Article

Prevalence of Kidney Injury and Associations with
Critical Illness and Death in Patients with COVID-19
Xizi Zheng,1 Hongyu Yang,1 Xiaolong Li,2 Haichao Li,3 Lingyi Xu,1 Qi Yu,1 Yaping Dong,1 Youlu Zhao,1 Jinwei Wang
Wanyin Hou,1 Xin Zhang,1 Yang Li,1 Feng Hu,4 Hong Gao,2 Jicheng Lv,1 and Li Yang1

,1

Abstract
Background and objectives Coronavirus disease 2019 is spreading rapidly across the world. This study aimed to
assess the characteristics of kidney injury and its association with disease progression and death of patients with
coronavirus disease 2019.
Design, setting, participants, & measurements This is a retrospective study. Two representative cohorts were
included. Cohort 1 involved severe and critical patients with coronavirus disease 2019 from Wuhan, China. Cohort
2 was all patients with coronavirus disease 2019 in Shenzhen city (Guangdong province, China). Any kidney injury
was deﬁned as the presence of any of the following: hematuria, proteinuria, in-hospital AKI, or prehospital AKI.
AKI was deﬁned according to the Kidney Disease Improving Global Outcomes (KDIGO) creatinine criteria. The
primary outcome was death at the end of follow-up. The secondary outcome was progression to critical illness
during the study period.
Results A total of 555 patients were enrolled; 42% of the cases (229 of 549) were detected with any kidney injury, 33%
of the cases (174 of 520) were detected with proteinuria, 22% of the cases (112 of 520) were detected with hematuria,
and 6% of the cases (29 of 520) were detected with AKI. Of the 29 patients with AKI, 21 cases were recognized as inhospital AKI, and eight were recognized as prehospital AKI. Altogether, 27 (5%) patients died at the end of followup. The death rate was 11% (20 of 174) in patients with proteinuria, 16% (18 of 112) in patients with hematuria, and
41% (12 of 29) in the AKI settings. Multivariable Cox regression analysis showed that proteinuria (hazard ratio,
4.42; 95% conﬁdence interval, 1.22 to 15.94), hematuria (hazard ratio, 4.71; 95% conﬁdence interval, 1.61 to 13.81),
and in-hospital AKI (hazard ratio, 6.84; 95% conﬁdence interval, 2.42 to 19.31) were associated with death. Among
the 520 patients with noncritical illness at admission, proteinuria (hazard ratio, 2.61; 95% conﬁdence interval, 1.22
to 5.56) and hematuria (hazard ratio, 2.50; 95% conﬁdence interval, 1.23 to 5.08) were found to be associated with
progression to critical illness during the study period.
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Conclusions Kidney injury is common in coronavirus disease 2019, and it is associated with poor clinical outcomes.
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Introduction
Since December 2019, an ongoing outbreak of severe
acute respiratory syndrome coronavirus 2 (SARSCoV-2) infection emerged in Wuhan, China (1,2).
The disease (coronavirus disease 2019 [COVID-19])
spread rapidly to other parts of the world and has
resulted in .1.2 million cases and 67,000 deaths as
of April 7, 2020 (3).
Although SARS-CoV-2 infection mainly presents
as acute respiratory symptoms, with some patients
rapidly developing acute respiratory distress syndrome (4–7), extrapulmonary involvement including the gastrointestinal tract, liver, cardiovascular
system, and kidney has been reported (8–11). The
incidence of AKI reported in early studies of SARSCoV-2 infection varied substantially from 0.5% to
9% (9,12–14). A recent study showed that AKI could
affect 29% of critically ill patients (4). It is thought
that the occurrence of AKI is part of the multiorgan
www.cjasn.org Vol 15 November, 2020

