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Abstract

Coronavirus disease 2019 (COVID-19) is a contagious and lethal infectious disease with a potential threat to global health
security. Kidney is a multi-organ that has been affected by COVID-19. Angiotensin-Converting Enzyme 2 (ACE2) expression in
the different cell populations of kidney including podocytes, proximal tubular cells and so on shows a possible association
between renal parenchymal cells involvement and direct Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
invasion to kidney parenchyma at an early stage of disease. Considering the importance of the kidney, this review article
highlights the recent findings about the influence of COVID-19 on kidney functions.

The main manifestations of the renal complications include proteinuria, elevated plasma creatinine and blood urea nitrogen,
hematuria and less frequently, acute tubular injury (ATI) and Acute Kidney Injury (AKI), direct infection of tubular epithelial
cells and podocytes, reduced density of kidney, inflammation and edema of the renal parenchyma. The potential pathogenic
mechanisms of kidney involvement in COVID-19 patients include direct infection of tubules, dehydration, cytokine-induced
systemic inflammatory immune response, organ crosstalk, and drug-induced cytotoxicity.

In accordance to clinical manifestations of COVID-19 and the prevalence rate of SARS-CoV-2 in public health, we need to pay
more attention to the regularly monitoring of renal function and treatment strategy against the infection of SARSCoV-2 to the

renal tissue.
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Introduction

Coronavirus Disease 2019 (COVID-19), a disease
caused by a severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), is a contagious and
lethal infectious disease with a potential threat to
global health security.* On March 11, 2020, the World
Health Organization (WHO) called the name of SARS-
CoV-2-related disease ‘“COVID-19".2 On electron
microscopy, this novel virus has solar corona
appearance (corona in Latin means crown) due to the
presence of club-shaped spikes protein projections on
its surface.®*

Although the respiratory system is the main organ
system involved in the manifestation of COVID-19,
but SARS-CoV-2 invades other organs including
gastrointestinal tract, heart, renal and nervous systems
and liver. These organs have SARS-CoV-2 receptor.>®

Angiotensin-Converting Enzyme 2 (ACE2), a membrane
exopeptidase, is a functional receptor for SARS-CoV-
2 and a crucial counter-regulatory enzyme within the

Renin-Angiotensin System (RAS).”® It is expressed
by type 2 alveolar epithelial cells in the lungs and by
cells in other extrapulmonary tissues, including the
heart, kidney, gastrointestinal system, duodenum,
small intestine, nervous system, artery smooth muscle
cells, spermatogonia, leydig cells, sertoli cells, rectal
epithelial cells and vascular endothelia.***

The expression of ACE2 gene in the kidney tissue
was 100-fold higher than that in the lung tissue.’®*®
ACE2 expression in different cell populations of the
kidney including podocytes, brush border of proximal
tubular cells and the endothelium shows a possible
association between renal parenchymal cells involvement
and direct SARS-CoV-2 invasion to kidney parenchyma
at an early stage.'"*®

The most important physiological roles of ACE2 in
the kidney are: conversion of angiotensin Il to
angiotensin 1-7, degradation of angiotensin II, nephrin
upregulation and preventing the loss of proteins in
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podocytes, sodium balance and natriuresis in the brush
border of proximal tubular cells.*

SARS-CoV-2 Entry Pathways in Renal Tissue

1. The binding of the SARS-CoV-2, spike protein to
ACE?2 in the lung. Transmembrane serine proteases
(TMPRSSs) family especially TMPRSS2 and TMPRSS11D
are necessary for spike glycoprotein priming. TMPRSSs
facilitate cell membrane fusion and entry of the virus
into cells, viral replication and cell-to-cell transmission
through activation and cleavage of SARS-CoV-2 S
protein.?®?* Also, the co-expression of ACE2 and
TMPRSSs in podocytes, proximal convoluted and
straight tubules, collecting duct and distal tubule cells
is a key determinant for the entry of SARS-CoV-2 into
host cells.?

2. After lung infection, the virus circulates in the
blood to reach kidney through systemic circulation and
then enters in the arterioles and glomerular capillaries.
SARS-CoV-2 causes infection of glomerular endothelial
cells.

