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Abstract

The recent severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) disease
has been accompanied by various gastrointestinal (GI) and renal manifestations in
significant portion of infected patients. Beside studies on the respiratory complica-
tions of coronavirus infection, understanding the essential immunological processes
underlying the different clinical manifestations of virus infection is crucial for the
identification and development of effective therapies. In addition to the respiratory
tract, the digestive and urinary systems are the major sources of virus transmission.
Thus, knowledge about the invasion mechanisms of SARS-CoV-2 in these systems
and the immune system responses is important for implementing the infection pre-
vention strategies. This article presents an overview of the gut and renal complica-
tions in SARS-CoV-2 infection. We focus on how SARS-CoV-2 interacts with the
immune system and the consequent contribution of immune system, gut, and renal

dysfunctions in the development of disease.

haematuria and acute kidney injury (AKI).*” The reported

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) or COVID-19 is a newly discovered species of human
coronavirus, similar to SARS-CoV and MERS-CoV (Middle
East respiratory syndrome coronavirus), which can lead to se-
vere respiratory infections and even death."? Upon attack of
SARS-CoV-2, innate and adaptive immune system responses
trigger inflammation and cytokine storm in various organs
such as respiratory and digestive tracts as well as renal or-
gans. The immune system response is undoubtedly one of the
most important determinants of disease susceptibility and/or
severity. While the risk of disease severity can be increased
by weakening the immune system, an increased inflamma-
tory response to the infection may cause organ damage that is
usually seen in infected patients.3

The most common clinical manifestations in SARS-CoV-
2-infected patients are including: leukopenia or leukocyto-
sis, pneumonia, diarrhoea, nausea, vomiting, proteinuria,

incidence of gut complications and acute kidney injury (AKI)
in COVID-19 patients ranged from 12% to 61% and 0.5%
to 29%, respectively.g’g Patients with atypical gastrointesti-
nal (GI) symptoms have had long-term SARS-CoV-2 infec-
tion and needed more antimicrobial treatment than patients
without that. Moreover, infected patients who need ICU
care are more expected to develop AKI than non-ICU pa-
tients.'” Besides, Stool and urine of SARS-CoV-2-infected
patients has been proved to be the potential routes of viral
transmission.' !> Multi-organ disorders in SARS-CoV-2
infection infer the presence of virus receptor in these or-
gans.l“?”14 Indeed, small GI epithelial cells and colonocytes
express main host cell receptor of SARS-CoV-2, angioten-
sin-converting enzyme 2 (ACE2), abundantly on their apical
surfaces.® In addition, ACE2 expression is mostly localized
in proximal tubular brush border, and to a less extend in the
glomerular visceral and parietal epithelial cells, endothelial,
and smooth muscle cells of renal vessels.'® It seems likely
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that gut and renal manifestations of SARS-CoV-2 infection
as well as the severity of inflammatory response of immune
system are largely related to the expression of virus receptor
in these organs. This review summarizes the gastrointestinal
and renal complications in SARS-CoV-2-infected patients
and role of immune system in the pathogenesis of the virus.

2 | IMMUNE SYSTEM AND SARS-
COV-2 INFECTION

SARS-CoV-2 is an enveloped virus contains a positive-
stranded RNA genome which encodes several structural and
non-structural proteins. The structural protein S of SARS-
CoV-2 is used for virus attachment to ACE2 and virus en-
trance into the host cells. E, M and N proteins are accessory
parts of virus for replication, assembly and host immune
response supplression.”’18 Upon entrance of SARS-CoV-2,
viral genomic RNA or dsRNA is recognized by endosomal
and cytoplasmic receptors including toll-like receptor 3
(TLR3), TLR7 and retinoic acid-inducible gene I ( RIG-I)
and melanoma differentiation-associated gene 5 (MDAS)
and then pro-inflammatory cytokines such as interferon-y
(IFN-y), inducible protein 10 kD (IP-10), monocyte chem-
oattractant protein-1 (MCP-1), macrophage inflammatory
protein 1 alpha (MIP-1A) and tumour necrosis factor-o
(TNFa) are expressed.lg’zo Thereinafter, neutrophils as the
first inflammatory immune cells are recruited into the in-
fected sites and their antiviral activities cause cytokine storm

