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ABSTRACT
Background Severe acute respiratory syndrome (SARS) and coronavirus disease 2019 (COVID-19) are
closely related. The effect of AKI on the clinical outcomes of these two conditions is unclear.
Methods This retrospective, territory-wide cohort study used an electronic public healthcare database in
Hong Kong to identify patients with SARS or COVID-19 by diagnosis codes, virologic results, or both. The
primary endpoint was a composite of intensive care unit admission, use of invasive mechanical ventilation,
and/or death.
Results We identiﬁed 1670 patients with SARS and 1040 patients with COVID-19 (median ages, 41 versus
35 years, respectively). Among patients with SARS, 26% met the primary endpoint versus 5.3% of those
with COVID-19. Diabetes mellitus, abnormal liver function, and AKI were factors signiﬁcantly associated
with the primary endpoint among patients with either SARS or COVID-19. Among patients with SARS,
7.9%, 2.1%, and 3.7% developed stage 1, stage 2, and stage 3 AKI, respectively; among those with COVID19, 6.6%, 0.4%, and 1.1% developed stage 1, stage 2, and stage 3 AKI, respectively. In both groups, factors
signiﬁcantly associated with AKI included diabetes mellitus and hypertension. Among patients with AKI,
those with COVID-19 had a lower rate of major adverse clinical outcomes versus patients with SARS. Renal
function recovery usually occurred within 30 days after an initial AKI event.
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Conclusions AKI rates were higher among patients with SARS than those with COVID-19. AKI was associated with major adverse clinical outcomes for both diseases. Patients with diabetes mellitus and abnormal liver function were also at risk of developing severe consequences after SARS and COVID-19 infection.
JASN 32: 961–971, 2021. doi: https://doi.org/10.1681/ASN.2020071097
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Coronavirus disease 2019 (COVID-19) was declared a pandemic by the World Health Organization on March 11, 2020, and the disease spread rapidly to more than 200 countries worldwide.1,2 As of
July 25, 2020, more than 15 million patients and
635,000 deaths had been reported globally.3 The
exponential increment of patients with COVID19 has had a severe effect on the health care systems
globally.4,5
In fact, COVID-19 is not the ﬁrst human coronavirus disease that has resulted in such global
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health concern. In 2003, the severe acute respiratory syndrome
(SARS) outbreak affected 29 countries and resulted in a total
of 8422 patients worldwide.6 Asian countries were mostly affected during the SARS outbreak,7 and Hong Kong is one of
the few areas suffering from both SARS and COVID-19.8
COVID-19 generally has a lower mortality rate than SARS;
however, it can still impose a severe threat to certain vulnerable
patients.9,10 Angiotensin-converting enzyme 2 (ACE2) has
been established as a host receptor for both SARS and
COVID-19.11,12 As the kidney has an abundant expression
of ACE2 receptors, it has been postulated that this organ
may be at risk of damage from COVID-19 infection. The degree of kidney injury may also have important implications on
the clinical outcomes of COVID-19.
In this study, we utilized a territory-wide cohort to compare the degree of AKI in patients with SARS or COVID-19,
and investigate the effect of AKI on major adverse clinical
outcomes. We further investigated the factors associated
with AKI and described the temporal trend of renal function
recovery along the clinical course.

METHODS
Study Design and Data Source

We conducted a territory-wide retrospective cohort study using the Clinical Data Analysis and Reporting System (CDARS)
under the Hospital Authority in Hong Kong.13 CDARS is an
electronic health care database used in all public hospitals and
clinics in Hong Kong. Information including patients’ demographics, death, diagnoses, procedures, drug prescription and
dispensing history, and laboratory results were all documented in CDARS.14 In Hong Kong, all conﬁrmed patients with
SARS or COVID-19 required hospitalization in public hospitals. All data extracted from CDARS were deidentiﬁed to ensure conﬁdentiality. The International Classiﬁcation of Diseases, Ninth Revision, Clinical Modiﬁcation (ICD-9-CM)
coding was used in CDARS. Using the ICD-9-CM codes to
identify medical conditions in CDARS was 99% accurate with
reference to clinical, laboratory, imaging, and endoscopy results from the electronic medical records.15 This methodology
has been used in studies on various infectious diseases
previously.16–18 The study protocol was approved by the Joint
Chinese University of Hong Kong—New Territories East
Cluster Research Ethics Committee.
Study Subjects

Consecutive patients with SARS from March to June 2003
were identiﬁed by ICD-9-CM diagnosis codes and/or virologic
results. Consecutive laboratory-conﬁrmed patients with
COVID-19 from January 23, 2020 to May 1, 2020 were identiﬁed by virologic results. Baseline characteristics of all identiﬁed patients were reported. For the subsequent analyses on
serial changes in renal function, we excluded patients with
missing creatinine measurement at the time of diagnosis of
962
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Signiﬁcance Statement
The effects of AKI on clinical outcomes of severe acute respiratory
syndrome (SARS) and coronavirus disease 2109 (COVID-19) are
unclear. The authors’ territory-wide, retrospective cohort study
showed higher rates of AKI and major adverse clinical outcomes
among patients with SARS than in those with COVID-19. Among
patients with either of these two coronavirus infections, patients
with diabetes mellitus, abnormal liver function, or AKI were significantly more likely to have major adverse clinical outcomes. Diabetes mellitus and hypertension were signiﬁcant factors that were
associated with AKI in patients with either SARS or COVID-19.
Among patients with AKI, those with COVID-19 were less likely have
major adverse clinical outcomes compared with patients who had
SARS. In patients with either SARS or COVID-19, renal function
usually recovered within 30 days of an initial AKI event.

