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ABSTRACT
Acute kidney injury (AKI) is relatively common in critically ill coronavirus disease 2019 (COVID-19) patients and it increases
mortality and prolongs hospital stay. This article aimed to investigate the history, virology, epidemiology, clinical manifesta-
tions, pathophysiology and management of COVID-19 disease, in general, and the pathogenetic mechanisms of severe acute
respiratory distress syndrome coronavirus 2 (SARS-CoV2)-induced kidney damage, in particular. Keywords like SARS-CoV2,
COVID-19, renal impairment, sepsis, viremia, etc. were used to find relevant publications from PubMed, Scopus, Google Scholar,
and clinical trials registry websites. According to different studies, kidney involvement in COVID-19 typically occurs in patients
who develop acute respiratory distress syndrome (ARDS) or multiorgan failure. The kidney damage in COVID-19 has been
shown to be multifactorial, involving direct viral infection, indirect injury by sepsis, hemodynamic alterations, cytokine storm,
disseminated intravascular coagulation and other unknown mechanisms. The presence in kidney of angiotensin-converting
enzyme 2 (ACE2), a receptor for the virus, has been proven, but few cases of direct viral presence in kidney tissue have been
published. Therefore, further studies are needed to investigate the exact mechanisms underlying kidney impairment. Since the
development of AKI is one of the important risk factors for mortality in COVID-19 patients, optimal management of AKI may
improve the outcomes.
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Human  Coronaviruses  (HCoVs)  are  enveloped  viruses
belonging to the coronaviridae family which are associated with
multiple  respiratory  diseases.1  These  have  a  large  posi-
tive-sense, single-stranded RNA genome. Upto now, the iden-
tified  HCoVs  are  HCoV-OC43,  HCoV-HKU1,  HCoV-229E,  and
HCoV-NL63.1  In  addition,  severe  acute  respiratory  distress
syndrome  (SARS)-associated  coronavirus  (CoV  ,  SARS-CoV)
and Middle-East respiratory syndrome CoV (MERS-CoV), which
were responsible for the SARS epidemic in 2002 to 2004 and
MERS epidemic in 2012, respectively, have been classified as
HCoVs.
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In December 2019, the outbreak of a novel coronavirus (CoV),
SARS-CoV2,  from  Wuhan  City,  Hubei  Province  of  China,
resulted in more recent coronavirus disease 2019 (COVID-19)
pandemic.  SARS-CoV-2,  a  non-segmented,  positive-sense
RNA virus, belongs to beta-CoVs. For the first time, this virus
was isolated and its genomic characteristics were identified
within a short period of time on January 7, 2020.1  The genome
of SARS-CoV2,  as a bat-origin CoV,  has 79.5% genetic simi-
larity with SARS-CoV, hence its name. This genome translates
several proteins, among which, four proteins are essential,
including spike (S) glycoprotein, matrix (M), envelope (E), and
nucleocapsid (N) proteins. S-proteins bind to angiotensin-con-
verting enzyme 2 (ACE2) receptors to enter the host cells. This
receptor is mainly found in the respiratory system.2 However,
the  presence  of  ACE2  receptors  in  other  organs,  including
gastrointestinal tract, heart, kidneys and brain, has been docu-
mented.2-6

In patients with COVID-19 infection, upper and lower respiratory
tract involvement, e.g. common cold, bronchiolitis, and pneu-
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monia are the principal manifestations.2-6 The primary clinical
symptoms of COVID-19 patients are fever, dry cough, fatigue or
myalgia.7 Within one week of development of signs and symp-
toms of COVID-19, severe illness may develop in some patients,
with progression to dyspnea and hypoxemia, which may rapidly
lead to acute respiratory distress syndrome (ARDS).6,7  While
most patients show favourable prognosis, worst outcomes have
been reported in elderly patients and patients with cardiovas-
cular  diseases,  diabetes  mellitus,  hypertension,  cancer,
obesity, and chronic respiratory diseases.7,8 Higher mortality
rates in severe illness are associated with respiratory, hepatic,
renal, cardiac, and gastrointestinal complications,7 suggesting
multiorgan  failure  in  COVID-19  patients.  Thus,  SARS-CoV-2
affects lungs as well as other organs such as heart, liver, and
kidneys; and patients may die from multiorgan failure.8,9 Kidney
disease most commonly associated with COVID-19 infection is
acute kidney injury (AKI) with histopathological alterations such
as  acute tubular necrosis (ATN) induced in the vast majority of
cases by sepsis, dehydration, cytokine storm syndrome (CSS),
rhabdomyolysis and hypoxia.2,6 It has been reported that the
rate of COVID-19 related mortality increases in the presence of
kidney diseases, including AKI, chronic kidney disease (CKD),
hemodialysis (HD) and renal replacement therapy (RRT).2,6,7 On
the other hand, specific treatment or vaccines against SARS--
CoV2 are  not  yet  available.2,6  Currently,  there  is  no  specific
antiviral  agent to manage the COVID-19 patients with renal
diseases; and only non-specific and supportive treatment and
RRT are available options.9

