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ABSTRACT
Background AKI is a complication of coronavirus disease 2019 (COVID-19) that is associated with high mortality. Despite documented kidney tropism of the severe acute respiratory syndrome coronavirus 2 (SARSCoV-2), there are no consistent reports of viral detection in urine or correlation with AKI or COVID-19 severity.
Here, we hypothesize that quantiﬁcation of the viral load of SARS-CoV-2 in urine sediment from patients with
COVID-19 correlates with occurrence of AKI and mortality.
Methods The viral load of SARS-CoV-2 in urine sediments (U-viral load) was quantiﬁed by qRT-PCR in 52
patients with PCR-conﬁrmed COVID-19 diagnosis, who were hospitalized between March 15 and June 8,
2020. Immunolabeling of SARS-CoV-2 proteins Spike and Nucleocapsid was performed in two COVID-19 kidney biopsy specimens and urine sediments. Viral infectivity assays were performed from 32 urine sediments.
Results A total of 20 patients with COVID-19 (39%) had detectable SARS-CoV-2 U-viral load, of which 17
(85%) developed AKI with an average U-viral load four-times higher than patients with COVID-19 who did
not have AKI. U-viral load was highest (7.7-fold) within 2 weeks after AKI diagnosis. A higher U-viral load correlated with mortality but not with albuminuria or AKI stage. SARS-CoV-2 proteins partially colocalized with
the viral receptor ACE2 in kidney biopsy specimens in tubules and parietal cells, and in urine sediment cells.
Infective SARS-CoV-2 was not detected in urine sediments.
Conclusion Our results further support SARS-CoV-2 kidney tropism. A higher SARS-CoV-2 viral load in urine
sediments from patients with COVID-19 correlated with increased incidence of AKI and mortality. Urinary viral
detection could inform the medical care of patients with COVID-19 and kidney injury to improve prognosis.
JASN 32: 2517–2528, 2021. doi: https://doi.org/10.1681/ASN.2021010059

The novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) emerged in late 2019, and
the associated coronavirus disease 2019 (COVID19) rapidly became a pandemic.1 Patients with
severe COVID-19 present with dyspnea and hypoxemia, leading to respiratory failure. However,
SARS-CoV-2 does not exclusively infect respiratory tract cells, as documented in recent studies
in enterocytes, endothelial cells, and kidney
cells.2–5 It is not clear to what extent this multiorgan tropism contributes to poor COVID-19 outcome, mainly due to lack of conclusive studies
JASN 32: 2517–2528, 2021

addressing viral presence in target organs in relation with COVID-19 complications. One of the
most common complications of COVID-19 is
Received January 16, 2021. Accepted May 23, 2021.
Published online ahead of print. Publication date available at
www.jasn.org.
Correspondence: Dr. Pablo A. Ortiz, Hypertension and Vascular
Research Division, Department of Internal Medicine, Henry Ford
Hospital, 6135 Woodward Ave., Detroit, MI 48202. Email:
portiz1@hfhs.org
Copyright ß 2021 by the American Society of Nephrology

ISSN : 1533-3450/1046-2517

2517

BASIC RESEARCH

www.jasn.org

AKI, which occurs in up to 49% of patients, with higher rates
in minority groups,6–11 and is linked to poor COVID-19
prognosis and mortality.12–14 Despite the documented presence of SARS-CoV-2 in kidney tissue,2–5,15,16 efforts to detect
viral genetic material or infective particles in urine have been
inconclusive. Most studies reported an absent or very low
detection rate of viral genetic material in whole urine, and
only few laboratories have examined the presence of infective
SARS-CoV-2.17–21 This lack of in-depth urine analysis has
prevented the establishment of an association between urine
SARS-CoV-2 load and kidney injury, precluding us from taking advantage of an easily accessible, noninvasive sample as a
diagnostic tool for patients with COVID-19. It is unclear why
virus detection in urine is so challenging. Possible reasons
could be related to variability in urine volume, incomplete
replication or release by infected kidney cells, or virus
destruction in urine by excreted proteases and RNAses. All
of these factors could be minimized using detection methodologies with increased sensitivity that measure the presence
of SARS-CoV-2 directly in cells of renal origin, such as the
cells shed in urine sediments. Here, we tested the hypothesis
that the viral load of SARS-CoV-2 can be quantiﬁed in urine
sediment and that it correlates with occurrence of AKI and
risk of death among patients with COVID-19. A better
understanding of the effect of SARS-CoV-2 presence in the
kidney, its detection in urine, and its relationship to kidney
damage could better inform medical decisions to treat
patients with COVID-19.

