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ABSTRACT

Article Type:

The 2019 novel coronavirus disease (COVID-19) is a newly defined infectious and highly
contagious acute disease caused by the severe acute respiratory syndrome coronavirus 2 ( (SARSCoV-2). COVID-19 is mainly characterized by an acute respiratory disease however it can also
affect multiple other organ systems such as the kidney, gastrointestinal tract, heart, vascular
system, and the central nervous system. Kidney involvement is frequent in patients with COVID-19
and this review aims to explore the available data on kidney and COVID-19. In conclusion,
COVID-19 infection can affect renal function and may cause acute kidney injury (AKI), due to
several mechanisms that need to be fully elucidated. As only supportive management strategies
are available for treating AKI in COVID-19, it is necessary to identify and preserve renal function
during SARS-CoV-2 infection.
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Implication for health policy/practice/research/medical education:

Numerous studies have shown that, acute kidney injury was independently associated with higher mortality in COVID-19.
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Introduction
Novel coronavirus disease (COVID-19) is a newly
discovered serious infectious and highly contagious acute
disease caused by SARS-CoV-2 (severe acute respiratory
syndrome coronavirus 2). It first appeared in Wuhan,
China, in early December 2019, and rapidly evolved
into a global pandemic recognized by the World Health
Organization (WHO). COVID-19 can be transmitted
directly from human to human via contact or respiratory
droplets. COVID-19 is characterized by acute respiratory
disease, with most patients (80%) presenting mild and
self-limited flu-like symptoms, however 20% may have
a severe presentation with acute respiratory distress
*Corresponding author: Masoud Hafizi, Email: massoud_hafizi@yahoo.com

