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Abstract

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a single-stranded RNA virus, which belongs to the beta coronavirus
family. SARS-CoV-2 infection associates with a broad range of symptoms that starts asymptomatically and then leads to a mild and
noninflammatory syndrome. Kidney involvement in COVID-19 disease depends on several factors like direct cytopathic effects of infection
through an ACE2 (angiotensin-converting enzyme-2)-dependent pathway, hemodynamic changes, and increased coagulation. Consistent
control of serum and urinary creatinine and hemodynamic conditions in patients with kidney disorders results in decreased occurrence
of acute kidney injury (AKI) by COVID-19 or reduce its intensity. Improvement of oxygen saturation, using vasoactive peptide to increase
kidney perfusion, and active antiviral treatment are some clinical interventions to alleviate disorders in kidney function. Based on the
abovementioned considerations, prevention is the most effective way of dealing with COVID-19.
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Introduction

Since late 2019, a novel viral disease emerged in Wuhan
(China), spread rapidly, and caused an uncontrolled
pandemic. This viral disease was called COVID-19,
which is caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2); a single stranded RNA
virus that belongs to the beta coronavirus family (1,2).
This infection associates with a broad range of symptoms
that starts asymptomatically and then leads to a mild and
noninflammatory syndrome. As the symptoms get worse,
intensive care unit (ICU) care, mechanical ventilation and
renal medications become necessary. Based on scientific
researches, SARS and MERS- CoV infections cause renal
injuries in 5-15 percent of cases and 60 to 90 percent of
patients with this condition die. Based on previous studies,
occurrence rate of AKI in patients with COVID-19 is about
3%-9%. However, recent researches in this area report
higher rates (2-4). About 40% of hospitalized patients
with this disease experience proteinuria or presence of
protein in the urine. Additionally, acute kidney injury
(AKI) is prevalent among these patients and its intensity
(acute or mild) is considered as a negative prognostic
factor to determine disease severity. Kidney involvement
in COVID-19 disease depends on several factors that we
aimed to explain in this mini-review (1-5).

Direct cytopathic effects of virus
Virus propagation in podocyte and kidney tubule cells

may cause proteinuria in patients with COVID-19 and
subsequently cause chronic AKI conditions. In addition,
it can cause infection in tubular epithelial cells and
podocytes through an ACE2-depended pathway and
leads to mitochondrial dysfunction, acute necrosis of
tubular cells, glomerulonephritis, and leakage of protein
into Bowman’s capsule (2-5). Expression of angiotensin
converting and dipeptidyl peptidase-4 enzymes occur in
renal tubular cells and act as main receptors for SARS and
MERS-CoV. Huge amounts of ACE2 receptors are found
at the surface of kidney and podocyte cells that facilitate
viral entry into target cells (2-6).

Hemodynamic alterations

Different organs of the body act in concert so that
disruptions in activity of an organ affect other organs, a
phenomenon called organ cross talk.

AKI results from respiratory and kidney failure and
causes hypoxia and necrosis. Cardio-renal syndrome
is another case that involves heart and kidney. In this
disease, disruption in right ventricle by COVID-19 results
in fluid accumulation in kidney and subsequently causes
AKI. Additionally, left ventricle failure reduces the output
of heart and blood supply to kidney (3-7).

Increased coagulability
Intrinsic immune system activity strengthens coagulation
pathways. Cytokine storm and macrophage activation
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I Implication for health policy/practice/research/
medical education

Kidney involvement in COVID-19 disease depends on several
factors like direct cytopathic effects of infection through an
ACE2 (angiotensin-converting enzyme-2)-depended  pathway,
hemodynamic changes, and increased coagulation.

syndrome caused by viral infection result in excessive
activation of coagulation factors, which subsequently
causes  thrombosis,  disseminated  intravascular
coagulation, and pulmonary cell necrosis (7-10).

Kidney injuries in patients with COVID-19 can be
resulted from severe hypoxia because during this condition
adenosine level is increased, which associates with
increased vasoconstriction, decreased renal perfusion,
and lower GFR (glomerular filtration rate). Procalcitonin
> 0.1 ng/mL and eGFR <60 mL/min/1.73 m” are important
risk factors that help diagnose kidney injuries at early
stages. In addition, analysis showed that neutrophil and
lymphocyte percent, NT-proBNP, hs-cTnl, disruption of
the coagulation, and D-dimer are associated with kidney
injuries. Therefore, to prevent severe conditions, these
factors should be monitored constantly (3-10). Studies
have shown that there is a relationship between increase of
procalcitonin and cytokine storm caused by SARS-CoV-2,
hence; procalcitonin level is associated with disease
severity (2-5).

Procalcitonin is a peptide that is released during
systemic inflammation specifically bacterial infections.
Bacterial endotoxins and systemic cytokines like tumor
necrosis factor-a and IL-1B induce procalcitonin synthesis
(7-10).

Control of the main factors like serum and urine
creatinine and hemodynamic condition in patients
with kidney disease reduces the occurrence of AKI or
its severity. Lung protective ventilation eliminates the
negative effects of cytokine storm on lung and kidney and
results in lower damage to respiratory system (8-12).

