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Abstract. The ongoing pandemic of coronavirus disease 2019 (COVID-19) is emerging as a public health
crisis worldwide. Patients with COVID-19 range from being asymptomatic to suffering from severe
pneumonia, acute respiratory distress syndrome (ARDS), and multiple organ failure (MOF).
Gastrointestinal (GI) symptoms have been reported in a number of patients with COVID-19, suggesting
that GI microbiota may play a role in the pathogeneses of the disease. Theoretically, patients with
confirmed inflammatory bowel disease (IBD) treated with immune-based therapies may be at a higher
risk of manifesting a severe form of COVID-19, owing to immune system impairment. This hypothesis
has evoked the concerns of patients and treating physicians throughout the pandemic. However,
surprisingly, the findings of a number of studies show that immunosuppressive therapies, such as anti-
TNF agents, could reduce the severity of symptoms associated with Covid-19. Dysbiosis of gut
microbiota, characteristic of IBD patients, can be positively changed after using anti-TNF agents. Vitamin
D has been revealed to have a profound effect on reducing the viral infections, aside from its role in
modulating the gut microbiome. In this review, we discuss possible susceptibility of IBD patients to
SARS-CoV-2 infection, the impact of immunosuppressive therapies on the course of SARS-CoV-2
infection in patients with IBD, and the potential protective role of gut microbiota against COVID-19 in
patients with IBD in the presence of normal vitamin D levels.

Keywords: Crohn’s disease, ulcerative colitis, SARS-CoV-2, IBD, biologics, microbiome, VDR

Abbreviations: IBD: inflammatory bowel disease, COVID-19: corona virus disease that is a novel virus
detected in 2019, CD: Crohn’s disease, UC: ulcerative colitis, SCFAs: short chain fatty acids, VDR:
vitamin D receptors, MOF: multi organ failure, ARDS: acute respiratory distress syndrome, MODS:
multiple organ dysfunction syndrome, Gl diseases: gastrointestinal diseases, ICU: intensive care unit,
HCoV: human corona viruses, IFX: infliximab, ADA: adalimumab, Anti-TNF: anti-tumor necrosis factor,
ARBSs: angiotensin receptor blockers
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Background

The challenge of controlling this infectious disease stems from the rapid spread of
the causative virus, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
across all nations and across all borders. The emergence of the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection was first reported in December 2019
in Wuhan, central Hubei Province, China and has subsequently spread worldwide
(Wang et al., 2020). As of mid-June 2020, approximately 10 million cases and 500 000
deaths in 200 countries have been reported
(https://www.worldometers.info/coronavirus/). Ten percent of patients have required
hospitalization or admission to an intensive care unit (ICU) (Danese et al., 2020; Huang
et al., 2020). This has resulted in a dramatic challenge for governments and services,
putting significant pressure on healthcare providers owing to the potential for exceeding
the capacity of healthcare systems around the world, including IBD centers

Notably, the gastrointestinal (GI) tract can be a transmission route for SARS-CoV-2,
as some Gl warning signs, such as nausea, diarrhea, and abdominal pain have been
recorded in about 20-50% of COVID-19 patients (Lin et al., 2020; Zang et al., 2020).
These symptoms likely appear before the development of respiratory symptoms,
indicating that the GI tract may be a target organ for the virus. Therefore, patients
suffering from intestinal disorders, particularly IBD, could potentially be vulnerable to
COVID-19 infection in the current epidemic.

During the course of the disease, a large number of patients with IBD receive
biologics treatments such as a-TNF antagonists, which have double-edged sword
effects. These medications contain molecules that can cause inflammation, increasing
the risk of infections such as respiratory illnesses as a result of immune system
impairment (Dipasquale and Romano, 2018). This can be complicated with dynamic
bidirectional interactions with the host microbiome. Although recent studies have
suggested that most immune system responses are driven by the host genome’s
stimulations, about 10% of immune system responses were reported to be stimulated by
a direct interaction with the host microbiome (Gilbert et al., 2018; Schirmer et al.,
2016). The GI microbiota is documented to have an effect on the quality of the host
immune system, which participates, in turn, in modulating gut microbiota composition.
Prior studies have approved the major influence of nutrient substances and diet on Gl
microbiota composition and localization, and their link with immunological pathways
(Gao et al., 2018; Thorburn et al., 2014). For example, vitamin D was found to be
linked to an individual’s GI microbial diversity and to healthy interactions between Gl
microbiota and intestinal immunity, including short chain fatty acid (SCFA) butyrate
(Celiberto et al., 2018).