and more attraction of immune cells such as monocytes and
T cells into the infected area (Figure 1).21’22 Afterwards, anti-
gen-presenting cells (APCs) such as dendritic cells (DC) and
macrophages phagocyte SARS-CoV-2 and become function-
ally mature. Both cells increase production of MHC class 11
costimulatory molecules, cytokines and chemokines, like in-
terleukin-6 (IL-6), IL-12, TNF-a, MIP-1a, RANTES, IP-10
and MCP-1; thereafter, cellular and humoral immune re-
sponses such as killing the infected cells by cytotoxic T cells
and producing the anti-SARS-CoV-2 antibodies by plasma
cells are occurred as a result of matured APCs activities.” >

On the other hand, it has reported that secreted IFNs by
neutrophils and APCs could prevent virus progression, stim-
ulate phagocytosis of antigens by DCs and macrophages, and
target infected cells by natural killer (NK) and T cells.??’
However, SARS-CoV-2 may cause severe viral infection
through prolonging virus survival in the host by suppressing
IFN production via different mechanisms, including ubiquiti-
nation and degradation of RNA sensor adaptor molecules, mi-
tochondrial antiviral signalling protein (MAVS) and tumour
necrosis factor receptor—associated factor 3/6 (TRAF3/6),
prevention of interferon regulatory factor 3 (IRF3) nuclear
translocation, and repression of histone modification.”*

In severe infected patients, NK cells, CD4+ and CD8+
T cells are reduced, although the CD4+4/CD8+ T cells ratio
are un-affected; therefore, it has suggested that lymphopenia
is a hallmark finding in SARS-CoV-2 infection.*'** Several
studies have documented the significant role of T cells in the
pathogenesis of SARS-CoV-2 infection. T cells, especially
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FIGURE 1

Immune system responses to SARS-CoV-2 invasion: Viral exposure, production of pro-inflammatory cytokines, recruitment of

immune cells, and differentiation of B cells to plasma cells and antibody production, phagocytosis of antigens results in differentiation of T and

B cells and antibody production. ACE2, angiotensin-converting enzyme 2; DC, dendritic cell; IgA, immunoglobulin A; MQ, macrophage; Th, T

helper cell; Treg, T regulatory cell
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virus-specific CD4+ T and CD8+ T cells, have important
roles in removing virus-infected cells and balancing immune
responses to pathogens.33'35 T cells could rescue organs from
severe damage by the control of excessive innate immune re-
sponses. Indeed, T helper cells promote production of antivi-
ral antibodies by activating CD4+ T-dependent B cells and
induction of pro-inflammatory cytokines through the NF-kf}
signalling pathway.31’36 Elevation of Thl and Thl7 cells
along with high expression of IFNy and IL17 were observed
in SARS-CoV-2 patients. IL17 stimulates recruiting of neu-
trophils and monocytes into the inflamed infected regions and
induces cytokine cascade. Poor outcome in viral infected pa-
tients can be attributed to increased IL-17 and reduced IFN-y
and IFNI production.37'39 Regulatory T cells (Tregs), which
identifies them as immunosuppressive cells, are moderately
amplified in mild SARS-CoV-2 infection. Elevation of Treg
cells is associated with the pathogenesis of COVID-19 dis-
ease.*%*! It has reported that in severe SARS-CoV-2 infec-
tion, the naive/memory T cell ratio is higher than that in mild
infection. Memory viral-specific T cells, as infection-fighting
T cells, would be exist in the improved patients after clear-
ance of SARS-CoV-2 infection and, upon re-exposure to the
virus, are rapidly converted into effector T cells and provided
necessary response to overcome the virus infection. These
memory T cells are restricted to epitopes of structural viral
proteins including the S, M, and N proteins and can induce
effective responses against SARS-CoV-2.** Reduction of T

cells in COVID-19 patients is might be because of a BH3-like
region in the C-terminal cytosolic domain of SARS-CoV-2
protein, which could facilitate binding of virus protein to
Bcl-xL in the T cells and induce T cells apoptosis.45

