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ABSTRACT
All continents across the world are being affected by the COVID-19 pandemic,
even though some continents such as Africa witnessed a dramatic impact due to
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) than the
others. Respiratory viruses spread from an infected individual to vulnerable
people i) by contact counting coordinated person-to-person transfer of
infectious secretions and indirect transfer of discharges through fomites, ii) by
the ballistic spray of large droplets delivered amid coughing and sneezing
(short-range transmission) and iii) by inhalation of small airborne droplets or
aerosol (long-range transmission). The objective of this study was to make an
overview of the route of transmission of SARS-CoV 2 especially if there is a
role for water and food in virus transmission. Also, the role of water systems,
and management in controlling viral frequency in developing countries. WASH
is commonly known as water, sanitation, and hygiene which is currently in
critical condition due to the poor sanitation systems and improper sewage
disposal. These poor WASH conditions are considered one of the routes to the
transmission of the Covid-19 pandemic in Africa. Generally, the unhygienic
conditions, and inadequate sanitary and sewage systems cause a lot of disease
outbreaks. Africa is in big need of managed wastewater treatment facilities
efficiently and on the other hand, separating the sewage system and wastewater
treatment facilities of healthcare centers from urban systems or treating on-site
to ensure the viral removal during disinfection must be made. Also, efficient
methods to eliminate face masks must be taken into consideration.

INTRODUCTION
Coronaviruses are enveloped in positive single-stranded RNA viruses which belong
to subfamily orthocoronavirinae, family coronaviridiae, and order Nidovirales. The
subfamily orthocoronavirinae has further classified into four genera named
Alphacoronavirus, Betacoronavirus, Deltacoronavirus, and Gamacoronavirus
coronaviruses genera (AVMA, 2020). Genus Alphacoronavirus contains many animal
viruses and two human coronaviruses (HCov-229E and HCov-NL63). Genus

94

El-Senousy et al., 2022

Betacoronavirus contains the prototype mouse hepatitis virus, three human viruses
(HCov-OC43, SARS-HCov, and HCov-HKU1), and the SARS-related coronavirus,
Middle East respiratory syndrome (MERS) coronavirus, in addition to some animal
coronaviruses. Genus Gamacoronavirus includes viruses of whales and birds while genus
Deltacoronavirus includes viruses isolated from pigs and birds. According to the
phylogenetic tree of coronaviruses, 2019-nCoV belongs to the genus Betacoronavirus, is
more closely related to bat-SARS-like (SL)-CoV ZC45 and bat-SL-CoV ZXC21 and
more distantly related to SARS-CoV (Chen et al., 2020). Coronaviruses are enveloped
viruses with large non-segmented positive-sense single-stranded RNA (+ssRNA) genome
(~30kb) which contains at least six open reading frames (ORFs). The first ORF
constitutes about two-thirds of the whole genome length and encodes 16 non-structural
proteins (nsp1 to nsp16) except Gammacoronavirus which lacks nsp1 (Ziebuhr et al.,
2000; Masters, 2006). Other ORFs encode at least 4 major structural proteins: spike (S)
protein, envelope (E) protein, transmembrane (M) protein, and nucleocapsid (N) protein
in addition to special structural and accessory proteins, such as hemagglutinin-esterase
(HE) protein, 3a/b protein, and 4a/b protein (Hussain et al., 2005; Chen et al., 2020).
Wastewater serves as an important tool to trace the circulation of viruses in a
community, providing prospects to estimate their prevalence, genetic diversity, and
geographic distribution (El-Senousy et al., 2020; Xagoraraki and O'Brien, 2020).
Wastewater offers a practical approach to identifying viruses excreted in the feces of an
entire region (La Rosa and Muscillo, 2013; El-Senousy et al., 2020; El-Senousy et al.,
2021). Thus, it becomes possible to monitor the epidemiology of virus infections even if
they are not evident by clinical surveillance, mainly because traditional epidemiological
approaches may be limited by the asymptomatic nature of many viral infections and
under-diagnosis of clinical cases (Johansson et al., 2014; Qi et al., 2018).
