high transmission and aggressive pathogenesis of SARS-CoV-2 still remain poorly understood, previous knowledge on the SARS-CoV-1 outbreak has helped understand these to some extent. SARS-CoV-2 has the incubation period of 2-14 days, and clinical symptoms include cough, headache, fever and breathlessness, including mild to severe pneumonia and death [9]. Some patients may also show rashes on toes (Covid toes), discoloration of skin, dizziness, burning sensation and loss of taste and smell. Notably, Covid-19 patients mostly in old age or with pre-existing medical conditions associated with lungs, heart, kidney or liver have shown higher mortality rate. Currently there is no specific treatment for Covid-19, except remdesivir that is approved as emergency antiviral and a couple of promising vaccines in clinical Phase I/II trails [1].


        Gut Manifestation and Faecal Shedding of SARS-CoV-2


        A proportion of Covid-19 patients also have nausea, vomiting, stomach aches or diarrhoea before the onset of respiratory symptoms [10-14]. Interestingly, the first case of Covid-19 in the United States had two days of nausea, vomiting and diarrhoea besides pneumonia [14]. In clinical analysis, SARS-CoV-2 RNA has been detected in anal or rectal swabs, blood and stool samples along with regular specimen like naso- or oro-pharyngeal swabs [14]. In addition, viral RNA has been identified in gut specimen from oesophagus, stomach, duodenum, and rectum of hospitalized patients [14-23]. Interestingly, higher viral loads are observed in the rectal swabs and stool samples than nasopharyngeal swabs, collected at different time-points [19-23]. Very recently, detection of viral RNA is also reported in urine sample of a patient with severe pneumonia [24]. It appears that SARS-CoV-2 is detectable in the stool for several days even after the patient has cleared the virus from respiratory tract. Clearly therefore, patients who are asymptomatic or recovered from Covid-19 could be shedding high amount of virus into their faeces without knowing it. Taken together, it seems that shedding of SARS-CoV-2 in gastrointestinal tract and excreta is a common manifestation of Covid-19, which increases the risk of its community spread.


        Stability and Infectivity of SARS-CoV-2 in Faecal Environment


        The duration of SARS-CoV-2 shedding in stools with means of 14-21 days as well as the amount of detectable viral RNA has been observed to vary among patients [16,19,20,25,26]. Furthermore, though isolation of viable virus particles from faeces collected at later time points has been unsuccessful, results for RNA tests are shown positive. In view of this, shedding of SARS-CoV-2 in stool confirmed by RNA detection does not necessary vouch for its viability several hours after defecation. And, whether the contaminated excreta are infectious and can be considered as another potential source of Covid-19 transmission, remain to be proven. Nonetheless, similar to enteric enveloped viruses that are shed in faeces as infectious particles, the SARS-CoV-2 virion should also remain stable and viable in environmental conditions ex vivo. To support this hypothesis, a very recent study has reported the infectious nature of faeces-derived SARS-CoV-2 in cultured cells [23]. However, a conclusive data on electron microscopic detection of viable SARS-CoV-2 particles in stools would be further required. To achieve this, multiple stool samples from several Covid-19 patients, and possibly at different time-points should be collected and stored at 4 °C, and analyzed shortly. Additionally, the physiochemical studies on the stability and viability of the virus particles at different environmental conditions, such as pH, temperature and disinfectant would be needed.


        The Faecal-Oral or Aerosol-Nasal Transmission of SARS-CoV-2


        Considering the cell culture based data that presents an experimental proof of infectivity of faeces-derived SARS-CoV-2 [23], the potentiality of water/food- or aerosol-borne transmission of Covid-9 is plausible. In general, enteric or diarrhoeal viruses have been well associated with various sources of contaminated water, including supply pipelines, wells, streams, lakes, swimming pools, and waste water. The raw eaten green vegetables such as salads and fruits, which are irrigated with untreated sewage or gray water, are a major source of such infections. Shellfish that grows in faeces-contaminated water is known to potentially transmit enteric viruses. Moreover, inhalations of aerosolized or splattered infectious virus particles have been implicated in their community spread. Previously, a study on hundreds of infected residents of a private housing society in Hong Kong showed that building’s faulty drainage significantly contributed to the aerosolization and respiratory spread of faecal SARS-CoV-1 [27].


        Water Surveillance for SARS-CoV-2


        In view of the hypothesised faecal contamination of water sources and water-borne spread of Covid-19, several surveillance studies have reported detection of SARS-CoV-2 RNA in wastewater [28-33]. Recently, occurrence of SARS-CoV-2 RNA in Spanish wastewater treatment plants in a low prevalence area has confirmed viral shedding in stools even before the first cases of Covid-19 were reported [34]. Therefore, water testing has been further suggested as a non-invasive early-warning instrument for monitoring the community spread of COVID-19 [35-37]. Even though there is a plausible high faecal-oral transmission of Covid-19 in regions with either poor sanitation or wastewater mismanagement, the role of human excreta is not widely endorsed.


        Concluding Remarks


        In the present health crisis, individuals with symptoms of vomiting or diarrhoea without respiratory or other explanation may be infected with Covid-19. The reports on detection of SARS-CoV-2 in human gastrointestinal specimen and excreta, verily suggest them as potential source of transmission in both symptomatic and asymptomatic cases. Thus, occurrences of SARS-CoV-2 in human excreta and wastewater under unhygienic practices or poor sanitation conditions may further aggravate faecal-oral spread of Covid-19 in underdeveloped nations. Moreover, detection of SARS-CoV-2 in wastewater highlights the relevance of water surveillance as an early indicator of Covid-19 within a community. Therefore, covid-19 surveillance could be implemented in wastewater treatment plants as an important tool to help municipalities to coordinate with healthcare authorities. Nonetheless, more experimental and clinical studies are needed to show whether infectious as well as transmittable amounts of SARS-CoV-2 can be found in water sources.
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