dysfunction that developed in critically ill patients
infected with SARS-CoV-2, and the variety of AKI
incidence reﬂects the wide clinical spectrum of
COVID-19 in terms of disease severity and outcome.
Until now, there is limited information regarding the
whole picture of kidney involvement in this disease, and it is unknown whether kidney injury at
early stage would have any association with disease progression.
In this study, we carried out a retrospective cohort
study on the kidney involvement of COVID-19 in
two large populations: one is all patients with conﬁrmed COVID-19 in Shenzhen, a large city with a total
population of 13 million in South China, and the other
is patients with severe COVID-19 from Wuhan city
needing medical care in the hospital. We describe
clinical characteristics of kidney injury and investigate its association with the disease progression and
outcomes in the studied population.
Copyright © 2020 by the American Society of Nephrology
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Materials and Methods
Study Design and Participants
This was a retrospective cohort study that included two
populations from two cities. Cohort 1 involved all consecutive patients with severe and critical COVID-19 from
Peking University Medical Team (deployed in Wuhan,
China) from February 8 to 28, 2020. Cohort 2 was all
patients with COVID-19 who were diagnosed in Shenzhen city (Guangdong province, China) and transferred to
Shenzhen Third People’s Hospital from January 8 to February
25, 2020 (Shenzhen cohort). All patients in this study were
diagnosed with COVID-19 according to the World Health
Organization interim guidance (15). The study was approved
by the ethics committees of the Peking University First
Hospital and the Shenzhen Third People’s Hospital.

Procedures
The epidemiologic, clinical, laboratory, management, and
outcome data were extracted from electronic medical
records and reviewed by a trained team of physicians.
The clinical data and outcomes were monitored up to
March 1, 2020.
Cases were conﬁrmed by a positive result of the nucleic
acid of 2019-nCoV by RT-PCR of nasopharyngeal swabs.
Baseline disease severity was classiﬁed, mainly on the basis
of respiratory indicators, into four categories: mild,
moderate, severe, and critical within the ﬁrst 24 hours
of admission according to Guidance for Corona Virus
Disease 2019: Prevention, Control, Diagnosis and Management issued by the National Health Committee of the
People’s Republic of China (16) (Supplemental Table 1).
A severe case was deﬁned as having one of the following:
(1) respiratory rate .30/min, (2) oxygen saturation
#93%, or (3) PaO2-FiO2 ratio #300 mm Hg. A critical
case was deﬁned when meeting any of the following:
shock (deﬁned as with systolic BP below 90 mm Hg for
.1 hour and/or requiring the administration of vasopressor); respiratory failure requiring mechanical ventilation; or extrapulmonary organ failure requiring
intensive care (deﬁned as with hemodynamic instability,
including the presence of systolic BP ,90 mm Hg, chest
pain, dyspnea, syncope, or altered mental status).
Any kidney injury was deﬁned as the presence of any of
the following: hematuria, proteinuria, in-hospital AKI, or
prehospital AKI. Urine samples were tested by an automatic urine biochemical analyzer at hospital admission,
and none of the enrolled patients were on urethral
catheterization at the time. Proteinuria or hematuria was
deﬁned when the semiquantitative dipstick test read “11”
or more. We identiﬁed AKI on the basis of change in serum
creatine (sCr) levels during hospitalization. The criteria
included the 2012 Kidney Disease Improving Global
Outcomes (KDIGO) AKI sCr deﬁnition: an increase in
sCr level by 0.3 mg/dl within 48 hours or by 50% within
7 days (17). For those who had recovering AKI at admission, we expanded the criteria as follows: a decrease in sCr
level of 50% during the hospital stay using the lowest sCr
value during hospitalization as the comparator. We then
identiﬁed prehospital AKI when the patient met any of the
following criteria: (1) an increased sCr level at admission
and a trend of decreasing sCr levels during the hospital