Humoral immunity is fundamental element for con-
trolling the SARS-CoV-2 infection through neutralization
of viruses and lysis of infected cells via complement acti-
vation or antibody-dependent cytotoxic cells (ADCC).* In
severe SARS-CoV-2 infection, IgA, IgG and IgM levels are
similar to that in mild infection.**** Anti-SARS-CoV-2 an-
tibodies, such as IgG, IgM and IgA, are at the highest level
in the serum of infected patients within 20-30 days after
onset of illness, and sustained for about 5 months thereafter.
However, serum IgG can be detected early (about 4 days)
after the onset of disease.*’ IgG and IgA are the most im-
portant antibodies in the serum and mucus, respectively.48
Among them, anti-S protein antibody is a strongly neutral-
izing anti-SARS-CoV-2 antibody with either high or low
avidity binding activity. This antibody can induce protective
immunity against many variants of S protein in different
SARS-CoV-2 strains.*"*

Despite the antiviral cellular and humoral responses,
SARS-CoV-2 escapes from immune system responses via
(a) induction of cytosolic constructions without any PRRs
for dsRNA recognition, (b) suppression of IFNs and (c) sup-
pression of T cells activity through downregulation of MHC
classes I and IT in macrophages or dendritic cells 33153
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FIGURE 2 The immune system in GI tract: The GI mucosal immune system consists of epithelium, lamina propria and gut-associated

lymphoid tissue. DCs uptake antigens and migrate to the LP, secondary lymphoid tissue and draining lymph nodes. M cells in the epithelium

of Peyer's patches pass the antigens to DCs, macrophages and other APCs. Naive T cells become activated in secondary lymphoid tissues. DC,

dendritic cell; IgA, immunoglobulin A; M cell, microfold cell; MQ, macrophage
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3 | IMMUNE SYSTEM IN THE GI
TRACT

The immune system in GI tract, intestinal mucosal immune sys-
tem or gut-associated lymphoid tissue (GALT), constitutes the
largest immune component with three different structures: epi-
thelial and mucosal barrier, the lamina propria, and the Peyer's
patches (PPs) (Figure 2).9 The mucosal barrier, as a compo-
nent of immune system, consists of the small intestinal epi-
thelium and Paneth cells which secrete antimicrobial peptides
(AMPs).” This barrier participates in the immune surveillance
of the gut and sends signals to the mucosal immune system by
producing cytokines and chemokines. Immune cells of mucosal
barrier contain innate lymphoid cells, intraepithelial lympho-
cytes, NK cells, cytolytic and immunoregulatory off+ and yd+
T cells, DCs and Tregs.56'58 The lamina propria, the lower layer
of intestinal epithelial cells, carries a large population of innate
lymphoid cells (ILCs), B, NK and T cells (y6+ T, Th17). T
cells in the lamina propria quickly respond to the signals from
the lumen and initiate inflammatory and anti-inflammatory re-
sponses through secreting cytokines (IL17, IL22, IFN-y and
IL26), and inducing defensins and chemokines.>**% Peyer's
patches are an important source of precursor IgA-producing
cells in the mucosa of the small intestine. PPs contain proliferat-
ing B cells, population of CD4 T cells, dendritic cells, follicular
dendritic cells and macrophages. M cells, the specialized cells
in PPs, phagocyte bacteria, viruses, proteins, and inert particles
and transcytose them into the PPs to trigger the appropriate im-

-61
mune responses.5 6,59-6

4 | PATHOPHYSIOLOGY OF GI
TRACT IN SARS-COV-2 INFECTION

The first step of SARS-CoV-2 infection is the virus entry to
the cell via its target, ACE2 receptor. This receptor is abun-
dantly expressed (100 times than that in the lung) in the epi-
thelial cells of the stomach, duodenum, ileum, and rectum as
well as cholangiocytes and hepatocytes of the liver, while less
expression of ACE2 receptor has demonstrated in oesopha-
geal mucosa.'>*% The highly expression of ACE2 receptor
in the absorptive enterocytes of the ileum and colon suggests
a potential explanation for some digestive symptoms such as
diarrhoea observed in many COVID-19 patients. In the sec-
ond step, new virions will be assembled through synthesizing
viral-specific RNA and proteins of positive-strand viral RNA,
and released in to the GI tract.**®° New virions and released
SARS-CoV-2 could destruct epithelial cells, induce immune
responses and trigger cytokine storm. Some in vivo studies sug-
gested that SARS-CoV-2 may affect absorption of tryptophan
through ACE2, resulting in decreased antimicrobial peptide,
which in turn leads to an altered gut microbial composition.
Indeed, gut microbiota dysbiosis has been reported in some