Supportive evidence has led to speculation about the role of GI microbiota and
vitamin D in COVID-19 patient outcomes. It has been observed that individuals at
higher risk of evolving severe COVID-19 are those aged >60 years and with underlying
chronic diseases, such as hypertension, diabetes, cardiovascular illness, chronic
respiratory illness, and cancer (Alifano et al., 2020)—all of which are known to
coincide with GI microbiota dysbiosis. Also, elderly people have been shown to suffer
more often from severe deficiency in vitamin D (Kweder and Eidi, 2018).

In both humans and mice, it has been found that the expression of the angiotensin I-
converting enzyme 2 (ACE2), to which SARS-Cov-2 binds when entering the cell, is
considerably higher in the small intestine than in other organs, including the lungs
(Zang et al., 2020). Thus, it may be important to investigate the degree of susceptibility
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of IBD patients to COVID-19 infection. Other clinically relevant questions include
whether the use of immune-based therapies has a negative effect on prognosis, or
otherwise can help in fighting COVID-19 complications on one hand, or whether gut
microbiota composition and vitamin D level have a protective role against COVID-19
infection on the other hand.

SARS-CoV-2 and COVID-19 infection across the globe

Severe acute respiratory syndrome coronavirus 2 belongs to the Coronaviridae (-
coronavirus) family, which share the characteristics of being single-stranded, positive
sense (+ sSRNA) viruses and have an enveloped glycoprotein surface that appears like a
crown under microscope. This family includes the largest identified RNA viruses,
which extend between 26 to 32 kb in length (Lai and Cavanagh, 1997; Weiss and
Navas-Martin, 2005). For unknown reasons, coronaviruses, like MERS and SARS, have
the ability of pass through species barriers causing diseases in humans, which range
from being asymptomatic to more severe signs and symptoms. These viruses, termed
human coronaviruses (HCoVs), were first discovered in 1960, and shown to be
transferred to mammals from various other organisms (Al-Ani et al., 2020). Other novel
viruses of the Coronaviridae family may arise in the future, because these viruses
interact together in nature. This makes genetic recombination among their genetic
materials simple and therefore likely (Su et al., 2016). As the virus rapidly evolves, we
need to investigate whether or not it continues to be as virulent.

To date, there are seven identified HCoVs. The latest HCoV is proposed to be
originated from bats and transferred to other mammals before affecting humans
(Cascella et al., 2020). Examples of mammals that have been infected by HCoVs that
have crossed the species barrier are the Himalayan palm civet, which was found to have
a form of SARS-CoV (~79% genomic similarity to SARS-Cov-2), and the dromedary
camel, which was infected with MERS-CoV (~50% genomic similarity to SARS-Cov-
2) (Cao and Li, 2020). However, the dynamics of SARS-Cov-2 are still unclear; it has
been speculated that the virus might be transmitted to humans from other animals
(Fig. 1) (Su et al., 2016). Routine viral transmission between hosts has not been well
documented for HCoVs, however, it seems that they are much more transmissible
among humans (Zhou et al., 2020). Among human individuals, transmission can occur
either by direct contact or through the air, or possibly indirectly through touching
inanimate surfaces contaminated with the virus. It is unclear how long the virus can
survive on or in non-biological materials, but approximately nine days is estimated to be
the survival time for most of these viruses; by contrast, influenza virus can survive on
surfaces for many months (Conti et al., 2020).

On 28 February, 2020, the World Health Organization (WHO) raised the threat level
of the SARS-Cov-2 epidemic to “very high”, followed by an announcement on 11
March that the COVID-19 pandemic is a very high risk to health owing to its rapid
spread internationally (Cascella et al., 2020). The WHO’s chief executive, Tedros
Ghebreyesus, has criticized nations that made no adequate tests for their populations, or
had limited testing (Al-Muharragi, 2020). A number of countries, owing to capacity
problems regarding COVID-19 test availability, initially restricted testing to individuals
that suffer from severe acute respiratory syndromes (Al-Muharragi, 2020). The problem
of asymptomatic patients, the high infectivity of SARS-Cov-2, a lack of an effective
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vaccine or antiviral, and late quarantine decisions in many countries contributed to the
sharp increase in the number of affected individuals worldwide.
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Figure 1. The seven reported human coronavirus (HCoVs) and intra- and inter-species
transmission of human coronaviruses. Figure was taken after Su et al., 2016