stay or (2) an increased sCr level at admission and an sCr
level that continued to increase or remained at a high level
during the hospital stay, with preadmission sCr values
establishing the existence of AKI.
Baseline sCr was used to determine the peak stage of AKI
in patients who were identiﬁed as having in-hospital AKI
by the AKI deﬁnition criteria. We deﬁned baseline sCr as
the lowest sCr value that was available within 3 months
prior to admission and throughout the hospital stay (from
admission to the end of follow-up). Among the 21 patients
with in-hospital AKI, ﬁve patients had sCr value available
within 3 months prior to admission, and the other 16
patients had their baseline sCr deﬁned as the lowest sCr
during the hospitalization. The date of in-hospital AKI
onset was deﬁned as the earliest day of an sCr change
meeting the KDIGO criteria, and the maximum AKI stage
was deﬁned using the KDIGO creatinine criteria.
The primary outcome was death at the end of follow-up.
The secondary outcome was progression to critical illness
during the study period. Patients with critical illness at
admission were included in the outcome analysis for
“death” but not included in the outcome analysis for
“progression to critical illness.” Critical illness was deﬁned
using the same classiﬁcation as critical case.

Statistical Analyses
Categorical variables were described as frequency and
percentages, and continuous variables were described as
means with SD or median with 25th and 75th percentiles as
appropriate. Continuous variables were compared by oneway ANOVA test if data were with normal distribution;
otherwise, they were compared by the Mann–Whitney test.
Categorical variables were compared by the chi-squared
test or the Fisher test as appropriate.
Cumulative rates of outcome events were described by
the Kaplan–Meier method. Follow-up time for each patient
was started from the date of admission and ended at the
date of occurrence of the outcome or the prespeciﬁed
administrative end date (March 1, 2020), as appropriate.
The associations between kidney disease indicators and
study outcomes were examined using Cox regression
analysis. The covariates were limited to age; sex; disease
severity; the values of lactate dehydrogenase, C-reactive
protein, troponin, D-dimer, and lymphocyte count at
hospital admission; and comorbidities, such as hypertension, diabetes, coronary heart disease, chronic obstructive
pulmonary disease or asthma, CKD, and malignant tumor
history, on the basis of the published studies of the
known factors associated with poor outcome of patients
with COVID-19 (12,18–21). All of the covariates were
evaluated/measured at the time point of admission.
When analyzing the association between AKI and disease
progression, in-hospital AKI was set as a time-dependent
covariate. Cox proportional hazards assumptions were
tested with the Schoenfeld residuals. No violations of the
Cox proportional hazards assumptions were detected. In
multivariable models, we assessed interactions of kidney
disease indicators with other covariates. None were eligible
for retention (all P values for interaction were 0.05). Patients
with missing values in proteinuria, hematuria, and AKI were
excluded when assessing the association of those indicators
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with study outcomes. Other missing values were ﬁlled with
mean values for the continuous variables or categorized as a
separate group for the categorical variables before entering
into the multivariable regression model to avoid losing study
samples. In addition, the continuous variables under skewed
distribution were logarithm transformed in the regression
analyses. We also did sensitivity analysis by Poisson regression. All statistical analyses were performed using SPSS
16 software (SPSS Inc.). P50.05 was considered statistically signiﬁcant.

