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Introduction
The disease caused by a SARS-CoV-2 infection, which 
is called coronavirus disease 2019 (COVID-19), is an 
ongoing pandemic. Although the catastrophic pulmonary 
effects of COVID-19 have been well documented, damage 
to other organ systems, such as the heart, kidneys, and 
liver, has also been reported (1). The predominant 
clinical symptoms of COVID-19 are similar to those of 
common cold and flu, including dry cough, dyspnea, 
myalgia pneumonia, fatigue and fever (2). Clinical 

manifestation of COVID-19 has been reported to range 
from asymptomatic to severe (hyperinflammatory shock) 
and eventually death (3). Numerous studies have shown 
that increased pro-inflammatory cytokines could release 
into the bloodstream and cause a “cytokine storm” leading 
to multi-organ failure and death in patients with severe 
COVID-19. Further, acute respiratory distress syndrome 
(ARDS) is the most significant pulmonary complication 
severely infected patients (1-3).

Renal impairment is also reported in a significant 
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proportion of COVID-19 patients and is associated with 
high mortality (2). Although the occurrence of acute 
kidney injury (AKI) and its effect on COVID-19 are 
not fully understood, the assessment of renal function 
during SARS-CoV-2 infection is of particular interest 
(4). AKI is more common in people with more severe 
disease, principally critically ill patients in intensive care 
units. Hence, AKI is considered as a marker of disease 
severity and a negative prognostic factor for survival (5). 
A recent study from the United States, which included 
the majority of African American patients, reported an 
overall frequency of AKI of 28%, of which more than 
50% of the cases required emergency dialysis (6). Another 
study from the USA found that the overall AKI frequency 
in hospitalized patients ranged from 28% to 46%, while 
initial reports from China showed that the overall AKI 
frequency increased from 0.5% to 29% (7). It is generally 
accepted that the mortality rate of SARS-CoV-2 cases 
with AKI is thought to be significant, ranging from 8% to 
23%. As development of AKI in SARS-CoV-2 individuals 
is a major predictive factor for poor survival (8), the 
physicians should pay specific attention to SARS-CoV-2 
infected patients manifesting AKI. As AKI is multifactorial 
involving with overlapping pathogenic mechanisms, this 
review updates the reader of recent publications dealing 
with the mechanisms underlying AKI in patients with 
COVID-19 (8). 

Methods
Data were collected in Scopus, EBSCO, Google Scholar, 
Web of Science and PubMed databases. The keywords 
used include SARS-CoV-2, COVID-19, chronic kidney 
disease, acute respiratory distress syndrome, angiotensin-
converting enzyme II, hemodialysis, acute renal failure, 
remdesivir, end-stage renal disease, acute kidney injury, 
cellular transmembrane serine protease 2 and renal injury. 
In addition to search terms, we limit data collection to 
research and review articles written in English only. 

Mechanisms of acute renal injury in SARS-CoV-2
Since AKI is associated with ARDS during SARS-
CoV-2 infection, AKI can be attributed to a variety of 
factors, including hemodynamic changes, such as fluid 
overload and systemic congestion, harmful mechanical 
ventilation strategies and the development of sepsis. 
Further, several studies have highlighted the importance 
of an inflammatory/immune-mediated response with the 
release of high levels of harmful circulating mediators 
that can interact with kidney-inhabiting cells, leading 
to endothelial dysfunction and tubular injury. Given the 
frequency of their occurrence and the fact that these 
etiologies associated with acute kidney injury will be 
discussed briefly (2-8). 

Kidney is a specific target for SARS-CoV-2 infection
Since SARS‐CoV‐2 RNA was detected in the blood and 

urine samples of patients with confirmed SARS-CoV-2 
infections, there is a possibility of direct invasive effect on 
the glomerular, tubular and vascular renal cells by this virus. 
SARS-CoV-2 entry into cells is mediated by its surface 
spike protein, which binds to its receptor human ACE2 
and cellular transmembrane serine protease 2 (TMPRSS2) 
receptors (9). Several lines of evidence demonstrated that 
the ACE2 and TMPRSS2 are significantly expressed in the 
proximal tubule of nephron (10). A measurable level of 
TMPRSS2 was identified in the S3 segment of the proximal 
tubule (11). ACE2 is abundantly present in the renal cells, 
such as parietal epithelium of Bowman’s capsule, collecting 
ducts, thick ascending limb of Helen, podocytes, proximal 
cell brush border and mesangial cells (9). Subsequent to 
the binding of coronavirus to the receptor of ACE2 or 
co-receptor of TMPRSS2, the virus uses the cellular body 
endocytosis system to join the membrane and then enter 
the cell. These findings indicate that the kidneys are one 
of the targets for COVID-19 (12). Additional studies also 
showed that the virus is capable of inducing acute tubular 
injury following proximal tubular invasion. A more recent 
investigation showed that the NP (nucleocapsid) antigen 
of coronavirus was deposited in the cytoplasm of renal 
tubular cells in patients who died from COVID-19 (13). 
Another possible mechanism of renal involvement is the 
deposition of antibodies or immune complexes caused 
by the infection (14). In addition, activating the immune 
system after being infected with the virus cannot eradicate 
the virus, but it can damage or alter normal body cells 
(15).