METHODS
Patients

During the time frame of our study, 1320 patients were
admitted to the Henry Ford Hospital in Detroit, Michigan,
with a clinical diagnosis of COVID-19. Between March 15
and June 8, 2020, a cohort of 652 patients enrolled in the
Translational and Clinical Research Center biobank at the
Henry Ford Hospital. From our biobank, 52 patients were
enrolled with a COVID-19 diagnosis conﬁrmed by laboratory RT-PCR of nasopharyngeal swabs or tracheal aspirates.
Clinical history, course of COVID-19, and clinical chart diagnosis of AKI were abstracted from the electronic medical
record. Subsequently, the presence of AKI, its Kidney Disease
Improving Global Outcomes stage, and the presence of RRT
was adjudicated by two independent and blinded nephrologists. Any discrepancy was reconciled by a third nephrologist.
The results of the adjudication were used for all analyses
reported (Figure 1). The institutional review board at Henry
Ford Health System approved specimen collection and biobanking. Each patient, or their legal representative, provided
informed consent before participation, and only deidentiﬁed
data were analyzed. Urine specimens were collected from
14 consented, healthy, control volunteers; 18 patients with
COVID-19 who had no AKI; and 33 patients with COVID-19
2518
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Signiﬁcance statement
AKI has been recognized as a common complication of coronavirus disease 2019 (COVID-19) and is associated with disease severity and mortality. The mechanisms behind these associations
remain obscure, due, in part, to unsuccessful attempts to consistently detect the novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in urine, despite evidence of kidney tropism.
This study consistently quantiﬁes the SARS-CoV-2 genome via
quantitative RT-PCR in cells of urine sediments from patients
with COVID-19. It was found that viral load in urine sediment
was higher within 2 weeks of the AKI event among patients with
COVID-19, and it correlated with increased risk of death. Quantiﬁcation of viral load in urine sediment offers a noninvasive
approach that could help identify and care for those patients
with COVID-19 who are at higher risk of kidney injury and poor
outcome.

in the following weeks after an AKI episode (up to 8 weeks).
Only one patient in the cohort was not available for specimen
collection after the AKI episode and was excluded from the
quantitative RT-PCR (qRT-PCR) analysis.
Urine Sediment Specimen Collection

Urine samples were obtained as spontaneously voided or
bladder-catheterized specimens, and only included in the
study if fresh urine sample could be obtained and processed
immediately by study staff. Urine sediments were obtained
within 2–4 hours of sampling by centrifugation at 1000 3 g
for 10 minutes, followed by two washes with cold PBS
buffer. All samples were handled in a biosafety level 2 laboratory after approval from the internal Institutional Recombinant DNA and Biosafety Committee. Viral RNA was
extracted by resuspending urine sediments in lysis buffer
from the viral RNA extraction kit (Takara Bio USA, Ann
Arbor, MI), following the manufacturer’s instructions.
RNA was quantiﬁed in a Qubit 4 Fluorometer using the
Qubit RNA High Sensitivity Assay Kit (Thermo Fisher Scientiﬁc, Waltham, MA). To estimate RNA sample purity, the
ratios of the absorbance at 260 nm and 280 nm were measured by NanoDrop (Gen5 Synergy H1 plate reader; BioTek,
Winooski, VT) in separate aliquots of ten samples of the
highest RNA concentration, and were determined to be,
on average, 2.360.3.
Real-Time RT-PCR for SARS-CoV-2 in Urine Sediments

Viral RNA was extracted from urine sediments using a commercial kit (Takara Bio USA). Between 10 and 500 ng of RNA
were reverse transcribed using SuperScript III Reverse Transcriptase (Thermo Fisher Scientiﬁc) and random hexamers.
Of the resulting cDNA from this reaction, 5 ml were used
for real-time PCR in a ViiA 7 Real-Time PCR System
(Applied Biosystems, Foster City, CA). The cDNA was diluted
at 1:10, 1:20, or 1:50 to ensure the measurements were within
the linear range of the standard curve (Supplemental Figure
1). Oligonucleotide primers speciﬁc for the SARS-CoV-2
JASN 32: 2517–2528, 2021
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Participant enrollment in TCRC
Biobank between 4/15/2020 and
06/08/2020 (N=652)

Excluded (N=560)
● Unable to produce urine at time of Collection
● Anuric Patients
● Processing limitations

Inclusion

Blinded
Adjudication

Analysis

Initial inclusion (N=92)
● Urine sedimentatiom conducted
within 4 hours of collection
● Administrative diagnosis of AKI

Excluded from analysis
● SARS-CoV-2 PCR negative
● Clinically suspected (N=40)

SARS-Cov-2 PCR positive diagnosis (N=52)
● Administrative diagnosis of AKI (N=42)
● No administrative diagnosis of AKI (N=10)

COVID-19 positive with AKI
(N=34)

COVID-19 positive without presence of AKI
(N=18)

Figure 1. Study design and inclusion criteria. Flowchart showing the exclusion and inclusion criteria used in this study to select the study
population of patients with COVID-19 who did or did not have AKI during their COVID-19–related hospital stay. TCRC, Translational and
Clinical Research Center.

