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Abstract

Background: The 2019 novel coronavirus disease (CO-
VID-19) is a newly defined serious infectious disease caused
by the SARS-CoV-2 virus. The epidemic started in Wuhan,
China, in December of 2019 and quickly spread to over 200
countries. It has affected 4,258,666 people, with 294,190
deaths worldwide by May 15, 2020. COVID-19 is character-
ized by acute respiratory disease, with 80% of patients pre-
senting mild like flu-like symptoms; however, 20% of pa-
tients may have a severe or critical clinical presentation,
which likely causes multiple organ injuries (e.g., kidney,
heart, blood, and nervous system). Among them, acute kid-
ney injury (AKI) is a critical complication due to its high inci-
dence and mortality rate. Here we present a review of the
current understanding of AKI in COVID-19. Summary: CO-
VID-19 is a catastrophic contagious disease caused by the
coronavirus, and the AKI induced by COVID-19 significantly
increases the mortality rate. In this review, we summarize the
clinical characteristics of COVID-19 induced AKI by focusing

on its epidemiology, pathogenesis, clinical diagnosis, and
treatment. Key Messages: Multiple studies have shown that
COVID-19 may involve the kidneys and cause AKI. This article
reviews the characteristics of COVID-19-induced AKI largely
based on up-to-date studies in the hope that it will be help-
ful in the current global fight against and treatment of CO-

VID-19. © 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Novel coronavirus disease (COVID-19) is a newly dis-
covered acute infectious disease caused by the SARS-
CoV-2virus, which is mainly manifested as acute respira-
tory diseases characterized by acute interstitial and alveo-
lar pneumonia and can affect multiple organs such as the
kidneys, the heart, the digestive tract, and blood [1]. This
disease is highly contagious, with diverse manifestations
and complications, and poses a threat to public health,
just like another 2 coronavirus-induced diseases, i.e., se-
vere acute respiratory syndrome (SARS) and Middle East
respiratory syndrome (MERS). Although it mainly pres-
ents with acute pneumonia, acute kidney injury (AKI) is
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definitely not uncommon and plays an important role in
the prognosis of severely affected patients. Therefore,
much attention must be paid to the AKI in COVID-19.

Epidemiology

The current outbreak of COVID-19 started in Wuhan,
China, in early December of 2019, and it has now spread
to over 200 countries [2]. There are 84,464 cumulative
confirmed cases, with 4,644 dead in China and 4,174,202
cases with 289,546 dead outside of China by May 15,
2020. In total, about 16-20% of patients present severe or
critical cases. The exact incidence of AKI in COVID-19 is
still not fully clear. In the first study reported by Huang
et al. [3], the incidence of AKI was 7%, and 3 out of 13
(23%) patients in the intensive care unit experienced AKI.
In another study of 99 patients with COVID-19, seven
cases developed various degrees of kidney injury with el-
evated serum creatinine (Scr) and/or blood urea nitrogen
(BUN) levels, and 3 of them were diagnosed with AKI [4].
Wang et al. [1] reported that 3.6% of patients developed
AKI and 2 patients received renal replacement treatment
in his 138-patient cohort study. In a larger multicenter
study with 1,019 cases, Guan and Zhong [5] showed that
the AKI incidence rate was only 0.5%. However, in a sin-
gle-center study with 710 consecutive hospitalized CO-
VID-19 patients, Cheng et al. [6] reported that the inci-
dence rate of AKI was 3.2%; most strikingly, 50% of the
patients with AKI died. Besides, patients with elevated
baseline Scr levels tend to develop more severe AKI and
have a higher death rate [6]. So it appears that the overall
incidence of AKI in COVID-19 is probably lower than
that in SARS and MERS [7, 8]. However, a recent study
from Yang et al. [9] suggests that the AKI incidence is
quite high (15/52; 29%) in critically ill patients. Quite
similar results were also reported by Diao et al. [10] in
their retrospective study, demonstrating that 27.06%
(23/85) of patients experienced AKI, and elderly patients
(age > 60 years) had a much higher incidence (69.57%) of
AKIdevelopment [10]. Clearly, AKIin COVID-19 is very
common, particularly in patients in severe or critical con-
dition.

Pathogenesis
Our current understanding of the pathogenesis of AKI

in COVID-19 is largely assumptive, based on previous
studies and 2 important coronavirus infection, i.e., SARS

2 Kidney Dis
DOI: 10.1159/000509086

and MERS. Renal impairment could be directly attacked
by the coronavirus or a cytokine storm due to abnormal
immunity. Hypotension or dehydration, hypoxemia, sep-
sis, and nephrotoxic drugs could also be involved in the
development of AKI.