SARS-CoV-2-infected patients, and treatment with probiotic
has also been suggested, but it has not been confirmed yet.66’67

Cytokine storm in COVID-19 patients is accompanied
by a general inflammatory reaction, abnormal immune re-
sponses and several organ dysfunctions, such as digestive
injury which may lead to more severe disease and even
death.%>%® Experimental studies suggested that lung infection
can be secondary to a primary gut viral infection; neverthe-
less, whether intestinal injury caused by the virus could be a
secondary response to primary general inflammation or as
a result of primary intestinal infection, or a combination of
both, needs further investigation.“’69

Up to 50% of patients with COVID-19 represent liver en-
zyme abnormalities which are related to hepatic damage. ACE2
appears to play an important role in the pathogenesis of hepatic
injury in COVID-19. High expression of ACE2 on the cholan-
giocytes and hepatocytes of the liver may explain a direct cy-
totoxic effect of the virus against hepatic cells. It has suggested
that SARS-CoV-2 may deteriorate hepatic injury through vari-
ous pathogenic mechanisms such as direct cytopathic effect on
cholangiocytes and hepatocytes, inflammatory cytokine storm,
hypoxic injury of the liver and drug toxicity. However, further
studies are required to determine the exact pathogenesis of the
liver injury seen in COVID-19 patients.70'72

5 | GUT-LUNG AXIS, SARS-COV-2
AND GI DISORDERS

Intestinal microbiome dysbiosis is accompanying by bilat-
eral deviation in the connection between the gut and vital
organs such as the lungs. In addition, changes in the micro-
bial community of the lungs can affect the gut microbiome
composition. It has therefore been suggested that the ‘gut-
lung axis’ is like a two-way communication network where
several respiratory infections are accompanied by digestive
symptoms and, in other way, gut microbiome dysbiosis is
linked to respiratory infections. Additionally, in gut-lung
axis, immune cells from the gastrointestinal tract migrate
through the bloodstream to the lung and influence immune
responses within the lung. Further, viral lung infections can
change the composition of intestinal bacteria, where gut mi-
crobiota regulate adaptive immune responses against the lung
pathogens. Similar crosstalk between the gut and lungs has
been suggested in SARS-CoV-2 infection. Indeed, following
infection of lung cells with SARS-CoV-2, intestinal immune
disorder and diarrhoea can occur due to the effect of CD4+4+ T
cells that reached it through the gut-lung axis.000%73

Early studies on SARS-CoV-2 infection reported that di-
arrhoea (2%-10.1%), nausea and vomiting (1%-3.6%) are not
usual symptoms in infected patients, Table 1'% However, later
studies revealed that gastrointestinal symptoms are frequent
and associated with severe form of disease.” In fact, diarrhoea
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(Continued)

TABLE 1

Abdominal pain%

Diarrhea% Nausea% Vomiting% Anorexia%

Patients, No

DOI

Authors

Country

NA
NA

5.6 NA
NA NA

5.6

16.7
6.7

18
15

10.1183/13993003.00398-2020

10.1016/j.jviscsurg.2020.04.016

L Wang et al'*

China

NA

M Luong-Nguyen

et al't!

France

NA
NA

NA
NA
NA
NA
NA
NA
NA

NA

NA
16.7
NA
NA
NA

7.7

13
12
11

10.1001/jama.2020.1623
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is one of the atypical gastrointestinal symptoms in COVID-19
patients.74 Viral diarrhoea in SARS-CoV-2 infection might be
occurred due to the induction of inflammation by SARS-CoV-2
in the ACE2+ epithelium. Indeed, inflammation can cause ep-
ithelial atrophy and disrupt the balance between the absorption
and secretion of water and electrolytes.m'79 Diarrhoea can also
be induced by a wide variety of antiviral and antibacterial med-
ications that patients may receive.®’ In addition, inhibited innate
immune responses by SARS-CoV-2 might permit infiltration,
replication and infection of opportunistic intestinal bacteria in
the epithelium, resulting in bacterial diarrhoea.*® However, in
mild viral diarrhoea, upregulation of immune inhibitory cyto-
kine TGF-p may induce apoptosis of antiviral T cells, and an
anti-apoptotic response of host cells may reduce inflammation
and destruction of intestinal epithelial cells (Figure 3). 81