Spike (S) and Nucleocapsid (N) genes were previously developed. The S primer set22 had the following sequences:
forward, 59 -CAATGGTTTAACAGGCACAGG-39 ; reverse,
59 -CTCAAGTGTCTGTGGATCACG-39 . The N primers corresponded to the N2 set developed by the Centers for Disease
Control (CDC; https://www.cdc.gov/coronavirus/2019-ncov/
downloads/rt-pcr-panel-primer-probes.pdf). All primers were
synthetized by Euroﬁns Genomics (Louisville, KY). RealTime SYBR Green PCR mix was from Bio-Rad (Hercules,
CA). Urine sediments from 14 healthy, nonsymptomatic, controls, with no history of COVID-19 or AKI, were analyzed to
establish background RT-PCR signal. Viral RNA copies were
quantiﬁed with a standard curve of heat-inactivated SARSCoV-2 complete genome (catalog number NR-52347, lot number 70033926; National Institutes of Health [NIH], National
Institute of Allergy and Infectious Diseases, BEI Resources,
Manassas, VA). The number of viral copies per nanograms
of RNA was calculated as: viral copies3PCR dilution factor/
nanograms RNA.
The intra- and interassay coefﬁcients of variation were
0.9%60.1% and 1.8%60.3%, respectively, as determined by
triplicates that were run in parallel and sequentially. Singleband ampliﬁcation was veriﬁed by gel electrophoresis.
JASN 32: 2517–2528, 2021

SARS-CoV-2 Infectivity Assay

Virus infectivity was assessed at a biosafety level 3 facility at
Michigan State University Veterinary Diagnostic Laboratory.
African green monkey Vero E6 cells (ATCC, Manassas, VA)
were grown at 80% conﬂuency in Medium 199 with Earle
Balanced Salts (MilliporeSigma, St. Louis, MO) supplemented to 6% US origin FBS (Millipore Sigma). Urine sediment lysate was brought to 1 ml with Bovarnick buffer (pH
7.0), and then centrifuged at 8,000 3 g for 5 minutes to pellet
debris. The clariﬁed liquid was passed through a 0.22-mm
syringe ﬁlter directly onto cell cultures. Cells were cultured
and monitored daily for cytopathic effects for up to 10
days. At the end of this period, RNA was extracted and
real-time qRT-PCR was performed for SARS-CoV-2 genes
N and S to conﬁrm presence or absence of viral replication.
Immunofluorescence and Confocal Microscopy

Kidney biopsy sample slides were obtained from two patients
with RT-PCR–conﬁrmed COVID-19 and two patients negative for COVID-19 (negative controls) by the Translational
and Clinical Research Center. Biopsies were indicated for
unexplained nephrotic-range proteinuria with clinical concern
for rapidly progressing GN in patients with COVID-19.
Urine SARS-CoV-2 and Kidney Injury
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Formalin-ﬁxed, parafﬁn-embedded slices were ﬁrst deparafﬁnized with xylene and then rehydrated gradually through
100% ethanol to distilled water. Slides were incubated for 10
minutes with 0.05% Triton X-100 at room temperature (RT)
for permeabilization followed by antigen retrieval using citric
acid buffer (10 mM, pH 6.0). Slides were then blocked with 5%
BSA to block nonspeciﬁc binding. Slides were incubated with
primary antibodies, either a 1:200 dilution of SARS-CoV-2
spike mAB (clone 1A9; Gentex, Irvine, CA) or SARS-CoV-2
nucleocapsid antibody (clone 6H3; Gentex), at 4 C overnight.
This was followed by 1:100 of Alexa Fluor 647 donkey antimouse IgG (Molecular Probes, Eugene, OR) for 1 hour at
RT. To label angiotensin-converting enzyme 2 (ACE2), slides
were then incubated with a 1:50 dilution of ACE2 rabbit mAB
(clone EPR4435; Abcam, Cambridge, MA) after blocking with
1% BSA, followed by incubation with 1:100 Cyanine3 donkey
anti-rabbit IgG (Jackson ImmunoResearch, West Grove, PA)
for 1 hour at RT. Finally, slides were counterstained with
49 ,6-diamidino-2-phenylindole at a dilution of 1:2000 for 5
minutes at RT. Controls for nonspeciﬁc secondary antibody
binding were performed without primary antibodies, and
were completely negative. COVID-19–negative and COVID19–positive slides were imaged the same day, with identical
settings, using a Leica TCS SP8 MP confocal/multiphoton
microscopy system (Leica Microsystems, Wetzlar, Germany),
with a 633/1.40 oil CS2 Harmonic Compound Plan Apochromat lens. We also tested antibodies against SARS-CoV-2
nucleocapsid protein (A50, 1:250; Rockland Antibodies, Limerick, PA) or SARS-CoV-2 membrane protein (A55, 1:200;
Rockland Antibodies).23 All of these antibodies have recently
been used by other investigators to detect SARS-CoV-2 in
respiratory tissue and placenta,5,24 and in human liver duct
organoids.25
Albumin-Creatinine Ratio

Spontaneously voided or bladder-catheterized urine samples
were obtained from hospitalized patients and brieﬂy centrifuged (1000 3 g, 10 minutes) to eliminate particulate material. Supernatants were used for determination of urine
albumin (catalog number ab108788; Abcam) and creatinine
(BioAssay, Hayward CA) concentration with ELISA kits.
The measured urine albumin and creatinine concentrations
were used to calculate the albumin-creatinine ratios (ACRs)
in milligrams per gram.
Statistical Analyses