Cytokine storm syndrome secondary to SARS-CoV-2 
infection
Elevated blood concentration of cytokines and pro-
inflammatory mediators like IL-6, IL-7, IL10, IL2, TNFa, 
MCP1 and GSCF induce the cytokine storm which lead 
to renal, heart and lung damage in severely infected 
SARS-CoV-2 patients (16). Inflammation associated with 
a cytokine storm begins locally and spreads to the entire 
body through systemic circulation (17). Cytokine storm 
syndrome triggers systemic endothelial injury, which 
results in acute renal damage following raised vascular 
leaking, intra-renal inflammation, and volume depletion. 
In addition, decreased renal perfusion eventually leading 
to cardiorenal syndrome involving intra-abdominal 
hypertension, pleural effusions, volume depletion due 
to loss to fluid from the third space, and edema. Among 
interleukins (ILs), IL-6 plays a main role in cytokine storm 
syndrome. Recent studies have detected that patients with 
ARDS had the high blood concentration of interleukin 
6. Accordingly, ARDS may stimulate additional injury to 
renal tubular cells in renal medulla by hypoxic damage 
(18). It is important to note that the baseline renal function 
is a determinant factor to develop acute renal damage. 
Patients with elevated serum creatinine are more likely 
to worsen pre-existing renal failure than patients with 
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normal kidney function. After the onset of cytokine storm 
syndrome and/or inflammation, compensatory repair 
processes occur to restore the affected tissues and organ 
function. Severe inflammation and injury are followed by 
healing with fibrosis and tissue destruction and finally by 
permanent organ dysfunction (17). In this regard, it was 
initially believed that patients with chronic renal failure 
could be protected from cytokine storm syndrome, but 
it has recently been found that the SARS-CoV-2 infected 
patients, and in particular patients with end-stage renal 
disease, have higher morbidity and mortality (19).

Hypoxia causes kidney malfunction during SARS-
CoV-2 infection
Tissue hypoxia has been proposed as an important factor 
in the pathophysiology of AKI. Limited the oxygen 
supply to the kidney tissue makes the kidney susceptible 
to hypoxia and accelerates the deterioration of renal 
function. The coexistence of hypoxia and inflammation 
may further direct the inflammatory response toward 
worse outcome in infection rather than tissue recovery 
(20). Considering that severe hypoxia is a classic feature 
of severe SARS-CoV-2 infection, it is very likely that a 
system that induces hypoxia (HIF) will be involved, which 
may affect the inflammatory response and the outcome 
of the kidneys (21). In support of this, involvement of 
the HIF pathway during AKI has been shown in various 
kidney disease models (22).

 Hypercoagulability and thrombosis in COVID-19
Patients with COVID-19 ARDS exhibited an abnormal 
coagulation parameter and poor prognosis (23). Laboratory 
results show that the elevated D-dimer on admission 
or marked increase in D-dimer levels during the illness 
is associated with high mortality (24). In addition, anti-
phospholipid antibodies and infarcts in vascular regions 
have been reported in patients with COVID-19 (25). 
Retention of metabolic toxins due to renal dysfunction 
leads to a state of hypercoagulation during infections. 
However, whether AKI affects hypercoagulability and 
thromboembolism in COVID19 patients is unclear 
(23-25).

