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A B S T R A C T   

The emergence of a novel coronavirus, COVID-19, in December 2019 led to a global pandemic with more than 
170 million confirmed infections and more than 6 million deaths (by July 2022). Studies have shown that 
infection with SARS-CoV-2 in cancer patients has a higher mortality rate than in people without cancer. Here, we 
have reviewed the evidence showing that gut microbiota plays an important role in health and is linked to 
colorectal cancer development. Studies have shown that SARS-CoV-2 infection leads to a change in gut micro-
biota, which modify intestinal inflammation and barrier permeability and affects tumor-suppressor or oncogene 
genes, proposing SARS-CoV-2 as a potential contributor to CRC pathogenesis   

1. Introduction 

Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) 
appeared late in 2019 in Wuhan, China, led to a worldwide pandemic 
with more than 500 million confirmed infected cases and over 6 million 
deaths related to this infection as of July 2022 [1]. SARS-CoV-2 is a 
positive-sense single-stranded RNA virus transmitted mainly through 
respiratory aerosol droplets and direct contact, which is the main source 
of human coronavirus disease 2019 (COVID-19) [2–4]. Spike glyco-
protein (S1 domain) of the SARS-CoV2 recognizes and attaches to the 
angiotensin-converting enzyme-2 (ACE2) receptors expressed on target 
cells to facilitate the attachment of the virus to the host cells [5]. 

Afterward, host protease TMPRSS2 cleaves S, manifesting the S2 binding 
domain and facilitating host cell infection [6]. 

It has been demonstrated that for binding the virus to the host cells 
and subsequent entry, the ACE2 receptor and TMPRSS2 are needed. 
However, since other tissues express distinctive receptors and proteases, 
they may interact with the spike protein, revealing the multi-tissue af-
finity of SARS-CoV-2 [7–10]. SARS-CoV-2 affects several organs, such as 
the brain, gut, and lungs. The symptoms vary from mildly symptomatic 
such as fatigue, diarrhea, vomiting, cough, and dyspnea, to severe 
conditions, such as acute respiratory distress syndrome and cytokine 
storm resulting in multiple organ failures requiring mechanical venti-
lation and eventually death. Immune system dysregulation, especially 

Abbreviations: SARS-CoV-2, Severe acute respiratory syndrome coronavirus-2; ACE, Angiotensin-converting enzyme; TMPRS, Transmembrane protease, serine; 
RSV, Respiratory syncytial virus; IBD, Inflammatory bowel syndrome; CRC, Colorectal cancer; HMP, Human microbiome project; SCFAs, Short-chain fatty acids; 
MCFAs, Medium-chain fatty acids; TH1, T-helper cell-1; ITIM, Immunoreceptor tyrosine-based inhibitory motif; mTOR, Mammalian target of rapamycin; ARDS, 
Acute respiratory distress syndrome; GI, Gastrointestinal. 

* Corresponding author at: Department of Medical Biotechnology, Faculty of Advanced Medical Sciences, Tabriz University of Medical Sciences, Tabriz 371311, 
Islamic Republic of Iran. 

E-mail addresses: akbarimo@tbzmed.ac.ir, mortezaakbari25@yahoo.com (M. Akbari).  

Contents lists available at ScienceDirect 

Pathology - Research and Practice 

journal homepage: www.elsevier.com/locate/prp 

https://doi.org/10.1016/j.prp.2022.154131 
Received 15 July 2022; Received in revised form 31 August 2022; Accepted 14 September 2022   

mailto:akbarimo@tbzmed.ac.ir
mailto:mortezaakbari25@yahoo.com
www.sciencedirect.com/science/journal/03440338
https://www.elsevier.com/locate/prp
https://doi.org/10.1016/j.prp.2022.154131
https://doi.org/10.1016/j.prp.2022.154131
https://doi.org/10.1016/j.prp.2022.154131
http://crossmark.crossref.org/dialog/?doi=10.1016/j.prp.2022.154131&domain=pdf


Pathology - Research and Practice 239 (2022) 154131

2

cytokine storm and up-regulation of inflammatory cytokines, is the main 
characteristic of COVID-19 [11]. The severity of the disease depends on 
co-morbidities, sex, and age [12]. In severely ill cases, the virus triggers 
tremendous inflammatory responses [13]. 