For descriptive purposes, continuous variables were summarized using means and SDs, and categoric variables are
summarized using frequency counts and percentages.
Between-group differences in continuous variables were
assessed using the nonparametric Kruskal–Wallis test. For
categoric variables, between-group frequency differences
were assessed using the Fisher exact test. Correlations
between continuous variables were tested using Spearman
2520
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rank correlations. All statistical analyses were performed
using GraphPad Prism 8.2.1 (GraphPad Software, San Diego,
CA), with the exception of the analysis for inpatient mortality. The association between the viral load of SARS-CoV-2 in
urine sediments (U-viral load) and inpatient COVID-19
mortality was performed using the Fine and Gray competing
risk model with the R statistical programming language package “cmprsk.” In this analysis, inpatient mortality was modeled as the primary hazard, and alive at hospital discharge
was modeled as the secondary hazard. Patients who were still
in the hospital and alive as of June 8, 2020 were censored. To
account for multiple admissions, the total number of inpatient days across all admissions for a patient was considered
the inpatient time to event. Hazard ratios (HRs) and 95% CIs
for the association of U-viral load with mortality were calculated both unadjusted and adjusted for age, sex, and Black
race/ethnicity. P values ,0.05 were considered statistically
signiﬁcant.

RESULTS
SARS-CoV-2 Detection in Urine Sediments from
Patients with COVID-19 and AKI

The baseline characteristics of our study cohort of 52 patients
with a conﬁrmed COVID-19 diagnosis are summarized in
Table 1. The mean6SD follow-up time from COVID19–related admission was 53.7617.9 days. Two SARS-CoV2 genes (S and N) were successfully detected by RT-PCR
and quantiﬁed by extrapolation to a standard curve of the
SARS-CoV-2 genome (Supplemental Figure 1). A mean6SD
U-viral load of 17306344 copies/ng RNA was measured in
non-AKI COVID-19 specimens (NS versus background in
COVID-19–negative controls, P50.38; Figure 2A). In specimens from patients with COVID-19 who developed AKI, the
U-viral load was 3.9-times higher (P50.001; mean6SD,
677961479 copies/ng RNA) compared with background in
COVID-19–negative controls (Figure 2A). In patients where
urine was collected within the ﬁrst 2 weeks after an AKI episode, the U-viral load was signiﬁcantly higher (13,26663033
copies/ng RNA, P50.004 versus non-AKI; Figure 2B),
returning to levels comparable with non-AKI after 2 weeks
(32126897 copies/ng RNA, P.0.99 versus non-AKI). To
assess the prevalence of high U-viral titers among patients
with AKI, we set a threshold of three SDs of the background
signal from noninfected controls. Approximately half of the
patients with AKI had U-viral loads above this threshold,
compared with only three out of 18 (17%) of the non-AKI
group (P50.02; Figure 2C), indicating a larger proportion
of patients with AKI who had a higher SARS-CoV-2 viral
load in urine sediments. The amount of RNA puriﬁed from
patients with COVID-19 with or without AKI was not significantly different (P.0.99; Supplemental Figure 2) and there
was no correlation between U-viral load and starting amount
of RNA in the RT-PCR reaction (Spearman r correlation
JASN 32: 2517–2528, 2021

www.jasn.org

BASIC RESEARCH

Table 1. Baseline characteristics of the study cohort
Characteristics
Total
Age (years)
Sex, n (%)
Male
Female
Race, n (%)
Black
White
Hispanic
Asian
Unknown
Height (m), mean6SD
Weight (kg), mean6SD
BMI (kg/m2), mean6SD
Comorbidities, n (%)
Hypertension
Heart Failure
Diabetes
COPD
CKDa
Urine volume (ml), mean6SD
Serum creatinine (mg/dl), mean6SD
Albuminuria (ACR.30 mg/g), n (%)
CRP .3 mg/L (34 on record; 65.4%), n (%)
Urinary tract infection, n (%)
Catheterized, n (%)
Blood in urine, n (%)
On ventilator, n (%)
Mortality, n (%)

P Value

COVID-19

COVID-19 and AKI

COVID-19 and No AKI

52 (100)
62613

34 (65.4)
64612

18 (34.6)
58615

30 (57.7)
22 (42.3)

24 (80.0)
10 (45.5)

6 (20.0)
12 (54.5)

37 (71.2)
11 (21.2)
2 (3.8)
1 (1.9)
1 (1.9)
1.7260.11
94.9626.4
32.0468.65

23 (62.2)
8 (72.7)
2 (100)
1 (100)
0
1.7560.09
97.1625.3
31.4766.98

14 (37.8)
3 (27.3)
0
0
1 (100)
1.6760.09
90.9628.7
33.11611.30

0.008
0.34
0.90

41 (33.1)
12 (9.7)
27 (21.8)
9 (7.2)
35 (28.2)
55.2624.3
1.961.8
33 (63.5)
23 (67.6)
12 (23.1)
27 (51.9)
12 (23.1)
30 (57.7)
12 (23.1)

