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ABSTRACT 
 

Although severe acute respiratory syndrome coronavirus – 2 (SARS-CoV-2), causing coronavirus 

disease 2019 (COVID-19) pandemic, is primarily associated with a respiratory infection, it has also been 

linked to multisystem involvement that includes the digestive tract. Gastrointestinal (GI) manifestations 

are common in patients with COVID-19 due to the high viral load lodged in the small intestine's 

mucosa. As a result, it causes an increase in the permeability of the intestinal barrier that favours the 

passage and translocation of bacteria, from the lumen of the intestine, towards the internal environment, 

with the appearance of sepsis, with evidence that SARS-CoV-2 has been found in faeces. This article 

highlights epidemiology, clinical symptoms, and mechanisms related to manifestations of disease in the 

GI tract and its pathogenesis in patients with COVID-19. It highlights bacterial translocation and COVID-

19, mechanisms that control bacterial translocation, intestinal infection and feco-oral transmission, defense  
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1 Introduction  

Coronaviruses (CoVs) are a large family of viruses that can trigger 

a vast range of health conditions, including common cold, more 

severe illnesses, such as the Middle East respiratory syndrome 

coronavirus (MERS-CoV) and the severe acute respiratory 

syndrome (SARS-CoV), and the recently emerged SARS-CoV-2 

that is causing coronavirus disease 2019 (COVID-19) pandemic 

(Dhama et al., 2020a; WHO, 2020a; Rabaan et al., 2021a). SARS-

CoV-2, a member of the genus Betacoronavirus, is formally named 

by the World Health Organization (WHO) because it is genetically 

related to SARS-CoV that caused the 2003 SARS outbreak (WHO, 

2020b). In March 2020, the COVID-19 global pandemic was 

declared a public health emergency of international concern, and 

thereafter affecting the lives of billions of people worldwide and 

resulting in more than 172 million infected cases and more than 3.7 

million deaths as of June 5, 2021 (Nishiga et al., 2020; WHO, 

2021). It is associated with a continuous outbreak of typical 

pneumonia and other specific clinical presentations, affecting the 

inhabitants of almost all countries or regions of the world (Dhama 

et al., 2020b; Lu et al., 2020; Walls et al., 2020; WHO, 2021). This 

has led to being declared a global health emergency with high 

virulence factors (Valero et al., 2020). 

Infections of CoVs, possess a unique characteristic that is closely 

related to the biology of virus and characteristics of the host. 

Typical clinical presentations range from mild upper respiratory 

distress to severe atypical pneumonia due to upper respiratory tract 

infection and the presence of dry cough. In addition, the highest 

risk has been established during the interaction between patient's 

contacts, and a slight disproportion of respiratory symptoms are 

observed if compared with radiographic findings (Valero et al., 

2005). 

Furthermore, the novel coronavirus SARS-CoV-2 uses its spike 

glycoprotein (S-glycoprotein) to activate the angiotensin-

converting enzyme 2 (ACE2), responsible for undertaking cellular 

protection and cooperating with cellular serine protease 

(TMPRSS2) on the cell surface, which facilitates the entry and 

spread of the virus (Lucas et al., 2014; Dhama et al., 2020a; 

Dhama et al., 2020b). The most significant observation was that 

the ACE2 protein is highly expressed in type II alveolar epithelial 

cells, which are located in the smooth muscle and endothellium of 

various human organs such as the lung, stomach, small intestine, 

colon, liver, kidneys, and digestive tract (Hamming et al., 2004); as 

a result, respiratory and gastrointestinal (GI) manifestations are 

most common in patients (Derosa et al., 2020). Earlier studies 

revealed a high prevalence of enteric symptoms in COVID-19 

patients, which has also shown acute viral replication in the 

mucosa of the small intestine. Likewise, fecal shedding of SARS-

CoV was found in patients in the first few days of viral infection. 

SARS-CoV-2 was later discovered to bind to ACE2 receptors in 

intestinal and respiratory tracts, this being an entrance point of the 

virus into epithelial cells (Wan et al., 2020). 

Intestinal dysfunction has been related, in part, to a decrease in 

immune competence and a loss of anatomical and functional 

integrity of the gastrointestinal tract (Belkaid & Hand, 2014). As a 

result, the growth in permeability within the intestinal barrier (IB), 

allows bacterial translocation (BT)per gram of content of bacteria, 

from the lumen of the intestine to the internal extraintestinal 

environment. The key component of the intestinal mucosal barrier 

is the intestinal epithelium, which is specifically bacterial infection 

in the bloodstream, due to the appearance of endogenous 

bacteremia especially in the lung and bacterial sepsis due to 

absorption of endotoxins and other bacterial products and remote 

infections (Farré et al., 2020). The GI tract is colonized by a range 

of microorganisms, which are called the intestinal microbiome. 

Although the intestine provides a functional barrier between 

pathogen organisms and the host, bacterial translocation is not an 

uncommon event in healthy people. However, in critical patients, 

who are carriers of different nosological entities, bacterial 

translocation is an ideal condition for infections, which 

consequently cause morbidity and mortality (Acosta & Rodríguez, 

2007). 

mechanisms against microbial invasion, role of microbiota/microbiome and implications of their 

dysbiosis and alterations during SARS-CoV-2 infection, and lastly protective health benefits by 

improving dietary habits with nutritional foods approaches amid the ongoing pandemic. 

