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Abstract
Background: SARS-CoV-2 infection can cause renal involve-
ment, and severe renal dysfunction is more common among 
patients with chronic comorbid conditions, especially pa-
tients with chronic kidney disease. Angiotensin-converting 
enzyme 2 (ACE2) has been proven to be the major receptor 
of SARS-CoV-2 in kidneys, suggesting that ACE2-related 
changes may be involved in renal injury during the infection. 
In this review, we systematically reviewed the literature to 
summarize findings on the mechanism of renal injury caused 
by SARS-COV-2 infection, in order to provide a theoretical 
basis for renal protection therapy. Summary: For patients 
with SARS-CoV-2 infection, renal injury mainly manifests as 

increased serum creatinine, variable degrees of proteinuria 
and hematuria, and radiographic abnormalities of the kid-
neys. In this review, we summarize the pathogenesis of renal 
injury deriving from SARS-CoV-2 infection by focusing on its 
etiology, pathology, and clinical manifestations. The virus 
causes kidney injury by either direct infection or systemic ef-
fects, including host immune clearance and immune toler-
ance disorders, endothelium-mediated vasculitis, thrombus 
formation, glucose and lipid metabolism disorder, and hy-
poxia. Key Messages: Renal injury by SARS-CoV-2 is the re-
sult of multiple factors. Via highly expressed ACE2 in renal 
tissue, SARS-CoV-2 infection fundamentally initiates a mech-
anism of renal injury. Systemic effects such as host immune 
clearance and immune tolerance disorders, endothelial cell 
injury, thrombus formation, glucose and lipid metabolism 
disorder, and hypoxia aggravate this renal injury.
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Introduction

In December 2019, a cluster of occurrences of an acute 
respiratory disease, known as novel coronavirus pneu-
monia, was first reported in Wuhan, Hubei Province, 
China. On February 11, 2020, the WHO announced CO-
VID-19 to be the official name for the disease, and SARS-
CoV-2 to be the name of the new coronavirus that causes 
the disease [1]. Statistical data show that the outbreak of 
SARS-CoV-2 infection constitutes an epidemic threat to 
the world. The exponential increase in patients has led to 
more than 10 million confirmed cases worldwide, with 
more than 0.5 million deaths so far [2]. Besides respira-
tory syndromes, the disease could lead to multisystem in-
volvement, such as myocarditis, gastrointestinal symp-
toms, and acute liver injury. There is accumulating evi-
dence indicating that SARS-CoV2 infection may lead to 
acute kidney injury (AKI). Several clinical observations 
have shown characteristics of renal dysfunction such as 
increased serum creatinine (SCr), variable degrees of pro-
teinuria and hematuria, and even renal fibrosis. There are 
many conflicting results from clinical phenotypes, and 
the mechanisms involved remain unclear.

This review aimed to summarize the pathologic fea-
tures and clinical manifestations of renal injury caused by 
SARS-CoV-2 infection, our current understanding of the 
molecular mechanisms of renal damage caused by SARS-
CoV-2 infection, and the potential strategies in clinical 
management for alleviating renal injury.

Etiology and Pathogenesis

SARS-CoV-2 belongs to the family of Coronaviridae 
and is an enveloped virus with a single-stranded, positive-
sense RNA genome. On transmission electron micros-
copy images, the virion of SARS-CoV-2 looks like a solar 
corona: the virus particle is pleomorphic, spherical, or 
oval with diameters of approximately 60–140 nm, and the 
spikes on the envelope range from 8 to 12 nm in length 
[3]. The single-stranded RNA genome is 29.9 kb in length, 
in total consisting of 6 major open reading frames, which 
encode 16 nonstructural proteins and 4 major structural 
proteins [4]. The structural proteins encoded by the ge-
nome of SARS-CoV-2 are spike (S), membrane (M), en-
velope (E), and nucleocapsid (N) proteins, which are el-
ementary for virion assembly and infection [5].