SARS or COVID-19, patients who had fewer than two creatinine measurements during follow-up, and patients who were
on RRT before the diagnosis of SARS or COVID-19. All patients were followed-up for at least 30 days from the diagnosis
of SARS or COVID-19.
Data Collection

The date of SARS or COVID-19 diagnosis was on the basis of
the date of ICD-9-CM diagnosis code and/or positive virologic
results for patients with SARS, and positive virologic results
alone for patients with COVID-19. At baseline, demographic
data including date of birth and sex were retrieved. Data on
relevant diagnoses and procedures, hematologic parameters,
liver and renal biochemistries, and other laboratory parameters were retrieved. Serial changes in creatinine levels were
recorded until the end of follow-up. Information on the use
of medications including nonsteroid anti-inﬂammatory medications, ACE inhibitors, angiotensin receptor blockers, diuretics, antihypertensives, antiplatelet, anticoagulants, antibiotics, antivirals, antifungals, corticosteroids, IFN beta, and
intravenous Ig during hospitalization were also retrieved.
Primary Endpoint and Deﬁnitions of Events

The primary endpoint was a composite endpoint of intensive
care unit (ICU) admission, use of invasive mechanical ventilation, and/or death. Information on any ICU admissions was
extracted from CDARS directly. Use of invasive mechanical
ventilation was deﬁned by the ICD-9-CM procedure codes
(96.7). Death and its date were captured from CDARS and
the Hong Kong Death Registry. AKI was deﬁned by the creatinine level and the need of RRT according to the Kidney Disease Improving Global Outcomes (KDIGO) criteria.19 Persistence of AKI stage 1 or greater was deﬁned as acute kidney
disease (AKD) at day 30, and CKD at day 90, from the initial
AKI event.20 Renal recovery was deﬁned as complete recovery
from any AKI, AKD, or CKD. eGFR was calculated using the
CKD-Epidemiology Collaboration equation for patients aged
18 years or above.21 Data on RRT were retrieved using ICD-9CM procedure codes (38.95, 39.27, 39.42, 39.43, 39.95, 54.98).
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All subjects with different
HCoV infection (N = 2,710)
- SARS-CoV (N = 1,670)
- SARS-CoV-2 (N = 1,040)

331 subjects
excluded

All subjects with HCoV infection
included in the analysis of serial
creatinine
N = 2,379

Missing creatinine at HCoV diagnosis
- 9 SARS-CoV
- 32 SARS-CoV-2
<2 creatinine measurements during follow-up
- 76 SARS-CoV
- 194 SARS-CoV-2
Received renal replacement therapy before HCoV
diagnosis
- 20 SARS-CoV
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used to compare the incidence of AKI,
AKD, or CKD at day 7, 30, and 90. P,0.05
was considered statistically signiﬁcant. All
statistical analyses were performed using
SPSS version 25.0 (SPSS Inc., Chicago, Illinois), and R software (3.6.3; R Foundation for Statistical Computing, Vienna,
Austria).