Increasing evidence indicates that bacterial translocation appears due to the high viral load of 

COVID-19 in the mucosa of the GI tract, and the intestinal microbiota contributes to the 

COVID-19 course owing to their bidirectional relationship with the immune system and lungs. 

Dysbiosis in gut microbiota leads to increased gut permeability thus predisposing to secondary 

infection and multiple organ dysfunction. Disruption of intestinal barrier integrity due to 

dysbiosis may cause translocation of SARS-CoV-2 from lungs into the intestinal lumen via the 

circulatory and lymphatic system, initiating severe clinical presentation of the infection. A 

thorough understanding of the key role of gut microbiota, gastrointestinal symptoms, and 

pathology along with immunomodulatory approaches would help in alleviating morbidity and 

mortality during the ongoing COVID-19 pandemic. 

 

 

 

 

 

Gastrointestinal tract 

Immunomodulation 

 



 

 
Journal of Experimental Biology and Agricultural Sciences  
http://www.jebas.org 

 
 
 

241                         Valero-Cedeño et al. 

 

 

 

Bacterial translocation consists of the passage of viable bacteria 

from GI tract to different sites in the body outside of it, causing in 

most cases disruption of the integrity of the intestinal mucosa, such 

as the mesenteric lymph nodes, bloodstream, as-cites fluid, or 

causing damage to the pancreas (Berg, 1995). In the clinical field, 

there has been a growing interest in this phenomenon, due to the 

many clinical implications, which are still unknown but have 

progressively been attributed to it (Soriano & Guarner, 2003). 

Microbiota aids in establishing protective immune responses 

against respiratory pathogens via a bidirectional cross-talk ("gut-

lung axis). The intestinal microbiota also plays a primary function 

in modulating the host's immune system, and comprises the 

community of microorganisms that inhabit the intestine; and serves 

two main functions of digestive and protective capacities with 

antiviral immune response mechanisms (Belkaid & Hand, 2014; 

Scarpellini et al., 2015; Marchesi et al., 2016; Ahmadi Badi et al., 

2021; Gasmi et al., 2021). Any anomaly and alterations, within the 

intestinal microbiota, carries with it, the risk of autoimmune 

diseases such as asthma, celiac disease, or inflammatory bowel 

disease and chronic diseases including type II diabetes mellitus 

(DM2), obesity, or any other metabolic syndromes as well as other 

implications have been documented (Marchesi et al., 2016; Barriga 

et al., 2020; Dhar & Mohanty, 2020; Gu et al., 2020; Ahmadi Badi 

et al., 2021). 

Because microbial dysbiosis has been identified in several patients 

of COVID-19, prebiotics or probiotics usage (in the form of food 

supplements or a variety of microorganisms) might prevent 

secondary infection caused by bacterial translocation (WHO, 

2020c; Baud et al., 2020; Ahmadi Badi et al., 2021). Probiotics are 

beneficial live bacteria and fungi microorganisms, that can be 

orally administered to the patients, which are helpful in the 

prevention and treatment of various diseases and disorders 

including infectious diseases, also allowing the reduction of 

incidence and severity of viral respiratory tract infections including 

SARS-CoV-2 (Dhama et al., 2017; Campanella et al., 2018; 

Sanders et al., 2019; Baud et al., 2020; Infusino et al., 2020; 

Sundararaman et al., 2020; Kurian et al., 2021). Chinese studies, 

report clinical evidence in SARS indicating that SARS-CoV, may 

have a tropism for the GI tract, causing dysbiosis, which may alter 

subsequent immune function and predispose the host to secondary 

bacterial infection in the host. Those findings have relevant 

implications in the current pandemic because alternative 

preventive strategies including applications of probiotics are 

urgently needed to flatten the COVID-19 curve worldwide (Baud 

et al., 2020; Lee & Paik, 2021). It is also accepted that 

gastrointestinal function is especially influenced by stress, and 

under such circumstances, there is a risk of bacterial overgrowth 

and consequently a progressive bacterial translocation (Ortiz-Prado 

et al., 2020; Xie & Chen, 2020). 

Likewise, it has been noted that patients with COVID-19 have 

shown microbial dysbiosis in the intestine, with a reduction of 

probiotics like Lactobacillus and Bifidobacterium (Dhar & 

Mohanty, 2020; Gu et al., 2020; Saleh et al., 2020). Many clinical 

investigations of COVID-19 individuals have found that 

gastrointestinal problems tend to occur before or after respiratory 

symptoms (Trottein & Sokol, 2020). Furthermore, new research 

has discovered tentative evidence that the unbalanced gut flora in 

recovered patients may not be totally repaired, underscoring the 

significance of ongoing gut health monitoring in persons who have 

recovered with COVID-19 (Tian et al., 2021). In this respect, an 

urgent assessment of nutritional and gastrointestinal function in 

patients with COVID-19 manifestations has been recommended. 