Lots of reports have demonstrated that angiotensin-
converting enzyme 2 (ACE2) is the host cell receptor for 
SARS-CoV-2. The binding affinity is approximately 10- 

to 20-fold higher than for SARS-CoV, which shares the 
same cellular receptor [6]. ACE2 is a type I membrane 
protein that is widely expressed in various human tissues. 
Earlier studies have shown that ACE2 is highly expressed 
in the testes, gastrointestinal tract, kidneys, heart, lungs, 
and other tissues, indicating their susceptibility to SARS-
CoV-2 infection [7]. A recent study investigated the dif-
ferences in ACE2 gene expression according to race, age, 
sex, and smoking status.

The functions of ACE2 in SARS-CoV-2 infection can 
be divided into two categories: a peptidase function and 
a peptidase-independent function. ACE2, a homologue 
of ACE, is a powerful negative peptide of the renin-angio-
tensin system (RAS) and balances the various functions 
of ACE. The RAS plays a key role in maintaining blood 
pressure homeostasis and water-salt balance. Renin, 
cleaving angiotensinogen, produces angiotensin I (Ang 
I), which is transformed by cleavage of ACE into Ang II. 
Ang II binds to two G protein-coupled receptors, angio-
tensin II receptor type 1 (AT1R) and angiotensin II recep-
tor type 2 (AT2R), performing biological functions: vaso-
constriction, elevating blood pressure, and promoting in-
flammation, oxidative stress and cell apoptosis. Evidence 
suggests that by degrading Ang II into Ang (1-7), ACE2 
negatively regulates the activated RAS, and shows protec-
tive effects: vasodilation, as well as suppression of inflam-
mation, oxidative stress and cell apoptosis. During SARS-
CoV-2 infection, after binding to SARS-CoV-2, the exter-
nal domain of ACE2 is cleaved, and the transmembrane 
domain is internalized, leading to downregulation of 
ACE2 and an increase in Ang II levels, thereby promoting 
the “immunoinflammatory storm” [8] (Fig. 1).

Additionally, ACE2 was recognized as a functional re-
ceptor for cellular entry of SARS-CoV-2. Like other coro-
naviruses, S proteins on the envelope of SARS-CoV-2 can 
be functionally divided into S1 and S2 subunits. S1 is cru-
cial for binding to receptors, while S2 is responsible for 
membrane fusion of cell entry [9]. When S1 binds to the 
peptidase domain of ACE2 by the receptor-binding do-
main, the cleavage site on S2 is cleaved by host proteases, 
leading to membrane fusion between the virus and target 
cell, enhancing the S protein-driven viral infection (Fig. 2) 
[10]. Apart from direct membrane fusion, pH-dependent 
endocytosis may be another way for viral infection [11]. 
During cellular entry, the coronavirus is likely to bind to 
and internalize with ACE2, resulting in downregulation 
of the ACE2 protein and an increase in Ang II levels, pro-
moting the inflammatory effects of the RAS, which is in-
volved in acute lung injury and the severest form of acute 
respiratory distress syndrome [7, 8].
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When SARS-CoV-2 invades the body, innate immune 
cells, as the first line of defense, start the immune re-
sponse against the virus including immune clearance and 
anti-infection immune tolerance. Immune clearance is a 

response for the identification and clearance of coronavi-
ruses, while anti-infection immune tolerance is a mecha-
nism which controls the immune response to avoid im-
mune overreaction. An imbalance between immune 
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Fig. 1. Simplified diagram of the renin-angiotensin system. Angio-
tensin (Ang) I gets cleaved by angiotensin-converting enzyme 
(ACE) to form Ang II, which can mediate vasoconstriction and 
inflammation. ACE2 processes Ang II into Ang (1-7), which gen-
erates vasodilation, anti-inflammation, anti-oxidation, and anti-

apoptosis (a). ACE2 is the host cell receptor for SARS-CoV-2. Af-
ter binding to SARS-CoV-2, the ACE2 level is downregulated and 
the Ang II level increases, promoting vasoconstriction, inflamma-
tion, oxidative stress, and cell apoptosis (b).
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Fig. 2. SARS-CoV-2 binding with angio-
tensin-converting enzyme (ACE) 2 and in-
ternalization. For cellular entry, SARS-
CoV-2 binds to and internalizes with ACE2 
by the S1 subunit. Membrane fusion is me-
diated via activation of spikes by proteases, 
and viral RNAs are released into the cyto-
plasm, finishing the infection with and rep-
lication of SARS-CoV-2.
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clearance and immune tolerance may lead to anti-infec-
tion immune intolerance, manifesting as immune over-
reaction, which causes organ injury by proinflammatory 
cytokines and an impaired adaptive immune response.