28 (68.3)
6 (50.0)
21 (77.8)
5 (55.6)
28 (80.0)
55.0617.6
2.261.8
20 (60.6)
15 (65.2)
8 (66.7)
22 (81.5)
8 (66.7)
25 (83.3)
10 (83.3)

13 (31.7)
6 (50.0)
6 (22.2)
4 (44.4)
7 (20.0)
55.7634.2
1.762.0
13 (39.4)
8 (34.8)
4 (33.3)
5 (18.5)
4 (33.3)
5 (16.7)
2 (16.7)

0.48
0.30
0.08
0.70
0.004
0.66
0.02
0.38
0.46
.0.99
0.02
.0.99
0.003
0.18

0.24
0.02

0.42

Continuous variables are summarized as means6SDs. P values were calculated using the Kruskal–Wallis test (for continuous variables) or the Fisher exact test (for
categoric variables). BMI, body mass index; COPD, chronic obstructive pulmonary disorder; CRP, C-reactive protein.
aCKD presence determined by chart diagnosis during medical record abstraction. A breakdown of CKD stages follows: stage 1, n51; stage 2, n59; stage 3a/b, n511;
stage 4, n59; stage 5/ESKD, n55.

coefﬁcient50.08, R25 0.006), indicating that viral load in
patients with AKI is not artiﬁcially high due to increased
cell shedding. To rule out additional possible confounding
factors, we further determined that the method of urine collection (spontaneous voiding versus catheterization), the
presence of blood in urine, or requirement of mechanical
ventilation were not associated with higher U-viral loads
(Supplemental Figure 3).
Altogether, these results indicate higher levels of SARSCoV-2 genetic material in urine sediments from patients
with COVID-19 who develop AKI.
U-Viral Load and COVID-19 Severity

U-viral load was associated with COVID-19 inpatient mortality (P,0.001), with each increase of 10,000 viral copies/
ng RNA being associated with a 2.87-fold (95% CI, 1.76 to
4.68) increased risk of death, and this increase in risk was
largely unchanged after adjustment for age, sex, and Black
race/ethnicity (HR, 3.28; 95% CI, 1.77 to 6.06; P,0.001).
Among subjects who died, the U-viral load reached a high
of 11,07362816 copies/ng RNA at an average of 9 days before
death. This viral load was three times higher than the average
33776860 copies/ng RNA (P50.03) recorded in subjects that
JASN 32: 2517–2528, 2021

were still alive at time of cutoff (Figure 3A). Figure 3B displays the cumulative incidence of inpatient mortality in those
patients below and above the average of the highest recorded
U-viral load (5141 copies/ng RNA) across all patients. At
60 days, those above and below this threshold had cumulative
mortality rates of 62% and 9%, respectively, with a
corresponding HR of 11.5 (95% CI, 3.27 to 40.30;
P,0.001). Table 2 puts some clinical perspective on the subgroup of patients who died. A large majority had developed
AKI (83.3%), and only two were in the non-AKI group. As
expected, the predominant cause of death was respiratory
and systemic complications from COVID-19. The only
non-COVID-19–related death on record was one case of
metastatic cancer. This patient was in the non-AKI group
and had low measurable U-viral load (539 copies/ng RNA),
suggesting that the poor outcome was not related to
COVID-19. Besides the higher U-viral load associated with
subsequent risk of death, we did not observe any correlation
between mortality and duration of COVID-19, need of ventilation, sepsis, or changes in BP (Table 2). However, because
the number of patients who died (n512) was relatively small,
the statistical power was low. Similarly, we did not observe
any strong evidence of risk factors associated with patients
Urine SARS-CoV-2 and Kidney Injury
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presenting with the highest U-viral loads .5141 copies/ng
RNA in our cohort (Supplemental Table 1).
In subjects with a urine ACR .30 mg/g, the average
U-viral load tended to be higher, but not signiﬁcantly different (383961330 viral copies/ng RNA for ACR,30 mg/
g versus 564961329 viral copies/ng RNA for ACR$30
mg/g; P50.50; Figure 3C). We did not ﬁnd signiﬁcant associations of U-viral load with serum creatinine, blood in
urine, C-reactive protein (Supplemental Figure 3), BUN,
stage of AKI, or need for RRT (Figure 3D, 3E). This weak
correlation with renal parameters and markers of injury
may be reﬂective of transient effects related to the time of
collection.