In this descriptive review, we primarily aim to scrutinise the
burgeoning literature on the epidemiology, clinical manifesta-
tions,  pathophysiology  and  pathogenic  mechanisms  under-
lying kidney involvement in SARS-CoV2 infection as well as to
update information on different clinical and therapeutic strate-
gies to manage this condition in patients with COVID-19.

The keywords like SARS-CoV2, COVID-19, kidney, renal impair-
ment, ACE), sepsis, viremia, etc. were used to find relevant publi-
cations from PubMed, Scopus, Google Scholar search engines,
and clinical trials registry websites.

All research and review articles relevant to this topic directly or
indirectly were retrieved and scrutinised. From the information
given in these papers, the following aspects were drawn out and
presented in  this  descriptive review for  the nephrology and
nephropathology community.

Clinical manifestations of COVID-19 disease:

In comparison with SARS-CoV and MERS-CoV diseases, SARS-
CoV-2 is more contagious and the transmission from human-
to-human occurs through direct contact, droplets, or feces. The
incubation period has been estimated to be 1 to 14 days (com-
monly 3 to 7 days).2-7 The virus is found not only in respiratory
specimens; but also samples from blood, feces, and urine have
been reported to be positive on RT-qPCR.2-7 The most common
manifestations of COVID-19 are like common cold, e.g. fever,
dry  cough,  dyspnea  and  fatigue.  Less  common  symptoms

include chills, sore throat, headaches, myalgia/arthralgia and
pleuritic chest pain. Rarely diarrhea, nausea, vomiting, nasal
congestion,  palpitations,  and  chest  tightness  have  been
recorded in COVID-19 patients.3-5 The presence of underlying
diseases such as kidney, liver,  and cardiovascular diseases,
malignant tumors and old age (>50 years) are risk factors for
poor prognosis of the illness.7 In 80% of patients, the illness is
mild and prognosis is favourable, with spontaneous recovery,
while 14% experience severe illness and about 6% of infected
patients develop critical condition.7 In severe and critical cases,
multi-organ involvement including kidneys, heart, liver, as well
as the immune and gastrointestinal systems, is observed.2,6,7

The  ARDS,  renal  failure,  heart  failure,  and  arrhythmias  are
common causes  of  death  in  COVID-19  patients.2,6  Thus,  the
potential multi-organ  impairment needs to be considered in
clinical approaches to prevent and manage COVID-19 patients.7

Renal disease in COVID-19 infection:

The AKI was shown as a common feature of SARS-CoV as well as
other HCoV infections, such as, HCoV-229E, HCoV-NL63, HCoV-
-OC43, and HCoV-HKU1. In some cases of MERS-CoV, AKI with a
potential  impact  on  the  severity  of  illness  was  reported.
Previous studies on SARS-CoV and MERS-CoV have shown that
the incidence of AKI was 5-15% among infected patients, which
was  associated  with  a  high  rate  of  mortality  (60–90%).2-6