SARS-CoV-2 infection via ACE2 may lead to local and 
systemic pathophysiological changes, including cellular 
immune disorder, cytokine storm, immune compound 
deposition, endothelial cell injury, thrombus formation, 
glucose and lipid metabolism disorder, and hypoxia, ag-
gravating the renal injury. This review will focus on the 
mechanism of SARS-CoV-2-induced renal injury.

Renal Histopathologic Features

The primary pathologic investigation has focused on 
respiratory, hematopoietic and immune systems, with 
few data on the kidneys. Existing data have shown that the 
kidney is an organ easily affected by SARS-CoV-2 infec-
tion. Though both the renal parenchyma and the intersti-
tium can be affected, the limited renal biopsy and autop-
sy records present significant acute tubule injury, reveal-
ing that interstitial injury is more common and severe 
than glomerular damage [12, 13]. The kidney autopsy re-
sults showed diffuse acute proximal tubular injury with 
loss of brush border and nonisometric vacuolation. The 
tubular cytoplasmic vacuoles were the most variable in 
size. Protein and pigment casts can be seen in the lumen 
of renal tubules [14]. Diffuse erythrocyte aggregation and 
obstruction were present in peritubular and glomerular 
capillary loops [12]. Occasional hemosiderin granules 
and pigmented casts were identified. The interstitium 
showed edema with an associated inflammatory infiltrate 
that predominantly consisted of lymphocytes and plasma 
cells with scattered eosinophils [15]. Distal tubules and 
collecting ducts showed only occasional cellular swelling 
and edematous expansion of the interstitial space without 
significant inflammation.

The glomerular lesion was minor, and showing vary-
ing degrees of underlying morphologic changes, diabetic 
nephropathy, and ischemic glomeruli with hypertension 
[12]. The changes with endothelial injury include swell-
ing, foamy-like change, subendothelial lucent expansion, 
and endothelial proliferation with deposits of IgG, IgA, 
IgM, and C3 by indirect immunofluorescence staining. 
Segmental microthrombus formation in glomerular cap-
illary loops was observed with severe injury to the endo-
thelium [12]. Occasional podocyte vacuolation and even 
detachment from the glomerular basement membrane 
were noted. Crescents and hypercellular or inflammatory 

lesions of glomeruli were not present. Ischemic changes 
with shrinkage of capillary loops with accumulation of 
plasma in Bowman’s space were exhibited. Focal segmen-
tal glomerulosclerosis was observed in patients with dia-
betes. No obvious lymphocytes were seen in glomeruli, 
and no immune reactants were detected in glomeruli by 
immunofluorescence evaluation, suggesting that lym-
phocyte infiltration and immune reactions are uncom-
mon in glomeruli after viral infection [13]. Several reports 
revealed collapsing glomerulopathy in kidney autopsies 
of African patients with SARS-CoV-2 infection [16, 17], 
which was associated with high-risk apolipoprotein L1 
(APOL1) variants.

ACE2 staining revealed that ACE2 expression was 
prominent in proximal tubular cells, particularly in areas 
with severe acute tubule injury. In addition, ACE2 stain-
ing was focally strong in epithelial cells, as well as occa-
sionally weaker in podocytes [12]. Electron microscopy 
demonstrated spherical virus particles characteristic of 
coronavirus in the tubular epithelium and podocytes. The 
diameter of the virus particles and the length of the spikes 
were similar to those of previously identified coronavi-
ruses causing SARS and MERS (Middle East respiratory 
syndrome) [18]. SARS-CoV-2 nucleoprotein antigens 
could be seen in a nuclear or cytoplasmic pattern in kid-
ney tubules from autopsies by an indirect fluorescence 
method [12, 13]. Moreover, it has been reported that 
SARS-CoV-2 RNA was detected in kidney tissues by 
quantitative reverse transcription PCR [19].