syndrome (ARDS) (1). The first phase of the disease
comprises an incubation period for individuals infected
with COVID-19 that may vary from 1 to 14 days (most
commonly, 3-10 days). The second phase of the disease,
which is related closely to the risk of mortality, usually
begins between days 7 to 10 from the onset of symptoms
that is associated with growing requirements of oxygen
supply and respiratory support. This condition is likely to
be secondary to hyper inflammatory and cytokine release
syndromes (2).
Although, COVID-19 is characterized by interstitial
and alveolar pneumonia, it can also affect multiple other
organ systems such as kidney, gastrointestinal tract,
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heart, vascular system, and the central nervous system.
The clinical spectrum of COVID-19 infection ranges
from asymptomatic infection, mild upper respiratory
tract disease to severe viral pneumonia with respiratory
failure and death (3). The risk factors for severe disease
and mortality still have not been fully defined (4). Studies
thus far demonstrated that underlying disease and comorbidities such as diabetes mellitus, cardiovascular
disease, congestive heart failure, renal failure, cancer,
hypertension, high body mass index and obstructive
pulmonary disease could affect survival of the patients
infected by COVID-19. Additionally, these factors can also
affect the duration of hospitalization and recovery process
from infection (5). The co-morbidities that increase the
risk of mortality in patients with SARS-CoV-2 are common
in patients with chronic kidney disease (CKD) and endstage renal disease (ESRD) (6). Immunosuppressive
agents are crucial for successful kidney transplantation;
however they may enhance the risk of complications in
COVID-19 infection. Further, recent reports suggest that
kidney transplant patients showed a more severe disease
course and requiring intensive care admission (7).
Coronavirus is developing some unique adaptations
through mutations and recombination that provide the
virus with the special ability to bind to ACE2 (angiotensinconverting enzyme 2). ACE2 is present in the epithelium
of lung, small intestine and urogenital cells. In the kidneys
ACE2 is expressed mainly in proximal tubules, afferent
arterioles, collecting ducts and the thick ascending limb of
Henle (1). Therefore, in addition to fever and respiratory
complications, it may cause acute kidney injury (AKI) that
is presented with an increase in serum creatinine level and
a decrease in urine output. It was recently demonstrated
that SARS-CoV2 may induce tubular necrosis by infecting
the kidney tubules directly (1). An epidemiological study
suggested that 36.6% patients with COVID-19 had different
degrees of AKI (8). Several lines of evidence demonstrate
that the host cells facilitate virus entry through ACE2
receptors in epithelial cells. In addition, transmembrane
serine protease 2 (TMPRSS2) prime the coronavirus spike
protein, which is a determining factor of SARS-CoV-2
entry in host cells. Similarly, the ACE2 and TMPRSS2
genes were significantly co-expressed in podocytes and
proximal tubule cells, while these two types of cells have
the most significant effect on filtration, reabsorption and
excretion activity. Meanwhile, podocytes are also sensitive
to the direct damage by viral infections like COVID-19,
which may lead to proteinuria (9,10).
It has been reported that 8.3%-29% of intensive care unit
(ICU) patients develop AKI during COVID-19 (10) with
higher rates reported in countries outside of China (4-8).
Patients with COVID-19 may present to medical care
with AKI or develop it during their hospitalization, with
an average of 5 to 9 days after admission. Those requiring
admission to the ICU have a higher rate of AKI than those
hospitalized on the wards. AKI is also a well recognized
2
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factor of poor prognosis (2,11).
The cause of AKI in COVID-19 is likely multi-factorial
with predisposing factors, such as sepsis, hypovolemia,
hypotension, hypoxemia, mechanical ventilation, high
PEEP, nephrotoxins all being important contributors.
Direct viral cytopathic effect, microvascular thrombosis
and increased pro-inflammatory cytokines release,
proteinuria in 63% of patients with a median of 20 days
after onset of clinical symptoms was detected (12).
The possible mechanism of renal injury may be due to
initiation of kidney cell apoptosis by overexpression of
FGF2 (fibroblast growth factor 2) and SMAD7 (SMAD
family member 7) during SARS-CoV-2 infection (13).
The study by Ling et al detected the positive viral RNA
(ribonucleic acid) in urine samples of individuals with
SARS-CoV-2 (14). Therefore, renal injury can be related
to cytopathic effect of COVID-19 that is mediated by
cytokine storm syndrome and possible direct viral invasion
to kidney cells. The systemic inflammatory response as
a cause of cytokine storm syndrome mediates a drastic
increase of interleukin-2, interleukin-7, interleukin-10,
granulocyte colony stimulating factor, interferon gamma
induced protein 10, monocyte chemoattractant protein-1,
macrophage inflammatory protein 1alpha and tumor
necrosis factor alpha. In this scenario, hyperactive
immune response is more likely to attack human cells
rather than the virus, which partially explains the course
of renal injury during SARS-CoV-2 infection (12-15).
Clinical findings of 138 hospitalized individuals with
SARS-CoV-2 in China revealed that the co-morbidities are
more prevalent among patients who were admitted in ICU