Although preliminary studies have reported lower frequency of
AKI (3%–9%) in patients with COVID-19, a higher incidence of
renal  abnormalities  was  revealed  based  on  more  recent
reports.6-12 In a study by Li et al., on renal function of 59 patients
with COVID-19 (28 severe cases and 3 deaths), high levels of
serum creatinine  (sCr,  19%)  and blood urea nitrogen (BUN,
27%) were initially manifested and 63% of patients developed
proteinuria during hospitalisation. In all severe cases, radio-
graphic involvement of kidneys was confirmed by computed
tomography (CT) scan, indicating reduced density of kidneys
due  to  edema and  inflammation  of  the  parenchyma.13  High
rates of proteinuria (44%) and hematuria (26.7%) were also
reported  among  710  hospitalised  patients  with  SARS-Cov-2
infection in a study by Cheng et al.4 In this study, the prevalence
of elevated levels of sCr and BUN was 15.5% and 14.1%, respec-
tively.4 Moreover, higher mortality rates have been reported in
COVID-19 patients with comorbid conditions  or multi-organ
complications such as cardiac disease, ARDS, AKI, electrolyte
disturbances, proteinuria, hypoproteinemia, and coagulation
disorders compared with patients without any comorbidities or
complications.7-11

COVID-19 infection in patients with pre-existing kidney
diseases:

Preliminary studies suggest that more serious illness occurs
with COVID-19 infection in patients with underlying comorbidi-
ties such as hypertension, cardiovascular disease, and diabetes
who are at higher risk of intensive care unit (ICU) admission or
death.2-5 On the other hand, the epidemiological data on SARS--
CoV-2  infection  among  patients  with  pre-existing  kidney
disease and patients on HD is limited. In a study from one HD
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centre in Wuhan, COVID-19 impact on HD patients was evalu-
ated and it was revealed that while the severity of illness in HD
patients was mild in most cases, HD centers remained high-risk
areas  and  HD patients  were  a  population  which  was  highly
susceptible to develop COVID-19 infection compared to healthy
population.4 The results of a meta-analysis on early and prelimi-
narily available data demonstrated that CKD is associated with
higher risk of severe COVID-19 infection.6 The mortality rate of
pneumonia in patients with CKD has been reported to be 14 to
16 times higher than in the healthy population.11

It was shown that both pediatric and adult kidney transplant
recipients may be affected by SARS-CoV infection in Hong Kong.
Similarly, the MERS-CoV infection was reported to affect this
group and led to death due to progressive respiratory disease
and AKI.  Though SARS-CoV-2 infection has been reported in
kidney  transplant  recipients,  the  risk,  presentation,  and
outcomes are unknown.14 The predominant clinical features of
patients  were  respiratory  involvement,  and  fever  but  other
features such as hypoxia, lymphopenia, and high C-reactive
protein (CRP) were also observed.8,11,14

Pathogenic  mechanisms  and  pathology  of  SARS-CoV-
2-induced renal injury:  

The clinical manifestations and genomic structure of SARS--
CoV-2 are similar to related viruses of MERS-CoV or SARS-CoV,
specifically,  the  later.  Thus,  the  pathological  features  of
COVID-19 can be predicted to be similar to these viruses.2,12, 15-17

Moreover, SARS-CoV-2 uses the same receptor to invade the
human host cells. SARS-CoV-2 can enter the cells via binding
the  S-proteins to ACE2 receptors. Subsequently, the trans-
membrane protease serine 2 (TMPRSS2) activity facilitates the
entry  and  spread  of  virus  by  interfacing  with  the  ACE2
receptor.2,6  The respiratory disease is  the  most  prominent
feature of COVID-19 due to high density of ACE2 receptors on
several  types  of  human respiratory  system cells,  including
alveolar epithelial cells (the main target), bronchiolar epithe-
lial cells and lung vascular cells including endothelium and arte-
rial smooth muscle cells.2,6 Similarly, non-respiratory manifes-
tations in patients with COVID-19 may be related to the expres-
sion of ACE2 receptors in other organs. In addition to lungs,
ACE2  receptors  are  broadly  expressed  in  organs  such  as
kidney (different cells) and heart (myocardial cells).2 The pres-
ence of  ACE2 receptors  has been confirmed in  the urinary
bladder  (urothelium),  esophagus  (epithelium),  and  ileum
(epithelium).6  These  findings  increase  the  possibility  of
COVID-19  involvement  of  multiple  organs  with  resultant
complications,  e.g.  cardiac  diseases  (myocardial  injury,
arrhythmias), gastrointestinal manifestations, AKI, and shock
along with ARDS in severe cases.2,6