SARS-CoV-2 is known to cause asymptomatic or paucisymptomatic infections
making it difficult to find out the actual degree of viral circulation in a community and in
making comparisons with countries that have different clinical diagnostic testing
capabilities with even different diagnostic methods (Lai et al., 2020; Mizumoto et al.,
2020; Nishiura et al., 2020; Tang et al., 2020). In the meantime, wastewater surveillance
could provide a fair method of evaluating the spread of infection in different areas, indeed
where assets for clinical determination are constrained and when reporting systems are
inaccessible or not doable, such as in developing nations. In addition, wastewater
monitoring can offer assistance to distinguish variability within the circulating strains
through phylogenetic investigation, permitting for comparisons between locales and
evaluation of the evolution of the virus genome over time as illustrated earlier for enteric
viruses (Lodder et al., 2013; La Rosa et al., 2014; Bisseux et al., 2018), and later for
SARS-CoV-2 (Nemudryi et al., 2020). The objective of this study was to make an
overview of the route of transmission of SARS-CoV 2 especially if there is the role of
water and food in virus transmission. Also, a role of water systems, and management in
controlling viral frequency in developing countries.
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DISCUSSION
To achieve the objective of this study, some points will be discussed including
cornavirus transmission routes, swimming activities and some kinds of foods as sources
for virus transmission, role of water systems management in controlling SARS CoV-2 in
developing countries, persistence and elimination of SARS CoV-2 in wastewater, and
regular remedial measures of SARS-CoV-2 transmission in African water systems.
1. Routes of transmission
Based on the coronavirus species, coronaviruses may be transmitted from one host to
some other host, via way of means such as an aerosol, fomite, or fecal-oral route
(Decaro, 2011). Human coronaviruses infect the epithelial cells of the respiratory tract,
whereas animal coronaviruses normally infect the epithelial cells of the digestive tract (de
Groot et al., 2012).
MERS-CoV was transmitted by adjacent person-to-person contact. Even though
primary cases of infection have been linked to contact with infected dromedary camels,
the transmission of the virus happened through respiratory discharges discharged by the
infected individuals when coughing and sneezing (Peeri et al., 2020). Moreover, droplets
from coughing and/or sneezing have been the cruel way by which the transmission of
SARS-CoV happened, through person-to-person contact. Although much less common,
fecal transmission, fomites, and managing of animals also resulted in the transmission of
the virus (Chan-Yeung and Xu, 2003). Also, asymptomatic individuals may transmit the
virus and thus play a chief role in the spread of the disease (Shen et al., 2020).
In recent times, the prospect of fecal-oral transmission of SARS-CoV-2 has been
raised since the virus has been detected in the feces of COVID-19 patients (Holshue et
al., 2020). This shows that the virus can exist and replicate in the digestive tract, but it is
not clear whether consuming SARS-CoV-2-contaminated food causes infection (Van
Doremalen et al., 2020).
Coronaviruses can be introduced into sewage by a variety of sources, such as hand
washing, sputum, vomiting, and mostly by viral shedding in the feces of infected persons
(Bhowmick et al., 2019; Adelodun et al., 2020; Han et al., 2020; Wang et al., 2020a;
Wei et al., 2020). Furthermore, urine samples from infected individuals were reported to
contain SARS-CoV in 2003 (Xu et al., 2005), MERS-CoV in 2012 (Drosten et al.,
2013), and SARS-CoV-2 in 2020 (Nomoto et al., 2020). Moreover, infectious viral
particles were also isolated from feces, sputum, nasal- and oropharyngeal swabs, and
urine of COVID-19 patients (Xiao et al., 2020; Kujawski et al., 2020; Wölfel et al.,
2020; Sun et al., 2020). Consequently, the viruses may enter the water systems through
numerous pathways, mostly from sewage discharged from hospitals and quarantine
centers, but also from houses and other buildings inhabited by infected persons, whether
symptomatic or not (Adelodun et al., 2020; Gandhi et al., 2020; Nabi et al., 2020;
Zhang et al., 2020).

96

El-Senousy et al., 2022

Several studies have quantified SARS-CoV-2 RNA in sewage samples from different
countries by reverse transcription-quantitative polymerase chain reaction (RT-qPCR), and
the virus was found up to 104 copies/Liter (L) in Montana (Nemudryi et al., 2020), from
104 to 105 copies/L in Detroit (Brijen et al., 2020), up to 106 copies/L in Massachusetts
(Schmidt 2020; Wu et al., 2020), and up to 107 copies/L in Virginia in the USA
(Gonzalez et al., 2020), 60–350 copies/L in Ahmedabad in India (Kumar et al., 2020a),
up to 3.4 × 104 copies/L in the United Arab Emirates (Hasan et al., 2020), 106 copies/L in
Murcia in Spain (Randazzo et al., 2020b), and during the epidemic peak, up to 107
copies/L were found in the sewage from Paris in France (Wurtzer et al., 2020).
