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The emergence of COVID-19 in Wuhan, China, rapidly escalated into a worldwide public health crisis. Despite numerous clinical treatment endeavors, initial defenses against the virus primarily relied on hygiene practices like mask-wearing, meticulous hand hygiene (using soap or antiseptic solutions), and maintaining social distancing. Even with the subsequent advent of vaccines and the commencement of mass vaccination campaigns, these hygiene measures persistently remain in effect, aiming to curb virus transmission until the achievement of herd immunity. In this scoping review, we delve into the effectiveness of these measures and the diverse transmission pathways, focusing on the intricate interplay within the food network. Furthermore, we explore the virus's pathophysiology, considering its survival on droplets of varying sizes, each endowed with distinct aerodynamic attributes that influence disease dispersion dynamics. While respiratory transmission remains the predominant route, the potential for oral-fecal transmission should not be disregarded, given the protracted presence of viral RNA in patients' feces after the infection period. Addressing concerns about food as a potential viral vector, uncertainties shroud the virus's survivability and potential to contaminate consumers indirectly. Hence, a meticulous and comprehensive hygienic strategy remains paramount in our collective efforts to combat this pandemic.
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1. Introduction

Viral infections can cause a wide range of illnesses in humans due to the selective ability of viruses to infect different tissues. Human viruses that cause significant global public health problems include human immunodeficiency virus (HIV), causing severe immunodeficiency, and hepatitis B virus (HBV) and hepatitis C virus (HCV), causes liver damage. Viruses that infect the digestive tract (e.g., rotavirus, astroviruses) or the nervous system (e.g., Zika virus; ZKV and West Nile virus; WNV), or lungs (e.g., Influ-enza, respiratory syncytial virus; RSV) are associated with digestive, neurological and pulmonary symptoms respectively. Furthermore, viruses such as the human T-cell lymphotropic virus (HTLV-I), the human papilloma virus (HPV) and the Merkel virus are associated with multiple types of cancer (1, 2). The full spectrum of known viruses that infect human host cells (i.e., the human virome) and their impact on health needs to be completed (3).

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) is the causal agent of Coronavirus 2019 (COVID-19), a respiratory disease in humans initially diagnosed and described in 2019. SARS-CoV-2 is a coronavirus with distinct characteristics from previous coronaviruses. The dispersion of COVID-19 has been rather aggressive and has occurred over a relatively short period; the virus has been transmitting to the entire globe except perhaps for Antarctica. As a result, WHO classified COVID-19 as a very serious pandemic at 11/03/2020, threatening potentially the lives of millions of people (4, 5).

Spanish Flu outbreak at the ending of WWI/ in the beginning of the 20th century, the previous large-scale pandemic with many millions' dead patients has set an example to humanity. A careful study of various published reports since 1918, shows the realistic and threatening possibility of an emerging infectious disease and addresses that ≪Today's endemic disease was figuratively yesterday's novel disease≫. In addition, most of the emerging infectious diseases that have an impact on or threaten human health originate from wildlife species, in other words are “zoonotic,” that is of animal origin (6, 7). Wild animals serve as reservoir of viruses and when come to close contact with sensitive domestic species transmit the virus to them. It follows that when the domestic species carry a heavy viral load then the transmission of the virus to humans is quite easy and self-evident (8).

The increased international travel (even to exotic destinations), the international trade of certain commodities such as food and feedstuff, the expansion of agricultural lands and the following deforestation and fragmentation of the natural habitats and, of course, the urbanization of the wilderness increased the interface and hence the chance of contact between humans, domestic animals and wild animals. Thus, an increased spillover effect might occur in a way that Amirian (8) describe as an “epidemiological bridge” favoring the approach of the viral agent to the natives (7–10).

In retrospect of the last two decades, several cases where viruses originating from animals have been transmitted to humans have been reported resulting in serious out-breaks. Setting as a time reference the avian influenza (H5N1) outbreaks in 1997–1999 in Hong Kong where the virus was transmitted from poultry to humans, then followed the new coronavirus of the Beta variant (SARS coronavirus CoV) in Guangdong province in China in 2002. The source of the latter outbreak, although not clarified, is thought to be the palm civet cat acting as an animal reservoir (11). 10 years later, in 2012, a new coronavirus emerged in Saudi Arabia (MERS-CoV), originating from bats and using the dromedary camels as intermediate host, causing a respiratory syndrome and affecting a total of 2,494 people, 858 of whom died (fatality rate 34%) (12). Up to very recently the world was facing the new coronavirus pandemic which is believed to originate from bats due to the resemblance with the already known bat virus HKU9-1 (13). This virus passed from bats to civet cats, to pangolins and to other animals sold in the wet markets of China and from them to humans. The WHO declared on 30/01/2020 the disease a Public Health Emergency of International Concern and on 11/03/2020 a pandemic (Figure 1) (4, 5). A thorough examination of the biological world reveals that every cellular life form hosts its viruses or at least virus-like genetic elements. These viruses depend on their host cells for their survival (2). A virus requires a living host cell to replicate (varies accordingly to viruses: humans, animals, plants, and bacteria) (2). For more than 70 years, various species of the coronavirus genus have been isolated from humans and animals. A 1,937 report describes the outbreak of infectious bronchitis in poultry, a disease annihilating the poultry stock, its causative agent being a coronavirus (Coronavirus: Disease Briefings. Cortellis™, a Clarivate Analytics solution, 2020) (14). The prototype murine coronavirus strain (JHM) was isolated in 1949 (15). The first isolation of human coronavirus strains occurred in 1965 from the respiratory tract of patients suffering from the common cold (16). Since the 1970s, the mechanism of replication at a molecular level and the pathogenesis of diseases caused by human coronaviruses have been studied using as a model the murine coronavirus, which causes hepatitis in mice (17). Nevertheless, coronaviruses have been overshadowed by other viral infections since they were not associated with human diseases, except for the common cold.
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FIGURE 1
 A timeline of the WHO's COVID-19 response and actions taken on a global scale.


Before the epidemic of SARS-CoV, the coronaviruses were of significant interest in veterinary medicine because they infected mammals and birds, leading to respiratory and sometimes neurological diseases (3). When in the spring of 2003, it became evident that a new human coronavirus caused severe acute respiratory syndrome (SARS); coronaviruses acquired a new status of interest in human medicine and are considered “emerging pathogens” (4). The transition of the SARS coronavirus (SARS-CoV) from animals to humans underlines intriguing inquiries about coronavirus evolution and species sensitivity.

Despite the very sophisticated technologies implemented in producing new safe and effective vaccines (5, 6), hygiene has a complementary but essential position in confronting the pandemic.

Because of the nature of the virus, the transmission is either direct through respiratory droplets or indirect via contaminated surfaces which indicates the important of personal hygiene. Proper hygiene practices, including covering cough and sneezes, regular hand washing or showering before swimming act as an additional barrier preventing the spread of various diseases (18–20). Hygienic practices suggested from WHO as precaution measures for the effective control of the disease and against its spread apart from personal hygiene include the use of 70% ethanol as a disinfectant on hands or surfaces, use of personal protective equipment like medical masks as well as self-isolation or quarantine, general lockdowns and social distancing (21–23).