Apart from the nutritional support, there is evidence to support the 

administration of probiotics for regulating the balance of intestinal 

microbiota to alleviate risks of secondary infection via bacterial 

translocation (Xu et al., 2020a; Baud et al., 2020; Infusino et al., 

2020; Sundararaman et al., 2020; Gasmi et al., 2021; Kurian et al., 

2021; Lee & Paik, 2021). 

The purpose of this literature review is to gain an understanding of 

the existing research of the growing number of reported cases of 

COVID-19, and examine relevant topics in the field of 

epidemiology, clinical symptoms, and mechanism of action, related 

to manifestations within the GI tract, that could lead to bacterial 

translocation and infections in patients with SARS-CoV-2; aimed to 

reduce the risk of transmission of SARS-CoV-2 worldwide. 

2 Epidemiology 

COVID-19 was first reported in China (December 2019) and to 

date, it has spread to more than two hundred countries (Walls et 

al., 2020; Lu et al., 2020; WHO, 2020e; ECDC, 2020; WHO, 

2021). At the time of writing, the United States of America 

reported the largest number of cases 33.2 million, followed by 

India and Brazil with 27.89 and 16.47 million cases, respectively 

(WHO, 2021). The conclusions of Paltiel et al. (2021) show that 

health officials urgently need to invest more funding and attention 

in vaccine manufacturing and distribution programmes; to increase 

efforts to foster public trust in COVID-19 vaccines and to promote 

continued compliance with other mitigating approaches, even once 

a vaccine is accessible. 

Between, December 30, 2019, and June 5, 2021, more than 172 

million cases and over 3.7 million deaths have been recorded 

globally (Nishiga et al., 2020; WHO, 2021). Around half of these 

cases 48% and deaths 55% have been recorded from the Region of 

the Americas; with the United States of America, Brazil, and 

Argentina being the countries having the highest number of new 

COVID-19 cases and deaths in the region. Southeast Africa has 

reported 12% of all deaths worldwide.  
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3 Clinical symptoms 

The novel COVID-19 disease caused by coronavirus has produced 

symptomatic infection ranging in severity from mild to critical 

(Dhama et al., 2020b). A study conducted in the United State 

revealed the seriousness of the disease by analyzing 2741 patients 

hospitalized in New York and having 24 % deaths. This study 

demonstrated that the fatality rate of COVID-19 is higher as 

compared to influenza. Even though the severity of the disease 

varies across location, most of the fatalities worldwide have 

occurred in patients of advanced age or with underlying medical 

comorbidities such as cardiovascular disease (CVD), diabetes 

mellitus, hypertension, chronic lung disease, cancer, chronic 

kidney disease, obesity or smoking, in conjunction to delayed care, 

overburdened health care systems, and affected by social 

determinants of health (Arumugam et al., 2020) Initial symptoms 

include pneumonia as the most frequent manifestation, 

characterized by fever and dry cough. In addition, upper 

respiratory tract symptoms, myalgia, diarrhea, and smell or taste 

disorders are also commonly seen (Alshukry et al., 2020). 

However acute respiratory distress syndrome (ARDS), 

cardiovascular complications, pulmonary acute stroke, and 

neurological response, are some of the most serious symptoms that 

appear with the SARS-CoV-2 infection affecting multiple organs 

(Dhama et al., 2020a; Chen et al., 2021; Thakur et al., 2021). 

Inflammatory complications can persist in patients with severe 

COVID-19, including elevated pro-inflammatory cytokine level 

(Alshukry et al., 2020; Gulati et al., 2020), together with 

prothrombotic immunopathology and intense lymphopenia, 

culminating in multiorgan failure and death (Lozada & Núñez, 

2020; Rabaan et al., 2021b; Rabaan et al., 2021c). 

Asymptomatic carriers have also been described who experience 

non-specific gastrointestinal symptoms (eg, nausea and diarrhea). 

Various reports have defined gastrointestinal symptoms in 

COVID-19 patients (Guo et al., 2021; Jin et al., 2021). According 

to the study, the pooled prevalence of these symptoms was 

reported in 18 percent of the cases and abdominal distress in more 

than 10 percent of cases. Histopathology of lungs reveals diffuse 

alveolar damage with isolated alveolar lining cells and interstitial 

fibrosis. Evidence of an increased incidence of thromboembolism 

in COVID-19 patients and elevated inflammatory markers of C-

reactive protein (CRP), ferritin, and inflammatory cytokines as 

well as elevated D-dimer (>1 mcg/mL) is recorded amongst the 

laboratory abnormalities detected (ECDC, 2020; Alshukry et al., 

2020). 

Similarly, patients with COVID-19 have lower T-cell counts and 

other associated clinical markers of inflammation (ferritin and C-

reactive protein), while high concentrations of plasmablasts get 

associated with more severe disease (Van Leeuwen  et al., 1994; 

Rabaan et al., 2021b). Even though findings from earlier SARS-

CoV and MERS-CoV outbreaks have been used by the medical 

community to predict features of this pandemic along with clinical 

manifestations, and also potential treatments for COVID-19 

(Gulati et al., 2020); many differences still need to be confronted. 