3. Active crawling of SARS-CoV-2 particles through
glomerular filtration barrier due to their large size.?

4. Reaching the virus to Bowman’s space and
infecting the podocytes and collapsing focal segmental
glomerulopathy.?

5. Direct infection of proximal tubular epithelium
and even distal tubules.?* 278

Recently a new route has been detected for SARS-
CoV-2 entering target cells. SARS-CoV-2 invades
host cells via CD147-spike protein.? In fact, CD147, a
transmembrane glycoprotein, is expressed only in the
basolateral side of tubular epithelial cells (TECs).*

Despite intense research efforts on the effects of
SARS-CoV-2 and COVID-19 on respiratory and immune
systems, there is limited information on renal function
and pathogenesis of kidney damage in patients with
COVID-19. Hence, increasing awareness about the
mechanistic impacts of the virus on kidney functions
as a vital organ and preventive strategies among
people can be helpful for timely diseases control and
improving therapeutic options. So consequently, this
study aims to comprehensively review the SARS-
CoV-2 mechanism of action in kidney and effects of
SARS-CoV-2 on renal function.

SARS-CoV-2 Infection and Renal Injury
COVID-19 is a major problem for nephrologists,

because recent studies indicated the existence of viral
RNA in urine samples and accumulation of SARS-
CoV-2 antigens in kidney tubules. It protects the
evidence of viral tropism for specific renal cells.®**
Patients with various chronic diseases, like hypertension,
diabetes or heart disease are high-risk groups than the
general population.3**

Based on clinical and laboratory findings in
COVID-19 patients, renal disturbances by COVID-19
consisted of proteinuria, albuminuria, hematuria,
elevation in blood urea nitrogen and serum creatinine
with glomerular filtration rate <60 ml/min per 1.73 m?,
inflammation and interstitial edema.’®***" AKI is a
severe symptom of the SARS-CoV-2 due to acute
tubular necrosis resulted from direct infection, sepsis,
hydration, cytokine storm syndrome, rhabdomyolysis
and hypoxia.*® SARS-CoV-2 impacts on podocytes
through inducing autophagy, functional decrease of
ACE-2, decrease in nephrin levels and increase of
proteinuria.?>*

The histopathological analyses of SARS-CoV-2 has
an effect on renal tissue demonstrate severe acute
tubular necrosis, luminal brush border sloughing, vacuole
degeneration, severe infiltration of lymphocytes in the
tubulointerstitium, higher leukocyte count, collapsing
focal segmental glomerulopathy, and dilated capillary
vessels in the glomeruli of COVID-19 patients.™>*

Computerized Tomography scan (CT scan) of the
Kidneys reveals reduced density of kidney, suggestive
of swelling, inflammation and edema of the renal
parenchyma. 3640

The Pathophysiological Mechanisms of Renal
Involvement by COVID-19

1. Direct infection of renal tubules (distal convoluted
tubules and proximal straight tubular cells) and
interstitium or glomeruli.®**? Figure 1 depicts patho-
physiological mechanisms of kidney injury by SARS-
CoV-2

2. Immune system activation and dysregulation

Cytokine Release Syndrome (CRS), also termed
‘cytokine storm’, is a systemic inflammatory immune
response.**? Cytokine overproduction and uncontrolled
release of plasma pro-inflammatory cytokines include
interferon alpha (IFN-a), interferon beta (IFN-f),
interferon gamma (IFN-y), interleukin-1 (IL-1),
interleukin (IL-2), interleukin 6 (IL-6), interleukin 7
(IL-7), interleukin 10 (IL-10), interleukin 12 (IL-12),
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interleukin 18 (IL-18), interleukin 33 (IL-33), Granulocyte
colony-stimulating factor (G-CSF or GCSF), Monacyte
Chemotactic Protein 1 (MCP-1), tumor necrosis factor
alpha (TNF-o), Transforming Growth Factor beta
(TGF- B) and chemokines, called cytokine storm.*®
Pro-inflammatory IL-6 is the most important causative
cytokine in CRS pathophysiology.*? IFN-y secretion
activates immune cells including macrophages.*
Renal tubular and interstitial damages occur in COVID-
19 patients through infiltrating renal parenchyma by
inflammatory cells like CD68+ macrophages, CD4+ T
cells, and CD56+ natural killer cells due to promotion
of fibrosis, induction of epithelial cell apoptosis,
membrane-attack complex (MAC) or C5b-9 complexes
expression and deposition on tubules or glomeruli.®**