6 | SARS-COV-2 INFECTION AND
INFLAMMATORY BOWEL DISEASES

An important concern in SARS-CoV-2 pandemic is patients
with immune-mediated disease like IBD (inflammatory bowel
diseases) and concurrent SARS-CoV-2 infection. It seemed that
patients with IBD like Crohn's disease and ulcerative colitis are
more susceptible to viral infections.'**'** IBD as an inflamma-
tory condition in the colon and small intestine is caused by an
excessive immune response against luminal bacteria in the GI
tract."! The common medications in IBD are immunosuppres-
sive drugs, mainly anti-TNF agents.'”> Remarkable points in
IBD patients are the high expression of ACE2 in the GI tract ac-
companied by immune system suppression, which increase the
susceptibility of patients to the viral infections (Figure 4) 153154
However, severe SARS-CoV-2 infection or high mortality rate
has not been reported in treating IBD patients; therefore, an in-
ternational consensus is that IBD patients are not more suscep-
tible to SARS-CoV-2 infection than individuals without IBD.
In fact, there are two forms of ACE2 in IBD patients which
are distinct in structure and function: (a) membranous ACE2,
consists of 2 domains, extracellular domain which is bind to S
protein of SARS-CoV-2, and trans-membrane domain which
is connector of extracellular domain and cell membrane and
(b) soluble ACE2, which contains an extracellular domain of
ACE2 without any cell membrane connector, 13153136 High
levels of soluble ACE2 in IBD patients could bind to SARS-
CoV-2, prevent virus interactions with membranous ACE2
and consequently decrease the patients' susceptibility to the
virus.'*® On the other hand, it was thought that suppression of
cytokine storm-driven inflammation by immunosuppressive
drugs (azathioprine, methotrexate) might increase infection
susceptibility, but interestingly, it has revealed that the effects
of anti-inflammatory drugs on the immune system may not
only be beneficial for diminishing the mucosal inflammation,
but also for avoiding SARS-CoV-2 pneumonia.lsz’157 Indeed,
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an increase in pro-inflammatory cytokines such as IL-1, TNF-o«  management of IBD patients.lsg'160 However, usage of more
or IL-6 is related to the severity of gut inflammation, so cy- than one immunosuppressive drug could increase the risk of
tokines modulation in immune cells may be a major therapeutic SARS-CoV-2 infection.'”’
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7 | SARS-COV-2 INFECTION AND
COLORECTAL CANCER

Viral infection of gastrointestinal cancer patients such as
colorectal cancer (CRC) is another area of concern during
SARS-CoV-2 pandemic. (Figure 5). It has reported that about
1%-20% of SARS-CoV-2-infected patients in China and Italy
had a history of active cancer and fatality rate in these patients
was more than two times higher than in the general.m'163
In fact, high expression of immunoinhibitory cytokines and
proteins such as TGFp, IL10, programmed death 1 (PD-1)
and cytotoxic T-lymphocyte antigen 4 (CTLA4) inhibit anti-
tumour responses of immune system and raise the possibility
of viral infection,'®+166 Furthermore, anticancer treatments
including chemotherapy or surgery have negative effect on
the immune system and cause systemic immunosuppressive
status. '’ Consequently, in CRC patients, suppressed immune
system could not induce the essential antiviral responses
against SARS-CoV-2, and infection of ACE2+ gastrointesti-
nal epithelial cells with SARS-CoV-2 may cause more severe
symptoms than in non-cancer patients.161’163’167

8 | IMMUNE SYSTEM IN THE
KIDNEY

The kidneys may be affected in some bacterial/viral infec-
tions through their functional activities in clearance of meta-

blood borne proteins.'®"'”" Elimination of microbial compo-
nents and cytokines by renal filtration could limit immune
cell activation and inflammation, while long-term exposure
of immune cell to cytokines and toxins could lead to persis-
tent stimulation of immune system and cause cytokine storm
and consequently tissue damages.lﬁg'no'171 In the kidneys,
peripheral tolerance is maintained by the renal resident im-
mune cells consisting of DCs, macrophages and lympho-
cytes, in the absence of immunological danger (bacterial and
viral) signals.ln’173 However, during pathogenic infections,
the direct and indirect immune-mediated renal damages
can be created respectively via targeting the specific renal
antigens and through bystander effects of immune system