The genome of CoV contains six major reading frames and many 

genes. Amongst them, the first reading frames encode two large 

strains of proteins called polyprotein 1a (pp1a) and pp1ab, being the 

main function of the viral RNA replication (Tufan et al., 2020). The 

remaining genome encodes major proteins comprising spike (S), 

envelope (E), membrane (M), and nucleocapsid (N) proteins crucial 

for viral spreading. The SARS- CoV, E protein, for example, is 

associated with the inflammatory level of interleukin (IL)-1β, IL-6, 

tumor necrosis factor (TNF), which are accountable for the spread of 

ARDS. On the other hand, the protein S is located on the surface of 

CoVs, serves as the receptor responsible for attachment to host cells, 

and the infection of the virus into the cell, which is coupled with 

TNF-α production. Excessive inflammatory response as a 

consequence of cytokine storms, leading to high levels of mortality, 

with evidence of the implication of the IL-6 and C-reactive protein, 

considerably associated with patients who have died (Ortiz-Prado et 

al., 2020; Tufan et al., 2020; Rabaan et al., 2021c). 

4 Mechanism of action 

Viral entry proceeds with the interaction of the viral particle with 

specific proteins on the cell surface. The glycoprotein on that surface 

of the CoV plays a crucial role in binding to the receptor. After the 

initial contact, enveloped viruses must fuse their envelope with the 

host cell membrane to transport their nucleocapsid to the target cell. 

Spike proteins assemble on the virion surface to form the distinctive 

"corona", or crown-like appearance.  The spike protein (S-protein)-

SARS-CoV-2 is reported to bind to the ACE2, the same receptor as 

SARS-CoV to attack host cells (Belouzard et al., 2012; Dhama et al., 

2020a; Ou et al., 2020). 

The coronavirus S protein is comprised of 2 functional subunits: 

S1 subunit, where receptor-binding domain (RBD) is positioned 

that facilitates binding of host cell surface receptors; and S2 

subunit, which mediates subsequent fusion between viral and host 

cell membranes (Ortiz-Prado et al., 2020). It might explain the 

high development and rapid spread from the person-to-person 

transmission of COVID-19. Some studies have revealed positive 

stool and rectal swab samples from infected patients of COVID-19, 

indicating a possible route of faecal-oral transmission (Xie & 

Chen, 2020; Cuicchi et al., 2021; Guo et al., 2021). 

5 Bacterial translocation 

The GI tract, besides being the organ responsible for the absorption 

of nutrients, is also important to the metabolic and immune system 
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and provides an effective barrier mechanism against the endotoxin 

and bacterial microorganisms in the intestinal lumen (Mathew et 

al., 2020). The passage of bacteria through the gastrointestinal 

mucosa to the circulatory system or the lymphatic system is called 

a bacterial translocation (Runyon et al., 1994). This mainly occurs 

when the physiological mechanisms of protection against 

translocation are interrupted by a decrease in the blood flow, due to 

the mesentery or alteration in the structure and function of the 

intestine. A variety of causes are associated with such alteration in 

the patient's immune response. These can be identified as 

hemorrhagic shock, burns, polytraumatism, hepatic insufficiency, 

malnutrition, cirrhosis, parenteral nutrition, portal hypertension, 

critical patients, intestinal obstruction and obstructive jaundice, 

being more serious in critical patients; acute pancreatitis, 

endotoxemia, intestinal obstruction, and immunosuppressed 

patients among others (Soriano & Guarner, 2003). 

However, the more predictable consequence of bacterial 

translocation is the development of infections. As a result, bacterial 

translocation in patients with COVID-19 must be a factor to 

consider in treatment and intervention. In a study conducted by 

O'Boyle et al. (1998), 448 surgical patients underwent laparotomy 

for various reasons, and the bacterial translocation incidence, and 

its association with the development of bacterial infections was 

analyzed. The incidence of bacterial translocation was found to be 

15.4% with patients aged over 70 years old, being the most 

significant predictor of translocation; in addition, 41% of the 

patients were found to have bacterial translocation, then developed 

bacterial infections in the postoperative period; in contrast to 19% 

who did not show bacterial translocations. 

Bacterial translocation is not only related to the development of 

various infections both experimental and clinical; but is also 

implicated in other processes such as multi-organ failure and the 

current presence of COVID-19 (El-EbiaryAlarcón, 1994). In this 

context, another study performed by Zhang et al. (2020), based on 

a simple of 15 COVID-19 patients, pointed out a permanent 

alteration in the fecal microbiome in a period of hospitalization of 

these patients. Fecal microbial alterations were linked to fecal 

SARS-CoV-2 levels and severity of COVID-19, suggesting that 

strategies that lead to alteration of intestinal microbiota, could 

contribute to reducing the severity of the disease. 

In addition, the intestinal bacterial translocation might participate 

in a supplementary/synergistic function in cytokine release 

syndrome during SARS-CoV-2 infection. There is evidence of the 

involvement of the intestinal-liver axis, and gut-lung axis as along 

with support for the hypothesis that intestinal endothelitis and 

permeability changes with bacterial translocation are critical patho-

physiological events in modulating systemic inflammatory 

response (Ciornei, 2020; Cardinale  et al., 2020; Ahmadi Badi et 

al., 2021; Yang et al., 2021). 