Moreover, Gallardo-Escárate et al. (2020) found up to 104 copies/L in sewage samples
from a penitentiary and health care facilities in Chillan, a city in Southern Chile, while
Gonçalves et al. (2020) found up to 107 copies/L in hospital wastewater in Ljubljana,
Slovenia. The variations reported in viral concentrations in sewage may be related to the
level of infections and other specific sewage conditions, such as the area served and the
resulting balance between industrial, stormwater, domestic, and healthcare facilities
inputs (Pecson et al., 2020). There are also studies reporting the presence of SARS-CoV2 RNA in sewage samples before records of the COVID-19 cases. La Rosa et al. (2021)
re-analyzed the stored samples of raw sewage that were collected between October 2019
and February 2020 in five wastewater treatment plants (WWTPs) in northern Italy and
found viral loads of 1.2× 103, 4.1 × 103, and 2.9 × 104 copies/L in Turin, Milan, and
Bologna, respectively, on 10–18 December 2019. Interestingly, the first autochthonous
Italian case of COVID-19 was documented just on 21 February 2020. Also, Martin et al.
(2020) detected SARS-CoV-2 RNA in sewage samples collected at a WWTP in South
East England On 11 February 2020, i.e., three days before the first case was reported in
that area. Moreover, it was observed that the presence of SARS-CoV-2 RNA in WWTPs
from the metropolitan locale of Valencia, Spain, in late February, when affirmed COVID19 cases in that locale were just beginning (Randazzo et al., 2020a) These results
robustly suggest that the virus was undergoing community transmission earlier than
previously believed, and suggest that wastewater analysis could be a sensitive and costeffective strategy for COVID-19 epidemiological surveillance (Randazzo et al., 2020a).
Routine implementation of this surveillance tool would significantly improve awareness
against new or recurrent viral outbreaks (Randazzo et al., 2020a). Likewise, Lodder and
de Roda Husman (2020) detected SARS-CoV-2 RNA in sewage at Schiphol airport in
Tilburg, the Netherlands, on 17 February 2020, i.e. four days after the first case of
COVID-19 was confirmed in the country. Additionally, Medema et al. (2020) detected
SARS-CoV-2 RNA in sewage from Amersfoort, in the Netherlands, on 5 March 2020,
i.e. six days before the announcement of the first case in the city. Raw wastewater
samples collected from April to June 2020, in 33 WWTPs of the Czech Republic, in
districts with a higher occurrence of COVID-19, affirmed that SARS-CoV-2 RNA was
present in greater than 27.3% of the samples from WWTPs (Mlejnkova et al., 2020).
Briefly, reports from Australia (Ahmed et al., 2020), the United Arab Emirates
(Albastaki et al., 2020), the United States (Peccia et al., 2020; Sherchan et al., 2020),
Brazil (Prado et al., 2020), Canada (D'Aoust et al., 2021), Sweden (Saguti et al., 2021),
and Germany (Westhaus et al., 2021) have shown the feasibility of detecting viral RNA
in sewage and WWTP sludge, and the possibility of using these data for monitoring the
prevalence of infections among the populace by wastewater-based epidemiology.
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Although coronaviruses remain infectious in sewage for some hours–days (Barcelo,
2020; Hart and Halden, 2020; Heller et al., 2020; Michael-Kordatou et al., 2020;
Randazzo et al., 2020a), they may persist for up to fourteen days, depending on the
environmental conditions (Wang et al., 2005). Zaneti and co-workers (2021) used a
quantitative microbial risk assessment approach to analyze the potential health risks of
SARS-CoV-2 in sewage to WWTPs workers for three COVID-19 pandemic conditions
(moderate, aggressive, and extreme). Their work confirmed a viral RNA load in the raw
sewage inflowing the WWTPs ranging from 4.14×104 to 5.23×106 copies/L, resulting in
estimated risks for aggressive and extreme conditions (2.63×10−3 and 1.3×10−2,
respectively) exceeding the derived bearable infection risk for SARS-CoV-2 of 5.5×10−4
per person per year. On the other hand, Dada and Gyawali (2020) found that the average
disease risks for low-grade, moderate, and aggressive outbreak conditions, are 0.036,
0.32, and 3.21 cases of disease per 1000 exposed WWTP workers, respectively, using a
quantitative microbial risk assessment approach to evaluate the disease risks for WWTP
labors, and expecting that 0.03%, 0.3%, and 3% of the wastewater-generating population
is infected with SARS-CoV-2.