This pandemic has also challenged healthcare workers that ought to comply with new guidelines and hygiene standards in order to avoid occupational risks (24), before and after the development and administration of vaccines. The development and administration of vaccines might have not been effective against onward transmission of every variant once infected, but managed to prevent serious infections and thus, lowering the number of hospitalization (25).

Through this scoping review, it is worth investigating the scientific literature on SARS-CoV-2 and COVID-19 regarding hygiene and hygienic measures. Most research papers and reviews focus on clinical or therapeutic issues, epidemiology and other related topics. While during the pandemic surveillance systems to identify SARS-CoV-2 outbreak trends and prevalence included the detection of virus load in untreated waters (26), few studies only describe enough hygienic measures such as sufficient surface disinfection, hand washing or indoor air quality, and even less about the pathogen spreading by the fecal-oral route due to the cross-contamination of foods. The question about fecal-oral transmission of COVID-19 was raised from Bartram et al. and Bonanno Ferraro et al., since virus load is detected in sewage waters such as in WATER5 category of water related diseases and their modes of transmission (26, 27) and showcase the importance of sanitation and basic hygiene practices.

Human coronaviruses, such as SARS-CoV is known to be shed in the feces of infected individuals and remain viable, facilitating fecal-oral transmission (7). Nevertheless, in the case of SARS-CoV-2 infection there is only little information on the possibility of the virus to spread via fecal-oral but also via aerosols-droplet routes (8, 9). Studies reported the presence of viral RNA in feces of patients (10–13). The reasoning behind its transmission state that the viral RNA has been found in multiple body fluids, sometimes for longs periods of time. Yet, angiotensin-converting enzyme 2 (ACE2) cell receptor has been found to be expressed in various tissues of the human body, and reinforce the viral infection at these sites (28).

Recently, the next generation sequencing (NGS) of SARS-CoV-2 from stool of patients by analyzing mutational variations confirm the presence of SARS-CoV-2 in stools, its mutational shifts and thus, its role in fecal-oral transmission (14). SARS-CoV-2 RNA was found in feces starting on day 5 of illness and peaking on day 11. It is worth noting that only a few people remain positive for viral RNA even after 30 days of illness (14). This long duration of detection of SARS-CoV-2 RNA in feces compared to respiratory samples may ultimately support the fact that SARS-CoV-2 is actively replicating in the patient's gut and therefore fecal–oral transmission may occur after viral clearance in the respiratory system (15). In a recent study, amplification of the full genome/nearly full genome and identification of the complete virion morphologically using TEM analysis indicated the fecal excretion of the virion (16). However, the viability of the SARS-CoV-2 virion in feces needs to be confirmed using extended cell culture and animal studies. In this vein, it is also important to consider the viral load in relation to its presence in the intestine, as a higher viral load may be involved in the process (17, 29).

The authors aspire to provide an overview that maps the information covering these aspects of the subject related to the hygienic point of view in synthesis. This is -by definition- what scoping reviews do (30, 31). To this end, the present review tries not to exhaust with such issues as the use of masks or hand washing but rather to stress the impact of these practices on various environments, including food production facilities, retail shops and restaurants. The discussion about the virus's variants, the transmission routes, the disease's pathophysiology, and, of course, all the proper hygienic measures is endless. Our point of view is more practical and focuses mainly on applying all these to specific environments.



2. Materials and methods


2.1. Search strategy and eligibility criteria

One scientific database was used to identify articles relevant to our topic to extract research papers, review articles and manuscripts refer to the following keywords/phrases/nouns separately or in various combinations: SARS-CoV-2, hand washing, oral-fecal route, food, droplets size spanning from January 2019 to August 2021. The database used was PubMed, which includes over 35 million citations for biomedical literature from MEDLINE and life science journals. According to Gusenbauer and Haddaway (32), the PubMed database can be used for a systematic synthesis to conduct review research or meta-analyses and subsequently characterized as principal search systems. Moreover, PubMed's advantages as an academic search system are search settings, repeatability, advanced search field, multidisciplinary subjects, open access results, language options, AND/OR functionality (32, 33).

The methodology for this scoping review uses particular keywords for the search in the international academic database PubMed. The following search terms were used in the database' Advanced Search' feature, using the Title-Abs-Key search query: “hygiene and hygienic measures against SARS-CoV-2.”

The search was limited to English peer-reviewed manuscripts with the criteria mentioned above. Articles were excluded if we had not accessed them and were associated with clinical studies addressing the clinical picture, hospitalization and treatment, epidemiological studies from various countries concerning data such as the total number of cases and mortality rates, studies of molecular biology concerning the genetics and the virulence of the virus, masks and irrelevant to hygiene papers which were beyond this review's scope.



2.2. Data extraction and analysis

All articles were extracted into bibliographic citation management softwares, EndNote library and Mendeley, duplicates were discarded, and exclusion criteria were applied by screening titles, abstracts, and full papers. A total of 140 review papers were selected. From these, 26 were discarded as duplicates and another 34 as irrelevant, leaving 80 review papers for data extraction. To establish a baseline for further analysis, the following section of the review discusses the structural and functional properties of the virus, as well as the epidemiological factors impacting its modes of transmission. Some -very few- data and comments about mask-wearing were unavoidable, although mass-wearing as a topic is not included in the scope of this review. The search result was summarized in the PRISMA- Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) flow diagram (Figure 2) and checklist (Supplementary material) (35).
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FIGURE 2
 Flowchart of the literature identified, screened and included in this review according to the PRISMA guidelines (Number of hits on PubMed on the August 30, 2021) (34, 35).





3. Results and discussion


3.1. General aspects
 
3.1.1. Structure and properties of SARS-CoV-2 virus

Because of the presence of spikes on their surface, the coronaviruses have a characteristic crown-like shape observed in the electron microscope, to which they owe their name “corona,” meaning crown in Latin and the name was given in 1968 (36, 37). Coronaviruses are significantly enveloped, single-strand, positive sense RNA viruses ranging from 60 nm to 140 nm in diameter, with a genome about 27–32 kilobase size, with spike-like projections on its surface (34). According to genetic sequence, the Orthocoronavirinae subfamily has been divided into four genera (subgroups), the alpha, beta, gamma, and delta coronaviruses. The seven human CoVs (HCoV) which are known so far, belong in two of these genera: alpha coronaviruses (HCoV-229E, and HCoV-NL63), and beta coronaviruses (HCoV-HKU1, HCoV-OC43, MERS-CoV, SARS-CoV, and SARS-CoV-2) (38, 39).

Four of the capable infection of human coronaviruses (HKU1, NL63, 229E, and OC43) cause mild forms of respiratory disease in immune-competent patients. The 9, 10 SARS-CoV2, SARS-CoV, and the Middle East respiratory syndrome coronavirus (MERS-CoV) are zoonotic and infect humans, causing severe respiratory infections only by transmission from animals. The SARS epidemic in 2002 and 2003, caused by SARSCoV, showed a 10% fatality rate, while the MERS epidemic, caused by MERS-CoV in 2012, showed a 4% fatality rate. The estimations of the COVID-19 fatality rate vary significantly. These estimations were derived from surveillance data, calculated by crude models, and varied from <0.1% to over 25%, depending on the country and metho. Due to mutations and recombination of their genetic material, coronaviruses can adapt to new environments altering, thus, in a very efficient way, their host specificity and their tissue tropism (40–42).

