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 In view of the current situation regarding the COVID-19 disease, recently, published studies have proved the 
higher aerosol and surface stability of COVID-19. This virus, can survive long time on wastewater and aerosol. 
Therefore, its transmission via contaminated waste surfaces and airborne transmission through aerosols can 
occur besides close-distance contacts. This article discusses the potential presence of the COVID-19 pandemic 
on aerosol, wastewater and sewage sludge. This article highlights the need for health protection, which should 
be considered to curb the rapid spread of COVID‐19. An eventual development of new specific techniques would 
be of great interest for controlling the environmental dissemination of these viruses in the current and eventual 
future outbreaks. Finally, levels of infectious virus in poor countries like Africa could be increase, due to lack of 
wastewater treatment. So, it is clear that to limit the transmission of COVID-19, a high disinfection methods and 
sustainable international collaborative work are required. Meanwhile, further research is important to develop 
new strategies to limit the transmission of COVID-19 and to avoid a serious second wave of the pandemic or even 
third waves of COVID-19 infections. 
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INTRODUCTION 

The current outbreak of novel coronavirus (COVID-19), as 
declared by World Health Organization (WHO) is a global 
pandemic. By May 13, 2020, the number of infected cases had 
reached 4 million in world and the number of global deaths 
reached 283153 (WHO, 2020b). As the number of confirmed 
cases continues to rise, most countries have applied social 
distance which had an impact on the economic development 
and social stability. New severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) belong to the Coronaviridae 
family and is a small spherical particle (≈100 nm diameter), 
with distinctive spikes (≈10 nm), and gave virions the 
appearance of a solar corona (Zhu et al., 2020). Among the 
enveloped viruses, coronaviruses are single-stranded positive-
sense RNA viruses (La Rosa et al., 2020). 

Most reports have confirmed that the primary transmission 
mode of SARS-CoV-2 is person-to-person contact 
transmission, can occur by direct and indirect contact via 
respiratory droplets (such as breathing, sneezing, coughing) 
and close contact with infected people or with surfaces and 
fomites in the immediate environment or with objects used on 
the infected person (Morawska, 2006). Moreover, recent report 

reveal that human can transmit SARS-CoV-2 virus to some 
animal like pets, but until know the infected animals are not 
able to transmit coronavirus to human again (El Baz and 
Imziln, 2020).  

Recently, many works has mentioned that SARS-CoV-2 
could survive for up to three hours maximum as aerosols to a 
maximum of three days on surfaces (Balachandar et al., 2020). 
Other report suggest that this novel coronavirus may become 
a seasonal infectious virus (Qu et al., 2020). Unfortunately, less 
study have pay attention to others main routes of transmission 
such as aerosol transmission, waste water, but there are 
important reasons to suspect they play a role in the high 
transmissibility of COVID-19. This article discusses the 
potential presence of SARS-CoV-2 on aerosol, wastewater and 
sewage sludge. Especially, a second wave of COVID-19 might 
appear later in some countries (such as Singapore), so maybe 
it is due to fecal transmission via aerosols and wastewater. This 
article also highlights the need for health protection, which 
should be considered to avoid a serious second wave of the 
pandemic or even third waves of COVID-19 infections. 
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COVID-19 MAY TRANSMIT THROUGH 
INFECTIOUS AEROSOLIZED PARTICLES 

Aerosols are solid or liquid suspensions in the air and their 
particle size range is 0.001-100 μm (Tellier, 2009). When an 
infected person coughs, sneezes, breathes vigorously, or 
speaks loudly, the virus will be dissolved with the aerosol and 
become the bio-aerosols (Wang and Du, 2020). Once formed, 
can rapidly spread to a larger area with the assistance of the 
wind, including those containing viruses (Morawska et al., 
2009; Zhang et al., 2013). Airborne transmission is different 
from droplet transmission as it refers to the presence of 
microbes within droplet nuclei, which are generally considered 
to be particles < 5μm in diameter, and which result from the 
evaporation of larger droplets or exist within dust particles 
(WHO, 2020a). Many studies have proven that aerosols played 
an important role in the spread of some virus. It has been 
determined that aerosols were one of the major reasons for the 
transmission and large infection outbreak of H1N1 (Maines et 
al., 2009; Zhang et al., 2013), severe acute respiratory 
syndrome (SARS) (Yu et al., 2004) and Middle East respiratory 
syndrome (MERS) (Adhikari et al., 2019).  

During aerosol generating procedures, droplets containing 
infective pathogens could be deposited on the surrounding 
surfaces. Human coronaviruses, such as SARS and MERS, can 
persist on inanimate surfaces for up to 9 days, particularly 
when suspended in human secretion, and undergo onward 
transmission (Ge et al., 2020; Otter et al., 2013). But it could be 
enough time to reach other organisms, to mutate and change 
characteristics (Núñez-Delgado, 2020). In contrast, they can 
be efficiently inactivated by surface disinfects within one 
minute (Kampf et al., 2020).  