RESULTS
Demographics

The whole cohort comprised 2710 patients,
including 1670 patients with SARS and 1040
patients with COVID-19 (Figure 1). The median age was 41 years for patients with SARS
Figure 1. Selection of patients with SARS or COVID-19. HCoV, human coronavirus.
and 35 years for patients with COVID-19
(P,0.001). At baseline, most patients had
Diabetes mellitus (DM) was deﬁned by hemoglobin A 1c good renal function as reﬂected by their creatinine levels (median of 80 mmol/L for patients with SARS and 71 mmol/L for
$6.5%, fasting plasma glucose $7 mmol/L in two measurepatients with COVID-19, P,0.001) and eGFR (mean of
ments or $11.1 mmol/L in one measurement, any use of an83.8625.1 ml/min per 1.73 m2 for patients with SARS and
tidiabetic medications, and/or ICD-9-CM diagnosis codes for
DM (250). Hypertension was deﬁned by any use of antihyper102.3619.0 ml/min per 1.73 m2 for patients with COVID-19,
tensives and/or ICD-9-CM diagnosis codes for hypertension
P,0.001). In the SARS group, 20 patients (1.3%) had prior
(401–404).
RRT in the form of peritoneal dialysis or hemodialysis. More
patients in the SARS group had known history of DM (16.6%
versus 7.8%, P,0.001) and hypertension (21.3% versus
Statistical Analyses
13.8%, P,0.001) than the COVID-19 group. Antivirals were
Baseline characteristics of the whole cohort were reported.
commonly used in patients with SARS or COVID-19. AntibiContinuous variables were expressed in mean6SD or median
otics and corticosteroids were more commonly used in pa(interquartile range), as appropriate, whereas categorical vartients with SARS than patients with COVID-19. The demoiables were presented as number (percentage). We analyzed
graphics are summarized in Table 1.
and compared the peak creatinine levels, the risk, and the degree of AKI between patients who had SARS or COVID-19
infection. We made further comparisons between patients
Peak Creatinine Levels and AKI after the Diagnosis of
with SARS or COVID-19, among those who met our predeSARS and COVID-19
ﬁned primary endpoint and those who did not. Qualitative After excluding those with missing creatinine level measureand quantitative differences between subgroups were analyzed
ments and those who were on prior RRT, 2379 patients reby Mann–Whitney U test for continuous parameters, and chimained for subsequent analyses. The median peak creatinine
squared or Fisher’s exact tests for categorical parameters, as
level was 86 mmol/L in the SARS group and 82 mmol/L in the
appropriate. Univariate and multivariable logistic regression
COVID-19 group (P,0.001). For the SARS group, 7.9%,
analyses were performed to investigate for factors associated
2.1%, and 3.7% of the patients developed stage 1, stage 2,
with the primary endpoint. Factors associated with AKI were and stage 3 AKI, respectively. For the COVID-19 group,
also analyzed by logistic regression in the whole cohort, and
6.6%, 0.4%, and 1.1% of the patients developed stage 1, stage
separately in the SARS group and the COVID-19 group. Fur2, and stage 3 AKI, respectively (Table 2).
ther logistic regression analysis on the primary endpoint was
performed among patients who developed SARS- or COVIDPrimary Endpoint and Individual Study Outcomes
19–related AKI. Odds ratios (ORs) and adjusted ORs (aORs)
In the SARS group, 26% met the primary endpoint; 10.8%
with 95% conﬁdence intervals (95% CI) were estimated.
died, 19.8% required ICU admission, and 3.7% required inHosmer-Lemeshow goodness-of-ﬁt test was used to assess
vasive mechanical ventilation. In the COVID-19 group,
the goodness of ﬁt of the model. All statistical tests were two
5.3% met the primary endpoint; 0.4% died, 5.1% required
sided. For patients with AKI, we compared their creatinine
ICU admission, and 2.1% required invasive mechanical
levels at day 0, 7, 30, and 90 using a Friedman test; a Bhapkar
ventilation.
test was used to compare the AKI stages between day 0 and 7; a
Among the patients who did not meet the primary
generalized estimating equation for logistic regression was endpoint, patients with SARS had higher peak creatinine
SARS-CoV
N = 1,565
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SARS-CoV-2
N = 814
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Table 1. Clinical characteristics of patients infected by SARS-CoV and SARS-CoV-2
Clinical Characteristics
Male sex, n (%)
Age, yr, mean6SD
Age in yr, median (interquartile range)
Creatinine, mmol/L, median (interquartile range)
Missing, %
eGFR, ml/min per 1.73 m2, mean6SD
Missing, %a
RRT, n (%)
Peritoneal dialysis
Hemodialysis
Platelet, 3109/L, mean6SD
Platelet ,1003109/L, n (%)
Missing, %
ALT, U/L, median (interquartile range)
Missing, %
AST, U/L, median (interquartile range)
Missing, %
Albumin, g/L, mean6SD
Missing, %
Total bilirubin, mmol/L, mean6SD
Missing, %
INR, mean6SD
Missing, %
CRP, mg/dl, mean6SD
Missing, %
ESR, mm/h, mean6SD
Missing, %
LDH, U/L, median (interquartile range)
Missing, %
WCC, 3109/L, mean6SD
WCC ,3.53109/L, n (%)
Missing, %
Neutrophil, 3109/L, mean6SD
Missing, %
Lymphocyte, 3109/L, mean6SD
Lymphocyte ,13109/L, n (%)
Missing, %
Diabetes mellitus, n (%)
Hypertension, n (%)
Use of medications during follow-up, n (%)
NSAID
ACEI
ARB
Thiazide diuretics
Loop diuretics
Potassium-sparing diuretics
Other antihypertensive drugsb
Antiplatelet
Anticoagulants
Oseltamivir
Ribavirin
Lopinavir-ritonavir
IFN beta
Antibiotic treatment
Antifungal treatment
Corticosteroid at baselinec
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SARS-CoV, n51670

SARS-CoV-2, n51040

P value

734 (44.0)
44620
41 (29–56)
80 (67–97)
0.5
83.8625.1
6.8
20 (1.3)
13 (0.8)
7 (0.4)
196684
85 (5.1)
0.3
23 (15–39)
0.6
26 (19–39)
51.5
3965
0.6
9610
0.6
1.160.3
11.7
4.265.8
23.1
32631
45.9
300 (208–423)
3.9
6.763.5
160 (9.6)
0.3
5.163.2
0.1
1.060.7
927 (55.6)
0.1
277 (16.6)
355 (21.3)

560 (53.8)
38618
35 (22–52)
71 (60–84)
3.1
102.3619.0
8.3
0 (0)
0 (0)
0 (0)
229675
5 (0.5)
3.6
22 (15–34)
3.5
26 (21–37)
53.8
4265
3.5
865
3.5
1.160.1
46.3
1.463.5
6.7
24623
49.7
184 (156–223)
10.3
5.862.0
88 (8.8)
3.6
3.761.8
3.8
1.560.7
222 (22.2)
3.8
81 (7.8)
144 (13.8)

,0.001
,0.001
,0.001
,0.001

122 (7.3)
99 (5.9)
4 (0.2)
18 (1.1)
161 (9.6)
22 (1.3)
230 (13.8)
135 (8.1)
166 (9.9)
145 (8.7)
1511 (90.5)
168 (10.1)
0 (0)
1610 (96.4)
161 (9.6)
69 (4.1)