#
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Figure 2. Higher presence of SARS-CoV-2 genetic material was
measured in urine sediments of patients with COVID-19 who
developed AKI. (A) U-viral load was higher in patients with
COVID-19 and AKI, whereas it was not signiﬁcantly different from
background in patients with COVID-19 without AKI. (B) U-viral
load was signiﬁcantly higher in patients with COVID-19 and AKI
during the ﬁrst 2 weeks after the AKI diagnosis. (C) A larger percentage of patients with COVID-19 and AKI had detectable
U-viral loads compared with patients with COVID-19 without AKI
(P,0.05, Fisher exact test). For patients with COVID-19, n551;
for healthy controls, n514. Each dot represents an individual
data point, average viral copies per nanogram RNA is indicated
(dotted line) and SEM. Dark-colored dots represent the same individuals in (A) and (B) with the highest viral loads. #P,0.05 versus
background; *P,0.05 versus non-AKI, Kruskal–Wallis test.
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To provide additional evidence of SARS-CoV-2 infection in
the kidney, we performed immunolabeling for the SARSCoV-2 spike and nucleocapsid proteins in kidney biopsy
specimens from patients positive and negative for COVID19 (Figure 4). Positive labeling for viral proteins was detected
in different kidney cell types, including proximal tubules
(Figure 4, A, C, and D), parietal cells (Figure 4B), and distal
tubules (with the appearance and size of collecting ducts;
Supplemental Figure 4). Relatively low immunoreactivity
was observed in glomerular cells (Figure 4B). Only background signal was observed in biopsy specimens from
patients negative for COVID-19 (Figure 4, E–G). ACE2,
the receptor for viral entry, was abundant in proximal tubules
and, to a lesser extent, parietal cells, and colocalized with
intracellular SARS-CoV-2 in some proximal tubule cells (Figure 4, A and B, and Supplemental Figure 4B). We also conducted immunolabeling in fresh urine sediments embedded
in matrigel. The SARS-CoV-2 spike protein was detected in
single cells from a patient with positive urine RT-PCR (Figure 5A), but was absent in patients negative for COVID-19
(Figure 5B). ACE2 expression was detected in the same cells
(Figure 5), but not all cells in urine sediment expressed
ACE2. Coexpression of ACE2 and the viral nucleocapsid protein was also observed in urine sediments from three additional patients with urine-positive RT-PCR (Supplemental
Figure 5). The origin or identity of these cells was not
determined.
Infectivity of SARS-CoV-2 Material from Urine

It is unclear whether infective virions are shed in the urine, and
a previous study failed to detect this.18 We studied 32 fresh
urine sediments, 28 from patients positive for COVID-19
and four from negative controls, for cytopathic viral growth
in inoculated Vero E6 cells. Two out of 28 (7.1%) urine sediment specimens generated cytopathic growth (both from
patients diagnosed with AKI). However, subsequent RT-PCR
failed to amplify any SARS-CoV-2 genetic material isolated
from Vero E6 cells, suggesting the cytopathic effect observed
was secondary to a viral infection other than SARS-CoV-2.
JASN 32: 2517–2528, 2021
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Figure 3. Higher SARS-CoV-2 U-viral load was associated with higher risk of mortality. (A) Increased U-viral load among patients who
died. (B) Cumulative incidence of inpatient mortality at above and below a viral load of 5141 copies/ng RNA. Sixty day HR, 11.50 (95%
CI, 3.27 to 40.30), P,0.001. The probabilities of nonsurvival (at risk) for the duration of the observation period were as follows: ,5141
copies/ng RNA, P50.09; .5141 copies/ng RNA, P50.62. (C) The average U-viral load was 1.5 times higher in patients with COVID-19
who had albuminuria at the time of sampling, but this was NS (P50.50, Kruskal–Wallis test). (D) Average U-viral load in patients with
COVID-19 at different stages of AKI (P50.12, Kruskal–Wallis test). (E) Average U-viral load in patients with COVID-19 and AKI who
needed RRT or not (P50.10, Kruskal–Wallis test). Each dot represents an individual data point, average viral copies per nanograms
RNA is indicated (dotted line) along with the SEM. n548. *P50.03, Kruskal–Wallis test.

DISCUSSION

During the time frame of our study, 1320 patients were
admitted to our institution in Detroit, Michigan, with a clinical diagnosis of COVID-19. Retrospective review of our
medical records showed that 614 patients (46.5%) were also
diagnosed with AKI. AKI was present in 172 of 225
(76.4%) patients who died. A high incidence of AKI (up to
49% in US minority groups)11 has been documented in
COVID-19 epicenters around the world.6–10 Furthermore,
JASN 32: 2517–2528, 2021

the mortality rate observed among the AKI subset of patients
with COVID-19 is disproportionately high.12–14 To gain
insight into the effect of COVID-19 in kidney dysfunction,
this study was targeted to a cohort of 52 patients with laboratory RT-PCR diagnosis of COVID-19. Here, we report
higher viral copy number detected in urine sediment from
patients with COVID-19 who developed AKI, and a strong
correlation between U-viral load and subsequent mortality.
Urine sediments represent a noninvasive diagnostic tool
with potential for assessing patients with COVID-19
Urine SARS-CoV-2 and Kidney Injury
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Table 2. Clinical characteristics of deceased COVID-19 patients
Characteristics
Total, n (%)
AKI, n (%)
Yes
No
Cause of death, n (%)
Acute respiratory failure
Multisystem organ failure
Arrythmia
Metastatic cancer
Not on record
Length of stay until death (d)
Duration of COVID-19 at sampling (d)
Required ventilation, n (%)
Developed sepsis, n (%)
Systolic BP (mm Hg), mean6SD
On BP medication, n (%)