Clinical Manifestations

A large retrospective cohort study reported that the 
most common symptoms were fever and dry cough. The 
frequency was 88.0 and 70.2%, respectively, followed by 
fatigue (42.8%) and sputum production (36.0%) [20]. The 
other, uncommon symptoms were headache (11.8%), 
sore throat (14.0%), gastrointestinal symptoms (anorex-
ia, nausea, or vomiting [8.9%]), upper airway symptoms 
(rhinorrhea, sneeze, or nasal congestion [7.6%]), and di-
arrhea (6.1%). A majority of patients had lymphocytope-
nia and electrolyte imbalance including hypocalcemia, 
hypokalemia, and hyponatremia. Severe complications of 
SARS-CoV-2 infection included acute respiratory dis-
tress syndrome, shock, and acute renal failure [21]. About 
a quarter of patients have at least one underlying chronic 
disorder, including hypertension, diabetes, cardiovascu-
lar diseases, chronic obstructive pulmonary disease, and 
chronic kidney disease [22].
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Numerous studies have suggested that renal function-
al impairment mainly manifests as kidney dysfunction 
(elevated blood urea nitrogen [BUN] and SCr), abnormal 
urinary analysis (proteinuria and hematuria), and radio-
graphic abnormalities of the kidneys [23–26]. The most 
common clinical presentation is proteinuria, which is 
found in more than half of the patients before or after ad-
mission, followed by hematuria, elevated BUN, and ele-
vated SCr (33.7, 14.3, and 10.7%, respectively). A meta-
analysis further revealed that patients presented with 
varying degrees of albuminuria (+ in 38.8% of the pa-
tients, and ++ or +++ in 10.6% of the patients). During 
SARS-CoV-2 infection, especially in critically ill patients, 
AKI was proved to be an important risk factor for mortal-
ity [23]. Among those with SARS-CoV-2 infection and 
AKI, 33.9% of the patients were reported dead after hos-
pitalization, and the mortality of SARS-CoV-2 infection 

plus AKI was significantly higher than without renal in-
jury (p < 0.001) [27]. Furthermore, inflammation and 
edema of the renal parenchyma, seen by CT scan, are 
equally common [23]. The main manifestations of renal 
injury are summarized in Table 1.

It was found that the more severe the SARS-CoV-2 in-
fection, the more pronounced was the renal injury [28]. 
However, the tests of serum BUN and SCr were not sensi-
tive enough for early kidney impairment, though they 
were used to test renal function. It had been proved that 
urine microprotein, urine IgG, and urine transferrin were 
sensitive indicators of early glomerular injury, while 
urine α1-microglobulin could reflect renal tubular dam-
age in the early stage [29–31]. Calculating the estimated 
glomerular filtration rate, endogenous creatinine clear-
ance, and urine microalbumin/creatinine ratio may help 
in detecting early renal injury in infected patients [9].

Table 1. Key parameters of clinical manifestations

First author Subjects, n HU, % PU, % Elevated 
BUN, %

Elevated 
SCr, %

Imaging 
abnormality, %

AKI, % Ref.

Li et al. 193 48.3 (71/147) 58.9 (88/147) 30.6 22.2 96.4 (106/110) 28.5 [23]
Cheng et al. 710 26.9 44.0 14.1 15.5 N 3.2 [24]
Pei et al. 333 41.7 65.8 N N N 7.5 [25]
Yang et al. 4,963 N 57.2 13.7 9.6 N 4.5 [26]

Total 6,199 33.7 55.8 14.3 10.7 96.4 5.3

Imaging abnormality: inflammation and edema of the renal parenchyma by CT scan. HU, hematuria; PU, proteinuria; BUN, blood 
urea nitrogen; SCr, serum creatinine; AKI, acute kidney injury; N, not mentioned.