Recent reports have indicated that elderly individuals, in particular those treated with
immune-suppressives or biologic therapies or have a history of coronary artery disease,
are more prone to a severe form of the disease and a higher mortality rate compared to
other age groups, such as children and adolescents (Monteleone and Ardizzone, 2020).
These findings have shown an almost null death rate in children between 0 and 10
years, and 0.2% death rate in children between 10 and 19 years (Huang et al., 2020; Zhu
et al., 2020). Also, SARS-Cov-2 is believed to affect males more than females, possibly
owing to the large number of immune genes located on the X chromosome (Conti et al.,
2020; Ghosh and Klein, 2017).

Invasion of the host cells by SARS-CoV-2 and COVID-19 symptoms

Similar to SARS-CoV-1, SARS-CoV-2 can enter human cells via the renin-
angiotensin system (Guo et al., 2020; Rico-Mesa et al., 2020). This system comprises of
two main enzymes that control peptide balance in the angiotensin family. These two
enzymes are angiotensin I-converting enzyme 2 (ACEZ2), expressed in the respiratory
epithelium, intestines, and macrophages (Lu et al., 2020), and transmembrane serine
protease 2 (TMPRSs2). Both enzymes are important for viral infectivity (Hoffmann et
al., 2020). The successful isolation of a sub-genomic messenger RNA (sgRNA) of the
live virus from throat swabs indicates that SARS-CoV-2 has the ability to actively
replicate in upper respiratory tissue cells (Lu et al., 2020; Wolfel et al., 2020). However,
similar to SARS-CoV-1, CoV-SARS 2 firstly replicates in the lower respiratory tissues.
Following this, organs with high expression of ACE2 (such as heart, kidney,
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gastrointestinal tract, and vast distal vasculature) start to be aggressively attacked by the
virus, specifically in the later stage of the disease course—generally the second week
following the onset of COVID-19 (Cao and Li, 2020). Other significant complications
induced by SARS-CoV-2 have been recognized, such as direct viral damage and
consequences of immune-mediated injury. Of particular note, sever acute cases of
COVID-19 often have two critically distinctive features, which are progressive increase
of inflammation and the unusual trend of hyper-coagulation (Cao and Li, 2020).

Clinically, severity of SARS-CoV-2 can range from asymptomatic to very severe
pneumonia, leading to acute respiratory distress syndrome or multi-organ failure
(MOF). Many patients develop dyspnea and hypoxemia, leading to mild respiratory
syndromes that require O therapy. Others, however, rapidly develop acute respiratory
distress syndromes (ARDSS), resulting on occasion in septic shock, metabolic acidosis,
coagulation dysfunction with disseminated intravascular coagulation (DIC), and
multiple organ dysfunction syndrome (MODS) (Singhal, 2020). However, it is broadly
acknowledged that at present there is no indication about which individuals are highly
susceptible from being seriously negatively affected from COVID-19. Broadly, SARS-
CoV-2 could affect any individual, causing acute respiratory symptoms that can result
in death. Nearly one in four infected individuals require intensive healthcare and
approximately 4.3% of infected patients eventually die (Wang et al., 2020). Thus,
COVID-19 is a serious and complex disease that is multi-faceted, involving all the
systems and organs of the human body.

Regarding IBD patients, the expression of ACE2 was reported to increase in
inflamed intestines (Garg et al., 2020). Proteomic investigations showed higher
expression of ACE2 in Crohn’s disease (CD) compared to Ulcerative colitis (UC) (Ning
et al., 2019). The invasion of SARS-CoV-2 in a cell is mediated by a specific type of
fusion, using a ‘spike’ protein (Ibrahim et al., 2020). This protein is activated via a
proteolytic cleavage, triggered by the host cell using trypsin-like proteases: enzymes
that are demonstrated to be upregulated in IBD patients (Jablaoui et al., 2020). This
evidence suggests that the increased probability of inflamed intestinal tissues in IBD
patients may be an optimal environment for SARS-CoV-2 activity. Nevertheless, no
research has yet examined the frequency of COVID-19 occurrence in IBD patients.

Immune-based medication in IBD patients with COVID-19: is there a risk of
increased occurrence and severity?