CRS related to sepsis or rhabdomyolysis leads to
indirect toxic cellular and tubular damages, hypoxia,

biomarkers

killing large numbers of normal human lung and
kidney cells, shock or even acute renal dysfunction
and AKIL™%* Sepsis is an intense host systemic
inflammatory response to SARS-CoV-2 infection. It is
one of the principal mechanisms of kidney damage.
Cytokine storm cascade and unregulated pro-
inflammatory mediators are the principal causes of
sepsis.* Hypoxia, shock and insufficient blood flow
from afferent arterioles as a result of cytokines release
can cause AKI. Low-oxygen delivery to renal tissue in
the setting of this disease may lead to ischemic
damage of the kidney.*

3. Cytopathic action, virus entry into the renal tubular
epithelial cells through binding to ACE2 receptors
existed on the renal epithelial cell surface.**** SARS-
CoV-2 invades human podocytes to cause the virus-
induced cytopathic effect.?
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Figure 1. Possible Pathophysiological Mechanisms of Kidney Injury by SARS-CoV-2.46-48

4. Organ crosstalk

Lung-kidney crosstalk: the kidney-lung crosstalk can
lead to cytokine storm, multi-organ failure and death.*°
The most important reasons for the occurrence of
kidney-lung crosstalk are: At first, SARS-CoV-2 binds
the receptor ACE2 on host cells. Actually, ACE2
expression in kidney cells was not less than that in the
lung. Secondly, the kidney and lung have reciprocal

effects on each other. It can be mentioned that kidney
impairment and death of renal tubular epithelial cells
cause severe damage of the lung and accelerate the
inflammation progress in the lungs. Lung dysfunctions
could damage the kidney through inflammatory
reactions.*’*° Acute Respiratory Distress Syndrome
(ARDS) can also cause renal medullary hypoxia.*? In
addition, heart—kidney crosstalk: cardiomyopathy and
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acute viral myocarditis lead to renal vein congestion,
hypotension, and renal hypo-perfusion and finally
heart—kidney crosstalk causes reduction of glomerular
filtration rate and AKI.%?

5. State of dehydration, leading to pre-renal failure
with acute tubular necrosis

Fever and reduced consumption of fluids in patients
can cause dehydration. The different consequences of
dehydration on kidney function include decreasing of
glomerular filtration rate and AK|.32%

6. Nephrotoxicity caused by the drug

Injury to the liver and kidneys can impair metabolism,
excretion, dosing and expected concentrations of the
drugs prescribed for the treatment of COVID-19 including
Oseltamivir, Ribavirin, Lopinavir/Ritonavir, Chloroquine
Phosphate and Hydroxy Chloroquine Sulfate, which
can increase the risk of their toxicity.*

The synergistic effect of all these factors and mechanisms
has been associated with an increased incidence of
AKI and death in severe cases of COVID-19.%04?

Conclusion

COVID-19 is the worst pandemic disease of modern
times caused by SARS-CoV-2. Kidney impairment and
abnormality of renal function are major complications
of COVID-19. This study reviewed the precise impact
of COVID-19 on the structure and functions of the
kidney. Based on the results of the present study, it can
be concluded that podocytes and proximal straight
tubular cells are potential host cells targeted by SARS-
CoV-2. The outcomes of novel virus infection are
diverse, ranging from proteinuria to acute kidney
injury. The pathophysiological mechanisms of kidney
involvement in COVID-19 patients are: direct infection
of tubules, dehydration, cytokine storm and maladaptive
systemic inflammatory immune response, organ crosstalk
and drug-induced cytotoxicity. Therefore, we need to
pay more attention to the regularly monitoring of renal
function and treatment strategy against the infection of
SARS-CoV-2 to the renal tissue.
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