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INTRODUCTION

Coronaviruses (CoVs) are a large family of viruses known to induce respiratory and gastrointestinal (GI) infection in animals and humans. These viruses are persistent in the environment (Guillier et al., 2020; Ren et al., 2020), and known to resist the (mild) food production processes routinely used to inactivate or control bacterial pathogens (Goli, 2020). Until recently, CoVs were not assumed to be highly pathogenic in humans (Zaki et al., 2012), but this perception changed after the recent Severe Acute Respiratory Syndrome CoV (SARS-CoV), Middle East Respiratory Syndrome CoV (MERS-CoV), and the current severe acute respiratory syndrome (SARS-CoV-2) outbreaks.

The most recently identified coronavirus, SARS-CoV-2, first isolated in late December 2019 among patients with severe pneumonia at Wuhan City, China (Zhu et al., 2020), revealed a significant gap in knowledge about CoVs. Since then, scientists have been trying to understand its transmission pathways and infection dynamics, and how the virus shapes the resulting pathology, the coronavirus disease (COVID-19). A significant number of scientific breakthroughs related to SARS-CoV-2 have been published over the past year, but there are still many unknows and unanswered questions, and countless others will surely arise as new data is collected, and new strains revealed.

So far, the contribution of foodborne transmission for the maintenance and recurrence of SARS-CoV-2 infection is still disputed (Amirian, 2020; Donà et al., 2020; Li et al., 2021). Such possibility, however, should be considered as an emerging risk with potential public health impact, demanding the implementation, or adaptation, of effective strategies to protect at-risk populations in the face of emerging epidemiologic data.

Shellfish are particularly relevant in such assessment. Often consumed uncooked, shellfish are a long-standing source of foodborne illness, frequently associated with foodborne outbreaks with substantial impact on human health (Jones, 2009). For instance, norovirus (NoV) accumulation by shellfish, and the ensuing risks to human health associated with shellfish consumption are well-documented (Bellou et al., 2013). Similarly, the accumulation of other infectious agents of human-associated waste sources, and its repercussion on human health, is well-reported (Fleming et al., 2014).

Facing a hypothetical foodborne transmission of COVID-19 via the consumption of raw shellfish, we briefly address possible reasons to consider the incorporation of SARS-CoV-2 detection strategies on regular shellfish monitoring programs and include this risk on early warning systems to the aquaculture industry and public health. Our opinion is based on current knowledge about the SARS-CoV-2 and long-established facts about the role of wastewater and shellfish on the transmission of viral infections to humans (Figure 1).
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FIGURE 1. Potential foodborne transmission of SARS-CoV-2 via shellfish. Such transmission route is known to occur with norovirus.




SARS-COV-2 AND GASTROINTESTINAL FUNCTION IN HUMANS

Though the respiratory system is most severely impacted by CoVs, these viruses are found in the sweat glands, kidney, and intestinal tract, and therefore may spread via sweat, urine, and fecal excretion (Ding et al., 2004). In addition, their presence in the alimentary tract (Huang et al., 2021), suggests that this is an entry route for viruses present in food or water.

Information about other potential pathways of SARS-CoV-2 transmission is relatively scarce, but there is accumulating evidence in support of fecal-mediated transmission (Amirian, 2020; Cuicchi et al., 2021; Heneghan et al., 2021). SARS-CoV-2 GI tract infection has been repeatedly reported (Guan et al., 2020; Hindson, 2020; Lo et al., 2020; Mao et al., 2020; Pan et al., 2020; Xiao et al., 2020). Accordingly, viable viruses were detected in feces, implicating these as a potential source of SARS-CoV-2 transmission by fecal contamination (Wang et al., 2020). Paradoxically, some studies also infer that most of the viral particles excreted in feces are no longer infectious (Walsh et al., 2020; Senatore et al., 2021).

A recent study in children found that positive detection of SARS-CoV-2 on rectal swabs outlasts even negative nasopharyngeal testing, suggesting that the GI tract might be the primary apparatus to be infected, with higher incidence of fecal-oral transmission (Xu et al., 2020). SARS-CoV-2 was also recovered from nasal washes, saliva, urine, and feces of infected animals (ferrets) up to 8 days post-infection (Kim et al., 2020). Thus, while still poorly understood, the GI symptoms reported from the start of COVID-19 epidemic at least suggest that fecal–oral transmission of SARS-CoV-2 may occur (Yeo et al., 2020).



THE PRESENCE OF VIRUSES IN SEWAGE

NoV enter aquatic environments by contaminated overland run-off after heavy rainfall, hydraulic overload in sewage treatment plants, and combined sewer overflow (Kim et al., 2016). These routes are shared by most other pathological agents. The presence of SARS-CoV-2 in wastewater, reported worldwide, suggests that this may also be the case for this infectious agent (La Rosa et al., 2020; Mallapaty, 2020; Medema et al., 2020; Wu et al., 2020).