Typically, the coronaviral genome contains genes coding for four structural proteins, namely, the spike (S), membrane (M), envelope (E), and nucleocapsid (N) proteins (43–47). Research findings strongly suggest that the S protein plays a crucial role in overcoming interspecies barriers, hence achieving interspecies transmission from animals to humans (39, 45).

When on January 10, 2020, the SARS-CoV-2 genomic sequence was detected. It appeared as a new form of beta-CoV (48). The genetic identity between the sequenced samples obtained from the outbreak's origin in Wuhan matched by more than 99.98% (49). Genetically, SARS-CoV-2 was reported to be more similar to SARS-CoV (50). It was determined that human ACE2 is a receptor for SARS-CoV-2 and SARS-CoV (51), with the significant difference that the SARS-CoV-2's S protein bond to human ACE2 is weaker than that of SARS-CoV, solidifying the theory that SARS-CoV-2 induces milder disease manifestations in patients than that does SARS-CoV (52).

ACE-2 receptors are expressed in many tissues; however, most are present in the alveolar epithelial type II cells (53). In addition, gene ontology enrichment analysis showed that the ACE-2-expressing epithelial cells have high levels of multiple viral process-related genes, including regulatory genes for viral processes, life cycle, assembly, and genome replication (54, 55). All these features strongly support the hypothesis that the ACE-2 receptor mediates SARS-CoV-2 replication in the lung (55). SARS-CoV-2, through binding to the ACE-2 receptor, down-regulates the ACE-2 intracellular signaling (mitochondrial assembly receptor), causing inflammation, vasoconstriction, and fibrosis in the lung (56).




3.2. Modes of transmission

With no scientific reports about the ≪moment≫ or the patient zero of SARS-CoV-2 infection, considering that (i) the human SARS-CoV-2 and bats' coronavirus express about 96.2% genomic similarity and (ii) the location in which a plethora of human SARS-CoV-2 infections was confirmed, for the first time, was a wet market in Wuhan, Hubei Province (China), a plausible theory of animal-to-person transmission was formulated (40). It was speculated that human SARS-CoV-2 might have been transmitted to humans from bats through other mammalian hosts (53). Besides, many studies have implied or proposed that snakes (57), turtles (58), pigs, ferrets, cats, pangolins and non-human primates could be possible intermediate hosts for SARS-CoV-2, with some of these theories being disproved by other researchers (59). Nevertheless, the growing number of infected humans in the community, who had never visited a particular wet market, indicated the shift of the transmission mode to a direct person-to-person spread.

Currently, the 2019-nCoV spreads between individuals primarily through saliva droplets or discharge from the nose (respiratory droplets produced by an infected person while sneezing, coughing or talking and staying a short distance from another person (Figure 3). Depending on oral hygiene, each person's saliva is a bio-mixture, which physiologically contains crevicular fluid, desquamated oral epithelial cells, and microorganisms (60). Also, in pathological occasions, which vary from moderate to severe, these discharges may contain respiratory secretions, gastric acid from reflux, food debris and blood (60, 61). Previous studies showed that saliva has a high concordance rate of > 90% with nasopharyngeal specimens in detecting respiratory viruses, including coronaviruses (62, 63). Given the fact that the official pathogen detection (case) of 2019-nCoV infection is the confirmation of virus nucleic acid from throat swabs (64) and that the oral cavity is an entrance and an exit of the body and also that it is anatomically a common element of the respiratory and digestive tracts, is not only a plausible but also a logical view, that many researchers consider that saliva and nasal secretions (as recurrent pharyngeal-throat secretions) are the vehicles of the virus to spread the infections from human to human (65, 66).
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FIGURE 3
 SARS-CoV-2 modes of direct and indirect transmission.


It follows that the main path of transmission of SARS-CoV-2 is the “instantaneously - direct contact” by (a) infectious respiratory droplets penetration at one or more “gates” of the personal visceral skull, such as the mouth, nose or eyes and (b) by direct contact with fomites with SARS-CoV-2 in the immediate environment around the infected person (even rubbing or shaking hands) or surfaces contaminated indirectly with infectious respiratory droplets and afterwards next contact with own nasal cavity, oral cavity or eyes (67). Scientists published studies confirming that prolonged close contact is the leading risk factor for transmission and that the risk of infection is much higher in contacts within indoor spaces compared to outdoor contacts (67, 68).

The virion consists of a in its extracellular phase, as opposed to its intracellular structures associated with viral replication (69). Elimination of infectious non-retroviral RNA viruses after recovery is known to lead to the development of immunity, however without concomitant elimination of viral RNA (69–71). Persistence of viral RNA has been accepted, particularly at sites associated with the immune system, but may also affect other sites including lymphoid tissue and the gut-associated lymphoid tissue (GALT) system sits in the intestinal wall furnished by immunological elements and consists of one of largest immune organs in our body with well-organized lymphoid tissues, such as mesenteric lymph nodes and Peyer's patches, as well as lymphocytes in the intestinal epithelium (72, 73).

However, infectious virions are not always recovered in these secondary sites and the viral RNA is prone to degradation (74). Nevertheless, recent studies report the long-term persistence of non-retroviral RNA able of producing replication in the cytoplasm when the immune capacity is relaxed (75). However, the question arises about the role of persistence of viral RNA, often without evidence of infectious virions. In this vein, the hypothesis of reverse transcription by cellular enzymes has been postulated as a mechanism of persistence for the non-retroviral RNA viruses as endoviral components in the cytoplasm. Yet, capsid RNA capping may protect the RNA of negative-strand viruses, while attachment to other membrane components may contribute to the protection of positive-strand RNA viruses (76, 77). The development of more accurate techniques for virus detection will certainly contribute to gaining further knowledge about the persistence of RNA viruses, as the lack of detection of infectious virus could be related to the sensitivity of the assays applied (78). It is reported that innate immune mechanisms can affect intracellular viral replication and induce viral RNA degradation, but the adaptive immune response of virus-specific antibody and T cells is known to induce complete clearance of infected cells. However, it is noteworthy that the survival of infected cells is often associated with forms of viral mutations in genes encoding proteins required for assembly or replication that support persistence by evading the adaptive immune response (77–79).

Tracing studies demonstrated that SARS-CoV-2's viral RNA has not only been found in upper respiratory tract secretions but in many other body fluids and excretions such as feces, blood and (rarely) urine (38, 80, 81). Furthermore, considering the following facts: (a) angiotensin-converting enzyme 2 (ACE2) is the cellular entry receptor of SARS-CoV-2, (b) ACE2 is found in the absorptive enterocytes of the ileum and colon (and is prone to be infected by coronavirus), (c) studies found that ACE2 was highly expressed in the small intestine, especially in proximal and distal enterocytes and therefore, the digestive system can be invaded by SARS-CoV-2 and serve as a route of infection, raises the issues that oral-fecal transmission of the virus or inadvertent human-to-human transmission via the fecal route are presumably also possible (Figure 3) (82–84). Especially when some studies show that SARS-CoV-2 RNA seems to be present later and persists longer in fecal samples than in samples from the upper respiratory tract (15).