COVID-19 occurs in two phases

During the first phase virus propagates and imposes its
cytopathic effect. In this stage, antiviral drugs such as
chloroquine, hydroxychloroquine, lopinavir, ritonavir,
and darunavir are used to control the disease. Second
phase of disease initiates 7-10 days after the onset of initial
symptoms and associates with risk of death. During this
stage pulmonary cell are involved and the need for oxygen
increases and ventilation can become necessary. This phase
can be triggered by cytokine release syndrome as a form
of systemic inflammatory syndrome. Immunosuppressive
medicines and immunoregulators can be beneficial in this
phase. Relationships of patients with AKI, who do not
need dialysis, should be limited (7-15).

Patients that receive dialysis have a higher risk of

COVID-19. In addition, patients with acute kidney

disorders may have underlying conditions like immune

system deficiency and chronic diseases such as diabetes,
coronary diseases, obesity, and hypertension; therefore,
they have a higher risk of severe symptoms and even death

(10-16).

Patients with COVID-19, who receive dialysis, have lower

serum cytokines levels and lower numbers of lymphocytes

and other immune cells compared to usual patients with

COVID-19. However, they have higher risk of death;

because of reduced cytokine storm (due to weak immune

system), invasive symptoms of disease are lower in these

patients (5-15).

Standards determined to dialysis centers during

coronavirus outbreak are as follows:

1. Update health advices and information on outbreak
and provide guidelines for health care teams even
through E-learning.

2. Collect and wupdate personal and professional
information of health care team members, patients
that receive dialysis and their family members and
personnel of same institutes (information about job,
daily life, travels and their personal relationships).

3. Continuous monitoring of signs and symptoms of
dialysis patients including fever, cough and dyspnea.

4. Reduce group activities such as personnel traffic
inside the hospital and group researches.

5. Provide effective communication between health care
providers and patients and a way to online control of
symptoms in order to decrease the risk of contagion.

6. Self-control of health care providers to prevent
the transmission of the disease to dialysis patients
because they are more vulnerable to the disease.

7. Reduce dialysis sessions if possible.

8. Provide a suitable condition to disinfect the covers
and hands of patients and staff when entering the
dialysis room.

9. Avoid eating and drinking at dialysis site.

Patients with COVID-19 and suspected cases should be
hospitalized and dialyzed in a separated part of allocated
hospitals for this purpose (7-15). There are also some
guidelines to more health care;

1. A regular personnel working shift and not shifting
this schedule to prevent the transmission and spread
of disease

2. Do not change the dialysis center

3. Patients that need vascular access surgery should
be assessed in terms of COVID-19 and this surgery
should be operated in a specific room with caution.

4. Regular measurement of body temperature and
dialysis of patients with COVID-19 at last shift of the
day.

5. All equipment that may come into contact with
patients or contaminated environment including
dialysis apparatus should be disinfected according to
standard protocols.
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6. Medical wastes from patients with confirmed
COVID-19 or suspected cases should be considered
as infectious medical wastes and disposal according
to specific standards.

7. All personnel at different sections should wear
waterproof clothes with long sleeves, safety glass,
multi-layer glove and surgical masks.

Continuous renal replacement therapy (CRRT) is the
most common method used in studies. This method is
also preferred in patients with severe AKI. However, some
patients can use alternate hemodialysis or alternate renal
replacement therapy. Nonetheless, dialysis method should
be chosen according to availability of dialysis apparatus.
Thrombosis and coagulation are common among patients
with COVID-19, thus use of anticoagulants during renal
replacement therapy is recommended (6-12).

Peritoneal dialysis can be used instead of CRRT
and hemodialysis apparatus. It needs less sources and
equipment, but it may increase intra-abdominal pressure
and disrupt respiration mechanism specifically in patients
with COVID-19. Home hemodialysis is another method
that can be used during corona virus pandemic. This
method reduces patients contact with health care providers
and in this case, dialysis schedule and personal life style
of patient are more flexible. But, due to Socioeconomic
issues this method has not been developed much (12-19).

Therapeutic plasma exchange is an example of methods
used to alleviate the symptoms of COVID-19. In this
method, symptoms are reduced through decease in
cytokines and antibodies levels, endothelial membrane
stabilization and re-regulation of increased blood
coagulation. Successful application of this method in some
case with severe condition has been reported in previous
studies. However, it needs further clinical studies. Out of
body, perfusion apparatus like Cytosorb is another option
to eliminate the cytokines to reduce symptoms of disease,
but it needs more evaluations. Based on reports, mortality
and rate of AKI are higher in organ transplant recipients.
There is no significant information about regulation of
immune system in organ transplant recipients (14-19).

Conclusion

Patients with underlying disease such as cardiovascular
disease, cirrhosis, chronic kidney disease are more
vulnerable to COVID-19. They are at high risk of infection
and show more severe symptoms. Therefore, patients with
chronic kidney disease should be monitored constantly
and this condition is considered as an important factor in
risk group classification.

Improvement of oxygen saturation, using vasoactive
peptide to increase kidney perfusion, and active antiviral
treatment are some clinical interventions to alleviate
disorders in kidney function.

Based on the abovementioned considerations, prevention
is the most effective way of dealing with COVID-19.
Diagnostic tests play a critical role in this process.

Medicines and equipment shortage during outbreaks are
inevitable. Therefore, a comprehensive plan to correct
characterizations of symptoms, screening of patients and
to record data is necessary.
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