Aggravating factors of acute kidney injury 
Acute renal injury is more common in severely ill patients 
with COVID-19 (9). Various factors such as nephrotoxic 
agents, hypotension, sepsis, dehydration and hypoxemia 
play a role in the development of acute kidney injury 
(13). In addition, medications, including antiviral 
substances, antibiotics and NSAIDs are contributing 
factors for worsening of acute renal injury (13). Patients 
with severe COVID-19 often exhibit electrolyte and acid-
base imbalance, diarrhea, disseminated intravascular 
coagulation, and heart failure. Acute kidney injury 
and concomitant endothelial damage, glomerular 
hypertension, interstitial infiltration, and fibrosis are major 

factors leading to chronic renal failure after an episode 
of acute kidney injury (26). The chronic conditions that 
affect the immune system include heart disease; asthma, 
lupus, and diabetes increase the burden of morbidity and 
mortality associated with COVID-19 (27). Further, acute 
kidney injury (AKI) in COVID-19 patients is associated 
with elevated creatine phosphokinase (CPK) and 
rhabdomyolysis (28). In the process of rhabdomyolysis, 
muscle damage causes a massive release of myoglobin in 
the kidneys, a direct toxic substance for renal tubular cells. 
Consequently, tubular obstruction and vasoconstriction 
increase renal impairment by myoglobin. In addition, 
myoglobin stimulates hyperactivation of the renin-
angiotensin-aldosterone system and reduces nitric oxide 
(NO) levels, causing renal hypoperfusion and acute 
tubular injury (29). 

Kidney damage from SARS-CoV-2 infection is not only 
a result of the direct effects of the virus, but also of the 
treatment modalities. Binois et al, showed that the patients 
treated with lopinavir/ritonavir developed acute renal 
failure (30). Lopinavir/ritonavir combination use has 
been associated with acute interstitial nephritis symptoms 
in COVID 19 patients. However continuing this drug 
combination is also associated with renal proximal 
tubular damage (30). Remdesivir is a broad-spectrum 
anti-viral agent that is administered using a vehicle called 
cyclodextrin. As cyclodextrin causes nephrotoxicity 
and impairment of renal function, there are concerns 
regarding the use of the drug in patients with pre-existing 
kidney disease (31). Severe Covid-19 patients treated with 
compassionate-use remdesivir showed acute renal failure 
only in patients requiring mechanical ventilation (32). 
Hence, monitoring of renal function should be considered 
during remdesivir therapy. 

SARS-CoV-2–associated renal tubulopathy
The presence of hematuria and albuminuria in cases of 
SARS-CoV-2, together with viral RNA in urine samples, 
also shows the intense tropism of the SARS-CoV-2 for 
renal tissues (33). Histopathological studies in COVID-19 
patients with renal dysfunction, showed proximal acute 
tubule injury (ATI), the occlusion of microvascular 
lumens, endothelial damage, as well as glomerular 
and vascular changes (34). In addition, intermittent 
hemosiderin granules and pigmented casts were identified 
(34). Further, co-occurrence of lymphocytes infiltration 
with acute renal tubular necrosis in the interstitial area 
was noted (35). In some cases, renal proximal tubule 
dysfunctions with proteinuria and aminoaciduria have 
been found (36). In this study, renal proximal tubule 
dysfunctions were found to be independent of treatmental 
modality and glomerular proteinuria. Laboratory findings 
of SARS-CoV-2 individuals without history of renal 
disease, showed a condition equaling to Fanconi syndrome 
before presenting with acute renal failure (37).
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Impact of acute kidney injury on survival of COVID-19
Initial studies from China reported a raised occurrence of 
AKI in below 7 % of inpatient admissions and around 23% 
in adult cases who admitted to ICUs (38). The subsequent 
studies revealed that AKI increases the mortality of adult 
patients with SARS-CoV-2 (39,40). Higher incidence of 
AKI was documented in severely ill COVID-19 patients 
(41). A recent study from Pakistan indicated that the 
renal function impairment at all levels of disease severity 
which well correlated with plasma creatinine, urea and 
potassium (42). Analysis of data from the international 
HOPE-Registry, indicated that the kidney insufficiency 
at the time of admission is related to a larger amount of 
morbidity and mortality (19). A systematic review and 
meta-analysis suggested that the kidney dysfunction is 
common among patients with COVID-19, and patients 
who develop AKI have severe disease and inferior 
outcomes and increased mortality (4). Further, it is also 
reported that the AKI occurs frequently in Covid-19 
patients and AKI in temporal association with respiratory 
failure is associated with a poor prognosis (43).

Conclusion
In conclusion, AKI is more common in severely ill 
patients with COVID-19. AKI is strongly correlated with 
the occurrence of respiratory failure disease severity. 
AKI in COVID-19 patients conferred a poor prognosis 
and outcomes. A full understanding of all the possible 
ways in which the system plays its role in AKI is still a 
matter of research. Further studies are warranted to better 
understand the causes of AKI in COVID-19 patients.
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