Results
Altogether, 555 patients with conﬁrmed COVID-19 were
included in this study, with a median follow-up time of 19
(14, 24) days; 417 were all patients with COVID-19 who
were diagnosed in Shenzhen city and cared for in one
designated hospital (Shenzhen cohort), and the other 138
patients were from Wuhan city with severe disease conditions needing medical care in the hospital (Wuhan
cohort). As shown in Table 1, patients in the Wuhan cohort
were much older than those in the Shenzhen cohort
(median 66 versus 47 years), with more patients having
concomitant diseases (78% versus 22%, respectively). At
admission, the majority of the Shenzhen cohort was staged
as mild and moderate (78%; 326 of 417), with 17% (72 of
417) of the patients staged as severe and 5% (19 of 417) of
the patients staged as critical. All of the patients in the
Wuhan cohort were staged as either severe (88%; 122 of
138) or critical (12%; 16 of 138). The laboratory characteristics and treatment of the two cohorts are listed in
Supplemental Table 2.
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Six patients having neither urinalysis at admission nor
repeated sCr tests during hospital stay were excluded from
further evaluation of kidney injury indicators, of which two
patients were classiﬁed as having critical illness at admission and died during follow-up. Any kidney injury was
observed in 42% of the remaining 549 patients (229 of 549),
with proteinuria, hematuria, and AKI detected in 33% (174
of 520), 22% (112 of 520), and 6% (29 of 520), respectively.
Of the 29 patients with AKI, 21 patients were recognized as
having in-hospital AKI (72%), and eight patients were
recognized as having prehospital AKI (28%). As shown in
Figure 1A, proteinuria was the most common kidney injury
indicator (30%; 117 of 393) in the Shenzhen cohort,
followed by hematuria (16%; 64 of 393), in-hospital AKI
(2%; nine of 387), and prehospital AKI (1%; ﬁve of 387). In
the Wuhan cohort, however, the prevalence of each indicator was higher than that in the Shenzhen cohort, with
proteinuria detected in 45% (57 of 127), hematuria detected
in 38% (48 of 127), in-hospital AKI detected in 9% (12 of
133), and prehospital AKI detected in 2% (three of 133). The
prevalence of kidney injury indicators was signiﬁcantly
higher with greater disease severity in the whole population and in each cohort as well, with no differences between
the two cohorts when patients had the same disease
severity (Figure 1B, Supplemental Figure 1).
Of the 21 patients with in-hospital AKI, the median time
to AKI onset with respect to hospital admission was 9 (4,
13) days, and the median time to onset of COVID-19
symptoms was 18 (14, 22) days. The peak stages of inhospital AKI were stage 1 in 38% (eight of 21), stage 2 in
19% (four of 21), and stage 3 in 43% (nine of 21). Kidney
replacement therapy was required in 24% (seven of 29) of

Table 1. Baseline characteristics and outcomes of patients diagnosed with coronavirus disease 2019 in one of two Chinese cohorts:
consecutive patients with severe coronavirus disease 2019 and patients with critical coronavirus disease 2019 from Peking University
Medical Team admitted from February 8 to 28, 2020 (Wuhan cohort) and all patients with coronavirus disease 2019 diagnosed in
Shenzhen city and transferred to Shenzhen Third People’s Hospital from January 8 to February 25, 2020 (Shenzhen cohort)
Clincal Characteristics
Men, no. (%)
Age, yr
Duration from onset of symptoms to admission, d
Disease severity at admission, no. (%)
Mild
Moderate
Severe
Critical
Concomitant diseases, no. (%)
Any
Hypertension
Diabetes
Coronary heart disease
COPD or asthma
CKDa
Malignant tumor
Outcome, no. (%)
Death
Progression to critical illnessb

Total, n5555

Wuhan, n5138

Shenzhen, n5417

269 (48)
52 (36, 64)
5 (3, 11)

71 (51)
66 (54, 71)
14 (11, 18)

198 (47)
47 (34, 60)
4 (2, 7)

12 (2)
314 (57)
194 (35)
35 (6)

0 (0)
0 (0)
122 (88)
16 (12)

12 (3)
314 (75)
72 (17)
19 (5)

198 (36)
155 (28)
53 (10)
41 (7)
34 (6)
10 (2)
4 (1)

108 (78)
92 (67)
28 (20)
26 (19)
21 (15)
9 (7)
3 (2.2)

90 (22)
63 (15)
25 (6)
15 (4)
13 (3)
1 (0.2)
1 (0.2)

27 (5)
40 (8)

24 (17)
18 (15)

3 (0.7)
22 (6)