26 (2.5)
21 (2.0)
41 (3.9)
6 (0.6)
31 (3.0)
5 (0.5)
113 (10.9)
38 (3.7)
38 (3.7)
66 (6.3)
538 (51.7)
612 (58.8)
330 (31.7)
377 (36.3)
2 (0.2)
0 (0)

,0.001
,0.001
0.003
0.05
,0.001
,0.001
0.13
0.53
,0.001
,0.001
0.70
,0.001
,0.001
,0.001
,0.001
0.47
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
0.18
,0.001
0.03
0.03
,0.001
,0.001
0.03
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
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Table 1. Continued
Clinical Characteristics
Corticosteroid during follow-up
Pulse methylprednisolone $250 mg daily,
Peak daily dose, prednisolone equivalent, mg, median (interquartile range)
IVIG
Clinical outcomes in 30 d, n (%)
Primary endpoint
Death
ICU admission
Invasive mechanical ventilation

SARS-CoV, n51670

SARS-CoV-2, n51040

P value

1427 (85.4)
1076 (64.4)
625 (625–625)
175 (10.5)

59 (5.7)
5 (0.5)
37.5 (37.5–50.0)
3 (0.3)

,0.001
,0.001
,0.001
,0.001

435 (26.0)
180 (10.8)
330 (19.8)
62 (3.7)

55 (5.3)
4 (0.4)
53 (5.1)
22 (2.1)

,0.001
,0.001
,0.001
0.02

All concomitant medications were represented as binary parameters. Percentages were computed on the basis of nonmissing values. INR, international normalized
ratio; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; LDH, lactate dehydrogenase; WCC, white cell count; NSAID, nonsteroidal anti-inﬂammatory
drugs; ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blocker; IVIG, intravenous immunoglobulin therapy.
a
eGFR was estimated using CKD-Epidemiology Collaboration equation for patients aged above 18 yr.
b
Other antihypertensive drugs included beta blockers and calcium channel blockers.
c
Corticosteroid use at baseline referred to the use of steroid within 1 mo before the diagnosis of CoV.

levels and higher stages of AKI than patients with COVID19. Such difference between the patients with SARS or
COVID-19 was consistently demonstrated among those
who did not require ICU admission, those who did not require invasive mechanical ventilation, and those who survived. Among the patients who met the primary endpoint,
there was no difference in the peak creatinine levels and the
stages of AKI between patients with SARS or COVID-19.
Similarly, no difference was detected between patients
with SARS or COVID-19 among those who required ICU
admission, those who required invasive mechanical ventilation, and those who died. These results were, however,
limited by the small number of patients and events, particularly in the COVID-19 group. The results are summarized
in Table 3.
Table 2. Occurrence of AKI in the ﬁrst 30 d after the
diagnosis of SARS-CoV and SARS-CoV-2
Occurrence of AKI
Peak creatinine level
median (range)
AKI, n (%)
No AKI
AKI stage 1
AKI stage 2
AKI stage 3
Presence of moderate to
severe AKI, n (%)

SARS-CoVa
n51565

SARS-CoV-2
n5814

P
valueb

86 (25–1975)

82 (21–1137)

,0.001

1351 (86.3)
123 (7.9)
33 (2.1)
58 (3.7)
91 (5.8)

748 (91.9)
54 (6.6)
3 (0.4)
9 (1.1)
12 (1.5)

,0.001

Factors Associated with AKI

,0.001

Baseline creatinine level was on the basis of the creatinine level before or
upon hospital admission. Peak creatinine level was presented in median
(range). Qualitative and quantitative differences between subgroups were
analyzed by chi-squared or Fisher’s exact tests for categorical parameters and
Mann–Whitney U test for continuous parameters, as appropriate.
a
A total of 20 patients who received RRT at diagnosis of SARS-CoV were not
included in the analysis.
b
Mann–Whitney U test for continuous variable, and chi-squared or Fisher’s
exact tests for categorical variables were used to compare patients infected
by SARS-CoV and SARS-CoV-2.
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Of note, among the 325 patients with SARS who were admitted to ICU or received invasive mechanical ventilation, 105
(32.0%) had AKI; 13 of them (12.4%) had AKI before ICU
admission or the use of invasive mechanical ventilation.
Among the 53 patients with COVID-19 who were admitted
to ICU or received invasive mechanical ventilation, 13
(24.5%) had AKI; one of them (7.7%) had AKI before ICU
admission or use of invasive mechanical ventilation.
On multivariable logistic regression analysis for patients
with SARS, old age (aOR, 1.02; 95% CI, 1.01 to 1.03,
P,0.001), DM (aOR, 2.67; 95% CI, 1.93 to 3.69, P,0.001),
hypertension (aOR, 1.65; 95% CI, 1.17 to 2.33, P50.005),
peak alanine aminotransferase (ALT) and/or aspartate aminotransferase (AST) $80 U/L (aOR, 2.47; 95% CI, 1.87 to 3.25,
P,0.001) and AKI (aOR, 4.96; 95% CI, 3.48 to 7.06, P,0.001)
were signiﬁcant factors associated with the primary endpoint.
For patients with COVID-19, DM (aOR, 4.77; 95% CI, 2.32 to
9.84, P,0.001), lymphocyte count of ,13109/L (aOR, 1.93;
95% CI, 1.01 to 3.69, P50.05), peak ALTand/or AST $80 U/L
(aOR, 7.64; 95% CI, 3.99 to 14.64, P,0.001), and AKI (aOR,
2.44; 95% CI, 1.06 to 5.58, P50.04) were signiﬁcant factors
associated with the primary endpoint. The results are summarized in Table 4.