Cancer increases the risk of viral infections, so cancer patients are 
considered at high-risk for viral infections targeting the respiratory 
system [14]. In cancer patients, respiratory infections have a significant 
lethal burden due to dysregulated immune response that leads to a 
reduced ability to cope with disorders [15]. It has been demonstrated 
that respiratory syncytial virus (RSV) infection, along with the Corona-
viridae family, inhibits and breaks down p53, a tumor suppressor that 
can hinder carcinogenesis [16–18]; this brings up the question, are 
cancer patients more feasible to develop deadly side effects after 
SARS-CoV-2? Recent studies have shown the relationship between 
SARS-CoV-2 and cancer, highlighting a high mortality rate among can-
cer patients infected by SARS-CoV-2 [19]. A great attempt has been 
accomplished over the last few years to gather data regarding the cor-
relation between COVID-19 and cancer. These studies have revealed that 
some groups are at a higher risk of developing severe COVID-19, espe-
cially patients under treatment for hematologic, lung, or metastatic 
cancers [19,20]. 

The pandemic is vague, and the increase in mortality rates is due to 
late diagnosis and poor cancer management [20]. Immune dysregula-
tion due to SARS-CoV-2 can cause even more difficulties for sub-
populations at risk. From a mechanical point of view, the interaction 
between the host immune environment and cancer or SARS-CoV-2 in-
fections all apply almost identical pathways such as hypercoagulability, 
an aberrant immune response, such as altered expression of ACE-2 and 
TMPRSS2, altered cytokine levels, and prothrombotic status, make the 
human body highly unstable and may exacerbate the effects of 
SARS-CoV-2 in some cancer patients [20]. Limited information about 
the pathogenesis of COVID-19, especially the distinct immune response, 
has made it difficult to accurately and definitively treat the disease [21]. 

A pan-cancer analysis realized that ACE2 and TMPRSS2 are down- 
regulated in tumors while upregulated in digestive organs (both 
cancerous and normal) [22,23]. Also, it has been demonstrated that 
colon epithelial cells contain high expression levels of ACE2 and can 
trigger gut barrier dysfunction due to SARS-CoV-2 viral replication [24]. 
Moreover, there are subsidiary host proteases for the processing of 
spikes and exposure of the S2 domain, including TMPRSS2 and 
TMPRSS4 [7]. The outcome is the local inflammation in the gut 
epithelia, and the systemic inflammation caused by the respiratory 
infection due to SARS-CoV-2 forcefully affects the composition of the 
intestinal microbiota [25]. Formerly, it has been shown that the disease 
caused by Influenza can remarkably modify the gut microbiota 
composition [26]. 

Interferons produced in the lungs can lead to dysbiosis by reducing 
obligate anaerobic bacteria and enriching proteobacteria in the gut. 
These interferons were shown to play an important role in the stomach 
by inhibiting antimicrobial and inflammatory responses during Salmo-
nella-induced colitis, a risk factor for colon cancer due to increased in-
testinal colonization and dissemination of Salmonella [27,28]. 
Moreover, patients suffering from inflammatory bowel syndrome (IBD) 
had an elevated risk of Influenza and IBD-influenced flu-like symptoms 
[28]. The fact that IBD and IBD-induced dysbiosis is a prominent risk 
factors for CRC is noteworthy and has reached high attention recently. It 
has also been identified that intestinal dysbiosis can affect the carcino-
genesis and growth of CRC [29–31]. 

Little is known about the impact of SARS-CoV-2 on the host micro-
biome, especially in the niche environment, for example, the association 
between gut microbiota and CRC. According to the American Cancer 
Society, new cases of CRC are estimated to reach more than 140,000, 
and deaths will reach more than 50,000 by 2020 in the United States. 
The precise underlying relationship between SARS-CoV-2-induced gut 
microbial changes and CRC will be critical in this study area. [32]. 