In  general,  the  exact  pathogenic  mechanisms  underlying
kidney  involvement  in  COVID-19  disease  are  unknown.
However,  a  number  of  mechanisms  have  been  postulated;
kidney impairment is related to distribution of ACE2 receptors
on different cell types of renal tissue including proximal and

distal  tubular  cells,  visceral  and  parietal  epithelial  cells  of
glomerulus, as well as components of interlobular arteries of
kidney such as smooth muscle cells and endothelium.6 It has
also  been  shown  that  the  expression  and  activity  of  this
receptor in mouse kidney is higher than heart tissue.  The exclu-
sive infection of kidney tissue with SARS-CoV-2 has not been
reported.  Some  histopathological  alterations  such  as  ATN
without any glomerular involvement were reported in the post--
mortem autopsy of kidney specimens, confirming the poten-
tials of multi-organ failure response induced by systemic inflam-
matory response, rather than specific organ infection.18

Researchers have never detected the SARS-CoV RNA success-
fully from renal tissue of infected patients. In in-vitro studies on
cultured human kidney cells (proximal tubular epithelial cells,
glomerular  mesangial  cells  and  glomerular  epithelial  cells)
infected by SARS-CoV, productive infection was observed only
in proximal tubular epithelial cells but not glomerular cells. A
transient infection with poor virus production was observed in
mesangial cells; whereas, glomerular epithelial cells were not
permissive to SARS-CoV infection.15 In another study, the possi-
bility of cultured primary kidney epithelial cells to be infected
by SARS-CoV and MERS-CoV was evaluated and the cytopatho-
genic infection in kidney cells was reported only with MERS-
CoV.16 More recently, the occurrence of viral RNA and viral prod-
ucts  in  kidney  tissue  and  urine  of  symptomatic  patients  of
COVID-19 infection has been documented in some studies.17 Su
et al. also found viral particles in podocytes and tubular epithe-
lial  cells  on  ultrastructural  study  of  postmortem specimens
from  kidneys.18  Tubulointerstitial  compartment  is  the  main
target of injury in this disease with the development of ATI,
frank ATN and probably tubulointersititial nephritis. A number
of  case  reports  have  described  glomerulopathic  lesions  in
COVID-19  patients.10  A  high  expression  of  ACE2  in  kidney,
particularly in podocytes and proximal tubular epithelial cells,
is a possible link to the susceptibility of renal parenchymal cells
and  direct  viral  invasion  of  kidney  parenchyma  following
COVID-19 infection.2,6,10

Various factors such as genetic, environmental, and immune
factors are important in determining the severity of HCoVs infec-
tion.2-5  Following  infection,  the  enhanced  levels  of  cytoki-
nes/chemokines, critical mediators of inflammatory response
following sepsis, lead to cytokine release syndrome (CRS) and
lately hyperinflammatory syndrome.2-6 Studies have proven the
development of CRS following SARS-CoV-2 infection.6 Similar
complication was also reported in patients with SARS-CoV and
MERS-CoV infections. This phenomenon is largely responsible
for frequent complications such as ARDS, respiratory failure,
hepatic and renal insufficiency, in severe cases of COVID-19,
which increase the risk of death in infected patients.2,6 Various
types  of  proinflammatory  cytokines,  e.g.,  tumor  necrosis
factor-α  (TNF-α),  interleukin  (IL)-2,  IL-7,  IL-6,  monocyte
chemoattractant  protein  1  (MCP-1),  interferon-γ  inducible
protein  10  (IP-10,  CXCL10),  granulocyte-colony  stimulating
factor  (GCSF),  and  macrophage  inflammatory  protein  1-α
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(MIP)-1α  have  been  shown  to  be  related  to  the  severity  of
COVID-19 disease.6,19,20 Among these mediators, the most impor-
tant cytokine is pro-inflammatory IL-6. Patients with COVID-19
have high concentrations of cytokines including IL-1β, IFN-γ,
IP-10,  and  MCP,  and  patients  requiring  ICU  admission  have
higher levels of   IP-10, GCSF, MCP-1, MIP-1α, and TNF-α.2,6,19,20

Therapeutic and medical approaches:

Yet,  no  specific  treatment  is  available  for  COVID-19 infection.
Hence, treatment strategies are aimed at general and supportive
measures, as well as the use of empirical therapeutic agents.9,21-23

All suspected and confirmed cases should be treated in desig-
nated hospitals equipped with effective isolation and protective
facilities.  Suspected  cases  should  be  isolated  and  treated  in
separate rooms, and confirmed cases can be treated in the same
ward. Importantly, critical cases need to be admitted to the ICU as
soon as possible. Here, the therapeutic approaches are briefly
reviewed  as  they  relate  to  renal  complications  in  COVID-19
disease.