COPD, chronic obstructive pulmonary disease.
a
CKD was deﬁned as abnormalities of kidney structure or function, present for .3 months, according to the 2012 Kidney Disease
Improving Global Outcomes CKD deﬁnition on the basis of the past medical history reported by the patients along with their medical
records when available.
b
Patients who were critical at admission were excluded for the outcome of disease progression to critical illness (n535).
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Figure 1. | The prevalence of kidney injury indicators increased in parallel with disease severity of COVID-19. The prevalence of kidney injury
according to (A) cohorts and (B) disease severity at admission. Disease severity was classified as mild and moderate, severe, or critical; 35
individuals for proteinuria, 35 individuals for hematuria, 35 individuals for in-hospital AKI, 35 individuals for prehospital AKI, and six individuals
for any kidney injury were excluded due to missing data.

all patients with AKI, 29% (six of 21) of all patients with inhospital AKI, and 12% (one of eight) of all patients with
prehospital AKI. In the eight patients with prehospital AKI,
three patients (38%) had critical illness at hospital admission, and another two patients (25%) progressed to critical
illness during hospitalization. Of the 21 patients with inhospital AKI, 15 patients (71%) met the criteria for critical
illness either at admission (n510) or during hospital stay
(n55). Among these 15 patients with critical illness, 14
(93%) developed AKI after the identiﬁcation of critical illness.
By March 1, 2020, altogether 27 patients (5%; 27 of 555)
died, including 24 patients (17%; 24 of 138) in the Wuhan
cohort and three patients (0.7%; three of 417) in the
Shenzhen cohort. The death rate was 11% (20 of 174) in
patients with proteinuria, 16% (18 of 112) in patients
with hematuria, 41% (12 of 29) in all AKI settings, 43%
(nine of 21) in patients with in-hospital AKI, and 38%
(three of eight) in patients with prehospital AKI. Kaplan–
Meier analysis showed a signiﬁcantly higher death rate
for patients with any kidney injury, including proteinuria, hematuria, in-hospital AKI, and prehospital AKI
(all P,0.001) (Figure 2). After adjusting age, sex, disease
severity at admission, lactate dehydrogenase, C-reactive

protein, troponin, D-dimer, lymphocyte count, and comorbidities, multivariable Cox regression analysis showed that
proteinuria (hazard ratio [HR], 4.42; 95% conﬁdence interval [95% CI], 1.22 to 15.94), hematuria (HR, 4.71; 95% CI,
1.61 to 13.81), and in-hospital AKI (HR, 6.84; 95% CI, 2.42 to
19.31) were associated with death (Table 2).
Among the 520 noncritical patients at admission, 40
patients progressed to critical illness during the observational period. The proportions of patients who achieved the
end point were 16% (24 of 150) and 4% (12 of 337) in those
with and without proteinuria, respectively; 19% (18 of 94)
and 5% (18 of 393) in those with and without hematuria,
respectively; 40% (two of ﬁve) and 8% (38 of 482) in those
with and without prehospital AKI, respectively; and 14%
(one of seven) and 8% (39 of 480) in those with and without
in-hospital AKI, respectively (Table 2). Kaplan–Meier analysis showed a signiﬁcantly higher progression rate for
patients with proteinuria, hematuria, and prehospital AKI
at admission (all P,0.01) (Figure 3). In multivariable
analysis, only proteinuria (HR, 2.61; 95% CI, 1.22 to 5.56)
and hematuria (HR, 2.50; 95% CI, 1.23 to 5.08) were
associated with disease progression (Table 2).
Results of sensitivity analysis by Poisson regression were
consistent with the Cox regression (Supplemental Table 3).
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Figure 2. | Kaplan–Meier analysis showed a significantly higher death rate for patients with proteinuria, hematuria, in-hospital AKI, and
prehospital AKI. Cumulative incidence for death of patients subgrouped by (A) proteinuria, (B) hematuria, (C) in-hospital AKI, and (D) prehospital AKI.

We observed no signiﬁcant association between corticosteroid use with outcomes. Rate ratio was 1.53 (95% CI, 0.86
to 2.70) for the association with death and 1.00 (95% CI, 0.42
to 2.37) for disease progression by Poisson regression.