2. The gut microbiome and CRC 

One of the leading causes of cancer-related deaths in the United 
States is CRC. Meanwhile, the molecular mechanism of its development 
is not fully understood. According to studies conducted in the United 
States, the prevalence of CRC increased by 2 % from 2007 to 2016 
among adults younger than 55 years, prompting recommendations to 
lower the age for colonoscopy screening for CRC [32–34]. In the past 
decade, the gut microbiota and its critical role in human health have 
been highlighted by the Human Microbiome Project (HMP). This vital 
role of gut microbiota is due to its protective, nutritional, and metabolic 
activities. Recently, microbiota-derived metabolites have been shown as 
a possible inducer of carcinogenesis, suggesting gut microbiota as a 
potential contributor to CRC pathogenesis [2,35,36]. Anaerobic mi-
crobes inhabiting the large intestine ferment food components to pro-
duce a wide range of metabolites that contain significant fermentation 
products, including gases and organic acids in healthy adults. They also 
have short-chain fatty acids (SCFAs), such as butyric acid, propionic 
acid, and acetic acid, as well as medium-chain fatty acids (MCFAs), such 
as oleic acid, lauric acid, and linoleic acid [37,38]. These products are 
released into the lumen of the large intestine and act as signaling mol-
ecules between the host and bacteria [35]. Also, SCFAs have been shown 
to maintain the intestinal barrier and exert their anti-inflammatory ef-
fects by increasing the expression of anti-inflammatory cytokines and 
promoting differentiation of T lymphocytes to regulatory subtype 
(T-reg) [39]. Notably, these processes in the gut create a multi-organ 
axis, including the "gut-lung axis" and the "gut-brain axis," which 
maintain a healthy homeostatic state of these systems that depend on 
metabolic products of the gut [40,41]. 

Intestinal dysbiosis introduces metabolites and products bacteria 
produce into the circulatory system, resulting in systemic inflammation 
[42]. Distinct dysbiosis in CRC patients from healthy groups has been 
detected by stool analysis [29]. Dysbiosis of gut microbiota in CRC pa-
tients can affect the immune system related to carcinogenesis and tumor 
progression. Studies on CRC have shown that frequent changes in the gut 
microbiota occur during tumor growth and account for tumor progres-
sion [43–45]. One study showed that colonization of the 
microbiota-derived from tumour-bearing mice significantly increased 
tumorigenesis in germ-free mice [46]. Common characteristics of CRC 
patients are a noticeable decrease in Bacteroides, Firmicutes, and Acti-
nobacteria, along with increases in Porphyromonas and Fusobacterium 
populations [47]. Actinobacteria is one of the four main types of intes-
tinal microbiota. However, they contain only a small percentage of the 
bacterial population. Actinobacteria are essential in maintaining gut 
homeostasis and immune tolerance [48]. An unbalanced population of 
Actinobacteria has been shown to lead to several pathological conditions 
[49,50]. In particular, the reduction of CRC metabolites belonging to the 
phylum Actinobacteria, together with a proinflammatory cell-mediated 
immune response, cytotoxic T-helper cell-1 (Th1), induced by this 
group, leads to a poor prognosis of CRC [51]. Also, the reduction of 
bacteria that produce butyrate, especially Actinobacteria and Firmicutes 
phyla) leads to a reduction of the main energy source for colonocytes. It 
increases the pH of the colon and provides an unfavorable environment 
for colonocytes, and induces tumor formation [47]. Increased bile acid 
secretion has been shown to be associated with focal destruction of the 
intestinal epithelium. Subsequently, it stimulates repair mechanisms, 
including inflammatory reactions and hyperproliferation of undiffer-
entiated cells [52]. 

It has been shown that microbes that convert primary bile acids into 
secondary acids play a role in developing progressive tumors [49,53]. 
Bile acids are molecules that play an important role in signaling and 
regulating digestive and physiological functions, immune homeostasis, 
and lipid and glucose metabolism. Cholesterol is a precursor for the 
synthesis of bile acids and forces them to be conjugated to glycine and 
taurine in liver cells [54]. Most of these bile acids are then released into 
the small intestine. Bile acids that reach the colon interact with gut 
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microbes. Bile acids are considered toxic to most gut microbiota. 
Therefore, its presence in large amounts creates selective pressures that 
profoundly affect the gut microbiota, confirming a specific set of gut 
bacteria that can perform their enzymatic role on bile acids [55]. A 
prominent example is an excess taurine, excreted as taurocholic acid, a 
conjugated bile acid, and then converted to deoxycholic acid, which is 
genotoxic and tumorigenic [56]. 