There is no clear evidence that patients confirmed with IBD are more susceptible to
developing severe COVID-19 symptoms. Nevertheless, there are indications in previous
studies that IBD patients that take immune-suppressive drugs are at high risk of having
infectious diseases, possibly since the intracellular signaling cascades needed for the
host to resist pathogens are inhibited (Beaugerie et al., 2020; Holmer and Singh, 2019;
Singh et al., 2020). Earlier reports indicate that infections of upper and lower respiratory
tract increased when using anti-TNF therapies, besides other several opportunistic
pulmonary infections (Lichtenstein et al., 2012; Long et al., 2013; Shah et al., 2017). A
study conducted on IBD patients to assess the increasing risk of pneumonia infection
indicated that the use of biologics resulted in an increased risk (OR 1.28, 95% CI 1.08-
1.52), and corticosteroids showed a significant increase (OR 3.62, 95% CI 3.30-3.98)
(Singh et al., 2020). However, the study did not highlight if the medications were
combined or not.
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A recent systemic review with a meta-analysis of clinical trial data, which included
4135 patients that underwent anti-TNF treatment (Ford and Peyrin-Biroulet, 2013),
concluded that individuals are at risk of doubling bacterial and viral infectivity (such as
tuberculosis, herpes simplex infection, oral or esophageal candidiasis, herpes zoster
virus, cytomegalovirus, and Epstein-Barr virus) with anti-TNF treatment (OR 2.05, 95%
Cl 1.10 -3.85) compared to a placebo. Consequently, the monotherapy of anti-TNF
therapy seems to be safer than in combination with other immunosuppressive agents.
Importantly, a significant increased risk of developing infectious disease is shown when
combining anti-TNF treatments with corticosteroids (Singh et al., 2020; Ye et al., 2020).
This is because the early induction of corticosteroids can eliminate the initiation of the
host immune system defense, possibly leading to adverse consequences.

In contrast to the above findings, recent research has examined the role of anti-TNF
therapy as a treatment for COVID-19. Many pro-inflammatory cytokines, such as
interleukin (IL)-1, IL-6, TNF, and interferon y (Gong et al., 2020; Huang et al., 2020),
have been reported to be upregulated in the blood of patients confirmed with COVID-19
(Monteleone and Ardizzone, 2020). Patients hospitalized under intensive care showed
high concentrations of a number of cytokines. Furthermore, some other cytokines and
chemokines are deregulated in the plasma of affected cells, causing what is generally
termed a ‘cytokine storm’. TNF and IL6 are well noted in acute respiratory conditions
to potentially lead to lunge injury (Kovalchuk et al., 2020). In animal studies, TNF
cytokines have been shown to contribute to the development of lung injury and
weakening of T cell response in mice infected with SARS-CoV. The loss of TNF
receptors and the neutralization of the activity of TNFs have resulted in protection
against the morbidity and mortality associated with SARS-CoV (Channappanavar et al.,
2016; McDermott et al., 2016). Accordingly, many potential therapeutic agents were
nominated for controlling inflammation in COVID-19, of which, anti-TNF antagonists
(infliximab IFX or adalimumab ADA, which have been approved, and widely available)
are superior, because they show potential in being effective, particularly for acute
inflammation cases (Feldmann et al., 2020). Clinically, in many inflammatory diseases
and conditions, the blockage of TNF cytokines is effective, despite the existence of
other pro-inflammatory cytokines (Feldmann et al., 2020). Therefore, the effectiveness
of anti-TNF antibodies in treating COVID-19 warrants further consideration, especially
when we know that TNFs are not detected in the serum of SARS-affected patients at
later stages (Ye et al., 2020). Currently, a-TNF antagonists have not been used to treat
patients with COVID-19, but it requires further exploration.

GI microbiota composition and vitamin D level in IBD patients with COVID-19
treated with TNF antagonists

Since the use of biologics to treat IBD can result in impairment of the immune system
(Dipasquale and Romano, 2018), which can lead to an increased possibility of infection, it
is important to investigate the probability of infection of IBD patients with COVID-19
that have been treated with TNF antagonists. Reducing the gut microbiota diversity,
known as dysbiosis, has been well documented in IBD patients (Sartor, 2006), increasing
the number of pro-inflammatory cytokines, such as Escherichia coli. (Celiberto et al.,
2018). Onset and progression of IBD has been shown to be associated with insufficient
serum vitamin D levels (30-75 nmol/L). Almost 68% of IBD patients suffer from vitamin
D insufficiency, and more than 50% of those suffer from vitamin D deficiency (<30
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nmol/L) (Celiberto et al., 2018; White, 2018). Vitamin D has been shown to be of
considerable importance in immune modulation, with a potential to improve IBD and
COVID-19 patients (Celiberto et al., 2018; Grant et al., 2020). It can modulate pro-
inflammatory Th1 and Th17 cells, which express TNFa, interferon-y and IL-17, similar to
those that appear in COVID-19 cytokines storms (Wu and Yang, 2020).