5.1 Pathogenesis of bacterial translocation 

The appearance of bacterial translocation implies a failure in the 

barrier protection provided by the intestinal tract, against the 

intestinal lumen or microbiome itself (Berg, 1995). Three main 

mechanisms are activated in the ideal development of bacterial 

translocation. Firstly, an alteration in the normal state of the 

bacterial ecological balance occurs within the intestinal 

microbiome, more specifically an overgrowth of Gram-negative 

aerobic bacilli (Teo et al., 2013). Secondly, the dysfunction of the 

host's immune defense mechanisms (Solà & Soriano, 2002) and 

finally, an alteration in the intestinal barrier, causing augmentation 

of intestinal permeability for bacteria growth. Activation of all 

these factors is responsible for bacterial translocation (Corradi et 

al., 2012). 

Consequently, the intestinal bacterial overgrowth triggers a very 

vital role in the pathogenesis of bacterial translocation, being 

favoured by alterations in local immune defense mechanisms, a 

decrease in the intestinal motility, and the prolonged 

administration of antibiotics (Acevedo, 2015). 

5.2 Mechanisms that control bacterial translocation  

The mechanism for controlling bacterial translocation depends on 

microbial factors and the patient’s response, so facultative 

intracellular pathogens such as Salmonella might translocate 

easily, whilst anaerobic bacteria rarely do.  Steffen et al. (1988) 

compared relative capacities of facultative aerobe and anaerobe 

bacteria to translocate from GI tract to the mesenteric lymph nodes 

(MNL). The biological study utilized gnotobiotic mice colonized 

with individual bacterial strains and enteric gram-negative bacilli 

(GNB), were found largely translocated to GLM, while Gram-

positive bacteria were translocated at intermediate levels and 

obligate anaerobic bacteria at only very low levels. Findings of this 

study recommend that enteric bacilli like Escherichia coli, Proteus, 

and Enterobacter are highly linked with incidences of bacteremia 

in patients affected with diseases such as COVID-19, or other 

diseases that debilitate the immune system. 

6 Defense mechanisms against microbial invasion 

Host defenses against intestinal microbial invasion and many 

conditions that increase in prevalence with age,  include numerous 

mechanisms such as interactions of gut microbiota/microbiome 

with innate and adaptive immune systems in maintaining intestinal 

homeostasis, pancreatic enzymes, bile, mucus layer, gastric acid, 

epithelial cell barrier with its intercellular junctions, peristalsis and 

the local immune system specific antigen (IgA) which plays a role 

in the inhibition of inflammatory effects and also is excreted with 

bile, known as lymphoid tissue associated with the intestine (Yoo 

et al., 2020; Narasimhan et al., 2021). Several host cells, such as 
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macrophages, enterocytes, and T lymphocytes, also play an 

important role as modulators of bacterial translocation in which the 

defense mechanisms or bacterial virulence are altered or modified. 

They also indicated multiple alterations in the mechanisms of 

immune defense, at the systemic level, in which bacterial 

translocation might occur. As a result, a decrease in the activity of 

the reticuloendothelial system occurs, along with dysfunction of 

phagocytic activity of the neutrophils and a decrease in the 

concentration of several serum proteins with opsonin activity 

(Zhang & Dong, 2020). 

7 Bacterial translocation and COVID-19 

The great concerns with SARS-CoV infection are the "silent" or 

asymptomatic carriers, because of the loss of control, due to its 

relentless transmissibility, and specifically, because these 

individuals do not show respiratory symptoms or fever, so they do 

not know they are infected. Scientific evidence demonstrates that 

multiple manifestations including gastrointestinal symptoms, 

bacterial and fungal coinfection in patients of SARS-CoV-2 

infection require antimicrobial prescribing apart from 

recommended treatment protocols, which can play a key role in 

checking COVID-19 (Pelletier et al., 1982; Rawson et al., 2020). 

D'Amico et al. (2020), proposed a model for SARS-CoV-2-linked 

diarrhea. They showed that patients affected with COVID-19 have 

an incidence rate of diarrhea which varies from 2% - 50% of the 

cases. The authors also observed that such symptoms can precede 

the subsequent respiratory manifestations. This pooled analysis 

showed an overall occurrence rate of diarrhea as 10.4%, and also 

indicated that SARS-CoV-2 utilizes ACE2 receptor and serine 

protease TMPRSS2 for priming the S-protein. ACE2 and 

TMPRSS2 are expressed in the lung as well as in the small bowel 

epithelium. ACE2 is also expressed in the upper esophagus, liver, 

and colon. The binding affinity of SARS-CoV-2 to ACE2 is 

potentially higher (10-20 times) than from SARS-CoV. Many 

pieces of evidence have revealed the release of viral RNA in feces 

to be detectable for a longer period than in nasopharyngeal swabs 

(Gupta et al., 2020; Walsh et al., 2020; Yuan et al., 2021; Zhang et 

al., 2021). According to recent pieces of evidence, it has been 

suggested that the gut microbiota appears to be eventually able to 

increase the host's response to respiratory viral infections. 