2. Is there a role of swimming activities for SARS-CoV-2 transmission?
Swimming in a pool or a lake involves proximity among people and a high
frequency of touching common surfaces. These factors would increase the risk of virus
transmission. Carraturo et al. (2020) reported the spread of SARS-CoV-2 through
droplets and potentially airborne transmission. Water-borne transmission is still not
confirmed. A well-publicized event was a Fourth of July celebration in a Michigan lake,
where people contracted COVID-19 (Jones et al., 2020). Termansen and co-workers
(2020) attempted to explore the extent of transmission of SARS-CoV-2 in Danish
swimming clubs during indoor swimming activities between August and December 2020.
They collect data from an official contact person from each swimming club using an
electronic-based questionnaire. A SARS-CoV-2 positive subject in a swimming activity
was considered a risk case. Out of a total of 162 risk cases that occurred, eight (4.9%) led
to the transmission of SARS-CoV-2 that affected 23 people. Also, they noted 23 SARSCoV-2 infections among swimmers from the same club in a training camp. Remarkably,
participants of other clubs training in the same swimming pool during the same period
were unaffected, thereby suggesting that the transmissions may be due to other exercises
within the training camp like dining, sleeping in dormitories, and socializing. Also, they
evaluated the efficiency of the safety strategies. To this end, no relationship between the
implementation of safety measures and the risk of SARS-CoV-2 transmission for indoor
swimming was noted. However, this study was biased and provided inconclusive
evidence. Bao et al. (2020) investigated the epidemiology of a COVID-19 outbreak at an
entertainment location, containing a floor for public bathing. They showed an infected
person who had used a public bath for 2 consecutive days. The infected person has
belonged to 12 bath-related infections, of which 10 among bathers, and two among
workers at the location. Afterward, one of these bathers infected 19 colleagues and family
individuals at successive meals, and one of the two laborers infected 41 people, of which
seven individuals were among the bathers. Also, they noted a significantly lower
secondary transmission rate at the entertainment location than outside the location (like
colleagues and family clusters). Also, it was noted that nine infected COVID-19 persons
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who were hospitalized in the Jiangsu Province of China had all used the same bath center
(Luo et al. 2020). The center contained a swimming pool, showers, and sauna. Their
study accounted that the first patient showered in the center, while the following seven
patients took showers, used a sauna, and went swimming in the pool, and the ninth case
was among workers. They disagreed with those of Bao et al., and transmissibility of
COVID-19 showed no signs of weakening in warm (25-41 °C) and humid conditions
(60%). Thus, evidence from the three studies was inconclusive and did not address the
confounding factors (Yaacoub et al., 2021).
3. Is there a role of some kinds of foods for virus transmission?
Currently, there may be no evidence that SARS-CoV-2 can be transmitted through
foods, and did now no longer anticipate those positive foods needed to be withdrawn
(CDC 2020; FDA, 2020; FSS, 2020; WHO, 2020a). Even though no coordinate
interface has been established between SARS-CoV-2 infection and foodborne
transmission, later occurrences highlighted frozen foods as carriers for the long-range
transport of SARS-CoV-2 during the current pandemic. SARS-CoV-2 was detected on a
cutting board used for processing imported salmon on 12 June 2020 in the Xinfadi
agricultural produce wholesale marketplace in Beijing. A total of 256 instances have been
affirmed over the other two weeks, with 98.8% of those associated with the Xinfadi
marketplace wherein a salmon cutting board was tried positive for SARS-CoV-2
(Xinhua, News 2020). Genome sequencing of the SARS-CoV-2 infection examined from
the Xinfadi marketplace identified a European coronavirus strain, giving solid proof that
the re-emergent COVID-19 cases in Beijing may be caused by imported causes (CCDC,
2020). Though later studies did not find distinct proof of its origin, this particular incident
raised awareness of frozen foods as possible SARS-CoV-2 carriers. At least nine cases of
contamination of food have been described across the country since the start of July 2020,
when SARS-CoV-2 was identified on packaging materials of imported foods. The
majority of those incidents have been traced to frozen shrimps imported from Ecuador,
where SARS-CoV-2 became located on their packaging materials, and in one case, it was
also detected on the interior of a shipping container. Remarkably, in the latest incident in
Shenzhen, Guangdong province on August 12, 2020, SARS-CoV-2 was found on the
surface of a frozen chicken wing sample originating from Brazil, which became the first
known case where the novel coronavirus was detected on actual food samples (SMHC,
2020).