Role of Virus Attack

Angiotensin converting enzyme 2 (ACE2), a metallo-
peptidase, has been confirmed to effectively bind to the
S1 domain of the spike protein on SARS-CoV. Therefore,
ACE?2 is considered to be a functional receptor of SARS-
CoV [11]. Researchers described the full-length genome
sequence of SARS-CoV-2 from 5 patients and found that
79.5% of SARS-CoV-2 sequences are homologous to
SARS -CoV [12]. Moreover, they share the same func-
tional receptor, i.e., ACE2, and have an affinity compa-
rable that of human ACE2 (hACE2) [12, 13]. Recently the
specific structure of ACE2 was discovered by cryoelec-
tronic microscopy and the multiple conformational states
of the SARS-CoV-2 S glycoprotein were demonstrated at
a 3.0-A resolution [13, 14]. hACE2 is not only expressed
in lung tissue but it can also be detected in the kidneys,
mainly in proximal tubules, afferent arterioles, collecting
ducts, and the thick ascending limb of Helen [15]. In ad-
dition, viral nucleic acid could also be found in urine in 4
out of 58 (6.9%), suggesting that the kidneys might be the
target of this novel coronavirus [16]. Recently, Diao et al.
[10] demonstrated that SARS-CoV-2 mainly induced
acute tubular necrosis by infecting kidney tubules direct-
ly. Immunohistochemistry demonstrated that the NP an-
tigen of SARS-CoV-2 was accumulated in the cytoplasm
of kidney tubules instead of glomeruli based on the au-
topsy findings of 6 COVID-19 subjects with renal func-
tion impairment prior to death [10]. Besides, Suetal. [17]
found the virus particles in the cytoplasm of renal proxi-
mal tubular epithelium and podocytes but less so in distal
tubules. SARS-CoV nucleoprotein was analyzed in 6 cas-
es, and 3 showed positive granular staining in a nuclear
or cytoplasm pattern in tubular epithelium. These results
provide direct evidence that the SARS-CoV-2 virus can
directly infect the renal tubular epithelium and podo-
cytes, which may induce AKI in COVID-19 patients [17].
Thus, the novel coronavirus can induce kidney injury di-
rectly via hACE2 or other receptors like SARS-CoV, but
the exact mechanism still needs to be clarified.

Role of immune Activation

Immune activation accompanying the release of a
large amount of proinflammatory factors may also play
an important role in COVID-19-associated AKI. Previ-
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ous studies have demonstrated that SARS-CoV and
MERS-Cov infection could lead to a significant upregula-
tion of inflammatory factors and chemokines [18]. It is
noteworthy that cytokine storm syndrome (CSS) may
play a critical role in multiple organ dysfunction syn-
dromein severe patients. Laboratory examination showed
that patients with COVID-19 have a higher level of
TNF-a, IL-1, IL-6, interleukin (IL)-12, and interferon
(IFN)-a, suggesting that they may have experienced CSS.
Chen et al. Recently a significant upregulation of IL-6 and
the IL-2 receptor (IL-2R) was demonstrated in 29 patients
with COVID-19 [19]. The exact role of CSS in COVID-19
needs to be further investigated.

Role of Other Clinical Factors

Severely or critically illness patients with COVID-19
often experience hypotension, hypoxemia, diarrhea, de-
hydration, electrolyte and acid-base balance disorder,
cardiac insufficiency, and disseminated intravascular co-
agulation. Meanwhile, drugs like NSAID, antiviral drugs,
antibiotics, and (or) norepinephrine could all be attribut-
able to the development of AKI, specifically in aging pa-
tients with underlying diseases like diabetes, cardiovascu-
lar disease, or cancer.

Clinical Manifestations of AKI in COVID-19

General Manifestation

COVID-19 can affect a variety of organs and systems,
including respiratory, urinary, digestive, cardiovascular,
blood, and neurological systems, depending on the sever-
ity [1]. The most common symptoms at the onset of the
COVID-19 illness are fever, cough, and fatigue, while
other symptoms include sputum production, headache,
hemoptysis, diarrhea, dyspnea, and lymphopenia. Severe
patients may experience a high fever, anhelation, chest
distress, cyanosis, hypoxemia, hypotension, etc. The
main feature of lung injury is acute interstitial pneumo-
nia, i.e., alveolar pneumonia with a large amount muci-
nous secretion, which usually causes persistent hypox-
emia. There are other relatively rare complications like
acute respiratory distress syndrome and acute cardiac in-
jury [2, 3, 20].