Extracorporeal therapy:

Extracorporeal therapies include various approaches to remove
cytokines from the blood of individuals with sepsis and septic AKI
and could potentially be beneficial in critically ill patients with
COVID-19.9 For this purpose, some strategies can be used: direct
haemoperfusion (HP), plasma adsorption on a resin following sepa-
ration  of  plasma,  and  different  methods  of  continuous  renal
replacement  therapy  (CRRT).  CRRT  was  reported  to  have
favourable outcome in patients with SARS-CoV and MERS-CoV
infection as well as septic and multiorgan failure conditions. There-
fore,  CRRT may play  a  role  in  patients  with  COVID-19-related
sepsis syndrome. In a retrospective cohort study, the beneficial
effect of CRRT on all-cause mortality of patients with COVID-19
undergoing invasive mechanical ventilation was proven.9

Nowadays, adsorption with different forms of blood purification,
plasma  perfusion,  or  coupled  plasma  filtration-adsorption  has
been demonstrated to be popular in treatment of sepsis. In a study
on multiple organ dysfunction syndrome patients with serious
injury or sepsis with/without acute renal failure, it was demons-
trated that blood purification with resin adsorption along with cont-
inuous veno-venous hemofiltration could attenuate the levels of
proinflammatory cytokines such as IL-6, IL-1β, and TNF-α. Also, an
improvement of clinical symptoms and signs as well as cellular
immunity was confirmed in these patients. Recently, the benefi-
cial  effects  of  blood  purification  in  the  treatment  of  severe
COVID-19 patients have been discussed in detail.9

Antiviral therapy:

Type 1 interferon (IFN-1) with α, β, ε, ω and κ subtypes is consid-
ered as one of the most important factors in innate immune
system  which  affects  the  viral  replication  during  the  early
phases of infection. Among  various subtypes, IFN-1β subtype
has  been  revealed  to  be  most  effective  for  treatment   of
COVID-19 patients.21 Transcription via the IFN activated Janus
kinase/signal transducers and activators of transcription (JAK/S-
TAT) signalling cascade results in the overexpression of many
IFN-regulated genes that rapidly kill viruses in infected cells.

Although,  the  efficacy  of  IFN  is  unclear  due  to  conflicting
findings in SARS-CoV and MERS-CoV infections, novel coron-
avirus was proven to be much more susceptible to INF type I
pretreatment. Additionally, due to the risk of development of
nephropathy by treatment with IFN in several cases, the clini-
cians  should  be  careful  in  administration  of  this  drug  for
COVID-19 patients with renal failure.21

Direct antiviral agents including five FDA-approved medicines
(ribavirin, penciclovir, nafamostat, nitazoxanide, and chloro-
quine) and two experimental drugs (remdesivir and favipiravir)
have been recommended.22 In an in-vitro study, remdesivir, lopi-
navir,  emetine,  and  homoharringtonine  were  confirmed  to
inhibit the replication of SARS-CoV-2. In a multicenter trial, the
potential efficacy of chloroquine phosphate, antimalarial and
anti-inflammatory  drug,  against  SARS-CoV-2  infection  was
demonstrated.  Nevertheless, some conflicting data on efficacy
of  chloroquine  phosphate  in  COVID-19  patients  have  also
emerged necessitating caution in its use.22

Additionally, the safety and tolerability of ribavirin in the treat-
ment  of  viral  infection  (Hepatitis  C)  in  patients  with  kidney
disease has been evaluated and 200 mg/day for severe and the
200 or 400 mg/day doses for moderate renal impairment were
suggested. The adverse effects of nitazoxanide (18 mg/kg) and
chloroquine (50 mg/kg) on kidney were proven in an animal
model.  22  There  is  no  report  to  indicate  the  safety  of  other
antiviral  agents  such  as  penciclovir  and  nafamostat  in
COVID-19 patients with renal impairment. As no specific drug
has been developed for the treatment of  COVID-19-induced
nephropathy, the proposed antiviral agents which reduce the
viremia and manage sepsis, may also be beneficial in critically ill
patients.