Microbiota dysbiosis, ironically, can aggravate the disease's 

prognosis. The involvement of the gut microbiota in 

hCoVs infection is unknown (Trottein & Sokol, 2020; Haiminen et 

al., 2021). ACE2 receptor expression in GI epithelial cells was 

discovered in a recent study. This shows that SARS-CoV-2 can 

infiltrate and propagate in the gastrointestinal system (Wong et al., 

2020), particularly in the ACE2 receptor-rich lining of the lower 

intestine (Wadman et al., 2020; Li et al., 2020). The new strain 

binds to humans ACE2 10–20 times more powerful than its 

relative SARS, according to scientific studies. Owing to the high 

amount of co-expression of TMPRSS2 and ACE2 in enterocytes, 

lungs, and oesophagus, several researches have provided more 

indications that CoVs may invade the digestive tract (Meng et al., 

2021). 

7.1 Diffusion of fecal-oral coronavirus 

Apart from common respiratory symptoms, some COVID-19 

patients also have gastrointestinal symptoms, that were not 

previously considered indicative of that infection (D'Amico, et al., 

2020; Zhong et al., 2020; Cuicchi et al., 2021; Guo et al., 2021; Jin 

et al., 2021; Yusuf et al., 2021). The most common GI symptoms 

during COVID-19 are lack of appetite, nausea, and vomiting (Pan 

et al., 2020). According to a recent review by Zhong et al. (2020), 

a study performed in the USA reported 61.3% of patients with at 

least one GI symptom, 34 % with a loss of appetite, 33.7% with 

diarrhea, and 26.4% with nausea. These symptoms might cause 

intestinal dysfunction, changes in the bacterial microbiome, and 

acute systemic inflammation amongst other pathologies (Pan et al., 

2020). Some other studies also support these findings, for instance, 

a systematic review through a meta-analysis showed 12% of 

COVID-19 patients to have diarrhea (4.3–12.2%), nausea, and 

vomiting (2.6–8.0%). Those authors also discussed a study 

conducted in China where the rate of diarrhea was 34.0% (Zhong 

et al., 2020). 

Further, Wölfel et al. (2020) employed an in vitro model 

comprising of organoid cultures of epithelial lining cells of human 

small and large intestine to investigate SARS-CoV-2 entrance and 

replication within enterocytes. Mature enterocytes expressing the 

highest levels of ACE2 receptor were particularly vulnerable to 

viral infection. Virus entrance into enterocytes was boosted by two 

similar membrane-bound serum proteases, TMPRSS2 and 

TMPRSS4. While a subset of COVID-19 patients eliminates high 

levels of viral RNA in their faeces, investigation using simulated 

human colon fluid suggests that the eliminated virus is quickly 

inactivated during transit through the colon, reducing the risk of 

virus spread via the fecal-oral route (Wölfel  et al., 2020). As per 

present knowledge of the expression of SARS-CoV-2 receptors at 

epithelial barrier sites (Zhang et al., 2020), research by Hamming 

et al. (2004), to understand tissue distribution of ACE2 protein at 

SARS-CoV-2 receptors, indicates that the GI tract needs particular 

attention. ACE2 is distributed homogeneously at brush borders of 

enterocytes through the small intestine and lung epithelium. The 

basal layer of non-keratinized squamous epithelial cells of oral 

mucosa was found positive for ACE2, while in the stomach the 

epithelial cells and enterocytes of the colon appeared negative. 

TMPRSS2 and TMPRSS4 mediate infection of small intestinal 

epithelial cells, which could also act as an attractive target for 

treatment or intervention strategies, as a clinically approved 

protease inhibitor is available. Not much is recognized about the 
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GI distribution of enteric CD147. Since CD147, appears to have a 

role in carcinogenesis and inflammation, this could throw light on 

the group of patients who are at risk for severe SARS-CoV-2 

infections and therefore require additional explorative attention 

(Soriano & Guarner, 2003). 

7.2 Elimination of SARS-Cov-2 RNA in faeces and alterations 

in microbiota 

The SARS-CoV-2 infection acquired by the fecal-oral mechanism 

is still not clear, however, many studies affirm about the potential 

intestinal infection that it is possible to be infected by this route 

(Cuicchi et al., 2021; Guo et al., 2021). In this context, a study by 

Xu et al. (2020b) using 10 SARS-CoV-2 patients in China, none of 

whom needed respiratory support or intensive care and with no 

signs of pneumonia, eight patients were tested positive for rectal 

swabs, even though the nasopharyngeal test was negative on 

several consecutive occasions. These results put forward that viral 

RNA in the digestive system is more durable than that in the 

respiratory tract. GI symptoms and fecal elimination of SARS-

CoV-2 RNA are often seen in COVID-19 patients that need to 

receive treatment. However, it is necessary to better understand 

SARS-CoV-2 replication in the human gut, and prospective fecal-

oral transmission of this infection (Zang et al., 2020). One recent 

report of laboratory-confirmed SARS-CoV-2 in the gastrointestinal 

system has also suggested the virus could infect GI epithelial cells 

and might be transmitted via the digestive tract implicating the 

feasibility of fecal-oral transmission (Cuicchi et al., 2021). 