Alive

Deceased

40 (76.9)

12 (23.1)

24 (60.0)
16 (40.0)

10 (83.3)
2 (16.7)

—
—
—
—
—
—
28619
23 (57.5)
12 (30.0)
132621
31 (77.5)

7 (58.3)
1 (8.3)
1 (8.3)
1 (non-AKI) (8.3)
1 (AKI) 1 1 (non-AKI) (16.7)
23616
20611
7 (58.3)
2 (16.7)
124625
8 (66.7)

P Value
0.18

NA

NA
0.20
.0.99
0.48
0.34
0.47

Continuous variables are summarized as means6SDs. P values were calculated using the Kruskal–Wallis test (for continuous variables) or the Fisher exact test (for
categoric variables). NA, not applicable.

presenting with AKI.26 Previous, smaller-sized studies using
whole urine detected no SARS-CoV-2–positive urine specimen,17,18 or only one such specimen.19,20 A recent, larger
study in 81 patients showed a SARS-CoV-2 detection rate
of 7% in whole urine.21 In an effort to maximize detection
in urine, in this study we collected urine sediments from
patients with COVID-19 and measured SARS-CoV-2 directly
from cells contained in the sediment using a sensitive qRTPCR assay previously developed for respiratory samples.22
We report a detection rate of 39% of tested urine sediment
specimens, signiﬁcantly higher than a 7.5% detection rate
previously reported by a similar study in a cohort of 53
patients with COVID-19.27 This increased sensitivity is probably due to different RT-PCR methodologies, because this
previous study using a probe-based RT-PCR assay for detection of the SARS-CoV-2 N and Orf-1ab genes.27 In our
hands, equivalent probe-based assays for the N and envelope
(E) genes28 did not yield positive results. In comparison, the
SYBR Green–based assays we adopted for S and N genes22
showed higher sensitivity. Importantly, it has not been possible, so far, to use U-viral load to establish a link between AKI
and COVID-19,27 although this association has been widely
discussed in the medical literature, mostly on the basis of
case reports or autopsy ﬁndings.6–11,15 The quantitative
approach presented here, using a viral genome standard
curve, revealed a positive correlation between SARS-CoV-2
copy number in urine sediment, a noninvasive sample, and
higher frequency of AKI and mortality. Because different
methodologies result in varying sensitivity, we emphasize
the advantages of standard curve–based quantitative methods for better comparisons across different studies to help
identifying patients with COVID-19 who are at higher risk
associated with AKI.
Due to limited specimen availability, we did not thoroughly investigate the cause of AKI in our cohort. A kidney
biopsy specimen from one of our patients positive for
2524
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COVID-19 shows evidence of tubular and glomerular
damage, which is consistent with previous reports
(Supplemental Figure 6). To our knowledge, there is no consensus in the literature on how kidney complications develop
in patients hospitalized with COVID-19. AKI could arise
from a systemic immune response, hemodynamic alterations,
hypercoagulability, viral kidney tropism, or a combination of
these factors. Although these mechanisms are not mutually
exclusive, the evidence for a localized immune response in
kidneys of patients with COVID-19 is inconsistent. Recent
reports demonstrated autoimmune-like glomerular basement membrane disease,29 lymphocyte inﬁltration,4 arteriolar thrombosis, and collapsing glomerulopathy in the
kidneys of patients with COVID-19. Other studies did not
ﬁnd strong evidence of immune inﬁltration in kidney tissue
during SARS-CoV-2 infection.26,30 These differences may
be related to underlying conditions in populations from different ethnic backgrounds. Concerted actions and establishment of a national biopsy tissue repository should be
generated to address these questions.
An alternative cause of kidney damage as a consequence of
COVID-19 is active SARS-CoV-2 tropism in the kidney.
Recent studies reported detectable SARS-CoV-2 proteins in
postmortem kidneys,2–5 in addition to electron microscopy
detection of virus-like particles.3,4,31,32 However, concerns
have been raised about the misinterpretation of electron
microscopy evidence on the basis of morphologic features
and their similarity to normal intracellular structures.33,34
This study provides additional immunodetection-based evidence of expression of two SARS-CoV-2 proteins, nucleocapsid and spike, in kidney cells from COVID-19 biopsy
specimens (Figure 4 and Supplemental Figure 4). Sites with
positive SARS-CoV-2 immunolabeling were proximal
tubules, distal nephron, parietal cells, and—potentially—
inﬂammatory cells, along with the cells shed in the urine.
Expression of ACE2 in kidney proximal tubule cells has
JASN 32: 2517–2528, 2021
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Figure 4. SARS-CoV-2 spike and nucleocapsid proteins (green) are expressed in kidney biopsies, often coexpressed with ACE2 (red) in
the same cell. (A) Proximal tubule (PT) in kidney cortex of patient 1 (positive for COVID-19). ACE2 signal was apical, outlining the lumen
of proximal tubules, and SARS-CoV-2 spike protein was observed in an intracellular location (arrows). (B) Glomerulus (G) in the same
patient as in (A). Inset shows higher magniﬁcation of the area in outlined square, where SARS-CoV-2 spike expression was detected
in parietal cells. (C) Spike expression in area of tubular necrosis in the kidney cortex of patient 2 (positive for COVID-19). Inset shows
higher magniﬁcation of area in outlined square where spike expression was detected in cortical tubules (nephron segment outlined
by dotted line). (D) SARS-CoV-2 nucleocapsid expression in cortical tubule of patient 2 (positive for COVID-19). Arrowheads indicate
cells of the tubular segment expressing nucleocapsid at different intensities. Inset shows higher magniﬁcation of area in outlined square.
(E) ACE2 expression and absence of spike expression in proximal tubules of patient negative for COVID-19. (F) Absent spike expression
in glomerulus of patient negative for COVID-19. (G) Absent nucleocapsid expression in kidney cortex of a patient negative for COVID19. Blue label is 49 ,6-diamidino-2-phenylindole nuclear staining in all panels.