SARS-CoV-2

● Host immune clearance and
   immune tolerance disorder
● Endothelial injury
● Thrombus formation
● Hyponatremia and edema
● Glucose and lipid metabolism disorder
● Hypoxia of kidney
● Others

● Podocytes
● Renal tubular epithelium

Kidney injury

Systemic effects

Direct infection

Fig. 3. Possible mechanisms of renal injury in patients with SARS-CoV-2 infection. Viral infection may be one 
important reason for renal injury, and systemic effects such as host immune clearance and immune tolerance 
disorders, endothelial cell injury, thrombus formation, glucose and lipid metabolism disorder, and hypoxia ag-
gravate this renal injury.
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Potential Mechanisms of Renal Injury

Some studies suggested that kidney damage in patients 
with SARS-CoV-2 infection was caused by SARS-CoV-2 
infection and virus-induced cytokines such as IL-6 and 
IL-10 [24, 32], but these explanations are incomplete. Re-
nal impairment may be caused by multiple mechanisms. 
Here, we summarize the potential mechanisms of renal 
injury (Fig. 3).

Direct Renal Infection by SARS-CoV-2
The available evidence indicates that SARS-CoV-2 

binds to ACE2 through the S1 subunit, directly causing 
damage to intrinsic renal cells. Human tissue single-cell 
RNA sequencing data and ACE2 staining revealed that 
the kidneys and bladder are enriched with ACE2 [12, 33], 
which results in susceptibility of the renal tissue to SARS-
CoV-2. Clusters of coronavirus-like particles are found in 
the renal tubular epithelium and podocytes, and special 
SARS-CoV-2 nucleoproteins could be seen in a nuclear 
or cytoplasmic pattern via indirect fluorescence [12, 18], 
which suggests that SARS-CoV-2 could directly infect re-
nal cells. Autopsy results showed that after infection of 
the respiratory tract, the virus entered the blood and in-
duced viremia [34]. Hence, we infer that the virus could 
reach the urinary system through blood circulation, bind 
to and internalize with ACE2 receptors, infect kidney 
cells expressing the ACE2 receptor, including renal tubu-
lar epithelial cells, podocytes, and others. However, ac-
cording to current research, the viral load in the kidneys 
is low and unevenly distributed [12, 34], so it cannot 
wholly explain the extensive kidney damage.

Systemic Effects of SARS-CoV-2 Infection on the 
Kidneys
Host Immune Clearance and Immune Tolerance 
Disorders
The severity of SARS-COV-2 infection depends on the 

balance between clearance of the virus and tolerance of 
the human immune system. Both disorders of immune 
clearance and anti-infection immune intolerance may be 
involved in viral damage to the body. 

Macrophages are responsible for the identification and 
clearance of coronaviruses, and further for activating the 
downstream inflammatory signaling pathways. Subse-
quently, the cellular adaptive immune response is initi-
ated. Helper T (Th) cells can be induced to differentiate 
into Th1 cells and Th2 cells; the former can activate cyto-
toxic T cells, which destroy virus-contaminated cells, just 
like natural killer (NK) cells; then, Th2 cells assist B lym-

phocytes in producing antibodies that inhibit viral repli-
cation [35, 36]. This is the immune clearance process of 
anti-infection after SARS-CoV-2 invasion, accompanied 
by the production and release of various inflammatory 
cytokines, which assist the innate and adaptive immune 
response by participating in the process of the body’s an-
tiviral activity.

Having an immune clearance disorder means that the 
pathogen is not detected and cleared, forming an infec-
tious spread. Massive viral replication may result in an 
excessive intensity of immune cell response, leading to a 
severe inflammatory response and clinical symptoms. 
Previous studies have found that during the acute phase 
of SARS-CoV-2 infection, dendritic cell, monocyte and 
T-cell responses are broadly suppressed, which suggests 
weakening of immune response inception and viral clear-
ance [36]. Meanwhile, high concentrations of viral nucle-
ic acid (RNA), due to the weakened immune clearance, 
lead to activation of the interferon (IFN)-1 signaling path-
way and JAK-STAT signaling pathway, and consequently 
to the production of a high level of inflammatory cyto-
kines, causing damage to the body [37]. Activation of the 
IFN-1 signaling pathway can lead to the production of an 
autoreactive adaptive immune response, which can aggra-
vate the tissue damage. Furthermore, the host’s anti-infec-
tion immune intolerance directly results in an overactive 
immune response via cellular immune disorder, a cyto-
kine storm, and immune compound, leading to multiple 
organ failure, including the kidneys, liver, and heart.