re:sponse:s.166’168’171

9 | PATHOPHYSIOLOGY OF
KIDNEY IN SARS-COV-2 INFECTION

In COVID-19 patients, viral RNA is detectable in kidney
tissue and urine, and the presence of virus particles in the
tubular epithelial cells, podocytes and glomerular capillary
endothelium has been demonstrated. It has been shown
that the ACE2 expression in the kidneys is higher (about
100-fold) than respiratory organs. In addition, according to
histopathological findings, SARS-CoV-2 can exert direct
cytopathic effect on the infected renal cells.® Therefore,
kidney may be an essential target organ for SARS-CoV-2
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SARS-CoV-2 and cancer: Radiation therapy and chemotherapy suppress inflammatory cells production which predisposes CRC

patients for SARS-CoV-2 infection. DC, dendritic cell; MQ, macrophage; Treg, T regulatory cell
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10 | GUT-KIDNEY AXIS, SARS-
COV-2 AND RENAL DISORDERS

The kidney and the gut share a bidirectional association
of synergy during homoeostasis known as the gut-kidney
axis, which can be divided into metabolism-dependent and
immune pathways.%‘177 The first pathway is mainly medi-
ated by the gut microbiome metabolites that can regulate
the host physiological functions, while in the second one,
the connection between the gut and the kidneys is mainly
through the components of the immune system.”ﬁ’178
Crosstalk between these two pathways also plays a criti-
cal role in keeping the balance of the gut-kidney axis.
Therefore, disruption of this bidirectional communication
may lead to severe complications such as AKI and chronic
kidney disease (CKD).178'180

11 | SARS-COV-2 INFECTION AND
ACUTE KIDNEY INJURY

AKI has been reported to occur in 6% of SARS-CoV-2-
infected patients.lgl’182 AKI is characterized by rapid dete-
rioration in renal function, which results in the build-up of
toxic waste products and disruption of internal homoeosta-
sis. Multiple aetiologies may be contributing to AKI, and
medication-induced nephrotoxicity is a relatively common
cause among them which mostly affects the tubulointerstitial
compartment.'®*'®* The pathophysiological mechanism of
drug-induced nephrotoxicity is complex and often mediated
by intraglomerular haemodynamic changes, inflammation,

and defect in tubular secretion, uric acid deposition, and
rhabdomyolysis. 185.186

SARS-CoV-2-mediated AKI could be due to the cytotro-
pic effect of the virus and systemic inflammatory response
induced by cytokines (Figure 6).” Incidence of AKI might
be affected by multi-factors and be associated with death in
severe SARS-CoV-2 infection.'®*'®” Furthermore, cytokine
storm may play a main role in the immunopathology of AKI.
Indeed, once SARS-CoV-2 infiltrates into the renal cells, in-
nate immune system and inflammation responses might be
trigger a cytokine storm, which induces hypoxia, shock, and
rhabdomyolysis and thus causes kidney injury.lgg'190 It has
been proposed that in COVID-19 patients, cytokine storm
is an underlying mechanism of the ‘viral sepsis’ and mul-
tiple-organ failure, such as AKL® Additionally, the dehy-
dration resulted from fever or diminished intake of fluids in
these patients, reduces glomerular filtration rate and causes
AKL">PL192 O the other hand, secreted anti- SARS-CoV-2
antibodies bind to viral antigens and lead to the formation
of virus-antibody immune complexes. Deposition of these
immune complexes on the renal cells along with antiviral hu-
moral and cellular immune responses (specific antibody or T
lymphocyte) might destruct kidney organs.l%‘l%’194

12 | SARS-COV-2 INFECTION AND
IMMUNOCOMPROMISED PATIENTS

Immunocompromised hosts are another high-risk group
of patients such as haemodialysis patients. Blood samples
analysis of these patients with SARS-CoV-2 infection has
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indicated a notable decrease in helper and cytotoxic T cells,
NK cells counts, and low levels of inflammatory cytokines
compared to non-haemodialysis patients with SARS-CoV-2
infection.'>!*> In fact, lymphopenia in dialysis and chronic
renal failure patients is a common finding which is related to
the disruption of regulatory mechanisms of apoptosis.l%'197
Decreased immune response and cytokine release in haemo-
dialysis patients increase susceptibility of these patients to
the mild SARS-CoV-2 infection without serious pneumonia.
The reason of death in these patients is apparently not as-
sociated to pneumonia. However, these patients are at higher
risk of SARS-CoV-2 infection and further care is essential in
the management of haemodialysis patients in SARS-CoV-2
pandemic, 13195198