Although limited in number, certain studies report that it recovered SARS-CoV-2 from stool samples from patients or that SARS-CoV-2 invades and infects gastric, duodenal, and rectal glandular epithelial cells (10, 84, 85). These previous studies demonstrated that in more than 20% of patients with SARS-CoV-2, viral RNA had been detected in feces, even after test results for viral RNA in the respiratory tract converted to negative. This observation raises the hypothesis that a potential fecal-oral transmission is plausible and can last even after viral clearance of the respiratory tract and if this is ever epidemiologically documented then a strong recommendation should be installed to prevent further transmission via the oral-fecal route if rRT-PCR result of a fecal sample remains positive (15).

Unlike abovementioned results, another study shows that the virus (as proven by viral culture), despite the recovery of high viral load from the throat- and lung-derived samples, was not present in fecal samples (were negative to PCR results) (80). No study so far has either proved or documented fecal-oral transmission. Neither any study has been able to correlate and prove that the presence of viral RNA in fecal samples of COVID-19 patients or asymptomatic individuals marks equal infectious potential (86).

Possible intrauterine transmission of the virus has been studied in cases of delivered a newborn infant via cesarean section from a COVID-19 þ (+) mother (87–89).



3.3. The global impact of hand hygiene

When writing this review, new reports are being published, shedding light on the COVID-19 disease or raising debates Hand washing offers some protection in the dispersion of the virus and this simple act or habit has received considerable attention since the pandemic's beginning. Since the advent of the COVID-19 pandemic, hand washing has emerged as one of the fundamental disease control strategies, which must be faithfully followed by the global population (90–92).

It must be stressed, however, that hand hygiene (HH) is a long-term challenge, and it is not something unheard of for humanity which has faced several pandemics in the past. Significant historical data confirms the origins of HH and the practical use of disinfectants (from Homer in 800 BC to Scheele's discovery of chlorine and Semmelweis's concept of HH) (93–99). This way, HH was established as a practice of vital importance. In the second half of the nineteenth century, Louis Pasteur's Theory of Germ infection was accepted, giving birth to infection control practices that began evidence-based practice (100).

In the wake of the growing burden of healthcare-associated infections, the World Health Organization (WHO), in its 2009 international campaign “SAVE LIVES: Clean your hands,” put HH at the heart of infection prevention and control in healthcare settings. This is because it is “the simplest and most effective measure of prevention” (91, 101). HH refers to removing the fauna from the epidermis of the hands, either by washing them with soap and water or by disinfecting them with an alcohol-based antiseptic. Its goals are to discontinue the cross-infection of patients with microorganisms, prevent infection of both patients and healthcare professionals and prevent the colonization of the epidermis of the hands with potential pathogens. To achieve these goals, it is necessary to comply with the instructions for correct HH wherever indicated fully. The WHO has put forward “the five steps to Hand Hygiene” approach for an apparent and easy-to-remember reference of the indications where HH is necessary. This defines a clear frame of time and place where HH is necessary but also where it is not, and so facilitates the training of healthcare professionals and minimizes personal interpretation as to the need for HH. According to the 5-step approach, HH must take place regardless of the use of gloves: ≪before contact with the patient≫, ≪before any aseptic procedure≫, ≪after the exposure of a patient to biological liquids≫, ≪after contact with the patient≫ and finally, ≪after contact with the lifeless environment of the patient (external body surfaces)≫ (102). Compliance with the above guidelines is not a personal choice or common sense but of strict professional obligation in healthcare environments.

Correct observation of the rules of HH was and is the most effective strategy for preventing microbial transmission in healthcare environments and preventing infections related to healthcare provision (16).

HH is also defined as removing microorganisms from hand surfaces that can cause infection through transmission among people, be they patients or healthy individuals. Using gloves does not negate the need for HH, which must be practiced before and after their use (103).

It is therefore deemed necessary first to discuss the essential structural elements of the COVID-19 before shedding light on the role of HH as a first line of defense against its spread. Numerous studies have described the structure of SARS-CoV-2. It is an enveloped positive-sense single-stranded RNA virus (+ssRNA) assembled by three building blocks: the RNA, the lipid bilayer envelope and the membrane proteins forming the nucleocapsid. The lipid bilayer, consisting of cholesterols and phospholipids, protects the virus and assists its spread and cellular invasion. The self-assembly process of the virus involves non-covalent “like Velcro” interactions between the RNA, the proteins and the lipids, making the viral particles' disassembly harsh (81, 91, 100–108).

If, based on its small size (50–200 nm), we accept that the SARS-Co−2 virus is a nanoparticle, then by default, we accept its capacity to create multiple complex interactions with various surfaces, depending on the materials with which it connects. That is why the virus interacts differently with skin, steel, wood, cloth, paint or porcelain. The structure of the outer layer of each material plays a significant role in the potential attachment of the viral particles. The smoother the surface, the less adhesive it is for the virus (steel, porcelain and some plastics such as Teflon), while rougher surfaces (wood, cloth, and skin) interconnect quite easily with viral particles (93). The skin is an ideal surface for a virus due to its organic composition. Its cells' protein and fatty acid content interact with the virus by forming hydrogen bonds and through hydrophilic interactions (93, 105).

An infection in that case begins with a person carrying the viral particle on hands, touch ones face. As a result, the virus may invade the mucus membranes of the oral cavity, the nose or the eyes causing the infection, unless the immune system destroys the particle. Therefore, handshaking, kissing and sneezing favor the spread of the virus between individuals. Since most humans touch their faces once every 2–5 min, it follows that hand washing is the only means of protection. Simply rinsing the virus off the skin with plain water is adequate.

On the other hand, soap and water act entirely differently, as soap contains fatty substances known as amphiphiles, some of which are structurally remarkably similar to the lipids of the viral membrane. The soap particles “compete” with the lipids of the viral membrane in the same way that they remove everyday dirt from the skin (93, 94).

Alcohol-based products, which comprise most hand disinfectants, contain a high percentage of alcohol (usually 60–80% ethanol) and kill the virus similar to soap (95, 96). However, soap is better because only a small quantity is needed to cover the whole surface of the hand through rubbing quickly. At the same time, one literally must submerge the virus in alcohol for a brief moment in order to kill it. So rubbing alcohol wipes and solutions onto your hands does not guarantee adequate coverage of your hands' skin with ethanol in all areas (97).

In Figure 4, an effort is made to document the possible ways human hands are infected and the key places where hand washing, or disinfection is crucial. According to this, humans are placed in the trifecta: healthcare facilities (not only hospitals but also where individuals with mild symptoms are hosted), workplaces (referring to asymptomatic carriers) and communities (geographical and cultural locations of humans), such as schools or households. In all the above cases, human hands act as a conduit for the intrapersonal and interpersonal transfer of viral loads of the SARS CoV-2 affecting it considerable importance between the environment and the body rendering the dynamics of hand hygiene and the factors affecting it considerable importance.
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FIGURE 4
 The trifecta of hand hygiene: health care facilities (not only hospitals, but also where individuals with mild symptoms are hosted), workplace (referring to asymptomatic carriers) and community (geographical and cultural locations of humans), such as schools or households.