Discussion
In this study involving two large cohorts, we observed a
high prevalence of kidney injury in the overall population
of patients with COVID-19 (38%) represented by the

Table 2. Association of kidney injury indicators with death and disease progression in patients with coronavirus disease 2019
Outcomes
In-hospital death, n5555a
Proteinuria
Hematuria
In-hospital AKI
Prehospital AKI
Any kidney injury
Progression to critical
illness, n5520b
Proteinuria
Hematuria
In-hospital AKI
Prehospital AKI
Any kidney injury

Exposed (No. of Events/
No. of Patients)

Unexposed (No. of Events/
No. of Patients)

Hazard Ratio (95%
Conﬁdence Interval)

P
Value

20/174
18/112
9/21
3/8
23/229

3/346
5/408
16/499
22/512
2/320

4.42 (1.22 to 15.94)
4.71 (1.61 to 13.81)
6.84 (2.42 to 19.31)
1.06 (0.29 to 3.91)
5.01 (1.13 to 22.15)

0.02
0.02
,0.001
0.92
0.03

24/150
18/94
1/7
2/5
27/200

12/337
18/393
39/480
38/482
13/316

2.61 (1.22 to 5.56)
2.50 (1.23 to 5.08)
1.58 (0.21 to 11.68)
1.03 (0.22 to 4.75)
1.89 (0.95 to 3.78)

0.01
0.01
0.66
0.97
0.07

Hazard ratios of each variable were obtained using separate proportional hazard Cox models after adjustment for age, sex, disease
severity at admission, lactate dehydrogenase, C-reactive protein, troponin, D-dimer, lymphocyte count, and comorbidities.
Comorbidities include CKD, hypertension, diabetes, coronary heart disease, chronic pulmonary disease, or malignant tumor history. Inhospital AKI was set as a time-dependent covariate.
a
For the outcome of in-hospital death, 35 individuals for proteinuria, 35 individuals for hematuria, 35 individuals for in-hospital AKI, 35
individuals for prehospital AKI, and six individuals for any kidney injury were excluded due to missing data.
b
For the outcome of progression to critical illness, 33 individuals for proteinuria, 33 individuals for hematuria, 33 individuals for inhospital AKI, 33 individuals for prehospital AKI, and four individuals for any kidney injury were excluded due to missing data.
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Figure 3. | Kaplan–Meier analysis showed a significantly higher progression rate for patients with proteinuria, hematuria, and prehospital AKI
at admission. Cumulative incidence for disease progression to critical illness of patients subgrouped by (A) proteinuria, (B) hematuria, (C) inhospital AKI, and (D) prehospital AKI.

Shenzhen cohort and in severe hospitalized patients (54%)
represented by the Wuhan cohort. Kidney injury mainly
presented as proteinuria and hematuria, both of which were
independently associated with death or progression to critical
illness. Although the incidence of AKI was relatively low in
the whole population of patients with COVID-19, the rate
was insigniﬁcantly higher when patients reached a critical
stage. The ﬁnding that both proteinuria and hematuria in
COVID-19 were associated with disease progression or death
highlights the importance of urine analysis or even a dipstick
test in patients with SARS-CoV-2 infection.
Kidney involvement in SARS-CoV-2 has not drawn
much attention, with the understanding that AKI mainly
developed in patients with severe cases (14,22,23) as a part
of multiorgan dysfunction due to virus infection and
cytokine storm. In a recent study on 710 patients with
COVID-19 from Tongji Hospital, Wuhan, the prevalence
rates of proteinuria, hematuria, and AKI were reported as
44%, 27%, and 5%, respectively, and kidney involvement
was found to be associated with death (14). However, the
status of kidney involvement in the whole SARS-CoV2–infected population, especially in those with mild to
moderate disease conditions, is still unknown. In this study,
we included two representative cohorts, the Shenzhen
cohort with all patients with COVID-19 in the whole city
and the Wuhan cohort with patients with severe disease
conditions needing hospitalization (this cohort is similar to
but not the same as the previously published cohort [14]). It
is important to note that not only in patients with severe
COVID-19, but also in the general infected population,