Studies on mice have shown that probiotic supplements increase the 
ratio of Lactobacillus and Bifidobacterium in the intestinal microbiota, 
reduce the infiltration of inflammatory cells and CRC associated with 
colitis, and reduce chemokine expression [57]. Further research has 
shown that increased amounts of Proteobacteria, a small member of the 
intestinal microbiota, can be a possible microbial clue to epithelial 
dysfunction in CRC patients [58,59]. Understanding the complex factors 
leading to dysbiosis remains a point of obscurity, and its consequences 
on CRC are unclear. 

A positive and negative relationship between gut microbiome 
composition and COVID-19 disease has been summarized in Fig. 1. 

3. SARS-CoV-2-induced gut microbiome dysbiosis and CRC 

The most common feature of COVID-19 infection is respiratory 
symptoms. However, it can affect the digestive system and cause com-
plications such as inflammation and intestinal blockage to diarrhea 
[60]. One theory is that SARS-CoV-2 disease downregulates ACE2, 
leading to decreased activation of the mammalian target of rapamycin 
(mTOR) and increased autophagy, leading to intestinal dysbiosis and 
diarrhea [60]. The ACE expression has reduced in mice infected with 
SARS-CoV-2 and mice injected with recombinant SARS protein. The 
downregulation, as mentioned above, may play a role in the patho-
genesis of SARS and diseases developing into Acute respiratory distress 

syndrome (ARDS) [61–63]. Another theory is that the small intestine is 
likely to be a critical site for exacerbating the systemic inflammatory 
response, where ACE2 inhibition leads to increased levels of angio-
tensinogen and hyperactivation of the renin-angiotensin system, which 
in turn shuts down the amino acid transporter BA0T1 and subsequently 
leads to tryptophan deficiency in cells, which leads to decreased secre-
tion of antimicrobial peptides and intestinal dysbiosis [64]. Recent 
studies have shown that patients with COVID-19 suffer from dysbiotic 
gut microbiota [65–69]. A study reported an alteration and correlation 
of the fecal microbiome of SARS-CoV-2 patients with the severity of the 
disease [30]. In patients with COVID-19, significant changes were 
observed in stool microbiomes with enrichment of opportunistic path-
ogens and reduction of beneficial compounds during hospitalization 
[70]. Surprisingly, following the elimination of SARS-CoV-2 and its 
respiratory symptoms, symbionts and intestinal dysbiosis reduction 
persisted during hospitalization [71]. The result of a study reported that 
Bacteroides dorei, Bacteroides thetaiotaomicron, Bacteroides massiliensis 
and Bacteroides ovatus stool-derived COVID-19 patients have a negative 
correlation with ACE2 expression and viral load in the body [72]. 

In another study, the changes in the frequency of ten predominant 
intestinal bacterial groups in COVID-19 patients with pneumonia were 
investigated to show the relationship between the mentioned bacterial 
groups and clinical indicators [66]. The results show that the changes in 
the intestinal microbial community and dysbiosis in COVID-19 patients 
are associated with the severity of the disease and blood parameters. 
Common opportunistic pathogens, such as Enterococcus (Ec) and 
Enterobacteriaceae (E), have been shown to be elevated in COVID-19 
patients, mainly severe patients. The findings suggest that this group 
of bacteria can play the role of diagnostic biomarkers of COVID-19, and 
the Ec/E ratio can be applied in critically ill patients to predict death 
[73,74]. 