Frequent detection of SARS-CoV-2 in frozen foods suggested that food-borne
transmission may present a systematic risk in the ongoing pandemic. Food contamination
may happen through respiratory beads, contact, or other means, during the cultivating,
processing, storing, transport, and retailing process where foods may contact with diverse
labors and surrounding conditions. Before the re-emergence of the first COVID-19 case
on June 11, 2020, there had been no local transmission reported for 56 consecutive days
in Beijing (China Daily 2020).
Ceylan et al. (2020) pointed out that foodborne illnesses caused by viral
contamination are common, and viruses can contaminate food by contaminated water in
which shellfish develops or utilized for fruit washing after harvest, poor hand hygiene
practices, and the ingestion of animal-based products containing zoonotic viruses.
Afterward, Rizou et al. (2020) discussed safety measures required in the food supply
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chain during the COVID-19 pandemic and hypothesized that transmission may happen
through frozen foods or packaging, even though the probability would be lower after days
of shipment. However, none of those researches has accounted for any real proof (Ceylan
et al., 2020; Rizou et al., 2020).
4. Role of management of water systems in developing countries in controlling
SARS CoV-2 taking Africa as a model study
All continents across the world are being affected by the COVID-19 pandemic,
even though some continents as Africa witness a more dramatic impact due to SARSCoV-2 than others. Regarding this, each government is taking all the possible
precautionary instructions and rules to tackle this issue and eliminate its fatal effects on
humans and the surroundings. Recent clinical experiments have shown SARS-CoV-2
abundance in urine samples, hospitals, and urban sewage (Lescure et al., 2020; Ling et
al., 2020). Also, recent studies show that SARS-CoV-2 has been detected in stool
samples of COVID-19 cases (Medema et al., 2020). This proves that wastewater has
become an important pathway for SARS-CoV-2 in wastewater systems, which alleviates
the pandemic transmission. Hence, the resilient policies, poor sanitation, and water
systems problems in most developing countries ease the spread of COVID-19 among
people. Africa's death toll on 12 July 2020 was 12,996 with more than 280,000 recoveries
(Africa Centres for Disease Control and Prevention 2020). According to the BBC
September 2021, most covid-19 cases were found in the USA, Brazil, India, Mexico, and
Peru which has the biggest mortality rate of 620.5 people per 100,000 (BBC News,
2021).
Wastewater management systems and sanitary systems in Africa are currently in
critical conditions; by which pit latrines and groundwater systems can be found close to
each other which eases the cross-contamination between the pit latrines and the
groundwater organs (Sunkari et al., 2021). Thus, this increases the risk of being infected
with SARS-CoV-2 by people who transmit the virus through their stool to the drinking
water sources. Shared toilets, a common tradition in Africa, may also higher the exposure
to Covid-19; as the virus may remain in the air droplets due to the limited aeration
(Sunkari et al., 2021). On 2 July 2020 in Ghana, medical officers observed the presence
of unusual symptoms of Covid-19 such as diarrhea, vomiting, and stomach upset because
it was detected that the virus attacks the gastro intestines not only the respiratory system.
Altogether, African people mainly depend on groundwater and surface water for their
consumption, causing a dramatic risk for SARS-CoV-2 infection through contaminated
water. Consequently, sources and routes of SARS-CoV-2 transmission through the water
must have been adhered (Sunkari et al., 2021).