Due to the absence of pathogen-specific therapeutic medicines, the current SARS-CoV-2 control model is “prevention is all we have.” The US Centers for Disease Control and the World Health Organization put frequent hand washing at the top of their SARS-CoV-2 prevention guidelines for the public (98, 99).

A great example highlighting the impact of hand hygiene is the vigilance of Koreans during the severe Middle East Respiratory Syndrome (MERS) outbreak in May 2015, which occurred in several regions of South Korea (109). During the outbreak, 186 confirmed cases were reported throughout the country, according to the KCDC (109). There is no effective vaccine against this global threat, whose fatality rate is ~35% (109). Correct hand washing is considered the first and most vital way to prevent the spread of MERS (110). In Korea, as of July 4, 2015, no more confirmed cases were reported (111). This means that the MERS outbreak may have increased Koreans' awareness of the significance of hand hygiene, and changed hand-washing behavior among healthcare workers (112), elementary school to high school pupils (113) and adults (114). The behavioral response was high in the case of SARS-CoV-2 in Korea. Citizens reported practicing safety measures, such as faithfully observing facial masks when leaving home and practicing hand hygiene. These measures aim to minimize the virus's spread, which helps protect the healthy population against viral infection from SARS-CoV-2 (115).

One would therefore expect that today, in an age of evidence-based medicine, with the abundance of information available and the strong guidelines issued regarding the absolute need for hand hygiene, 100% compliance could be taken for granted, not only in the health care facilities but also in all areas described in Figure 4. Indeed, many studies and bibliographical reviews show that the COVID-19 pandemic has reinforced the importance of this scoping review comprehensively addresses and provides valuable information on the crucial topic of hygiene standards and measures to combat the COVID-19 pandemic. Moreover, there is a compelling call for international and national public health bodies to delve into the relationship between outdoor and indoor air quality and its nexus with COVID-19's trajectory. It is expected that environmental factors and pandemic dynamics may be critically connected.

In addition, the review underscores the significance of delving into the interplay between COVID-19 and the food industry. Investigating food packaging materials and the virus's survival in food commodities could yield profound insights into global transmission patterns. Such research stands to enrich our understanding of viral dissemination across geographical borders.

In conclusion, this scoping review enriches our comprehension of hygiene measures in countering the pandemic. It underscores the necessity for interdisciplinary collaborations and targeted research to unravel the multifaceted dimensions of COVID-19's impact on various fronts.

Washing in hospitals and dramatically improved hand hygiene performance rates, especially in the area of hospitals or health care settings in general (95, 116–119). However, as to the question of whether this public health emergency has triggered a behavioral change in each member of the public so that the observation of simple HH rules becomes an instinctive/reflexive action (in an ideal neurological world, there would be an activation of the parasympathetic autonomous neural system), with no peripheral factors affecting compliance, the answer is a resounding no. Unfortunately, compliance with proper hand hygiene, even in hospitals (including visitors and health care workers), could be better (120–124). Population-based studies on hand hygiene, considering the COVID-19 pandemic, indicated that hand-washing behaviors are not satisfactory (116–119, 124–133).

When trying to ascertain the reasons and factors affecting noncompliance to HH in health care settings, it is helpful to note the December 2020 announcement by WHO that: ≪One in four hospitals around the world do not have running water and basic hygiene and disinfection services, thus exposing healthcare professionals and patients to increased risk of infection from COVID≫ (134). According to a joint WHO and UNICEF report based on data from 165 countries, ~1, 8 billion people visit or work in hospitals without running water or waste disposal systems. ≪Working in a hospital without running water, waste disposal system and disinfection amount to sending healthcare professionals to work without individual protective equipment≫, stressed Director-General of the World Health Organization Tedros Adhanom Ghebreyesus. He emphasized that running water, waste disposal systems and disinfection are vital in the fight against COVID-19 but that there are still many problems to overcome in less developed countries (128).

Executive Director of the United Nations Children's Fund Henrietta H. Fore stressed, ≪By sending healthcare professionals and patients into facilities without clean water, safe toilets or even soap, we are risking their lives≫. ≪This was already true before the COVID-19 pandemic, but this year's pandemic has made it impossible to ignore the problem≫. While still in shock regarding the above data and to record the complex reasons for poor compliance with hand hygiene among nurses and other healthcare workers, an overview of the literature suggests that the following are part of the picture (Table 1) (129–131).


TABLE 1 Reasons for poor compliance with hand hygiene among nurses and other healthcare workers (119).

[image: Table 1]

Identifying the reasons behind noncompliance to HH on an individual level is difficult. Human behavior is highly complex and is affected by multiple interrelated influences ranging from biology and the environment to education and culture. So, it is best to consider individual behavior and the obstacles to putting theory into effective practice. Ensuring a positive attitude toward HH and improving awareness through attending educational programs and seminars will enhance knowledge regarding HH and increase its application in everyday life. Also, interventions to improve hand hygiene do not have to be extraordinarily intensive. Easy access to water and soap or hand-hygiene products can improve hand hygiene compliance.

In healthcare facilities, HH training would become even more effective if specific groups of healthcare professionals and other healthcare workers (cleaners, private nurses) were targeted to ensure that all individuals involved with the patient receive appropriate instruction. Applying the guidelines by as many groups of workers as possible will become a healthy example to follow, not only for other employees but for the patient's immediate environment as well.

According to the adage, the Baconian principle “Knowledge is power” dictates the need for all involved participants (management, infectious disease group, secondary staff/satellites, employees of all specialities, visitors to health care facilities) to embark on a joint effort to improve awareness. Putting theory into practice is of critical importance. Through repeated, varied, and compulsory training programs, employees should be regularly reminded of the proper procedures to avoid non-compliance in the stressful and exhausting work environment. This way, through monitoring and rewarding employees, correct HH will be practiced at the highest possible level, thus preventing cross-contamination and the spread of infection in healthcare settings and avoiding their subsequent consequences.

Before planning public health and hygiene strategies, the authorities or the management must be aware of the characteristics and particularities of each target group. This means that interaction must be initiated with the group/population to which the health and hygiene guidelines are targeted in a supportive and non-judgmental way so that the group would design the whole strategy to improve compliance.

Research has proven that hand washing frees individuals psychologically (116, 132). We must instill beliefs of equivalent magnitude in the behavioral attitudes of people regarding physical health. Hand hygiene is inextricably linked with infection prevention.

“If a pandemic did not change hand hygiene, no amount of vigilance ever will. Awareness of hand hygiene was at an all-time high as providers were afraid for their lives, but hand hygiene still decreased. We must look at it not as a people problem, but as a system and human factors issue,” said Adam Webb, MD, Chief Quality Officer, Emory University Hospital (117).