Renal Manifestations

Patients with COVID-19 may have various degree of
renal dysfunction, characterized by elevation of BUN, cre-
atinine (Cr), and renal structural changes [4]. A study of
59 patients with COVID-19 found that 34% of patients
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developed massive albuminuria on the first day of admis-
sion and 63% of patients presented proteinuria during
their stay in hospital [21]. BUN was elevated in 27% of the
patients, and more importantly two thirds of the patients
who died presented with increased BUN and Scr over 200
pmol/L. Kidney CT scans for showed the density was in
the range of 19.5-34.97 HU, which is significantly lower
than value in patients without kidney disease (i.e., 35 HU).
This result indicates that inflammation and edema of the
renal parenchyma may occur in patients with COVID-19
[21]. Chengetal. [6] recently reported that 44% of patients
presented with proteinuria and hematuria and 26.9% had
hematuria on admission among 710 consecutive hospital-
ized patients with COVID-19, and the prevalence of ele-
vated Scr and BUN levels was 15.5 and 14.1%, respective-
ly. Although the incidence of AKI was 3.2%, it is an inde-
pendent risk factor for in-hospital death [6]. Recent
autopsy data demonstrated that tubular epithelial cell ne-
crosis and degeneration, with interstitial hyperemia, mi-
crothrombus, or focal fibrosis were the main pathological
features, while glomerular lesions are not common [2].

Laboratory Examination

In the early stage of the disease, the number of periph-
eral blood leukocytes is normal or reduced; the lympho-
cyte count is reduced as well. Some patients may suffer
from liver disorder with abnormally elevated alanine
aminotransferase, aspartate aminotransferase, and lac-
tate dehydrogenase levels. Elevated troponin can be seen
in some critically ill patients. C-reactive protein and
erythrocyte sedimentation rates increased in most pa-
tients, and procalcitonin was usually normal. In severe
cases, D-dimer increased and peripheral blood lympho-
cytes decreased progressively [2]. Chest CT showed mul-
tiple small patch shadows and interstitial changes in the
early stage, which further developed into multiple ground
glass shadows and infiltration shadows in both lungs. In
severe cases, consolidation of the lung or white lung may
occur, while pleural effusion is rare [2]. Moreover, a
study of 52 critically ill patients showed that lymphocyto-
penia occurred in more than 80% of COVID-19 patients
[7]. However, a previous study claimed that 35% of non-
critical patients infected with SARS-CoV-2 had mild lym-
phocytopenia [4], suggesting that the severity of lympho-
cytopenia reflects the severity of SARS-CoV-2 infection.
A recently published case report analyzed the kinetics of
immune responses of a nonsevere case of COVID-19,
which suggest that immune parameters should be tested
in COVID-19. Early effective adaptive immune responses
might correlate with better clinical outcomes [22].
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Diagnosis

The diagnosis of AKI complicated with COVID-19 is
based on the diagnosis of COVID-19 and complied with
the criteria of KDIGO [1]. AKI is identified as one of the
following: (1) an Scr increase >0.3 mg/dL (=26.5 pmol/L)
within 48 h, (2) an Scr increase to >1.5 times baseline
within the previous 7 days; or (3) a urine volume <0.5
mL/kg/h for 6 h [23].

For diagnosis of COVID-19, epidemiological factors,
clinical manifestations, and laboratory examination (in-
cluding a hemogram, a chest CT, a virological examina-
tion, etc.) should be combined [2]. Novel coronavirus nu-
cleic acid detection, gene sequencing, or specific antibod-
ies (both IgM and IgG) are all reccommended approaches
for confirmed diagnosis [2]. However, false negativity
may happen in some cases with a gene detection kit; it
should therefore be used carefully and repeat analysis or
combined use with other approaches is recommended
[2]. Currently, detection kits like Reverse Transcription
Loop-Mediated Isothermal Amplification (RT-LAMP)
with better sensitivity and specificity are under investiga-
tion [24].

Treatment

The main treatment of COVID-19 with AKI includes
general management, antiviral therapy, renal replace-
ment therapy, and other supportive therapies.

