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The novel coronavirus disease 2019 (COVID-19) is the first co-
ronavirus pandemic in human history. Europe and the USA
have become epicenters of the COVID-19 pandemic. Acute
kidney injury (AKI) is one of the most common complications
during COVID-19, which increases the risk of in-hospital
death. In-depth analysis of the occurrence, underlying mecha-
nisms and clinical evidence of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2)-induced AKI helps
clinicians to be alert to kidney damage. We believe that people
will triumph in this war and save as many lives as possible.

In December 2019, a frightening novel coronavirus
(COVID-19) broke out in Wuhan, China and spread rapidly
throughout the country. Currently >10 million cases of
COVID-19 have been diagnosed by laboratory tests, including
>490000 deaths, especially in the USA, UK, Italy, Russia,
Brazil, Spain and India. The number of occurrences of COVID-
19 and associated deaths was far greater than those of SARS-
CoV and Middle East respiratory syndrome coronavirus
(MERS-CoV) infection. The genomic characterization of the
novel coronavirus showed that it is closely related to SARS-like
coronaviruses detected in bat-derived coronaviruses (sequence
identity 96%) [1], therefore it was officially designated SARS-
CoV-2[2].

The common clinical symptoms of COVID-19 are fever,
cough and diarrhea [3]. Although most patients have mild
symptoms, nearly one-third of patients develop severe pneumo-
nia with several complications, including septic shock, acute re-
spiratory distress syndrome, AKI and even death [3, 4]. The
kidney is one of the most vulnerable organs during the
COVID-19 outbreak, which leads to AKI. According to previ-
ous studies, patients with SARS-CoV and MERS-CoV infection
had a high incidence of AKI [5, 6].

INCIDENCE OF AKI DURING THE COVID-19
OUTBREAK

In this study we included 12 large-scale case studies with 3670
COVID-19 patients for meta-analysis (Supplementary data,

Tables S1 and S2) [4, 7-17]. AKI occurred in 0.5-33.9% of cases
and 2.5-78% of intensive care unit patients with COVID-19.
There was no significant difference in COVID-19 patients with
pre-existing renal diseases between non-severe and severe
COVID-19 cases {odds ratio [OR] 0.83 [95% confidence inter-
val (CI) 0.55-1.25], P=10.37; Figure 1A}. Conversely, com-
pared with non-severe COVID-19 patients, the AKI rate was
significantly higher in severe COVID-19 patients [OR 12.57
(95% CI 9.15-17.27), P < 0.001; Figure 1B]. In addition, 50%
(27/54) of COVID-19 patients with in-hospital death had AKI
[9]. The incidence of AKI in non-survivors was significantly
higher than that in survivors [OR 27.75 (95% CI 11.58-66.50),
P <0.001; Figure 1C]. Therefore SARS-CoV-2 infection is
closely associated with the occurrence of AKI.

POTENTIAL MECHANISM OF SARS-COV-2
AFFECTING THE KIDNEY

Angiotensin-converting enzyme 2 (ACE2) as a cell receptor and
the transmembrane serine protease (TMPRSS) family (especially
TMPRSS2) are key factors in assisting SARS-CoV-2 entry into
host cells [18, 19]. After the spike (S) protein of SARS-CoV-2
binds to the host cell receptor ACE2, the S protein is cleaved by
the cellular TMPRSSs, releasing the fusion peptides for virus-cell
membrane fusion. In our study published in Intensive Care
Medicine, co-expression of the ACE2 and TMPRSS genes was ob-
servably detected in podocytes and proximal straight tubule cells
using single-cell transcriptome analysis, which was identified as
potential host cells in the human kidney [20]. Meanwhile, the
TMPRSS2 gene, as one of the most important cellular proteases,
was co-expressed with ACE2 in podocytes [20]. The latest study
reported that ACE2, TMPRSS2 and cathepsin L are enriched in
multiple kidney cell types, regardless of whether they are faetal or
adult, using single-cell RNA sequencing, which facilitates SARS-
CoV-2-induced AKI [21]. Through in situ hybridization and in-
direct immunofluorescence with confocal microscopy, the
SARS-CoV-2 viral load preferentially targeted glomerular cells
[21], which is consistent with our previous research [20].
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FIGURE 1: Pooled estimates of (A) pre-existing renal diseases, (B) AKI and (C) AKI in non-survivors and survivors.

In addition, co-expression of ACE2 and TMPRSS genes in
kidney cells was not less than that in the lung, esophagus, small
intestine and colon, suggesting that the human kidney is an
important organ targeted during SARS-CoV-2 infection [20].
The autopsies of COVID-19 patients showed that the kidney as
one of the most common targets of SARS-CoV-2 is enriched
with the SARS-CoV-2 viral load, the same as the respiratory
tract, liver, heart and brain [21]. Interestingly, the expression of
ACE2 in podocytes and proximal straight tubule cells was sig-
nificantly higher in Occidental donors than in Asian donors,
suggesting that Occidental populations might be at higher risk
for developing AKI during COVID-19 [20]. According to the
clinical characteristics of COVID-19 patients, the incidence of
AKI (21.8-36.6%) from Occidental populations is significantly
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higher than that from Asian populations (0.5-7.3%) [14, 22,
23], which is consistent with our findings [20].