Cano et al. (2020) revealed that SARS-CoV-2 has been found in 

both the reproductive tract and in the mature enterocytes in ACE2, 

and human steroids situated in the small intestine. The expression 

of two mucosal specific protease serine (TMPRSS2 and 

TMPRSS4), increases the fusogenic activity of the SARS-CoV-2 

spike and enhances viral entry into host cells, according to these 

investigators. The simulated human colon fluid also inactivated the 

viruses discharged in the intestinal lumen, and infectious virus was 

not isolated in stool samples of patients with COVID-19. The 

findings obtained emphasize the intestine as a potential organ of 

replication for SARS-CoV-2, which can facilitate local and 

systemic disease and the general development of the pandemic 

disease (Sokolowska et al., 2020). According to some authors the 

entrance available for the SARS-CoV-2 invasion is through the 

ACE 2 enzyme receptors, which are mainly expressed in the lungs, 

but also have been found in the intestines (Hoffmann et al., 2020). 

It has been noted that the entry of coronavirus, produces an 

increase in gut inflammation, causing in turn alterations in the 

intestinal microbiome. Those manifestations can aggravate the so-

called systemic cytokine storm or hyper inflammation in the most 

critical patients. In this respect, it has been found that most of the 

co-morbidities of COVID-19 are obesity, hypertension, 

cardiovascular disease, diabetes, and aging, mostly because these 

are associated with a decrease in microbial diversity (Munster et 

al., 2020). 

One study by Zuo et al. (2020) with COVID-19 patients in which 

noteworthy alterations in the fecal microbiomes were 

comparatively analyzed with the controls, revealed a fortification 

of opportunistic pathogens and exhaustion of beneficial 

microorganisms at the time of hospitalization and during the 

hospitalization period. A relevant finding is that intestinal 

dysbiosis persisted over time even after the elimination of SARS-

CoV-2 (deter-mined from throat samples) and the disappearance of 

respiratory symptoms.  

The basal abundance of Coprobacillus, Clostridium ramosum, and 

Clostridium hathewayi has been correlated with the severity of 

COVID-19. Additionally, there is an inverse correlation between 

the abundance of Faecalibacterium prausnitzii (a bacterium that 

shows an anti-inflammatory effect) and disease severity. In the 

course of hospitalization, Bacteroides dorei, Bacteroides 

thetaiotaomicron, Bacteroides massiliensis, and Bacteroides 

ovatus that negatively regulate ACE2 expression in the gut, were 

inversely correlated with SARS-CoV-2 load in patient stool 

samples, resulting in alteration of patients' gut microbes relative to 

the severity of COVID-19 (Hindson, 2020). 

8 Improving your eating habits, probiotics and prebiotics: Are 

the solution? 

It is possible to modify the intestinal microbiome by changing the 

diet and eating habits or by using specific probiotics and 

prebiotics. Probiotics are living bacteria whose administration is 

beneficial to health and aid to maintain healthy gut microbiota. 

They possess several characteristics that determine their potential 

beneficial effect in the prevention of infections, especially by 

pathogens of intestinal origin (Dhama et al., 2017; Campanella et 

al., 2018; Sanders et al., 2019; Baud et al., 2020). There are a large 

number of probiotics, notably lactobacilli and bifidobacteria, and 

among their characteristics are resistance in the GI tract to 

digestive secretions, adhesion to the intestinal epithelium, the 

safety for use in humans, and the modulation of the intestinal 

microbiome by inhibiting potentially pathogenic bacteria along 

with various immunomodulatory and immunostimulatory effects, 

such as stimulating the production of immune cells, increasing the 

activity of phagocytic cells or increasing the production of IgA, 

and recently be beneficial with possessing preventive and 

therapeutic role against COVID-19 (Dhama et al., 2017; 

Campanella et al., 2018; Sanders et al., 2019; Baud et al., 2020; 

Infusino et al., 2020; Sundararaman et al., 2020; Kurian et al., 

2021; Ahmadi Badi et al., 2021; Lee & Paik, 2021). 

Bifidobacterium and Lactobacillus family bacteria, Clostridium, 

and others reduce inflammation and have antimicrobial properties 
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via various modes of action (Dhama et al., 2017; Iddir et al., 2020). 

By promoting adequate nutritional status, the immune response can 

be improved in the early stages of infection. This would depend on 

dietary fibre intake that decreases the risk of infection. In addition, 

vitamins A, D, C, or E and omega-3 fatty acids encourage 

intestinal bacteria to ferment by-products that help the anti-

inflammatory response (Wang et al., 2020).  

Once it is determined which bacteria are associated with the 

severity of the COVID-19, treatments or diets could be designed to 

modify them in a matter of days. It may be possible to reduce the 

inflammatory response by modifying the intestinal microbiome to 

protect against the more severe consequences of COVID-19. By 

increasing bacterial diversity, not only does it protect against viral 

infections, but also other health problems, including mental health 

(Fu et al., 2020; Ministry of Health, 2020). 