Fig. 1. Thoroughly shows the negative and positive correlation between gut microbiome composition with immune system dysregulation and GI-affected symptoms 
in COVID-19 patients. 
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Another study was conducted on COVID-19 patients and investigated 
the relationship between SARS-CoV-2 transcriptional activity and fecal 
microbiome changes [69]. Even without gastrointestinal (GI) symptoms, 
in some patients, signs of active viral infection become apparent up to 6 
days after removal of SARS-CoV-2 from respiratory samples. High-level 
SARS-CoV-2 characters in stool samples showed a higher abundance of 
bacterial species Collinsella tanakaei, Collinsella aerofaciens, Morganella 
morganii, and Streptococcus infantis [75,76]. In patients with active 
gastrointestinal problems infected with SARS-CoV-2, loss of beneficial 
bacteria increases functional capacity for biosynthesis of nucleotides 
and amino acids, and carbohydrate metabolism is characteristic of the 
gut microbiota [77]. Although patients with SARS-CoV-2 suffered from 
ARDS and recovered, they did not show any gastrointestinal symptoms 
during the illness; a long-term chronic gastrointestinal infection was 
observed among these patients. Altered gut bacterial composition with a 
higher relative abundance of opportunistic pathogens such as Rote, 
Streptococcus, Actinomyces, Veillonella and beneficial symbionts has been 
reported in patients with COVID-19 [65–67]. It has also been suggested 
that levels of Romboutsia, Erysipelatoclostridium, Fusicatenibacter, Acti-
nomyces, and Intestinibacter have a correlation with COVID-19 diseases 
severity, suggesting the gut microbiota as a diagnostic biomarker and 
therapeutic target for COVID-19. Decreased bacterial diversity in the gut 
is associated with severe and long-term metabolic effects and disease 
pro-longevity [70,78]. 

A significant decrease in the abundance of butyrate-producing bac-
teria such as Clostridium butyricum, Faecalibacterium prausnitzii, Eubac-
terium rectale, and Clostridium leptum was shown in patients with COVID- 
19, which differentiates patients with a critical condition from those 
with milder disease [66]. SCFA-producing bacteria such as Para-
bacteroides merdae, Bacteroides stercoris, Alistipes onderdonkii, and 
Lachnospiraceae bacteria showed higher abundance in stool samples 
collected from patients with mild infection caused by SARS-CoV-2 [69]. 
In the case of butyrate-producing bacteria, it is noteworthy that they are 
critical in maintaining the integrity of the gut barrier [79]. The role of 
SCFAs in maintaining gut-lung epithelial barrier integrity involves 
signaling for IL-22. Macrophages in the inflamed gut upregulate buty-
rate and other SCFAs and enhance the Warburg effect for neoplastic cell 
metabolism. Therefore, fatty acid oxidation is limited due to metabolic 
dependence on anaerobic glycolysis [80]. Also, in severe cases of 
COVID-19, bacteremia caused by Fusobacterium nucleatum has been 
observed and shown to induce colonic mucosa and associated mucosal 
inflammation [81]. 

On the other hand, F. nucleatum has a surface protein called Fap2 that 
binds to galactose and interacts with the T cell ITIM domain inhibitory 
receptor, leading to suppression and dysfunction of the immune system 
associated with COVID-19. In addition, F.nucleatum has been shown to 
correlate with Toll-like receptors 2 and 4, leading to increased expres-
sion of microRNA-21 (miRNA21), enhancing NF-κB induction and 
inflammation and increasing cell proliferation [82–85]. It is also shown 
that IL-18, the intestinal inflammatory cytokine, is increased in the 
COVID-19 patients’ serum [67]. These findings indicate that alteration 
in gut microbiota composition leads to SARS-CoV-2-induced inflam-
matory cytokines in the intestine. 

The change of stool fungal microbiome (mycobiome) in Covid-19 
patients has been investigated. In this regard, patients with COVID-19 
had significant changes in their stool microbiome, characterized by 
increased proportions of opportunistic fungal pathogens such as Asper-
gillus flavus, Candida auris, and Candida albicans. It was shown that even 
after the removal of SARS-CoV-2 from the body, two respiratory-related 
fungal pathogens, A. Niger and A. Flavus, were detected in the stool 
samples of a group of COVID-19 patients [86,87]. 