(72.2%) as compared to non-ICU patients (37.3%) (16).
Mortality in patients with renal transplants or on chronic
hemodialysis with COVID-19 infection is substantial. In a
group of 20 individuals with renal transplants and SARSCoV-2 almost 25% died and 15% were discharged after 13
days. In the dialysis population, 23% died and 19% were
discharged between 7-17 days. Elderly patients on chronic
hemodialysis with multiple co-morbidities had higher
mortality in ICU setting (15-17).
Immune responses induced by COVID-19 infection
have two phases, incubation phase and severe phase. The
first phase is closely related to the genetic background of
host immune pathways. If the immune system is not potent
enough to eradicate the virus attack, this infection leads
to an extensive damage of tissues, which then expresses
ACE2 receptors in lung, intestine and kidney tissues (18).
Incubation stage causes immune inflammatory response
through macrophages and granulocytes. The second
phase, the severe phase related to systemic cytokine storm
such as, lymphocytopenia, in addition to lung and kidney
tissues damage (19). In a nutshell, the incubation phase
is an immune defense-based or protective phase and the
severe phase is an inflammation-driven or damaging phase.
Hence, treatment during the first phase should be adapted
towards strengthening the patient’s immune system, while
http://www.jnephropharmacology.com
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immunosuppression is necessary during the second phase
of the disease (15). Additionally, a hypercoagulable state
is frequently observed in COVID-19 patients with severe
disease (2).
Histological examination of renal tissues from
postmortem samples found acute renal tubular injury in
six confirmed COVID-19 cases (20). The inflammatory
cytokines that are produced during lung injury can cause
damage to the kidneys. Further, kidney damage can
hasten the inflammation response, which was established
in the lung. Alternatively, the damage and destruction
of renal tubular epithelial cells and podocytes can lead
to damage of the pulmonary system and other organs
by release of numerous inflammatory cytokines, which
is defined as cytokine release syndrome (20). However,
another study showed, no noticeable renal dysfunction
was observed in patients with COVID-19 pneumonia
(12). Likewise, analysis of clinical characteristics of 138
hospitalized COVID-19 patients found that the levels of
creatinine and blood urea nitrogen were in normal range
(16). Similarly, analysis of laboratory data from 1099
confirmed COVID-19 patients revealed that the AKI was
uncommon in COVID-19 patients (21). Recent autopsy
data demonstrated that tubular epithelial cells necrosis and
degeneration, with interstitial hyperemia, microthrombi
or focal fibrosis were the main pathological features, while
glomerular lesions are less common with case reports of
collapsing glomerulopathy (1,22).
Individuals on dialysis with SARS-CoV-2 had less
lymphopenia, lower serum levels of inflammatory
cytokines, and milder clinical disease than other patients
with COVID-19 infection. However, COVID-19 infection
is a serious threat for patients undergoing dialysis as well
as staff who are working in hemodialysis centers. Data
from a solitary hemodialysis center in Renmin hospital,
Wuhan University showed that 37 out of 230 patients on
hemodialysis and 4 of 33 staff members were infected with
COVID-19 between January 14 and February 17, 2020
(23).
Like in other viral infections, some cases of
glomerulonephritis (GN) were also reported in patients
with SARS-CoV-2 infection. Although the precise
mechanisms are not known, there is no doubt that
inflammation-induced podocyte injury due to cytokine
release syndrome play a crucial role in GN (24). Further,
histopathological examinations demonstrated viral
particles in the cytoplasm of podocytes of patients with GN
(25). It is also interesting to note that all GN COVID-19
cases are related to African origin and carrying APOL1
genotypes (26-28).
Treatment of COVID-19 patients with AKI
The existing treatment of COVID-19 patients with AKI
contains general, supportive management and renal
replacement therapy. Currently there are no specific
antiviral therapies or monoclonal antibodies against
http://www.jnephropharmacology.com

COVID-19. Continuous renal replacement therapy may
be useful in critically ill patients suffering with AKI
or patients having hyperactive immune response (29).
Further, extracorporeal renal replacement therapy may be
used to achieve immune homeostasis. Furthermore, kidney
injury also affects the metabolism and excretion of drugs
prescribed in COVID-19 infection. In this regard, most
of the metabolites derived from oseltamivir, ribavirin and
some of the metabolites of lopinavir/ritonavir are detected
in the urine of these patients. Therefore, inappropriate
doses of these medications may lead to kidney damage
and nephrotoxicity (28-31).
Conclusion
In conclusion, COVID-19 infection can affect renal
function and may cause kidney injury due to several
mechanisms that are not yet fully understood. The most
identified mechanism is cytokine-release syndrome.
However, hypoxemia during infection may lead to
multi-organ damage including kidney injury. Noticeably,
COVID-19 patients with underlying kidney insufficiency
have higher risk of mortality. AKI was independently
associated with higher mortality, to date; only supportive
management strategies are available for AKI in COVID-19.
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