3.4. The importance of air hygiene

So far, there is limited data on the aerodynamic properties of the SARS-CoV-2 virus concerning the different transmission routes through aerosols and droplets. CDC and WHO accept that respiratory excretions should be classified into small and large droplets, a theory first proposed by Wells (67, 118, 119, 133, 135). Most researchers agree that 5–10 μm is the upper cut-off limit of the size of the small droplets (also described as aerosol) and that they can hover for more extended periods. Thus, they can cover more considerable distances (136–141). Larger droplets (size > 20 μm) are heavier and have shorter trajectories, covering shorter distances from their source (usually 1–2m). Droplets with 10–20 μm size represent an intermediate class, and they can either remain hovering or land on various surfaces, depending on the conditions. Sometimes aerosol droplets can shrink to form the so-called “droplet nuclei” (136–143). The fate of the particles is determined not only by their size but also by their speed, density and composition, momentum, the humidity of the environment and micro-currents of atmospheric air (118). The formation and aerodynamics of each droplet category are crucial factors for the transmission of SARS-CoV-2 and have two significant consequences. If the virus is transmitted mainly by the larger droplets, then the masks, the face shields and the social distancing should be more than enough to avoid the infection. If aerosols transmit the virus, then the masks, the face shields and the social distancing cannot protect from viral particles that can hover for long periods and are carried by air currents. The larger droplets are heavier, and gravity shortens their trajectory while aerosol carrying the virus can easily reach the bronchi. The intermediate-size droplets have some chance to pass the glottis barrier (139, 142, 143).

Most of these studies on droplets and aerosols do not take into consideration the survival rate of the virus, which decreases proportionally to the distance of the infected person (source), but also viral particles are destroyed by the solar radiation, the drying of the droplets, the temperature and by virucidal substances like ozone which generally exist in the air (144–146). These factors significantly reduce the concentration of the virus in the atmosphere and the possibility of infection. Environmental factors do not affect all respiratory viruses to the same extent. Furthermore, the exact location of the inflammation of the respiratory tract and the clinical disease affects the size of the droplets, their emission rate and composition, consequently determining the viral survival and spreading. Laboratory experiments under controlled environmental conditions and field monitoring have revealed valuable data for estimating airborne transmission of respiratory viruses. For example, SARS-CoV is considered higher than Influenza (147). On the other hand, although speaking and coughing produce aerosols and viral RNA is isolated from air, these facts are not enough to establish transmission because infection also depends on other factors such as the route of exposure, the size of the droplets, the period of exposure and course the immune response of the host (118, 148–150).

The dose-response relation of SARS-CoV-2 infection remains unclear. Researchers claim that the virus can be transmitted in closed spaces with poor air circulation, low humidity and high temperature in due course (151–155). However, the opinion that aerosol can transmit the virus is debatable among different research groups (156–162). WHO accepts that transmission by aerosol is possible only in healthcare facilities due to medical interventions such as intubation, mechanical respiratory support and administration of medicines by nebulizer (158). The aerosol transmission mode has been thoroughly investigated in hospitals and the community ever since (159).

Several hospital studies have researched and monitored the presence of SARS-CoV-2 in samples of air taken from hospital wards for COVID-19 patients (160–162). In a study of the aerodynamic characteristics of COVID-19 by Guo et al. (163), the air and surfaces of intensive care units (ICU), as well as other areas hosting COVID-19 patients, were studied. In addition, three different sampling points were chosen: (a) the patient hospitalization area, (b) the doctor's offices and (c) areas neighboring the exit points of air. The SARS-CoV-2 genome was identified in samples taken from all three points with a development rate (of 8/18, 44.4%) in the patient hospitalization area and (5/14, 35.7%) in areas near the exit points of air.

Most published studies explore the hypothesis that SARS-CoV-2 transmission may be airborne (through aerosol), but there is no tangible evidence. The methods of air sampling, the exceedingly small number of samples, the methods of genetic identification of the SARS-CoV-2 genome and the protocols for the estimation of possible airborne transmission have yet to be evaluated and verified.

In addition, there have been few studies regarding the transmission of viral loads by asymptomatic individuals (163–165). These individuals are unaware they are carrying COVID-19 since they do not have symptoms of a respiratory viral infection, such as coughing or sneezing. The expulsion of droplets, in their case, is made during everyday interactions like speaking, laughing and singing. Published data worth mentioning (166, 167) shows the possibility of airborne transmission through aerosol containing an active SARS-CoV-2 viral load. In this study, people participating in a choral practice in Mount Vernon, Washington, who had stated they had no symptoms of a respiratory viral infection, observed social distancing and limited their physical contact with each other, practiced for 2 h. After the practice, 45 of the 60 members were found positive for SARS-CoV-2 or had COVID-19 symptoms. Three were hospitalized, and two died.

Also, worth mentioning in this review is a study researching the production of air droplets by a group of healthy volunteers during coughing and speech (167). In this study, the distribution of the droplet size, the speed and distance of their transmission and the airborne time concerning the level of air ventilation were measured. It was found that small droplets (1–10 μm) prevailed during coughing, while during a speech, they were the only ones isolated and recorded. As for their speed and trajectory, it was no surprise that at the beginning of coughing, the large droplets (typically 500 μm in diameter) descended immediately toward the ground within 1 s due to gravity. The small droplets with a typical diameter of 5 μm took 9 min to settle on surfaces or reach the ground.

Furthermore, the production of nasal cavity droplets was studied during normal breathing and sneezing. In the former, there were no droplets from the nose, while in the latter, large drops originating mainly from the secretions of the nose and mouth dominated. Finally, the same study looked at the trajectory and movement of small droplets produced by coughing, through the air, using a simulator (spray nozzle from Medspray; Enschede, The Netherlands) to disperse a controlled quantity of small droplets into the air, reproducing the effect of coughing) in three spaces with different levels of ventilation: (a) no ventilation, (b) only mechanical ventilation and (c) mechanical ventilation supported by an open entrance door and small window. In the last case with the best ventilation, after 30 s, the number of droplets had decreased by half, while in the first case with no ventilation, this took ~5 min. The air drag calculation diagram shows that small droplets (5 μm) take about 9 min to reach the ground in the case of a light cough or calm speech (from an expulsion height of 1, 60 m from the ground). Droplets had decreased by half in a poorly ventilated room in 1.4 min.

The above study indicates the need for hygiene and good ventilation in indoor spaces to reduce droplets' time to stay airborne significantly. These findings are noteworthy since these poorly ventilated populated spaces, such as means of public transport and older people's homes, are the habitat of viruses. Of course, in such spaces, their transmission is relatively easy, regardless of precautions such as social distancing. The lingering respiratory droplets in such poorly ventilated spaces could contribute to the spread of SARS-CoV-2.

As such, due to the possibility that SARS-CoV-2 spreads essentially through aerosol-type droplets, research groups ardently advocate the benefits of an efficient ventilation system, possibly assisted by particle filtration and disinfection of the air. They believe such systems are necessary to drastically reduce the risk of infection in indoor spaces (144, 168).

In order to maximize the protection of the population against airborne transmission of SARS-CoV-2 or any other micro-droplet carrying airborne viruses, there are various requirements, as described below. They focus mainly on indoor spaces and government buildings since that is where the main transmission volume occurs (140, 169). In domiciles and apartments, the usual practices ensuring clean indoor air (e.g., isolating infected individuals, opening doors and windows and using portable air purification devices, where practical) must always remain in place.