Immunosuppressions:

Corticosteroids: Treatment of COVID-19 patients with corti-
costeroids is a double-edged sword and due to the potential
prolongation  of  virus  shedding  and  increased  duration  of
viremia, the administration of corticosteroids remains contro-
versial and is not recommended by WHO. Clinical evidence from
SARS, MERS and  other severe respiratory virus infections does
not  support  the  use  of  corticosteroids  to  treat  COVID-19
patients with lung injury or shock.23 The results of a retrospec-
tive observational study in MERS patients showed that high--
dose  steroids  probably  increased demand for  vasopressors,
mechanical ventilation, and RRT.23

In a retrospective study of SARS-CoV infected patients, corticos-
teroid administration in non-critical patients was accompanied
by  a  survival  rate  of  100%,  and  in  critical  cases,  reduced
mortality  rate  and  shortened  hospital  stay  was  reported,
suggesting administration of proper doses of corticosteroids as
beneficial in carefully selected critical cases. In another rele-
vant  research,  low  to  moderate  doses  of  corticosteroids
reduced mortality in patients with influenza A (H1N1) pdm09-as-
sociated respiratory diseases and oxygen index lower than 300
mm Hg. In a recently published article, a proper guideline with a
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short course of low to moderate doses of corticosteroids for criti-
cally ill COVID-19 patients was suggested.23

Nonsteroidal anti-inflammatory drugs (NSAIDs):

NSAIDs were considered as a treatment option in COVID-19
patients. In an in-vitro study, indomethacin, most prescribed
medicine  for  treatment  of  arthritis  and  gout,  was  shown  to
exhibit antiviral activity against SARS-CoV (dose of 1 mg/kg) by
inhibition of virus replication. Furthermore, the antiviral effects
of naproxen have been proved against influenza A and B in
animal studies. This drug exhibits its efficacy by interfering with
the process of RNA replication. In an under-processed clinical
trial, the efficacy of naproxen supplementation in the treatment
regimen of critically ill patients with COVID-19 is being investi-
gated in Hôpitaux de Paris (NCT04325633).  Since SARS-CoV2 is
a single-stranded RNA virus, it has been reported that naproxen
may have the potential to manage the outbreak of novel CoV
infection.

The increased levels of ACE2 can facilitate infection with these
viruses. The expression of ACE2 has been shown to be increased
through the administration of ibuprofen as an NSAID in diabetic
patients and in those treated with blockers of angiotensin II
type-I receptors.23

Janus kinase (JAK) inhibitors:

Baricitinib, ruxolitinib, and fedratinib, as selective inhibitors of
JAK  pathway,  were  approved  for  treatment  of  rheumatoid
arthritis and myelofibrosis. The potential use of baricitinib for
treatment of COVID-19 is under doubt. This agent targets the
numb-associated kinase (NAK) family,  with a high affinity for
AAK1 and inhibits the clathrin-mediated endocytosis regulated
by NAK and decreases viral infection in some in-vitro studies.
Because of high efficacy of the drug against the enhanced levels
of cytokines in conditions such as SARS-CoV2 infection, barici-
tinib in combination with antiviral agents, was proposed to be
used in treatment of COVID-19 patients.22

Monoclonal antibodies:

A specific monoclonal  antibody against SARS-CoV-2 infection
has not yet been introduced.  TNF receptors are related to a
superfamily of cytokines and inhibition of these receptors may
modulate the inflammatory responses. TNF-α, as a member of
cytokines, demonstrates proinflammatory activity. Therefore,
TNF-α  blocker  can  be  considered  as  a  potential  therapeutic
approach in the treatment of autoimmune and immune-medi-
ated disorders.22 In previous studies, this drug has also been used
in the management of SARS-CoV patients with severe immune-
based pulmonary injury. However, anti-TNF-α therapy did not
ameliorate disease in an animal model of acute virus-endotoxin
respiratory disease in pigs. There is no evidence to show the
safety and efficacy of anti-TNF-α monoclonal antibody against
COVID-19.  IL-6,  a  prominent  cytokine  in  the  inflammatory
responses, can be targeted because of the dysregulation and
overexpression during the inflammatory disease. Tocilizumab
(anti-IL-6 monoclonal antibody) has been recently proposed to
be  used  in  the  treatment  of  patients  with  severe  COVID-19.