In 2017, it was surveyed that out of two billion people who lack basic sanitation
facilities in the world, 709 million (35 % of the whole number) are living in Africa
(WHO, 2019). Thus, there is the usage of contaminated water and poor sewage systems
in Africa (Street et al., 2020). This contributes to the rising levels of open defecation
existing in all of sub-Saharan Africa (WHO 2019; Street et al., 2020). These fragile
conditions may indirectly increase the percentage of covid-19 transmission among water
systems. By 2030, the (SDG 6) sustainable development goals aim to eradicate the issue
of open defecation and ease the accessibility of clean water and developed sewage
systems (WHO, 2014). Even so, this target is quite difficult to be achieved with the
current state of the continent (Sunkari et al., 2021). For instance, only 21% of Ghana has
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improved sanitary systems; although it’s considered to be one of the strongest economies
in Africa (Appiah-Effah et al., 2019). This is besides the logistic restrictions that prevent
most of the wastewater released in the whole 16 regions of Ghana to be subjected to any
filtration or recycling systems (Sunkari et al., 2021). Population growth also is one of the
significant factors that attributes to the slow progress of achieving the SDGs goals,
especially if the number of sub-Saharan African residents is expected to triple by the year
2050 (Adams et al., 2019; Dos Santos et al., 2017). Furthermore, Nigeria (the giant of
Africa), as it has over 200 million inhabitants, includes many states that suffer from
dysfunctional management systems, like Plateau, Niger, Kwara, Kogi, and Benue,
correspondingly some other states don’t have any sanitary systems at all (Adesogan
2013; Adewumi and Oguntuase 2016; Omole et al., 2019). Without a doubt, this
proves the information that the wastewater in these states is being released into the
surface water sources without passing through pre-treatment plants or disinfection
facilities (Azizullah et al., 2011; Afzal et al., 2019; Arslan et al., 2020). In South Africa,
about 37% of the population lacks wastewater management systems, this results in an
overreliance on pit latrines, bucket toilets, and chemical toilets (Street et al., 2020). The
situation is much worse in case ground or surface water sources are present close to these
toilets, which eases the cross-contamination to happen. Despite all the fatal effects and
disease outbreaks caused by these problems and the fragile management of the sewage
systems; it’s not yet reported that SARS-CoV-2 may be transmitted through the fecal-oral
route (Sunkari et al., 2021). Nhamo et al., (2019) indicated, using a composite index
method, that SDGs targets are far from being reached in Africa by the year 2030
depending on three important determinants; the proportion of the population using wellmanaged drinking facilities, the proportion using secured sanitation amenities, and the
level of water stress. These results showed that all the African countries are at various
levels of accomplishing the SDGs goals whereas a great percentage are in a declining
state of water, sanitation, and hygiene (WASH) (Nhamo et al., 2019).
Many routes and methods can indirectly lead SARS-CoV-2 to be transmitted in
the water systems. For example, discharging wastewater from hospitals, quarantine
houses, and isolation centers (Wang et al., 2020b). In some cases, this contaminated
water is directly released into groundwater and surface water without proper treatment;
consequently, these water sources serve as a potential route for Covid-19 (Sunkari et al.,
2021). The domestic water supply's reliance on surface water makes the situation much
riskier especially if this wastewater contains SARS-CoV-2 fragments the causative virus
of Covid-19 (Sunkari et al., 2021). Likewise, Groundwater can also be a route for
SARS-CoV-2 in case some of the contaminated water that includes the virus fragments is
introduced to the aquifer or the reservoir. There is a majority of waterborne diseases that
are related to groundwater specific, such as rotavirus, hepatitis A and E viruses,
astrovirus, enteric adenovirus, and caliciviruses (norovirus and Sapporo virus) (Sunkari
et al., 2021). This mentioned accumulation of disease has many fatal consequences like
paralysis, encephalitis, myocarditis, gastroenteritis, diarrhea, hepatitis, insulinindependent diabetes, aseptic meningitis, and conjunctivitis (Fong and lipp, 2005;
Gerba, 2009). This clarifies that most disease outbreaks happen because of wells used in
industrial and domestic practices (Borchardt et al., 2003, Fong et al., 2007).
Groundwater microbial state is not continuously monitored which requires much concern
to improve the water quality (Sunkari et al., 2021). Up till now, the transmission of
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SARS-CoV-2 through drinking water has not been proved (Sunkari et al., 2021).