The existing ventilation measures protecting against airborne infection can quickly be reinforced relatively cheaply to reduce infection and save lives. The options discussed below must always be applied in combination with other measures already in place (such as hand washing and the use of self-protection measures) for the reduction of infection via other significant mechanisms of infection since none of them can be excluded in any instance of exposure to the virus. The rest of this section will concentrate only on recommendations regarding “mechanical (level) control” as described in the conventional/traditional hierarchy of infection control (Figure 5) to decrease the danger of airborne infection. The HVAC system control strategies (heating, ventilating and air conditioning) can be modified to increase ventilation, to some extent, in high-risk areas at relatively low cost to diminish the danger of airborne transmission among passengers. However, this cannot be done simply with the ≪flick of a switch≫, as the HVAC systems are complex and usually designed for specific buildings with specific, standardized operation parameters. Besides the ventilation rate, many requirements must be considered, including temperature control and relative humidity, as well as the distribution and direction of airflow. These systems can be specially adapted as needed by HVAC technicians to diminish the danger of airborne transmission. Indeed, the ventilation guidelines of ASHRAE (The American Society of Heating, Refrigerating and Air-conditioning Engineers), REHVA, and SHASE (The Society of Heating, Air-Conditioning and Sanitary Engineers of Japan) have been updated to combat the spread of SARS-CoV-2 (142). Another example is modifying the ventilation system in a hospital ward to create a negative pressure isolation room (170).


[image: Figure 5]
FIGURE 5
 Aerodynamics characteristics of SARS-CoV-2 and “mechanical (level) control” of airborne infection.


Suppose there is natural ventilation through doors and windows or other openings. In that case, the potential rate of external airflow can be estimated using the CEN Standard, EN 16798-7: 2017 or other available protocols such as (171).

In naturally ventilated public buildings, other challenges will occur, especially in cold climates, but these can also be addressed to diminish the danger of airborne transmission. Additional heating may be necessary for some buildings to maintain heating comfort, especially if the individuals therein are vulnerable.



3.5. What about air re-circulation

Air re-circulation is a way to save energy. However, care must be taken, as it can carry air pollutants (including viruses) from one area connected to the same ventilation system to another, increasing the risk of airborne spread to spaces which would not otherwise have been contaminated. This concern had previously arisen in connection to the potential re-circulation of biological agents in cases of terrorist attacks, where the efficiency of eliminating air re-circulation was studied (e.g., by pumping 100% external air into the building) as a counter-measure for the release of toxic biological agents in indoor areas. Another study which created a model of the danger of airborne flu transmission in private cars also addressed the issue of eliminating air re-circulation in such cases (172, 173).

Particle filters and disinfection equipment in air re-circulation systems can reduce this danger. However, they must be deliberately designed to control the risk of airborne infection and be regularly serviced to maintain their effectiveness. Many systems have been designed with filters that remove larger particles which could adversely affect the mechanical operation of the equipment but are unable to withhold and remove microscopic particles (micro-particles/micron size), which are related to adverse effects on human health. Filter systems must be rated according to standards technology, which indicates their performance, and must be used to select appropriate filters (173, 174).

According to the above recommendations, during a pandemic, including the current COVID-19 outbreak, the air must not be re-circulated, as much as possible, to avoid the circulation of particles with a viral load throughout the indoor environment. If possible, this could be done by separating ventilated areas into multiple zones and operating the system with 100% outside air (OA). Re-circulation deactivation may be achieved by shutting the re-circulation vents and opening the outside ones. In systems where this is not possible, the quantity of outside air must be maximized and filtering radiation or UV microbicides must be applied to remove or eliminate any possible viral infection from the re-circulated air. In most hospital care sites, air re-circulation is not allowed at all, and it is mainly used in non-healthcare settings to achieve energy savings. At the de-centralized level (individual rooms), secondary ventilation/air circulation systems may be installed, and it must be ensured that they also provide fresh air ventilation (e.g., inductive units). If they exist, such systems must not be deactivated. However, other systems without the ability to bring in OA (e.g., split A/C units) should, if possible, be deactivated to prevent the potential spread of viruses between people due to airflow. When these systems are required for cooling, additional ventilation with fresh air must be developed regularly, and air cleaning/disinfection could also be beneficial.

Adding portable air cleaning/disinfection devices may be helpful in environments where improving ventilation is complex. In addition to hand hygiene and social distancing, the parallel reduction of airborne transmission using mechanical controls in hospitals and other public buildings will further protect health workers, patients, and the public.



3.6. SARS-CoV-2 in the food supply chain: the possibility and plausibility of orofecal transmission

The orofecal route of transmission describes the ways by which microorganisms from the digestive tract of one person enter the oral cavity of another person. This route can be direct through physical contact or indirectly through other materials such as vehicles. The packaging of the food or the food itself may harbor for longer or shorter periods of pathogenic microorganisms. In order to discuss the possibility and plausibility of the orofecal transmission of SARS-CoV-2, three conditions must be met: (i) the virus must be able to multiply or at least survive in the gastrointestinal tract, (ii) the virulence of the virus must not be affected by the processing of the food or the virus must be able to survive on the packaging of the food and (iii) compromised personal hygiene of food operators. Some other single-stranded RNA viruses, like noroviruses, are transmitted primarily through the orofecal route (175).

As previously mentioned, its viral particles, like SARS-CoV and MERS, use angio-tensin-converting enzyme 2 (ACE2) as entry to the cell. ACE2 is found in the absorptive enterocytes in the small intestine (mainly in the ileum) as well as in cells in the colon (44, 176, 177). Jefferson et al. (173) claim that ACE2 receptors are also found on cells in the gastric wall and the duodenum. These cells can host various viral species, such as coronavirus, rotavirus and norovirus. Hence SARS-CoV-2 can infect the human digestive tract, and diarrhea may follow as a clinical symptom. It is true that, for obvious reasons, emphasis has been given to the respiratory signs of the disease and the respiratory route of infection through droplets, and all precautions and prophylaxis (masks, social distancing etc.) focus on avoiding inhalation of infected droplets.

Wu et al. (15) report that in patients recovering from the disease, stool samples were positive in viral RNA for 11.2 (± 9.2) days after the respiratory samples were found negative (in total 27.9 ± 10.7 days after the first onset of symptoms). In their report, these researchers state that the presence of gastrointestinal symptoms was not associated with fecal viral RNA and insist that since the virus replicates in the intestinal tract for more extended periods than in the respiratory tract, the orofecal route of transmission by discharged patients who recovered from the disease cannot be ruled out, particularly in contained living premises like hostels, dormitories, trains, ships and buses. Parasa et al. (83), in a meta-analysis of 29 studies, found that the pooled prevalence of diarrhea among COVID-19 patients was 7.4%, much <20% observed in SARS patients. In their opinion, this difference could result from underreported gastrointestinal symptoms in the initial studies and concluded that the intestinal tropism of the SARS-CoV-2 is like the SARS infections. According to the authors, these findings make possible orofecal transmission and could explain part of nosocomial infections. In the same study, 40.5% of the patients who were favorable to the viral RNA respiratory samples also showed positive fecal samples. In general, the viral load of the feces was lower than that of the respiratory samples. Gupta et al. (176) report that after the clearance of the respiratory system in COVID-19 patients, the viral RNA was present in the feces from 1 to 33 days, with one patient's samples being positive for 47 days (178).