9 Conclusion and Future perspectives 

A better knowledge of the role of intestinal microenvironment, gut 

microbiota/microbiome, gastrointestinal manifestations, 

immunopathology, and immunomodulatory approaches would aid 

in containing and tackling COVID-19 associated morbidity and 

mortality amidst the ongoing pandemic (Belkaid & Hand, 2014; 

Scarpellini et al., 2015; Marchesi et al., 2016; Ahmadi Badi et al., 

2021; Gasmi et al., 2021; Rabaan et al., 2021b; Rabaan et al., 

2021c). The most predictable consequence of bacterial 

translocation is its contribution to the development of infections in 

COVID-19 patients, where microbial factors and the patient's 

response to treatment play a very important role. The mechanism 

of action, in which the virus infects the pulmonary alveolar 

epithelial cells using receptor-mediated endocytosis through 

ACE2, as an entry receptor, may occur in certain patients because 

the intestine houses this same enzyme. So the bacterial 

translocation occurs and causes, in some cases, gastrointestinal 

symptoms, thus producing an increase in inflammation and 

alterations in the intestinal microbiome that consequently 

aggravates the systemic cytokine storm in the most severe patients, 

increasing morbidity and mortality rates.  

Microbiota-intestine-liver-lung axis provides a bidirectional role in 

the physiopathology of some infectious diseases including 

COVID-19 (Ahmadi Badi et al., 2021; Yang et al., 2021). During 

infection by SARS-CoV-1 and SARS-CoV-2, an imbalance of this 

axis due to intestinal participation and the systemic inflammatory 

response has been described (Ahmadi Badi et al., 2021; Yang et 

al., 2021). Likewise, there is evidence that relates the behaviour of 

the microbiota-intestine-liver axis, the pro-inflammatory state, and 

the endothelial damage in non-communicable diseases to the 

COVID-19 severity. Intestinal damage caused by SARS-CoV-2, 

dysfunction induced by systemic inflammation, and diffuse IL-6-

mediated vascular damage can enhance intestinal permeability and 

precipitate bacterial translocation. It has been reported that 

systemic release of molecular patterns linked with damage by 

pathogens and activation of immune mechanisms can stimulate 

patterns of systemic inflammation and tissue damage (Ciornei, 

2020; Rabaan et al., 2021b; Rabaan et al., 2021c). 

The action of SARS-CoV- 2 on multiple organs and systems of the 

body, and the tropism of the intestinal epithelium make it a target, 

which derives a wide range of clinical manifestations and potential 

feasibility of fecal-oral transmission (Cuicchi et al., 2021; Guo et 

al., 2021; Jin et al., 2021; Thakur et al., 2021). It is observed that 

the viral infection itself, the severity of the disease, and the action 

of certain mechanisms such as inflammation and sepsis, as well as 

the adverse effects of some drugs, contribute to the appearance of 

clinical manifestations and alterations of laboratory tests. In 

addition, given the risk of becoming ill with COVID-19, patients 

with some chronic diseases of the digestive system have to 

maintain special therapeutic management to prevent complications 

(Infante –Velázquez, 2020). 

Current studies indicate the likelihood of fecal-oral transmission of 

SARS-CoV-2, however, there are few studies to determine if 

bacterial translocation could increase the viral load of COVID-19 

in the digestive tract since no research has been conducted with a 

sufficiently large population. Therefore, it is very important to 

collect reliable epidemiological information in the shortest possible 

time, to ensure sufficient preventive measures and better 

management of the pandemic. Data should be recorded for patients 

with clear gastrointestinal symptoms either at onset or during the 

course of illness.  

Likewise, it seems feasible to apply feeding protocols or the use of 

prebiotics and probiotics that favor bacterial translocation in 

patients with COVID-19, which could help in the 

immunomodulation of this pathology provided that there are no 

underlying pathologies that could make its implementation 

counterproductive (Sanders et al., 2019; Baud et al., 2020; 

Sundararaman et al., 2020; Kurian et al., 2021; Ahmadi Badi et al., 

2021; Lee & Paik, 2021; Kullar et al., 2021). The nutritional 

approach should be paid due attention to integral treatment and 

management for patients with COVID-19. It should be sufficient, 

complete, balanced, satisfactory, safe and include foods such as 

fruits, vegetables, legumes, cereals and their derivatives, mainly 

wholemeal, nuts, and healthy fats, always controlling the 

quantities; foods of animal origin such as meat, fish, eggs, cheese, 

dairy products and derivatives; vitamins and mineral supplements, 

traditional and medicinal herbs, which help in boosting immunity 

and promote better health (Rahal et al., 2014; Dhama et al., 2018; 

Alkhatib, 2020; Infusino et al., 2020; Anand et al., 2021; Capodice 

& Chubak, 2021; de Faria Coelho-Ravagnaniet al., 2021; Dhawan 

et al., 2021; Thirumdas et al., 2021), which altogether help in 

boosting immunity and protect health during the COVID-19 
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pandemic. The indicators to monitor include mainly energy and 

proteins and the maintenance of liquid balance. 
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