General Management

All patients with confirmed COVID-19 should be
placed in effective quarantine and treated in designated
hospitals. Moreover, early admission to an intensive care
unit (ICU) is recommended for critical patients. Patients
are given rest, supportive treatment such as nutrients, and
maintenance of homeostasis. Oxygen therapy should be
provided when necessary. Fever is a common symptom
of COVID-19, and nonsteroidal anti-inflammatory drugs
(NSAID) are given cautiously. The management of criti-
cal cases should focus on the prevention and treatment of
complications by maintaining hemodynamic stability. In
addition, prevention of the secondary infection should
also be emphasized. Timely administration of high-flow
oxygen, mechanical ventilation, or extracorporeal mem-
brane oxygenation are key approaches for those with
ARDS. It should be noted that assessing the patient’s psy-
chological situation and relieving the anxiety of patients
are also integral parts of coping with this disorder [2].
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Antiviral Therapy

Although antiviral therapy is critical, there is current-
ly no confirmed effective antiviral drug for COVID-19.
According to the updated version of guidelines recom-
mended by the National Health Commission of the Peo-
ple’s Republic of China, aerosol inhalation of IFN-a and
lopinavir/ritonavir are suggested for patients [2]. The
specific therapeutic value and safety of lopinavir/ritona-
vir in COVID-19 patients are under investigation (ChiC-
TR2000029308). The efficacy of the nucleoside analog
GS-5734 (remdesivir) has been confirmed both in SARS-
CoV and in MERS-CoV [25, 26]. These studies suggested
that remdesivir might be considered for a wider range of
coronaviruses, including the current COVID-19. Suc-
cessful treatment with remdesivir has been reported in
COVID-19 patients [27], which quickly piqued the inter-
est of Chinese doctors. TA strictly designed clinical trial
on the efficacy of remdesivir in COVID-19 patients was
started in China on February 3 (NCT04252664 and
NCT04257656) and will hopefully be finished in April of
2020.

Blood Purification

Blood purification comprises a group of techniques
including plasma exchange, adsorption, perfusion, and
continuous renal replacement therapy (CRRT). Among
them, CRRT is critical for severe COVID-19 cases due to
its unique technical features, specifically for those with
AKI, systemic inflammatory response syndrome, mul-
tiple organ dysfunction syndrome, and CSS. CRRT is
usually recommended for those with hyperkalemia, aci-
dosis, pulmonary edema, or water overloaded [2]. Be-
sides, it should be noted that CRRT may play a crucial
role in clearance of overloaded inflammatory cytokines
in severe and critical patients [28]. Ghani et al. [29] had
showed the efficacy of high-volume hemofiltration
(6 L/h) treatment in sepsis, with not only removed in-
flammatory cytokines (IL-6, p = 0.025) but also improved
SOFA (Sequential Organ Failure Assessment) scores on
day 7. Park JT et al. [30] also demonstrated that a high
dose of CRRT could significantly reduce the patient’s se-
rum IL-6 and IL-8 levels. In a randomized clinical trial,
Zarbock et al. [31] demonstrated that early use of RRT
(KDIGO Stage II started in less than 8 h) could signifi-
cantly reduce the mortality rate in 90 days compared to
delayed use (KDIGO stage III started in over 12 h) in
critically ill patients [31]. All of these studies suggested
that timely use CRRT might be an effective therapy in
helping to clear the deadly cytokine storm in severe pa-
tients of COVID-19.
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Other Therapies

Convalescent Plasma

Preliminary clinical studies in China have showed that
early application of convalescent plasma in patients with
COVID-19 is an effective approach and could accelerate
the patients’ clinical recovery [32]. However, van Griens-
ven et al. [33] reported that transfusion of up to 500 ml of
convalescent plasma with unknown levels of neutralizing
antibodies to 84 patients with confirmed Ebola virus dis-
ease did not show significant improvement in survival.
The reason for this discrepancy is still unclear. Now 2
trials (an open-label, non-randomized clinical trial
[NCT04264858] and a multicenter, randomized, and par-
allel controlled trial [ChiCTR2000029757]) about the ef-
ficacy of convalescent plasma in patients with COVID-19
are ongoing in China.

Monoclonal antibody directed against the RBD do-
main of the S protein of MERS-CoV has been verified to
be effective in vitro [34]. Although the monoclonal anti-
body against COVID-19 has not been developed, trastu-
zumab, as a monoclonal antibody against IL-6 receptor,
achieved encouraging results in a preliminary clinical
observation. The safety and effectiveness evaluation of
trastuzumab is ongoing in multicenter randomized con-
trolled trials (ChiCTR2000029765).

Glucocorticoids

Glucocorticoids are usually applied in severely ill pa-
tients with a viral infection. In the retrospective study im
SARS-CoV, it was found that steroids could reduce the
mortality and shorten the hospitalization time [35]. How-
ever, the use of steroids is still quite controversial due to
its potential inhibition of virus clearance and prolonga-
tion of the duration of viremia.
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