Among the patients with SARS, age (aOR, 1.04; 95% CI, 1.03
to 1.05, P,0.001), DM (aOR, 2.03; 95% CI, 1.41 to 2.92,
P,0.001), hypertension (aOR, 1.54; 95% CI, 1.04 to 2.29,
P50.03), and baseline creatinine level (aOR, 1.01; 95% CI,
1.00 to 1.01, P,0.001) were signiﬁcant factors associated
with AKI (Table 5). Among the patients with COVID-19 (Table 5), DM (aOR, 2.23; 95% CI, 1.11 to 4.48, P50.03), hypertension (aOR, 3.03; 95% CI, 1.63 to 5.62, P,0.001), and the
use of antiviral agents (aOR, 11.06; 95% CI, 2.66 to 45.98,
P50.001) were signiﬁcant factors associated with AKI. For
the whole cohort (Supplemental Table 1), on multivariable
logistic regression analysis, age (aOR, 1.03; 95% CI, 1.02 to
AKI in Patients with SARS or COVID-19
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Table 3. AKI in the ﬁrst 30 d among patients infected by SARS-CoV and SARS-CoV-2 with or without the study outcomes
Occurrence of AKI

Without Primary Endpoint

With Primary Endpoint

SARS-CoV, n51148 SARS-CoV-2, n5759 P value SARS-CoV, n5417 SARS-CoV-2, n555 P value

Peak creatinine level median (range)
No AKI, n (%)
AKI stage 1, n (%)
AKI stage 2, n (%)
AKI stage 3, n (%)

83 (73–96)
81 (68–95)
0.001
101 (81–177)
89 (76–119)
0.06
1083 (94.3)
707 (93.1)
0.04
268 (64.3)
41 (74.5)
0.07
55 (4.8)
49 (6.5)
68 (16.3)
5 (9.1)
3 (0.3)
3 (0.4)
30 (7.2)
0 (0)
7 (0.6)
0 (0)
51 (12.2)
9 (16.4)
Without ICU admission
With ICU admission
SARS-CoV, n51240 SARS-CoV-2, n5761 P value SARS-CoV, n5325 SARS-CoV-2, n553 P value
Peak creatinine level median (range)
84 (73–99)
81 (68–95)
,0.001
97 (80–144)
88 (75–118)
0.12
No AKI, n (%)
1128 (91.0)
708 (93.0)
0.003
223 (68.6)
40 (75.5)
0.11
AKI stage 1, n (%)
82 (6.6)
50 (6.6)
41 (12.6)
4 (7.5)
AKI stage 2, n (%)
10 (0.8)
3 (0.4)
23 (7.1)
0 (0)
AKI stage 3, n (%)
20 (1.6)
0 (0)
38 (11.7)
9 (17.0)
Without invasive mechanical ventilation
With invasive mechanical ventilation
SARS-CoV, n51504 SARS-CoV-2, n5792 P value SARS-CoV, n561 SARS-CoV-2, n522 P value
Peak creatinine level median (range)
86 (74–102)
109 (87–181)
88 (77–315)
0.24
81 (68–95)
,0.001
No AKI, n (%)
1319 (87.7)
734 (92.7)
,0.001
32 (52.5)
14 (63.6)
0.41
AKI stage 1, n (%)
112 (7.4)
51 (6.4)
11 (18.0)
3 (13.6)
AKI stage 2, n (%)
26 (1.7)
3 (0.4)
7 (11.5)
0 (0)
AKI stage 3, n (%)
47 (3.1)
4 (0.5)
11 (18.0)
5 (22.7)
Survival
Death
SARS-CoV, n51398 SARS-CoV-2, n5810 P value SARS-CoV, n5167 SARS-CoV-2, n54 P value
Peak creatinine level median (range)
84 (73–98)
81 (68–95)
,0.001
161 (104–289)
332 (117–595)
0.31
No AKI, n (%)
1290 (92.3)
747 (92.2)
0.27
61 (36.5)
1 (25.0)
0.81
AKI stage 1, n (%)
77 (5.5)
53 (6.5)
46 (27.5)
1 (25.0)
AKI stage 2, n (%)
13 (0.9)
3 (0.4)
20 (12.0)
0 (0)
AKI stage 3, n (%)
18 (1.3)
7 (0.9)
40 (24.0)
2 (50.0)
A total of 20 patients who received RRT at diagnosis of SARS-CoV were not included in the analysis.
Primary endpoint was a composite endpoint of ICU admission, use of invasive mechanical ventilation, and/or death. Baseline creatinine level was on the basis of the
creatinine level before or upon hospital admission. Peak creatinine level was presented in median (range). Qualitative and quantitative differences between
subgroups were analyzed by chi-squared or Fisher’s exact tests for categorical parameters and Mann–Whitney U test for continuous parameters, as appropriate.