Early studies showed that coronaviruses rapidly become inactive in wastewater (Sherchan et al., 2020), but can remain infectious up to 4 days if contained within fecal matter (Gundy et al., 2009). Recent assessments agree with these observations, reporting that the virus can survive hours to days in untreated wastewater (Arslan et al., 2020; Orive et al., 2020; Kumar et al., 2021; Patel et al., 2021), and even much longer periods in cold climates (Bhowmick et al., 2020). Studies have reported that SARS-CoV-2 remains active for 25 days in wastewater at 5°C (Shutler et al., 2021) and can persist in wastewater at room temperature for ~6 days (Bivins et al., 2020).



DISCUSSION

The evidence reviewed here suggests the possibility of fecal–oral transmission of SARS-CoV-2. If confirmed, the novel CoV can share foodborne infection pathways with other CoVs, and even NoV (Lopman et al., 2012; Li et al., 2021). Shellfish such as oysters can selectively accumulate NoV strains as they have human-like viral carbohydrate ligands (Le Guyader et al., 2012). If indeed this, or a similar, process is shared by SARS-CoV-2, then shellfish can potentially act as a vector for fecal-oral transmission to humans, similarly, and even concurrently, to norovirus, with the predictable devastating consequences (Figure 1).

Due to significant knowledge gaps, the potential role of wastewater in SARS-CoV-2 transmission has been underappreciated (Kitajima et al., 2020; Lodder and de Roda Husman, 2020), and little is known about the infective power of SARS-CoV-2 particles found in sewage waters. Respiratory droplets are the main human-to-human mechanism of transmission, but fecal shedding with environmental contamination is increasingly seen as having an important role in viral spread (Bhowmick et al., 2020; Donà et al., 2020).

Until now, the viability of SARS-CoV-2 in wastewater has not been proven (Senatore et al., 2021), and further studies are needed to investigate its fate in wastewater (Collivignarelli et al., 2020) and in natural water bodies receiving treated or untreated wastewater (Kumar et al., 2021). The WHO, for instance, assumes that it is unlikely that wastewater will become an important transmission pathway for coronaviruses like SARS-CoV-2 (WHO/UNICEF, 2020). However, ruling out such possibility at such early stage may prove disastrous, as SARS-CoV-2 remains viable for significantly longer periods in stool samples than in respiratory and serum samples. Such resilience highlights the need to strengthen the public management of sewage waters in the prevention and control of the epidemic (Zheng et al., 2020; Senatore et al., 2021).

A recent monitoring study made in several sites along the coast of France reported the absence of SARS-CoV-2 in oysters (Desdouits et al., 2021). The authors, nonetheless, do not exclude shellfish as potential agents of transmission, but highlight the need for more monitoring studies before reaching such conclusion. Food industry and regulatory agencies should take such knowledge into account, despite its preliminary stage, to regulate and implement food safety principles and practices that prevent the spread of SARS-CoV-2 via shellfish consumption, all the while protecting the economy and livelihood of human populations therein dependent.

Given the high infection and rapid transmission of SARS-CoV-2 (Kim et al., 2020), shellfish commerce and consumption can rapidly and effectively propagate infection over long distances, and sustain its endemic persistence. To prevent such occurrence, the following questions must necessarily be addressed and unequivocally answered as part of an integrative approach to mitigate COVID-19:

1. Is SARS-CoV-2 found in coastal waters, under the influence of urban pollution, still infectious?

2. Are shellfish production/growth conditions and practices (e.g., in oyster beds) enough to allow environmental factors such as osmotic stress in salt water, and UV radiation, to inactivate the virus?

3. Do shellfish accumulate SARS-CoV-2 as they do NoV?

4. If SARS-CoV-2 is found in shellfish:

a. Is it still viable to infect humans (making shellfish a vector of contamination)?

b. Is the source environmental or from being handled by infected people (good hygiene practices must be in place)?

c. Can it be eradicated by depuration?

5. Should government or the regulatory authorities consider a temporary suspension of production and/or commercialization of shellfish before the answers to the above questions are reached?

Seafood-born infection and toxicity is presently met by effective good-practices in most developed countries. The current COVID-19 epidemic threatens to be a “game-changer” to the effect that failing to address the topics discussed here might perpetuate the threat of infection, albeit in a much smaller scale than by direct contact with infected humans, but still, one capable of triggering an outbreak of serious consequences. SARS-CoV-2 transmission via shellfish unfolds over multiple spatial scales, as freshly harvested products can be consumed locally, but also commercialized world-wide. Oysters pose a particular threat, as they are one of the most commercialized group of shellfish over the past few years (FAO, 2020), and they are often consumed raw.

For the time being, the possibility of transmission through the food sector is considered negligible, and its assessment is not seen as a priority by public authorities (Bilal et al., 2020; Rizou et al., 2020). However, until such hypothesis is discarded, there are reasons to consider the inclusion of SARS-CoV-2 in monitoring programs and early warning systems currently implemented in the shellfish industry. We note, nonetheless, that economic consequences may be expected if bans to shellfish harvesting and consumptions arise from such policies, impacting different sectors of activity, from artisanal shellfish harvesters, to aquaculture producers, and ultimately across all levels of shellfish industry.

Finally, the above considerations are pertinent, not just to shellfish, but also to other food sources at risk of contamination with liquid or solid human waste potentially carrying SARS-CoV-2.
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