Overall, there is no solid evidence to show the effectiveness of
anti- IL-6 on the modulation of COVID-19.22

Stem cell therapy:

Stem cell therapy as a type of cell therapy has been used widely in
the  treatment  of  different  diseases  in  basic  and  clinical
studies.12,24 Among various types of stem cells,  mesenchymal
stem cells (MSCs) with beneficial characteristics such as minimal
invasive  features,  high  rate  of  proliferation,  and  powerful
immunomodulatory  activity,  and  safety  and  lack  of  ethical
issues, are attracting researchers’ attention in the treatment of
different diseases. The clinical application of MSCs have been
well documented in inflammatory diseases, e.g. systemic lupus
erythematosus and graft versus-host disease (GVHD). MSCs can
induce their therapeutic effects through two strategies; suppres-
sion of inflammatory responses and differentiation into the cells
of host tissue.24 The immunomodulatory features of MSCs are
related to their direct interactions with immune cells and secre-
tion of many types of cytokines. Toll-like receptors (TLRs), which
are activated by pathogen-related molecules, e.g., endotoxin or
double-stranded RNA of viruses, stimulate the MSCs to trigger
further immunomodulatory effects.

Currently, MSCs have been used in the treatment of COVID-19
patients. For this purpose, Leng et al. evaluated the effects of
transplanted MSCs in COVID-19 patients with pneumonia and
reported  that  MSCs,  as  a  source  of  stem  cells,  with  proven
features of ACE2- and TMPRSS2-, were safe and successful in the
treatment  of  COVID-19  pneumonia,  particularly  in  severe
cases.12 Umbilical cord MSCs have also been suggested to be
used as a therapeutic strategy in managing critically ill COVID-19
patients.

Convalescent plasma therapy:

Convalescent  plasma  (CP)  or  immunoglobulins  have  been
approved by FDA to be used in treatment of COVID-19 patients. In
several studies, CP has been shown to reduce the duration of
hospital stay and mortality rate in SARS patients treated with CP.
In 2015, a protocol of CP was established for treatment of MERS-
CoV infectious disease. Recently, CP also has been proposed to
be used in the treatment of COVID-19 patients.  In this prelimi-
nary uncontrolled case series, the CP therapy containing neutral-
izing  antibody  was  successful  in  treatment  of  5  critically  ill
COVID-19  patients  through neutralizing  viremia  and  possibly
regulating the cytokine storm. In a similar study, 10 severe cases
were investigated and one dose of CP (200 mL) was transfused.
According to the results, CP therapy was safe and effectively
improved the clinical outcomes of severe COVID-19 cases with
no severe adverse events.  Moreover, the findings of CP therapy
in 6 laboratory confirmed COVID-19 patients in Wuhan, indicated
that this approach was specifically effective in eliminating the
SARS-CoV-2, considering it as the most promising therapy for
COVID-19 pandemic. It has been suggested that CP could be
considered in individuals with early symptoms of COVID-19 to
prevent disease progression.25 At present, two trials have been
recorded to evaluate the efficacy and safety of CP in patients with
COVID-19  as  an  open-label,  nonrandomised  clinical  trials  in
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Wuhan Union Hospital, China (NCT04264858) and a prospective
randomized controlled trial in China (ChiCTR2000029757).

CONCLUSION

There is a definite risk of renal injury in some patients with
COVID-19 disease, but to date only preliminary information is
available. AKI and early proteinuria and hematuria are observed
in a subset of patients with COVID-19, but the available data is
conflicting and varied. Among these, the development of AKI is
significant and leads to enhanced mortality. Although the exact
pathogenic mechanism are yet unclear, but the kidney involve-
ment is most likely, multifactorial in origin. Tubulointerstitial
compartment is the main target of injury in this disease with the
development of ATI, frank ATN and probably tubulointersititial
nephritis.  More  recently,  a  number  of  case  reports  have
described glomerulopathic lesions in COVID-19 patients. On the
other hand, patients with CKD, renal transplant patients and HD
patients are at increased risk of contracting and developing
severe form of COVID-19 infection. There is a need for further
research on kidney involvement in COVID-19 disease so that
effective strategies for prevention and early management of
AKI can be instituted. It should be kept in mind that prevention of
AKI through precise control of fluid and electrolyte balance, avoi-
dance of nephrotoxic drugs and daily monitoring of kidney func-
tion and urinary output, is of utmost importance in improving
the outcome of COVID-19 patients.
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