Usually, virus-infected cells are killed by CD8+ T cells 
and NK cells. However, patients with SARS-CoV-2 infec-
tion were found to have lymphopenia dominated by 
CD8+ T-cell depletion [38, 39], which is a cellular im-
mune disorder, resulting in insufficient killing of virus-
infected target cells through cytotoxicity. Besides, be-
cause of the feedback mechanism, lymphopenia stimu-
lates the overproduction of inflammatory cytokines, 
which causes severe damage to tissues and organs. As for 
NK cells, which can nonspecifically kill virus-infected 
cells, it has been proved that NK cells are strongly acti-
vated in acute SARS-CoV-2 infection, and they highly ex-
press perforin, NKG2C, and Ksp37 in severe cases. An 
unsupervised NK-cell response and excessive cytotoxic 
granules may contribute to tissue injury [40]. Collective-
ly, disturbance of the cellular immune system is consid-
ered to be one of the reasons for the kidney damage ob-
served.

Uncontrolled cytokine production during the above 
immune process will lead to a cytokine storm, which is a 
fatal immunopathologic disorder [41]. During infection, 
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activation of lymphocytes induces the release of inflam-
matory cytokines to destroy the infected cells, but the ex-
aggerated cytokine release can lead to extensive endothe-
lial dysfunction, disseminated intravascular coagulation, 
and multiple organ dysfunction syndrome in patients 
[42]. Studies have suggested that in SARS-CoV-2 pa-
tients, cytokine expression – e.g., of IFN-γ, interleukin 
(IL)-6, IL-10, granulocyte colony-stimulating factor, and 
monocyte-chemotactic protein 3 – was elevated com-
pared with healthy controls [43]. In the kidneys, there is 
obvious inflammatory infiltration of the renal intersti-
tium, which predominantly consists of lymphocytes and 
plasma cells, with some eosinophils [15]. It also indicates 
that activated lymphocytes migrate to kidney tissues in 
order to destroy infected renal cells and release inflamma-
tory cytokines, finally resulting in local inflammation and 
tissue injury. In addition, cytotoxic particles such as per-
forin, granulysin, and proinflammatory cytokines which 
are highly expressed in lymphocytes, also contribute to 
kidney damage [44].

Besides cellular immunity and a cytokine storm, im-
mune complex deposition may also cause kidney damage. 
Renal pathology in SARS-CoV-2 infected patients sug-
gests that the damage is mainly located to the intersti-
tium, with minor glomerular lesions. Podocyte-related 
injuries are the main manifestations of glomerular lesions 
such as focal segmental glomerulosclerosis and collapsing 
glomerulopathy [12], which are associated with viral in-
fection due to ACE2 expression in podocytes. However, 
in addition to podocyte damage, severe endothelial dam-
age was also observed, including swelling, foamy changes, 
and subcutaneous transmittal expansion. No inflamma-
tory cell infiltration was found in glomeruli, while IgG, 
IgM, and trace C3 were found in the granular tissues of 
the capillary wall by direct or indirect immunofluores-
cence and electron microscopy [14], suggesting that im-
mune complex deposition is one of the causes of glomer-
ular injury. Deposition of immune complexes along glo-
merular capillaries leads to immune complex-associated 
nephritis, the mechanism of which may be associated 
with immune complexes activating the complement sys-
tem, leading to kidney injury [45].