13 | MANAGEMENT OF SARS-
COV-2 PATIENTS WITH GI
MANIFESTATIONS

Besides to the direct effects of SARS-CoV-2, infected
people might be at risk of GI complications that should be
managed. Diarrhoea is one of the most common GI mani-
festation in one-third to one-half of COVID-19 patients.
Liver enzymes may also be elevated, but acute liver failure
has not been reported so far in infected patients. Many of
the treatments prescribed for COVID-19 patients may have
GI and hepatic complications and should be considered in
the differential diagnosis.'” Thus, it is important to moni-
tor the baseline liver enzyme activity both prior to starting
and during treatment. Moreover, before starting treatment,
the patient should be checked for the presence of chronic
viral hepatitis, hepatitis B virus (HBV) and hepatitis C
virus (HCV), and also for the risk factors of chronic liver
disease, especially alcohol consumption. Major American
gastroenterological societies have recommended postpon-
ing non-emergency endoscopies and using personal pro-
tective equipment in emergency endoscopies.lgg’201 For
IBD patients, it is recommended that immunosuppressive
drugs be delayed until the symptoms of COVID-19 have
resolved; however, the recommended management for se-
vere GI diseases is mainly focused on prevention and sup-
portive measures (64,202).

14 | MANAGEMENT OF SARS-
COV-2 PATIENTS WITH RENAL
MANIFESTATIONS

In COVID-19 patients with renal involvement, guidelines for
supportive care in renal disease (eg regular control of urinary
output and blood creatinine, avoidance of nephrotoxins, and
haemodynamic monitoring) should be followed to reduce

the severity of AKI in these patients. Use of lung-protective
ventilation has recommended in order to minimizing both
volutrauma and barotrauma, and reducing the risk of new or
worsening AKI. Moreover, fluid balance should be adjusted
according to fluid responsiveness and tolerance test. Because
COVID-19 patients commonly have a fever and fluid resus-
citation is usually not performed prior to admission, volume
depletion may be common in patients at the time of admis-
sion. Thus, in order to prevent AKI, hypovolaemia should be

corrected.?03204

15 | CONCLUSION

Expression of ACE2 receptors, which are widely expressed
in various organs including the respiratory tract, GI tract and
kidneys, is making them potential targets for SARS-CoV2
infection.

COVID-19 patients may develop a variety of gastrointes-
tinal symptoms (ie nausea, vomiting and diarrhoea) which
may due to the immune system responds to viral infection.
For instance, induction of cytokine storm and inflammation
in the infected ACE2+ epithelium and/or inhibited innate im-
mune responses could induce severe viral diarrhoea, while
upregulation of inhibitory cytokines and reduction of anti-
viral T cells could reduce inflammation and destruction of
intestinal epithelial cells which may result in mild diarrhoea.

Severe clinical manifestations and poor prognosis might
take place in COVID-19 patients with hepatic complications.
Thus, the liver function should be monitored before and
during treatment to diminish the liver-related complications
in these patients. In IBD patients with SARS-CoV2 infection,
immunosuppressive drugs can be temporarily withheld until
the resolution of active infection. However, in CRC patients,
high expression of immunoinhibitory factors and anticancer
treatments may suppress the immune system; thereby the
immune system could not induce the essential antiviral re-
sponses against SARS-CoV-2. On the other hand, cytokine
storm, anti- SARS-CoV-2 antibodies, immune complexes
and activated immune cells may cause severe renal damages
such as AKI in COVID-19 patients. Use of lung-protective
ventilation is recommended to prevent worsening of AKI,
and more care has been advised for immunocompromised
patients such as haemodialysis patients in the COVID-19
pandemic. Consequently, understanding the immune mecha-
nisms underlying GI tract and kidney injury in SARS-CoV-2
infection will likely provide more effective treatment and re-
ducing mortality and morbidity of infected patients.
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