Considering the similarities between the two SARS viruses 
and the evidence on virus transport in general, it is highly 
likely that SARS-CoV-2 virus also spreads by air (NASEM, 
2020). According to recent study, aerosolized SARS-CoV-2 
remains viable in the air for at least 3 hours with a half-life on 
the order of 1 hour and for up to 2 or 3 days on plastic and 
stainless steel surfaces; they concluded also that aerosol 
transmission of SARS-CoV-2 is possible (van Doremalen et al., 
2020). Viable virus can indeed be emitted from an infected 
individual by breathing or speaking, without coughing or 
sneezing. The louder one speaks, the more aerosol particles are 
produced. So, ten-minute conversation with an asymptomatic 
infected individual would yield approximately 6,000 aerosol 
particles that could potentially transmit COVID-19 to other 
people (Asadi et al., 2019, 2020). 

Based published studies, it is plausible that small particles 
containing the virus may diffuse in indoor environments 
covering distances up to 10 m from the emission sources, thus 
representing a kind of aerosol transmission (Morawska et al., 
2009; Setti et al., 2020). So, the inter-personal distance of 2 m 
is not enough to safeguard from contagion only if everybody 
wears face masks in daily life activities (Morawska and Cao, 
2020). However, on-field studies carried out inside Wuhan 
Hospitals showed the presence of SARS-CoV-2 in air samples 
collected in the hospitals and also in the surroundings, leading 
to the conclusion that the airborne route has to be considered 
an important pathway for viral diffusion (Setti et al., 2020). 

More details were given by Liu et al. (2020) that an elevated 
airborne COVID-19 concentration was recorded inside the 
patient mobile toilet of Fangcang Hospital. This may come 
from either the patient’s breath or the aerosolization of the 
virus-laden aerosol from patient’s feces or urine during use. 
This finding supports that virus-laden aerosol deposition play 
an important pathway for surface contamination. Other report 
noticed five cases were infected with COVID-19 (one 
confirmed case in Mongolia and four clinical laboratory 
technicians in Wuhan), of whom had no contact with the 
confirmed cases. One possibility to explain this infection, is 
that the virus is transmitted through aerosol directly to people 
(Wang and Du, 2020).  

 In the context of COVID-19, WHO in their report on 27 
March 2020, has reported that airborne transmission may be 
possible, but in specific circumstances in which generate 
aerosols are performed such as: open suctioning, 
administration of nebulized treatment, manual ventilation 
before intubation, turning the patient to the prone position, 
disconnecting the patient from the ventilator and 
cardiopulmonary resuscitation) (WHO, 2020a). 

PERSISTENCE OF CORONAVIRUS IN 
WASTEWATER 

Hospitals are important sources of pollutants, particularly 
during COVID-19 pandemic, laboratory and research activities 
as well as medicine excretion by patients (Wang et al., 2020). 
According to recent case reports, SARS-CoV-2 RNA was 
detected in stool samples from COVID‐19 patients (Holshue et 
al., 2020; Zhang et al., 2020c). Besides direct contact and 
respiratory routes, fecal transmission might be an alternative 
route owing to the presence and survival of SARS-CoV-2 in 
patient’s feces (Tian et al., 2020). Also, the potential fecal-oral 
transmission was recently highlighted (Yeo et al., 2020), and 
may contaminate hands, food, and water, and may cause 
infection by invading the mouth and respiratory mucosa 
(Zhang et al., 2020c). Therefore, the involvement of fecally-
contaminated food in coronavirus transmission can be 
considered (Mullis et al., 2012). So, an exposure to an 
environment contaminated with feces (such as a public toilet 
or poorly sanitized areas) can cause “fecal-mucosal 
transmission” when people touch their mouths, noses, or eyes 
with contaminated hands (Tian et al., 2020). In addition, some 
results have found that 14 patients with a positive stool test 
did not experience gastrointestinal symptoms and had nothing 
to do with the severity of the lung infection during their 
hospitalizations in Jinhua Municipal Central hospital in China 
(Zhang et al., 2020b). In fact, affected people (symptomatic 
and asymptomatic) could spread the viruses through their 
excreta (Núñez-Delgado 2020). In addition, sharing the same 
toilet can infect healthy family members through the feces-
aerosol-respiratory (Tian et al., 2020). Importantly, prevention 
of fecal-oral transmission should be taken into consideration 
to control the spread of the virus, because potential fecal-oral 
transmission can last even after viral clearance in the 
respiratory tract (Xiao et al., 2020). 