1.04, P,0.001), DM (aOR, 1.94; 95% CI, 1.41 to 2.67,
P,0.001), hypertension (aOR, 1.67; 95% CI, 1.19 to 2.34,
P50.003), the use of antiviral agents (aOR, 1.80; 95% CI,
1.08 to 3.01, P50.03), and baseline creatinine level (aOR,
1.01; 95% CI, 1.00 to 1.01, P,0.001) were signiﬁcant factors
associated with AKI.
Further Analysis on the Primary Endpoint in Patients
with AKI

Further analysis was performed in the 280 patients who developed AKI (Supplemental Table 2). On multivariable analysis, COVID-19 (aOR, 0.11; 95% CI, 0.05 to 0.25, P,0.001),
male sex (aOR, 2.46; 95% CI, 1.30 to 4.66, P50.006), DM
(aOR, 3.13; 95% CI, 1.63 to 6.01, P50.001), peak ALT and/or
AST $80 U/L (aOR, 1.92; 95% CI, 1.03 to 3.58, P50.05), stage
2 AKI (aOR, 4.99; 95% CI, 1.81 to 13.70, P50.002), and stage
3 AKI (aOR, 9.66; 95% CI, 3.87 to 24.12, P,0.001) were signiﬁcant factors associated with the primary endpoint.
Renal Function Recovery in Patients with SARS or
COVID-19

Among the patients with SARS and AKI, 32.4% had persistent
AKI at day 7, 22.1% progressed to AKD at day 30, and 17.1%
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progressed to CKD at day 90. Therefore, complete renal recovery was noted in 77.9% of patients at day 30, and 82.9% of
patients at day 90. Among the patients with COVID-19 with
AKI, 15.4% had persistent AKI at day 7, 12.7% progressed to
AKD at day 30, and 7.9% progressed to CKD at day 90. Therefore, complete renal recovery was noted in 87.3% of patients at
day 30, and 92.1% of patients at day 90. The results are summarized in Table 6.
The temporal trends of creatinine levels in patients
with SARS or COVID-19 are illustrated in Figure 2. Rising
creatinine levels and the need of hemodialysis were mostly
noted in those who developed the primary endpoint (Figure 2, A and C). Patients requiring hemodialysis had persistently high creatinine levels. Among the six patients
with COVID-19 who developed stage 3 AKI at day 7, one
died before day 30, and ﬁve progressed to AKD at day 30.
Of the ﬁve patients with AKD at day 30, three progressed
to CKD at day 90, and two fully recovered from AKD.
Among the 23 patients with SARS who developed stage 3
AKI at day 7, 15 died before day 30, and eight progressed to
AKD at day 30. Of the eight patients with AKD at day
30, ﬁve progressed to CKD at day 90, and two fully recovered from AKD. Creatinine levels were mostly stable in
JASN 32: 961–971, 2021
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Table 4. Univariate and multivariable analysis by logistic regression on factors associated with primary endpoint (a
composite endpoint of admission to intensive care unit, use of invasive mechanical ventilation, and death) in patients infected
by SARS-CoV and SARS-CoV-2
SARS-CoV (n51565)a
Parameters

Univariate Analysis

SARS-CoV-2 (n5814)

Multivariable Analysis

b

Univariate Analysis

Multivariable Analysisc,d

P value

aOR (95% CI)

P value

Age

1.04 (1.03 to 1.04) ,0.001

1.02 (1.01 to
1.03)

,0.001 1.05 (1.03 to 1.07) ,0.001 1.02 (1.00 to 1.04)

Male sex
Diabetes mellitus

1.76 (1.40 to 2.21) ,0.001
4.89 (3.70 to 6.46) ,0.001

,0.001

Hypertension

4.24 (3.27 to 5.49) ,0.001

2.67 (1.93 to
3.69)
1.65 (1.17 to
2.33)

Lymphocyte ,13109/L
Platelet ,1003109/L
Peak ALT and/or AST $80
U/L
AKI deﬁned by KDIGO

1.10 (0.87 to 1.38) 0.43
1.29 (0.80 to 2.09) 0.29
1.72 (1.37 to 2.16) ,0.001

OR (95% CI)

9.26 (6.72 to
12.76)

,0.001

2.47 (1.87 to
3.25)
4.96 (3.48 to
7.06)

0.005

P value

OR (95% CI)

aOR (95% CI)

P value
0.05

1.76 (0.99 to 3.12)
0.06
11.33 (6.21 to
,0.001 4.77 (2.32 to 9.84) ,0.001
20.66)
6.01 (3.41 to 10.59) ,0.001

2.90 (1.67 to 5.04) ,0.001 1.93 (1.01 to 3.69) 0.048
3.49 (0.38 to 31.78) 0.27
,0.001
10.59 (5.76 to
,0.001
7.64 (3.99 to
,0.001
19.49)
14.64)
,0.001 4.64 (2.38 to 9.06) ,0.001 2.44 (1.06 to 5.58) 0.04

a

Twenty patients who received RRT at diagnosis of SARS-CoV were not included in the analysis.
P value 5 0.20 for Hosmer-Lemeshow goodness-of-ﬁt test, which did not indicate signiﬁcant poor ﬁt.
c
P value 5 0.77 for Hosmer-Lemeshow goodness-of-ﬁt test, which did not indicate signiﬁcant poor ﬁt.
d
Age was retained in the model on the basis of the result of backward stepwise selection by likelihood ratio test with a P value of 0.05.
b

those who did not develop the primary endpoint (Figure 2,
B and D).