There is a condition with persistent and prolonged COVID-19- 
induced symptoms among survivors, termed "long haulers", character-
ized by prolonged symptoms last for more than 4–6 weeks from the 
onset of symptoms [88,89]. This condition can result from post-acute 
COVID-19 infection, where immune system disturbances and 

gastrointestinal symptoms persist, and the patient’s microbiome status is 
affected despite the elimination of SARS-CoV-2. Since the COVID-19 
pandemic is a new disease, all pathological aspects have not yet been 
determined; in this regard, dysbiosis’s timeline and long-term effects 
have not yet been elucidated, so further research is needed [90,91]. 
Intestinal barrier dysfunction is a distinct phenomenon related to res-
piratory infection associated with a more severe clinical course of the 
disease. From a clinical point of view, it has been shown that regulation 
of the gut microbiota slows down the replication of the primary influ-
enza virus in the lung epithelium, reducing enteritis and 
ventilator-associated pneumonia [92]. In this respect, it has been shown 
that Bifidobacterium species’ development can hinder inflammation 
induced by dysbiotic events during and after influenza infection [93,94]. 
Currently, there is no definitive clinical evidence for a therapeutic role of 
gut microbiota regulation in the treatment of COVID-19; however, 
clinical trials are ongoing [95–97]. By reducing proinflammatory 
signaling and maintaining intestinal barrier integrity, probiotics can 
support patients’ immune homeostasis in the gut and prevent over-
activation of the immune response. The human immune system is 
developed to deal with microorganisms inside and outside our body 
[98]. This subject indicates that self-limiting is the main feature of most 
infectious diseases caused by viruses or bacteria [99,100]. Accordingly, 
one of the possible reasons for the asymptomatic and moderate nature of 
most cases of COVID-19 can be extracted from this issue [101]. There-
fore, the mentioned microorganisms can play a role and benefit as a 
source of metabolites such as essential amino acids and fatty acids 
[102]. 

In conditions of intestinal dysbiosis, microorganisms and damaged 
tissue in the body can degrade and become a source of nutrition, leading 
to a temporary oversupply of nutrition. This event increases inflamma-
tion during acute infection [103] and can trigger chronic diseases, such 
as malignancies [104]. For example, some excess nutrients from 
damaged tissue and a dysbiotic gut microbiome can be converted into 
lipid mediators that lead to lipotoxicity and other tissue damage, 
emphasizing the importance of nutritional status [105]. These obtained 
observations provide a basis for more significant research and help to 
find the relationship between changes in the gut microbiota due to 
COVID-19 infection and its association with an increased risk for the 
development or progression of CRC [106,107]. Given the global prev-
alence of this virus and the diagnosis of CRC as the third most common 
cancer in both sexes in the United States, research into the related effects 
of these two diseases has become a great necessity. As soon as these 
questions are clarified and obscure questions are answered, it becomes 
possible to develop efficient probiotic therapies, which can maintain a 
more homeostatic environment for the gut during the disease, thereby 
increasing the survival rate in CRC. Figs. 2 and 3 reveal the relationship 
between the gut microbiome and COVID-19 infection leading to CRC. 

4. Conclusions and future directions 

The long-term effects of infection by SARS-CoV-2 remain an 
ambiguous point of this pandemic. This is critical for those with sig-
nificant co-morbidities before the onset of COVID-19. Cancer is only one 
of the listed diseases. Understanding the role of COVID-19 concerning 
cancer is extremely important due to immunosuppressive therapies and 
the multifaceted nature of this disease. When birth date is taken into 
account, those born in 1990 have twice the risk of colon cancer 
compared to those born around 1950 [32]. The critical role of gut 
microbiota in the development and health of CRC has been proven. 
Significant changes in gut microbiota and microbiota have been 
demonstrated in early studies in patients with COVID-19. The 
SARS-CoV-2 infection leads to a change in the intestinal microbiota. The 
consequences of this disorder include the abundance of opportunistic 
pathogens and the reduction of beneficial compounds, the overall 
reduction of microbial diversity, the absence of butyrate-producing 
bacteria, and F.nucleatum bacteremia. Therefore, 
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SARS-CoV-2-associated gut microbiome alteration could be a new 
contributor to colorectal cancer pathogenesis that can be considered for 
therapeutic goals. 
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Fig. 2. Shows the shape of the Covid-19 virus and its constituent parts and how healthy colon cells become cancerous after Covid-19 infection.  

Fig. 3. Shows that the COVID-19 virus affects the microbial composition, leading to dysregulation of TLR signaling and butyrate production, ultimately leading to 
unbalanced interleukin secretion and CRC development. 
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