Endothelial Cell Injury
Electron microscopic examination shows endothelial 

injury to the glomeruli of kidneys, including cell swelling 
with foam-like changes, subendothelial expansion, and 
endothelial proliferation [45]. It is supposed that the virus 
could directly damage endothelial cells by binding to 
them, especially tubular epithelial cells, which express 

high levels of ACE2. Because of vascular endothelial in-
jury and a cytokine storm, many critical patients have 
vasculitis-like manifestations or even gangrene on their 
extremities. Pathologic examinations reveal small vessel 
hyperplasia, vessel wall thickening, stenosis of the lumen, 
occlusion, and focal hemorrhage [44]. Vasculitis may be 
the underlying mechanism of vascular damage.

Thrombus Formation
Most patients with severe SARS-CoV-2 infection have 

hypercoagulability and disseminated intravascular coag-
ulation, presenting with thrombosis and thrombocytope-
nia. In addition, there were two pathological studies of 
caducous kidneys revealing segmental microthrombi in 
the glomeruli of SARS-CoV-2 patients [12, 14]. The 
mechanism of coagulation remains unclear, but studies 
have demonstrated that endothelial injury leads to up-
regulation of tissue factors, thereby activating exogenous 
coagulation pathways [45]. As the first response of the 
host immune system to SARS-CoV-2 infection, the com-
plement system plays an important role in accelerating 
platelet adhesion and aggregation, endothelial cell injury, 
and thrombosis. Thrombocytopenia, common in pa-
tients with severe SARS-CoV-2 infection, may also be as-
sociated with decreased platelet consumption due to ex-
tensive coagulation activation. The kidney is damaged by 
the formation of extensive microthrombi.

Hyponatremia and Edema
During the pandemic of SARS-CoV-2 infection, many 

patients have experienced unexplained edemata in the ex-
tremities and lungs [46], and some patients developed 
acute severe hyponatremia [47, 48]. This suggests that 
these patients have water and salt metabolism disorder, 
which is a strong risk factor for AKI. The mechanism is 
unclear, but it was first speculated to be related to dys-
function of the RAS. In SARS-CoV-2 infection, ACE2 ex-
pression is decreased, which increases Ang II formation, 
leading to tissue edema. In addition to the RAS disorder, 
IL-6 is released by monocytes and macrophages, which 
leads to electrolyte imbalance and increases the circula-
tion volume by inducing the nonosmotic release of vaso-
pressin. A retrospective study has found that IL-6 is neg-
atively associated with hyponatremia, while hyponatre-
mia appears to be associated with more adverse outcomes 
and more severe disease [49].

Glucose and Lipid Metabolism Disorder
Among patients, coexistence with chronic diseases is 

a prominent phenomenon, of which hypertension, dia-
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betes, cardiovascular and cerebrovascular diseases, ma-
lignant tumors, chronic kidney disease, and other dis-
eases more commonly occur [20, 22]. People with dia-
betes have significantly higher rates of serious events 
[50]. The cause is unknown, but we speculate that it 
may be related to the glucose and lipid metabolism dis-
order associated with these chronic diseases, which 
happens to be a risk factor for kidney damage. It has 
been reported that tubular ACE2 protein staining is de-
creased in patients with diabetes and hypertension 
compared with healthy persons [51, 52]. During SARS-
CoV-2 infection, membranal ACE2 expression is fur-
ther reduced due to binding to the virus, which may be 
a possible explanation for the increased susceptibility to 
kidney injury observed in patients with diabetes and 
hypertension.

Hypoxia of the Kidneys
The lungs are the main target organ of SARS-CoV-2, 

which could lead to hypoxia due to dysfunction of venti-
lation and diffusion. In the kidneys, hypoxia may contrib-
ute to AKI [53]. Hypoxemia reduces renal blood flow by 
a number of mechanisms, including stimulation of ad-
renergic nerves and disturbances in nitric oxide metabo-
lism. Severe hypoxia and ischemia can both result in mi-
crovasculature dysfunction. This can impact adjacent in-
trinsic cells and capillaries, extending the regions of 
hypoxia, leading to organ failure [54, 55].

Other Effects
Rhabdomyolysis has been reported in SARS-CoV-2 

patients [56–58], and the renal anatomy of SARS-CoV-2 
patients has shown high levels of creatine phosphokinase 
staining [12], suggesting that rhabdomyolysis may be in-
volved in the occurrence of AKI. Furthermore, hyperten-
sion, diarrhea, heart failure, and some drugs could all lead 
to kidney injury in infected patients.