DISCUSSION

Being in an Asian country affected by both SARS and COVID19, we are able to investigate and compare the effect of AKI on
the clinical outcomes of both diseases. The electronic public
healthcare database is used in all public hospitals and clinics in
Hong Kong; this broad coverage allows identiﬁcation and data
extraction from almost all patients with SARS or COVID-19 in
Hong Kong. All patients who were diagnosed with SARS or
COVID-19 were hospitalized in Hong Kong, regardless of the
severity of their illnesses. Such arrangements were mandatory
and reinforced by regulatory authorities, hence the data being

captured are very representative for both eras of SARS and
COVID-19. In this study, we also analyzed the serial changes
in creatinine level along the clinical course of SARS or
COVID-19. AKI was deﬁned by the increase of creatinine level
from baseline and the need of RRT according to the KDIGO
criteria.22 Deﬁning the associations between AKI and clinical
outcomes of SARS or COVID-19, and investigating the factors
associated with AKI carry important implications in our clinical practice.
ACE2 is a host receptor for SARS-CoV-2.12 Because ACE2
is expressed predominantly in the proximal tubules in kidneys,
it is possible that viral infection may occur in these sites. However, such route of infection is complicated; viremia must be
present, followed by penetration of the glomerular barrier or
the proximal tubule junction.23 There were several types of
evidence supporting this hypothesis. First, viral RNA was

Table 5. Univariate and multivariable analysis by logistic regression on factors associated with AKI in patients infected by
SARS-CoV and SARS-CoV-2 separately
SARS-CoV n51565
Parameters
Age
Male sex
Diabetes mellitus
Hypertension
Use of antiviral agents
Use of corticosteroid
Baseline creatinine

Univariate analysis
OR (95% CI)

P value

1.05 (1.04 to 1.06)
1.78 (1.33 to 2.38)
4.43 (3.23 to 6.08)
5.86 (4.31 to 7.95)
0.49 (0.28 to 0.83)
0.50 (0.34 to 0.74)
1.02 (1.01 to 1.02)

,0.001
,0.001
,0.001
,0.001
0.008
,0.001
,0.001

SARS-CoV-2 n5814

Multivariable analysis
aOR (95% CI)

a

P value

Univariate analysis
OR (95% CI)

P value

Multivariable analysisb
aOR (95% CI)

P value

1.04 (1.03 to 1.05) ,0.001

1.03 (1.01 to 1.04) ,0.001
1.32 (0.79 to 2.20)
0.29
2.03 (1.41 to 2.92) ,0.001 4.38 (2.40 to 8.01) ,0.001 2.23 (1.11 to 4.48)
0.03
1.54 (1.04 to 2.29) 0.03
3.94 (2.31 to 6.72) ,0.001 3.03 (1.63 to 5.62) ,0.001
11.21 (2.72 to 46.21) 0.001 11.06 (2.66 to 45.98) 0.001
3.31 (1.66 to 6.62)
0.001
1.01 (1.00 to 1.01) ,0.001 1.02 (1.01 to 1.03)
0.001

A total of 20 patients who received RRT at diagnosis of SARS-CoV were not included in the analysis.
a
P value 5 0.77 for Hosmer-Lemeshow goodness-of-ﬁt test, which did not indicate signiﬁcant poor ﬁt.
b
P value 5 0.19 for Hosmer-Lemeshow goodness-of-ﬁt test, which did not indicate signiﬁcant poor ﬁt.
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Table 6. The recovery of AKI in 214 patients infected by SARS-CoV and 66 patients infected by SARS-CoV-2 from the date of
initial AKI event
Creatinine Level
Median (IQR)
No AKI/AKD/CKD, n (%)
AKI stage 1, n (%)
AKI stage 2, n (%)
AKI stage 3, n (%)
Creatinine Level
Median (IQR)
No AKI/AKD/CKD, n (%)
AKI stage 1, n (%)
AKI stage 2, n (%)
AKI stage 3, n (%)
P value

SARS-CoV
At d 0 (n5214)

At d 7 (n5139)

140 (114–196)
0 (0)
177 (82.7)
17 (7.9)
20 (9.3)

99 (68–191)
94 (67.6)
19 (13.7)
3 (2.2)
23 (16.5)

At d 0 (n566)
108 (91–129)
0 (0)
63 (95.5)
3 (4.5)
0 (0)
0.009d

At d 7 (n565)
83 (69–103)
55 (84.6)
3 (4.6)
1 (1.5)
6 (9.2)

At d 30 (n585)

At d 90 (n570)

P valuea,b

P valuec

a

75 (57–108)
67 (77.9)
AKD 19 (22.1)

75 (63–103)
58 (82.9)
CKD 12 (17.1)

,0.001
,0.001b

SARS-CoV-2
At d 30 (n563)
75 (67–97)
55 (87.3)
AKD 8 (12.7)

At d 90 (n563)
75 (66–94)
58 (92.1)
CKD 5 (7.9)