Although SARS-CoV-2 in the digestive tract has been proven, the exact mechanisms through which the virus overcomes the various hazards like proteases, low pH and bile salts remain unknown. According to a study, both S glycoproteins and the viral envelope must be resistant to these adversities due to heavy glycosylation (44). Other –yet unknown- processes taking place in the digestive tract may favor the infective action of the virus, as in the case of the bovine coronavirus, where the S glycoprotein must be cleaved by a protease so the virus can become pathogenic. However, in most studies, some part of the viral RNA is detected in the samples, and only a few studies report the detection of the whole virus in feces (38, 39, 179, 180). These findings provide a reasonable explanation of the expected rareness of occurrence (if any) of the orofecal transmission of SARS-CoV-2.

The most obvious way the infection of foods is by touching without gloves or prior hand sanitation, coughing, sneezing and talking without wearing a mask in a food-production facility. In these ways, either the food or its packaging will be infected. The virus can contaminate fresh products (vegetables, bakery products) or the packaging via an infected person. In such cases, the virus can be transmitted directly if it is transferred within a short time interval to the mucous membranes of the eyes, mouth and throat (180).

Orofecal transmission could lead to the same result. Since the virus can survive up to 4 h on a copper surface, up to 24 h on cardboard and up to 2 or 3 days on plastic or stainless steel (181), the packaging materials can act as vehicles in the orofecal transmission. Cooking and heat treatment kill the virus in the mass of the food, but refrigeration does not. Even if the virus is destroyed in cooked foods, the possibility of cross-contamination of other foods before cooking through direct contact or handling cannot be neglected. However, it must be noted that specific traditional food preparations and some eating habits (e.g., rawism) may not kill the virus or -even worse they may provide means for its survival. Scientific data on the survival of the virus in such conditions need to be included.

FAO/WHO and EFSA, in their 2020 documents, consider the possibility of transmission of SARS CoV-2 through food as “highly unlikely” (180). In principle, if all measures described in ISO and HACCP protocols are appropriately applied, then the danger is negligible. Such measures include not only the quality of raw materials and the hygiene status of the facilities but also the training and the professional behavior of the personnel during food handling. Personal hygiene, particularly hand washing and gloves wearing, are imperative not only in industrial scale production but also in small and medium scale businesses. If appropriately used in the food industry, gloves and masks can also reduce the spread of SARS-CoV-2 (180).

The usual cooking temperatures (>70°C) kill the virus, exerting a protective effect. In contrast, frozen food temperatures do not inactivate the virus making the possible transmission making, thus the washing of the hands a priority. Proper hand washing is an essential concept in food safety. FDA states that it can result in a 3-log reduction of bacteria and a 2-log reduction of viruses and protozoa (USFDA 2013, section 2-301.12) (182). Despite the emphasis given to proper hand washing, it often fails for various reasons such as lack of training, lack of means, time pressure and uncomfortable setting of relevant facilities (182). A common misunderstanding is that gloves can substitute hand washing. Using gloves can create a false sense of security, leading to unsafe practices such as less frequent and less proper hand washing (183, 184). All cleaning and antiseptic agents do not have the same power to eliminate viruses during hand washing. Antibacterial compounds in various antiseptics do not necessarily possess an antiviral effect. According to Sickbert-Bennett et al. (184), liquid detergents were 100 more potent in eliminating from hands respiratory viruses.

In a food-producing facility such as a restaurant, areas or points are classified as “high touch,” like taps, door handles, and refrigerator handles. These points should be cleaned and sanitized more frequently. The standard hygiene practices, which are applied to every food industry and can control foodborne bacteria and viruses, are also sufficient to hinder the dispersion of the SARS-CoV-2 virus. These practices include careful handling of raw materials to avoid cross-contamination, washing fruits and vegetables before serving, thoroughly cooking dishes and menus in temperatures above 70°C, and sneezing and coughing in the elbow (185–187).

The load of the viral RNA in urban sewage systems has been used as an epidemiological index to assess the infection status of a community. However, there are no studies available of the fate and the survival rate of the whole virus in the environment. This is a critical point because infected feces could become a source of environmental infection in developing countries where open defecation is commonly practiced. If the virus can survive even briefly, fresh vegetables and other fresh products could be infected through the irrigation system. Flies and other insects may carry the virus longer distances and infect surfaces, people and foods, particularly street foods. This kind of danger is enhanced in these countries by the lack of education in personal hygiene issues and by the shortage of means such as soap and antiseptics (188).

As the food supply chain moves from the farm or the field to the fork, the risk of viral contamination of the food or the packaging increases because more people are involved. The fact remains that the transmission of SARS CoV 2 through food has not been reported (189), and neither has been reported any case of orofecal transmission, with “so far” being the keyword. It is expected to be rare as an event but if the special conditions needed converge, then the orofecal transmission of the virus cannot be ruled out.

Revisiting the first period of the pandemic, it is now recognized that the most official lips, such as the World Health Organization and the American Food and Drug Association, ruled out the possibility of transmission of the virus through food, packaging materials and even though the staff of catering establishments in case they had fallen ill. The hazard was non-existent to infinitesimal, let alone if the virus infected one from a contaminated surface in a catering environment or the food industry (180, 190–192).

As early as 2020, a theory began to develop for an additional route of transmission of the coronavirus in addition to the already known ones. This particular route was about food storage and transportation, called the cold chain. 2 years later, this theory of virus transmission acquired a solid scientific background, documenting the survival of the virus in frozen food. The association of food imports with epidemic outbreaks in provinces of China were considered suspect. Indeed, it has been confirmed that the cold chain of food transport and storage can provide survival conditions for various coronas. The low and very low temperatures of multiple foods can harbor coronaviruses, e.g. SARS-CoV-1 (≈80% genome similarity to SARS-CoV-2), which according to the WHO, can be detected in frozen conditions (up to 2 years at −20°C), compared with their survival under normal temperatures (193–195). Foods considered substandard, tested by the health authorities of China, and confirmed as positive for the presence of SAS COVID-2 on their surfaces or packaging materials, were foods under refrigerated or frozen conditions such as ice cream, seafood, beer, pork, chicken, and fish (196).




4. Conclusions

This scoping review comprehensively addresses and provides valuable information on the crucial topic of hygiene standards and measures to combat the COVID-19 pandemic. Moreover, there is a compelling call for international and national public health bodies to delve into the relationship between outdoor and indoor air quality and its nexus with COVID-19's trajectory. It is expected that environmental factors and pandemic dynamics may be critically connected.

In addition, the review underscores the significance of delving into the interplay between COVID-19 and the food industry. Investigating food packaging materials and the virus's survival in food commodities could yield profound insights into global transmission patterns. Such research stands to enrich our understanding of viral dissemination across geographical borders.

In conclusion, this scoping review enriches our comprehension of hygiene measures in countering the pandemic. It underscores the necessity for interdisciplinary collaborations and targeted research to unravel the multifaceted dimensions of COVID-19's impact on various fronts.
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