However, Sbaoui et al. (2021) documented that caliciviruses, rotaviruses, adenoviruses,
astroviruses, and coronaviruses can also use the enteric tract as a course of passage to the
human, animal, or avian host. Consequently, these viruses could be detected in drinking
water in case a failure in treatment processes happens.
5. SARS CoV-2 in wastewater persistence and elimination:
The survival period of the virus in groundwater is not clear yet; however, few
researchers suggested that it can survive in groundwater for weeks (Gundy et al., 2009).
On the fact that SARS-CoV-2 can be transmitted to groundwater through the stool, due to
cross-contamination (lai et al., 2005). In general, the organic matter in the patients’ stool
can protect the virus from the disinfection process (Zhang et al., 2020). Recently, some
authors reported that coronavirus can survive a longer duration in the primary water than
in the secondary water; for instance, it can survive 11 days in the primary water and only
6 days in the second one (Tran et al., 2021). Chin et al. (2020), investigated the survival
state of the virus under various environmental conditions and found that SARS-CoV-2 is
extremely stable at pH ranges from 3 to 10 at room temperature. On the whole, the
duration in which the virus can survive in water is strongly dependent on the water
properties, pH level, and organic matter present in this water. Temperature is a principal
factor in the virus disinfection process; hence it’s widely used in the food industry.
Recent studies proved that SARS-CoV-2 tend to survive in low temperature, 14 days at 4
and 2 days at 25 . In contrast, it was analy ed that total inactivation of SARS- o
and SARS- o -2 was achieved at 56 C for 30 and 90 minutes respectively. Recent
researchers analyzed whether SARS-CoV-2 can exist in the wastewater after the
disinfection process or not, stating that there isn’t any available evidence of any
fragments of the virus present in both drinking water and wastewater after the
disinfection process (WHO 2020b). This assumption is also consistent with the recent
study by Sherchan et al. (2020). Also, the United States environmental protection agency
reported that after the disinfection process there wasn’t any available evidence for SARSCoV-2 in drinking water supplies (USEPA, 2020). However, Sbaoui et al. (2021)
proposed that inactivation and control of pathogens trials do not ensure 100 % removal of
the virus. SARS-CoV-2 genetic material can be inactivated and destroyed using the
following devices: gravity-based ultrafilter, zero-valent iron filter, iron-oxide bio-sand
filter, nitrocellulose-based filter, and many more (Bradley et al., 2011; Shi et al., 2012;
Chaidez et al., 2016; Mautner 2020). Furthermore, Ultraviolet (UV) disinfection,
chlorination, ozonation, and sodium hypochlorite are found to be successful techniques
for eliminating the virus from water systems (La Rosa et al., 2020; Quevedo-león et al.,
2020; Wang et al., 2020c).
6. Regular remedial measures of SARS-CoV-2 transmission in African water
systems
6.1. Improved hygienic, sanitation services and public awareness
WASH is currently in critical condition due to poor sanitation systems and
improper sewage disposal (Sunkari et al., 2021). These poor WASH conditions are
considered one of the routes to the transmission of the Covid-19 pandemic in Africa.
Generally, the unhygienic conditions, and inadequate sanitary and sewage systems cause
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a lot of disease outbreaks. It was reported that WASH-related diseases have caused about
829,000 deaths annually worldwide (Prüss-Ustün et al., 2019). Even so, the death
mortality in Africa was four times the mentioned number due to the same reason, WASHrelated disease (Sunkari et al., 2021). The best solution for this dilemma is to provide
households with sufficient funds for better WASH facilities and proper sanitation
systems. In addition, encouraging WASH-related activities and public awareness
campaigns to improve people’s behaviors and widen their thinking about adequate
personal protective equipment (PPE) disposal and hygiene tips would also be a good
solution. Improper disposal of PPE can also be one of the routes to the transmission of the
virus (Kumar et al., 2020b). The intensive use of face masks in African countries is an
indicator of a dramatic problem since the proper disposal of these masks is being
neglected (Nzediegwu and Chang, 2020). The increasing production of face masks adds
a lot to the existing concern resulting in a potential impact on the water and air quality.