P valuea,b
,0.001a
,0.001b

0.17c

P valuec
0.20c

0.005c

a

Friedman test was used to compare creatinine level at d 0, 7, 30, and 90.
Bhapkar test was used compare creatinine level and AKI status at d 0 and 7.
c
Generalized estimating equations was used to compare presence of any AKI/AKD at d 7, 30, and 90.
d
Categories of AKI/AKD between SARS-CoV and SARS-CoV-2 were compared by chi-squared test or Fisher’s exact test, as appropriate.
b

detected in kidneys of patients with COVID-19 by RT-PCR
and/or in situ hybridization.24–26 Second, viral protein was
detected in kidneys of patients with COVID-19 by immunocytochemistry.24,27 Third, live virus was recovered from kidney tissue of affected patients.25 Fourth, coronavirus-like
structures were identiﬁed in the kidney tissue of patients
with COVID-19 by electron microscopy.27–29 All these results
suggest SARS-CoV-2 can infect the kidney. In addition,
targeting ACE2 may also result in angiotensin dysregulation,
innate and adaptive immune pathway activation, and hypercoagulation, leading to AKI and multiorgan injury.30
Current literature showed that AKI might be a common
presentation after COVID-19 infection.31 Pei et al.32 showed
that up to 75.4% of the patients with COVID-19 had abnormal
urine dipstick including proteinuria and hematuria, or AKI.
In a large series of 5499 patients with COVID-19, AKI developed in 36.6%.33 Among those who developed AKI, 46.5%
had stage 1, 22.5% had stage 2, and 31.1% had stage 3 AKI.
Our study showed that only 8.1% of the patients with COVID19 developed AKI; 6.6% had stage 1 AKI and 1.5% had stage
2–3 AKI. Given that all laboratory-conﬁrmed patients with
COVID-19 in Hong Kong were hospitalized regardless of their
disease severity, we believe our cohort is able to provide a more
accurate representation of COVID-19 in terms of its renal
manifestations.
Our study showed that only 5.3% of patients with
COVID-19 developed the primary endpoint, compared
with 26.0% of patients with SARS. Among the patients
who did not meet the primary endpoint, patients with
SARS had higher peak creatinine levels and higher stages
of AKI than patients with COVID-19. Among the patients
who met the primary endpoint, although there was no signiﬁcant difference in the peak creatinine levels and the stages
of AKI between patients with SARS or COVID-19, this is
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limited by the small number of patients and events, particularly in the COVID-19 group.
Our logistic regression analysis showed that DM, deranged
liver function, and AKI were common factors in patients with
SARS or COVID-19 that were associated with the primary
endpoint. These factors can serve as important prognostic
factors and patients presenting with these factors may warrant
more aggressive treatment earlier on. Recognizing the increasing trend of creatinine level is also important, as reﬂected by
our temporal trend analysis in patients who developed the
primary endpoint.
Our study also showed that DM and hypertension were
common signiﬁcant factors that were associated with AKI.
We believe patients with DM and hypertension are at risk of
CKD, and hence they are prone to developing AKI after SARS
or COVID-19 infection. The use of antivirals was also a signiﬁcant factor that was associated with AKI, particularly in the
COVID-19 group. As antivirals were more commonly used in
severe infections, this might explain their apparent associations with AKI along the treatment course. In contrast, the use
of antivirals might have potential renal toxicities and this
should not be overlooked.34 Among the 280 patients with
AKI, we found that male sex, DM, deranged liver function,
and AKI were signiﬁcant factors that were associated with the
primary endpoint. Our results also showed that SARS was
associated with a higher risk of major adverse clinical outcomes than COVID-19 in patients with AKI. We must emphasize that the association between AKI and the primary
endpoint does not imply any causality. In fact, most patients
developed AKI after they had met the primary endpoint.
There are several limitations in our study. First, this was a
retrospective cohort study. Data were extracted from real-life
clinical patients, and their clinical management pathways might differ across different centers. Serial monitoring
JASN 32: 961–971, 2021
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Figure 2. Serial creatinine level of patients with SARS with elevated creatinine (.109 mmol/L for males and .83 mmol/L for females)
who (A) developed and (B) did not develop primary endpoint. Serial creatinine level of patients with COVID-19 with elevated creatinine
(.109 mmol/L for males and .83 mmol/L for females) who (C) developed and (D) did not develop primary endpoint.

of renal function was on the basis of clinical necessity, and
this may induce bias to our analysis. Second, ascertainment
bias may affect the reliability of certain diagnosis codes for
comorbidities, such as diabetes and hypertension. However, such bias was already minimized by extracting
diagnosis-deﬁning data from laboratory measurements
and drug prescription and dispensing history. Third, this
cohort is on the basis of real-world experience and inevitably there are missing data in our dataset. Patients with missing creatinine levels had to be excluded because imputation
of this data may in turn affect the study outcome of interest,
that is, AKI. Nevertheless, most of the other missing values
(including albumin, total bilirubin, international normalized ratio, C-reactive protein, erythrocyte sedimentation
rate, lactate dehydrogenase, white cell count, and neutrophil) were not used in any of the subsequent analyses.
Fourth, the baseline characteristics of patients with
SARS or COVID-19 were very different, but we did perform various multivariable analyses to adjust for potential
JASN 32: 961–971, 2021

confounding factors. Fifth, the event numbers of certain
outcomes of interest particularly in the COVID-19 group
was small. This may affect the precision of the analysis and
the interpretation of the results.
In conclusion, AKI was associated with major adverse
clinical outcomes in patients with SARS or COVID-19.
Patients with DM, deranged liver function, and AKI were
at risk of developing severe consequences after SARS
and COVID-19 infection. DM and hypertension were
common signiﬁcant factors that were associated with
AKI. Among patients with AKI, COVID-19 was associated
with a lower rate of major adverse clinical outcomes
when compared with SARS. Renal function recovery was
usually observed within 30 days after SARS and COVID-19
infection. We should remain vigilant in the identiﬁcation
of high-risk patients, and more aggressive treatment may
be needed early on. Serial renal function monitoring
may be helpful in detecting any earlier deterioration of
the disease.
AKI in Patients with SARS or COVID-19
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