Previous studies have shown that human coronaviruses 
such as SARS exist and can maintain their viability and their 
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persistence in sewage and hospital wastewater (originating 
from the fecal discharge of infected patients) (Casanova et al., 
2009; Hung, 2003; Leung et al., 2003). Nowadays, many 
researchers have detected traces of COVID-19 genetic material 
in wastewater and sewage in the Netherlands (Lodder and de 
Roda Husman, 2020; Medema et al., 2020), the United States 
(Mallapaty, 2020; Nemudryi et al., 2020) and Sweden 
(Mallapaty 2020). Otherwise, it is also claimed that the virus 
released in wastewater system, may generate aerosols and 
therefore has the potential to enable airborne transmission of 
COVID-19 (Gormley et al., 2020). In fact, sewage from 
hospitals, especially infectious disease units, may contain the 
epidemic virus (Carducci et al., 2020). Therefore, the 
possibility of fecal–oral transmission of SARS-CoV-2 has 
implications, especially in areas with poor sanitation where 
diagnostic capacity might be limited, such as Africa (Lodder 
and de Roda Husman, 2020). It should be taken into account 
the consequences of wastewater and sewage sludge treatment 
and to evaluate the eventual subsequent spreading of COVID-
19 to environmental compartments (Núñez-Delgado, 2020).  

In February 2020, the U.S.A Occupational Safety and 
Health Administration (OSHA) released that current 
disinfection employed in wastewater treatment plants, using 
oxidation with hypochlorous acid (free chlorine) or peracetic 
acid, and inactivation by ultraviolet irradiation, are expected 
to be effective in protecting people from COVID-19 (Naddeo 
and Liu, 2020; OSHA, 2020). Few later, for effective centralized 
disinfection, World Health Organization (WHO) has suggested 
free chlorine ≥ 0.5 mg/L after at least 30 minutes of contact 

time at pH<8.0 (WHO, 2020c). La Rosa et al. (2020) reported 
that SARS-CoV-2 is very sensitive to oxidants (such as 
chlorine), and appears to be inactivated in water and. 
Unfortunately, Zhang et al. (2020a) reported an unexpected 
presence of SARS-CoV-2 viral RNA in septic tanks of Wuchang 
Fangcang Hospital after disinfection with 800 g/m3 of sodium 
hypochlorite. SARS-CoV-2 might be embedded in patient’s 
feces, protected by organic matters from disinfection, and 
slowly release when free chlorine declines, and potentially 
contributing to its spread through drainage pipelines. So, 
Current recommended disinfection strategy by WHO might 
not secure a complete removal of SARS-CoV-2 in medical 
wastewater. The importance of using best management 
practices for waste handling and hygiene should be 
reemphasized at this time when self-quarantine at home are 
common practice patients with mild symptoms for at least 14 
days (Nghiem et al., 2020). The same study also indicated that 
a delay in waste collection time of 72 hours (which is the likely 
life span of COVID-19 in the environment) is recommended. 
So, implementation of the waste collection requires a high 
level of coordination between health authorities and waste 
services sector (Nghiem et al., 2020). 

RECOMMENDATIONS AND CONCLUSION 

Based on all studies cited previously, we have summarized 
in Figure 1 different routes of transmission of COVID-19. 
Therefore, important implications for the public health 

 
Figure 1. Different routes of transmission of COVID-19 
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prevention and medical staff protection against airborne 
transmission in indoor scenarios should be taken (Liu et al., 
2020; Qian and Zheng, 2018; Xiao et al., 2020): 1) the 
renovation of large stadiums as field hospitals with nature 
ventilation and protective measures is an effective approach to 
quarantine and to reduce the COVID-19 transmission among 
the public; 2) the use of high level protection masks especially 
for medical staff with direct contact with the COVID-19 
patients or with long stay in high risk area; 3) avoid air 
recirculation, 4) avoid staying in another person’s direct air 
flow, minimizing the number of people sharing the same 
environment and avoiding busy crowds; 5) the proper use and 
cleaning of toilets (by natural ventilation and sterilization), as 
a potential spread source of coronavirus with relatively high 
risk caused by aerosolization of virus and contamination of 
surfaces after use; 6) surface sanitization of the apparel before 
they are taken off may also help reduce the infection risk for 
medical staff, the virus may be resuspended from the 
contaminated protective apparel surface to the air while taking 
off and from the floor surface with the movement of medical 
staff; 7) rRT-PCR testing for COVID-19 from feces should be 
performed routinely in patients with COVID-19 and their 
hospitalization should continue if feces test results are 
positive by rRT-PCR testing. 

Finally, levels of infectious virus in poor countries like 
Africa could be increase, due to lack of wastewater treatment 
plants. It is clear that the control and prevention of COVID-19 
require a high disinfection methods and sustainable 
international collaborative work and data sharing. Meanwhile, 
further research is important to develop new strategies to limit 
the transmission of COVID-19 and to avoid a serious second 
wave of the pandemic or even third waves of COVID-19 
infections. 
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