kidney injury was common, with higher frequency, particularly of AKI, in patients with severe COVID-19. Furthermore,
in noncritical patients, proteinuria and hematuria were
strongly associated with subsequent disease progression.
Our data indicate the importance of evaluation of kidney
injury in all of the patients with SARS-CoV-2 infection.
COVID-19 has already become a global pandemic, and
the health system across the world is facing big challenges
and great pressures. Although the majority of SARS-CoV-2
infections are mild and moderate, about 5% of the patients
will progress and be classiﬁed as having severe or critical
conditions, with signiﬁcantly higher mortality (24,25).
Therefore, the ability to identify patients at high risk for
disease progression at an early stage is of critical importance. Several studies have deﬁned oxygen saturation,
respiratory rate, blood leukocyte/lymphocyte count, and
chest x-ray/computed tomography manifestations as risk
factors for poor clinical outcomes. Our study showed that
kidney injury could be a new risk factor for disease
progression or death. Especially in noncritical patients,
kidney involvement presenting as proteinuria or hematuria
was a stable risk factor for poor outcomes. These ﬁndings
support adding kidney injury indicators into the patient’s
severity score system. A simple urine dipstick could
potentially help with risk evaluation and patient
stratiﬁcation.
The mechanism of kidney involvement of SARS-CoV-2
remains unclear. SARS-CoV-2 uses the SARS-CoV-2 receptor ACE2 for host cell entry. Analysis using a kidney
single-cell sequencing database showed that ACE2 was
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highly expressed in the tubular epithelium, especially in
proximal tubular cells, suggesting that tubular epithelium
maybe a target for infection (26). Recently, viral RNA was
identiﬁed in urine samples of patients infected with SARSCoV-2 (27), with angiotensin-converting enzymes expressed on kidney tubular cells being identiﬁed as binding
partners (28). Therefore, direct tubular cell injury through
virus-binding angiotensin-converting enzyme may be one
of the mechanisms (29). Other postulated mechanisms,
such as cytokine storm, sepsis, hypoperfusion, factors
related to treatment, etc., could also contribute to kidney
injury. In this study, over two thirds of the in-hospital AKI
episodes were developed after patients reached critical
illness, whereas in prehospital AKI settings, 62% of the
patients had AKI under less severe disease conditions,
which indicates the comprehensive pathogenic factors in
the development of COVID-19–related kidney injuries.
In this study, we used two representative COVID-19
populations to demonstrate that kidney injury was a stable
risk factor for disease progression. However, this study had
several limitations. First, because of the retrospective study
design, CKD was deﬁned on the basis of the past medical
history reported by the patients along with their medical
records when available. It is possible that some patients
might not know of their underlying CKD, and therefore,
this would lead to an overestimation of the incidence of
COVID-19–related kidney injury, especially when urinalysis abnormalities occurred without AKI. Second, because
the Shenzhen cohort included the infected patients from the
whole city, most of the patients had nonsevere illness, and
therefore, SOFA or APACHE scores were evaluated. Third,
the number of deaths that occurred in the study is small,
which has limited the power to evaluate the actual effect
value of kidney injury on death. Fourth, kidney biopsy was
not performed, and therefore, the pathology lesions of
patients with COVID-19 and kidney injury could not be
investigated. The limited postmortem biopsies data suggest that tubular interstitial injury was the main pathologic
change, with protein exudation detected in the glomerular
Bowman’s capsule (30).
In conclusion, our study shows that kidney injury is
common in patients with COVID-19, even in those at mild
and moderate disease stages. Kidney injury is associated
with poor clinical outcomes; proteinuria and hematuria in
noncritical patients are independently associated with the
progression to respiratory failure or death, whereas AKI
mainly occurs in critical patients. We recommend that all
patients with SARS-CoV-2 infection receive kidney evaluation to aid in early identiﬁcation of high-risk patients.
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