CoV-SARS-2 was documented to use ACE-2 receptors for cellular entry (Zhou et
al., 2020), and, as noted above, the receptors can be highly expressed in the small
intestine over other organs, including the lungs (Leung et al., 2003; Zang et al., 2020).
In addition to this, the feces-oral route has also been suggested (Zang et al., 2020), with
the higher mortality rate of the elderly affected with COVID-19 (Liu et al., 2020), and
those elderly individuals previously documented to have less diverse Gl microbiota
composition (Claesson et al., 2011, 2012; Yatsunenko et al., 2012) and often suffer
from deficient vitamin D levels (Kweder and Eidi, 2018). Recent literature showed that
COVID-19 has an association with increased pro-inflammatory cytokines (Wang et al.,
2020), whereas the immune-modulatory properties owing to vitamin D can
downregulate the pro-inflammatory cytokines (Arboleda et al., 2019; Greiller and
Martineau, 2015; Panarese et al., 2019; Zdrenghea et al., 2017; Zhang et al., 2012).
Furthermore, vitamin D has shown to have the ability of preventing lung injury via
blocking these observations, with the evidence that vitamin D-VDR signaling prevents
lung injury by blocking effects on the renin-angiotensin pathway (Kong et al., 2013).

In a cohort study conducted in the US, approximately 61% of COVID-19 patients
manifest GI symptoms (Redd et al., 2020). Also, the RNA of CoV-SARS-2 was shown
to be detected in patient stools (Cheung et al., 2020; Holshue et al., 2020; Wu et al.,
2020; Xiao et al., 2020; Zhang et al., 2020). Another study found that vitamin D
signaling has a critical role in healthy association between the GI tract microbiota and
intestinal immunity, including the SCFAs in particularly butyrate, which increases the
vitamin D receptors (VDRS) in vitro. Also, butyrate can directly bind to the VDR,
resulting in down-regulation of TNF-a production (Schwab et al., 2007). Altogether,
this data led suggests a critical role for gut microbiota and vitamin D in fighting against
COVID-19 infections and limiting the severity of the disease.

There are complex interaction networks among Gl microbiota composition and the
host immune system, which are needed for a physiological microbiota-host balance,
which have a profound effect on health and disease (Lagkouvardos et al., 2017).
Dysbiosis in the gut microbiota composition has been linked to many disorders; one of
these is IBD (De Musis et al., 2020; Khan et al., 2019; Lavelle and Sokol, 2020).
Pathogen-induced microbiota can diminish the chance of beneficial bacteria
colonization, leading to inflammation development. Similar to Gl microbiota, research
has shown that the lungs have distinct microorganisms (Bingula et al., 2017; Zhang et
al., 2020). Interestingly, pulmonary health has been shown to be affected by gut
microbiota composition, through a vital ‘cross-talk’ between the gut and lungs, known
as the ‘gut-lung axis’ (Keely et al., 2012). The latter is thought to be a bidirectional
relationship, as the effects of endotoxins and metabolites of gut microbiota, on one
hand, and lung inflammation, on the other hand, is mutual (Dumas et al., 2018). Several
studies have illustrated the association between respiratory infections with Gl
microbiota alterations (Groves et al., 2020). Interestingly, this attests to the effect of
SARS-Cov2 infection on gut microbiota composition and the converse, since patients
confirmed with COVID-19 have been found to suffer from ARDS, particularly elderly
and immune-compromised individuals (Lake, 2020).
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The relationship between lung infections including COVID-19 and potential role of
healthy gut microbiome were speculated in recent studies that have explored the faces-
oral route. A study conducted in Hong Kong covered 59 patients with confirmed
COVID-19 (n =59), where 15 individuals (25.4%) had GI symptoms and 9 individuals
(15.3%) had tested positive for SARS-CoV-2 in their stool RNA. The results are more
pronounced if the patient was suffering from diarrhea (38.5% and 8.7% in patients with
and without diarrhea, respectively) (P = 0.02) (Cheung et al., 2020). They searched for
supplementary meta-analysis data published in various databases concerning patients
with Gl symptoms and the presence of SARS-CoV-2 RNA in their stools.
Approximately 17.6% of patients were shown to have GI symptoms, and SARS-CoV-2
was detected in the genetic material of stool samples of about 48.1% of patients, after
being found negative in their previous respiratory tests (Cheung et al., 2020). Another
study conducted in February 2020 targeted 73 hospitalized patients confirmed with
COVID-19 aged between 10 months and 78 years old to test the GI infection and
presence of SARS-CoV-2. The analysis of the patients stool RNA showed that 39
(54.42%) of tested samples were positive for SARS-CoV-2. The positivity of the test
lasts from 1-12 days. However, 17 patients (23.29%) that had tested negative for
respiratory infection continued to show positive results in their stools (Xiao et al.,
2020). This enhances the possibility of fecal-oral transmission, where the virus targets
Gl tract, corroborating the findings that viral RNA causing COVID-19 has been
detected in feces of patients, despite testing negative for respiratory infection
(Effenberger et al., 2020; Zang et al., 2020). The detected virus was described to be
non-infective (Zang et al., 2020), which drives our speculation that this impaired virus
may have potential for use in the production of an effective vaccine against the infecting
version of the virus.