PROTEINURIA IS THE MAJOR SYMPTOM OF
COVID-19 PATIENTS WITH AKI

It is well known that the major symptom of podocyte injury is
heavy proteinuria. According to previous studies on SARS-CoV
and MERS-CoV, proteinuria is also a major symptom in
patients with AKI [5, 6]. A recent study reported that 43.9% of
COVID-19 patients presented various degrees of proteinuria,
especially patients with AKI, and 26.9% of COVID-19 patients
had hematuria [24]. COVID-19 patients with proteinuria were
closely associated with increased in-hospital death risk
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{proteinuria 1+4: hazard ratio [HR] 2.47 (95% CI 1.15-5.33);
proteinuria 24+~3+: HR 6.80 (95% CI 2.97-15.56); P < 0.001}
[24]. Therefore it is highly likely that podocytes may be
damaged by a SARS-CoV-2 attack.

OTHER CLINICAL EVIDENCE OF
SARS-COV-2-MEDIATED AKI

Notably, the presence of SARS-CoV-2 in blood samples is a
necessary condition for kidney damage. SARS-CoV-2 may
spread to human kidney through the systemic circulation.
According to clinical research data, 40% (6/15) of whole blood
and 20% (3/15) of serum samples were SARS-CoV-2 nucleotide
positive by a COVID-19 real-time quantitative polymerase
chain reaction (RT-qPCR) test [25]. Several other studies
showed that SARS-CoV-2 RNA viral load was detected in the
serum of 41% of patients in general and up to 50% of critically
ill patients [26, 27]. Moreover, detectable serum SARS-Cov-2
RNA (RNAaemia) is closely associated with elevated interleu-
kin-6 level and poor prognosis, especially in critically ill
COVID-19 patients [28], so decreasing RNAaemia might also
help to blunt the excessive inflammatory response.
Interestingly, although the oral swab test might be negative,
blood samples can be detected as SARS-CoV-2 nucleotide posi-
tive, suggesting that adding blood tests can improve the positive
rate of diagnosis for COVID-19 [25]. Last but not the least, the
interval from symptom onset to the detection of SARS-CoV-2
in the blood is ~1 week for patients with COVID-19 [4, 29, 30].
The length of time for blood SARS-CoV-2 positivity also coin-
cides with the time (1 week) for developing AKI [3, 4].

Furthermore, the most direct evidence of coronavirus-
induced kidney damage is that SARS-CoV-2 is found in the kid-
ney tissue or urine of patients with COVID-19. A previous
study demonstrated that SARS-CoV RNA was detected in
kidney tissues from autopsy patients who died of SARS [31].
A recent study reported that the SARS-CoV-2 viral load was
detected in kidney tissues from autopsies of COVID-19
patients, either with or without a history of chronic kidney dis-
ease, suggesting that SARS-CoV-2 directly infects the human
kidney [21]. In addition, several studies found SARS-CoV-2
RNA viral load in the urine samples of patients with COVID-19
[7,26].

CONCLUSIONS

In conclusion, this evidence indicates that SARS-CoV-2 may di-
rectly infect the human kidney, resulting in AKI, especially in
severe COVID-19, either with or without a history of chronic
kidney disease. According to single-cell transcriptome analysis
combined with clinical characteristics analysis, multiple kidney
compartments (especially podocytes and proximal straight tu-
bule cells) in the human kidney may be potential host cells.
Occidental populations may have a higher incidence of AKI,
which requires more clinical case studies to verify. Given the
current global outbreak of COVID-19, clinicians need to pay
additional attention to SARS-CoV-2-mediated kidney damage.
Notably, for severe cases with AKI, urinary excretion of these
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patients should be handled with caution to prevent accidental
infection of medical workers.
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Pathological value of lysozyme staining for renal sarcoidosis
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Sarcoidosis is a systemic inflammatory disease of unknown eti-
ology. Besides kidneys, multiple organs including the lungs,
skin, heart, eyes and lymph nodes are affected with or without
granulomatous formations. Diagnosis of sarcoidosis is often dif-
ficult because of its few clinical symptoms and a low detection
rate of granulomas in the tissue. Even the pathological finding
of granulomas cannot directly connect to the diagnosis, as it
can be found in other inflammatory diseases. Kidney biopsy
specimens of renal sarcoidosis show interstitial fibrosis and tu-
bular atrophy with mononuclear cell infiltrations. In most cases,
these findings cannot provide adequate diagnostic information
because the etiology of tubulointerstitial nephritis (TIN) is di-
verse: infections, drugs, toxins, autoimmune diseases and other
factors induce tubular damage as well. Among the pathogenesis
of TIN, sarcoidosis could be one of the most underdiagnosed
afflictions because of its variety of symptoms and its slow
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progression of the disease. Therefore, reliable diagnostic tools
are required.

Some laboratory measurements that include high serum cal-
cium, angiotensin-converting enzyme and lysozyme levels are
helpful for approaching the diagnosis [1]. Lysozyme is a glyco-
side hydrolase that catalyzes peptidoglycans on bacterial cell
walls resulting in antibacterial activity [2]. In sarcoidosis,
monocytes/macrophages are known to be a key effector of dis-
ease activity, and lysozyme is produced by these cells [3, 4].
Once in the serum, circulating lysozyme is filtrated in the glo-
meruli and reabsorbed in the proximal tubules, where lysozyme
is digested within lysosomes [5]. It is well known that chronic
myelomonocytic leukemia (CMML), a hematologic disorder of
clonal monocytes, shows a high serum lysozyme level that indu-
ces severe TIN with swollen proximal tubules containing a large
number of lysosomes and a strongly positive lysozyme [6, 7]. In
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