Management

Currently, there are no specific therapies for the treat-
ment of SARS-CoV-2 infection. We should pay more at-
tention to the treatment of renal lesions and the protec-
tion of renal function of severely infected patients. Given 
the current clinical studies reporting that patients with 
combined chronic disease and SARS-CoV-2 infection 
were easier to develop AKI, these patients need to 
strengthen management of their fluid balance and closely 
observe the urine volume, color of urine, any signs of ede-

ma, and blood pressure; avoid the usage of nephrotoxic 
drugs; and enhance their monitoring of early biological 
diagnostic indices for identifying AKI, such as blood and/
or urine neutrophil gelatinase-associated lipocalin. AKI 
could be diagnosed following one of the following condi-
tions: (1) SCr is increased by ≥26.5 μmol/L within 48 h; 
(2) SCr has been increased to 1.5 times the baseline value 
within the previous 7 days; (3) the urine volume is < 0.5 
mL/kg/h for 6 h [59, 60].

Possible effective antiviral therapy, symptomatic treat-
ment, and promoting renal functional recovery are the 
principles of renal management. In addition, it has been 
proved that immunosuppressive drugs such as cyclospo-
rin and mycophenolic acid may be good candidates for 
therapeutic medicines against renal damage by SARS-
CoV-2 [61, 62], and specific inhibitors of IL-6 appear to 
be beneficial in severely infected cases [43]. However, it 
may be reasonable to further study these agents in con-
trolled trials. Tocilizumab, as a needle-mediated mono-
clonal antibody against IL-6 receptor, is being tested in a 
preclinical trial (ChiCTR2000029765). The results of this 
study are much anticipated and expected. Since ACE2 is 
a functional receptor of SARS-CoV-2, it has been found 
that human recombinant soluble ACE2 can competitive-
ly bind to SARS-CoV-2, thereby reducing the organ dam-
age caused by SARS-CoV-2 entering target cells. In vitro 
studies have shown that human recombinant soluble 
ACE2 can significantly block SARS-CoV-2 infection in 
human renal organs in a dose-dependent manner and is 
an effective way to protect renal function in the future 
[63].

For those SARS-CoV-2 patients exhibiting renal im-
pairment, it is of great significance to carry out blood pu-
rification and other renal replacement therapies in time 
in case of severe SARS-CoV-2 infection complicated by 
AKI. Blood purification technologies include plasma-
pheresis, adsorption, perfusion, and hemofiltration, espe-
cially continuous renal replacement therapy (CRRT), 
since CRRT has played an important role in the rescue 
and treatment of patients with SARS, MERS, and other 
cases of sepsis [64, 65]. CRRT is recommended for use as 
soon as possible in severely infected patients manifesting 
macroalbuminuria on admission, as it may remove in-
flammatory cytokines and protect renal function, partic-
ularly in those patients with elevated SCr levels [23]. The 
therapeutics listed above would be helpful to patients in-
fected with SARS-CoV-2, but their efficacy needs to be 
further studied and confirmed.



Wang/Xiong/Chen/Li/RuanKidney Dis 2021;7:100–110108
DOI: 10.1159/000512683

Conclusions

In SARS-CoV-2 patients, viral infection and replica-
tion are probably the main etiologies of renal dysfunction. 
SARS-CoV-2 may cause renal injury either by direct renal 
infection or via systemic effects such as host immune 
clearance and immune tolerance disorders, endothelial 
cell injury, thrombus formation, glucose and lipid metab-
olism disorder, and hypoxia. The mechanism of renal in-
jury caused by SARS-CoV-2 has not yet been fully clari-
fied. However, our current understanding suggests that 
the ACE2 signaling pathway plays a key role in mediating 
renal injury. It is important to monitor kidney injury in 
the management of SARS-CoV-2. The earlier treatments 
achieve a better clinical outcome. Patients with AKI are 
recommended to receive CRRT in order to both protect 
renal function and remove inflammatory cytokines, which 
may accelerate the process of disease recovery.
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