been associated with the ability of SARS-CoV-2 to infect cultured proximal tubule cells.35,36 However, whether this
results in cytotoxicity remains to be determined. A more
recent study showed clinical and histologic manifestations

JASN 32: 2517–2528, 2021

consistent with proximal tubule injury in a group of patients
with COVID-19.37 The strong ACE2 labeling we observed in
the brush border of proximal tubules in COVID-19–positive
(n52) and –negative (n52) kidney biopsy specimens is

Urine SARS-CoV-2 and Kidney Injury
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Figure 5. SARS-CoV-2 spike protein and ACE2 are coexpressed in cells in urine sediment from patients with COVID-19. (A) ACE2 (red)
and SARS-CoV-2 spike (green) coexpression in the same cell isolated from urine sediment of patient positive for COVID-19. (B) ACE2
expression and absence of spike in single cell from urine sediment of patient negative for COVID-19. Blue label is 49 ,6-diamidino-2-phenylindole nuclear staining.

consistent with previous literature.38,39 We observed very low
ACE2 immunolabeling in cells other than proximal tubules.
However, this does not preclude the expression of very low
levels of ACE2, which has been detected in other kidney cells
by RNA sequencing.40,41
Despite ﬁnding SARS-CoV-2 genetic material and protein
in urine sediments, viability assays for cytopathic viral
growth were negative, consistent with a previous report.18
The reasons behind these observations are not clear and
invite further investigation designed for this purpose. Some
possibilities may include the inability of kidney cells to
assemble or release infective virions, or subsequent destruction by extracellular proteases in the urine. However, lack
of infective material in urine does not preclude from the
fact that SARS-CoV-2 may be able to reach and infect kidney
cells, as demonstrated by the detection of viral proteins in
kidney biopsy specimens in this report and previous studies
in postmortem kidney.2,3,5 Absence of infectious SARSCoV-2 particles in urine is independent of whether viral presence in urine material is associated with AKI and risk of poor
COVID-19 outcome. This fact allowed us to present evidence
in support of our hypothesis of direct kidney tropism, and
detectable and quantiﬁable SARS-CoV-2 genetic material in
urine sediment, providing an accessible specimen with diagnostic and predictive potential in terms of incidence of AKI
and COVID-19–related mortality. Our study was not
designed to determine whether SARS-CoV-2 kidney tropism
directly causes AKI. This is a standing question requiring
mechanistic studies in animal models or organoids directly
addressing this possibility.
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Limitations of the Study

Our cohort was selected to study patients with kidney involvement. Thus, the elevated rate of AKI is not representative of
the overall population of patients with COVID-19. Our patient
population is largely Black (70%), with high prevalence of
comorbidities like CKD, hypertension, diabetes, and high
mortality (Table 1). AKI and prior CKD diagnosis are reportedly higher in Black individuals with a COVID-19 diagnosis.42,43 It is possible that our patient population is highly
susceptible to developing AKI and this may not be representative of other populations. That said, we relied on adjudicated
AKI diagnoses/outcomes for analyses rather than medical
record diagnoses, increasing the accuracy of our kidney outcomes. A larger cohort should be studied to determine the
inﬂuence of ethnic background or prior CKD diagnosis. In
addition, a larger cohort can also better address the predictive
value of SARS-CoV-2 RT-PCR detection in urine sediments to
determine risk of AKI and severity of COVID-19. This predictive potential is also, most likely, tied to parallel monitoring of
viral loads in urine and blood. In this regard, a previous study
in the related SARS coronavirus found that viral detection in
blood seems to peak transiently during the ﬁrst week of infection, followed by a peak in urine and stool afterward.44 Determining whether SARS-CoV-2 follows a similar dynamic and
its relationship to development of AKI could provide a powerful diagnostic tool. These considerations, together with additional variables like sex and age, should be addressed to
inform revised guidelines for care of patients with COVID19 who have kidney involvement, in efforts to identify patients
at higher risk and to better allocate scarce resources.
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