The use of biologics, such as anti-TNF treatments in IBD patients with less diverse
gut microbiota alterations, was shown to improve the microbiota profile in responders
(Alshehri et al., 2020). This was found in a study carried out on Chinese pediatric
patients with Crohn’s disease (CD), which were treated using IFX. The microbial
dynamic changes were assessed during treatment and investigated for the influence of
the anti-TNF agent on the microbiota composition. The use of IFX was shown to alter
gut microbiome structure and metabolic function, diminishing CD-correlated Gl
microbial dysbiosis, accompanied with a significant increase in the number of beneficial
bacteria (Li et al., 2017). This may indicate that using an anti-TNF agent can be of great
help for improving the Gl microbiota profile, as well as a defense against COVID-19,
which come along with the importance of and normalizing the vitamin D level.

Further recommendations

1. It seems that there is no documented evidence on the predisposition of IBD
patients that undergo biologics treatment, such as anti-TNF agents, to COVID-
19. Conversely, anti-TNF agents may be an effective therapy against SARS-
CoV-2.

2. Physicians should update (at least temporarily) their viral screening lists for
IBD patients to include testing for SARS-CoV-2, besides the other tests, such
as hepatitis B, hepatitis C, HIV, varicella zoster, and tuberculosis, before
starting biologics or other immune-based therapies. This is because of the
confirmation on the susceptibility of IBD patients to infectious illnesses and
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the detection of the SARS-CoV?2 virus in stool samples of COVID-19 patients,
especially those with diarrhea.

3. The intersection between COVID-19 infection, IBD course, and effective
usage of immune-based therapies is yet to be fully explored. However,
physicians could carefully make individual risk assessments of patients before
initiating immune-suppressive drugs therapies with IBD patients to potentially
avoid complications, especially if they are combining drugs. Physicians should
avoid combination therapies, in particular, using anti-TNF agents with
corticosteroids.

4. Improving the GI microbiota profile and vitamin D levels deserve further
consideration for improving the fight against COVID-19. Furthermore,
additional studies on infection caused by SARS-Cov2 are required to address
the intervention of intestinal and lung commensal microorganisms (Fig. 2).
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Figure 2. Summary and key messages from this review

Conclusions

It has been reported that using biologics and immunomodulators can impair the
patient’s immune system; immunotherapies used to treat IBD may increase
susceptibility to COVID-19 infection. However, infection with COVID-19 causes a
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cytokines storm that can result in hyper-induction in various pro-inflammatory
cytokines of the immune system, which may be modulated using immunomodulators
such as a-TNF antagonists and immune-nutrition, such as vitamin D. Since the gut
microbiota and vitamin D are acknowledged to have a critical role in immunity, and
using TNF therapy has been reported to improve GI microbiota profile in IBD patients,
treating IBD patients with COVID-19 using low-risk immune-based approaches could
be a sensible way forward.
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