Multiple guidelines and various recommendations have been announced by the World
Health Organization (WHO), the US Centers for Disease Control and Prevention, the
National Centers for Disease Control, and even the media about the proper discharge of
PPE related to Covid-19 (Sangkham, 2020). However, a lot of face masks were found
littered in the streets, public places, roads, gardens, hospitals, and beaches in Piura,
Ancash, La Libertad, and Lima Regions (Fig. 1) (Torres and De-la-Torre, 2021). The
failure of the adequate disposal of these masks may ease them to become one of the
transmission routes of SARS-CoV-2 instead of being a preventive tool for the virus
spread. Also, mismanagement of face masks and PPE waste would result in a negative
impact on people like health workers, sanitary workers, animals, and crops (Mejjad,
2021).
Moreover, the method of using the face masks and their incorrect removal could
higher the risk of transmission. From 28 October 2014 to 31 March 2015 a study was
conducted to address the risk of contamination on skin and clothing; it was found that the
risk is especially high during the removal of the PPE (Tomas et al., 2015). This clarifies
that the improper removal of face masks higher the risk of infection especially if they are
in close contact with infected patients. In consequence, discarding this PPE waste and
using face masks in an open bin is dangerous to the environment and it results in
transmitting the virus to sanitary workers and stray animals (Chin et al., 2020). Chin et
al. (2020) stated that the persistence duration of the virus on the surface of the surgical
mask is 7 days. The presented risk is still in increase with the increasing number of face
masks sustainably generated as a measure for SARS-CoV-2 control. For instance, mask
production in China reached 468.9 tons per day (Peng et al., 2020). These solid medical
wastes are harmful because they may involve any substance suspected of containing a
pathogen (bacteria, virus, parasite, or fungus) in sufficient concentration or amount to
cause disease in a susceptible host (Sangkham, 2020). The case is much worse in
developing countries such as Cambodia, Philippines, Thailand, India, Malaysia,
Indonesia, Bangladesh, Vietnam, and Palestine which are widely known to dump solid
waste in poorly managed and open landfills (Ferronato and Torreta, 2019). Hence, one
of the many problems that will inevitably occur is contagious waste, which, if not
overseen legitimately, may stay the root cause of severe infections and environmental
problems.

Routes of Transmission of SARS CoV-2 Through Aquatic Environment

103

Fig. 1. Face masks discarded in the streets and beaches of Piura, La Libertad, and Lima
regions (Torres and De-la-Torre, 2021).
6.2. Improving management of wastewater treatment facilities
Africa is in big need of managed wastewater treatment facilities. Wastewater is
not treated above the secondary stage in the majority of African countries (Adewumi and
Oguntuase, 2016). Thus, the risk related to the existence of SARS-CoV-2 in surface
water makes people vulnerable to the virus. In most African countries there is a huge
amount of wastewater being directly released into surface water without previous
treatment which is unacceptable. As mentioned before, Ghana is a good example of this
practice; the discharge of raw sewage in surface water resources seriously calls for an
investigation. The various effects of this practice on public health are dramatically fatal.
Adelodun et al. (2020) reported that sewage from hospitals and quarantine centers used
to treat suspected and confirmed patients with covid-19 is common in the sewage of
communities and cities. They suggested that the best solution for this problem is to
separate the sewage system and wastewater treatment facilities of healthcare centers from
urban systems to ensure viral removal during disinfection (Adelodun et al., 2020).
Peracetic acid (blended with ethanol), chlorine disinfectant (trichloroisocyanuric acid,
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blended with ethylene glycol) with two concentrations, and quaternary ammonium salt
(DNC, blended with ethanol) can inactivate SARS-CoV-2 on the cold chain’s surface.
The RNA of SARS-CoV-2 remained detectable in 2–3 h disinfection, even if
disinfectants fully inactivated the virus in 5 min (Wu et al., 2022). Gautret and coworkers (2020) suggested that public spitting in China may have played a significant role
in encouraging the transmission of SARS-CoV-2. However, this bad custom is very
frequent in a lot of developing countries.
CONCLUSION
Poor sanitation systems and improper sewage disposal in developing countries
may play an effective role in the frequency of SARS-CoV 2, however, till now, there is
no confirmation about the direct role of food and water in viral transmission by the fecaloral route. Africa as a model for developing countries is in a big need of managed
wastewater treatment facilities efficiently and on the other hand, separating the sewage
system and wastewater treatment facilities of healthcare centres treat on-site before
discharging. Also, efficient methods of getting rid of or recycling the used face masks
must be developed. Additionally, getting rid of bad customs like public spitting must be
done.
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