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Summary: Coronavirus disease 2019 (COVID-19) is spreading rapidly worldwide. Here, we review recently published
studies on COVID-19—associated acute kidney injury (AKI) in China. The pooled incidence of AKI in all reported
COVID-19 patients was 6.5%, with a much higher rate in patients from the intensive care unit (32.5%). AKl is associ-
ated with the severity of COVID-19 and mortality rates, which is similar to other kidney abnormalities including protein-
uria and hematuria. The renal tubule is the main site of injury in COVID-19 patients, and the etiology of renal
impairment in COVID-19 patients likely is diverse and multifactorial. Apart from direct viral attack via angiotensin-con-
verting enzyme 2 and transmembrane serine proteases 2, hypoxia and hypercoagulability also may contribute to the
occurrence of renal injury. To date, there is only randomized controlled trial evidence to support the use of dexametha-
sone in patients requiring oxygen therapy and remdesivir for shortening the time to recovery, with no specific treatment
for COVID-19—associated AKI. Studies researching kidney pathologies or reporting renal outcome and prognosis are
in urgent need. Further studies are urgently warranted to identify risk factors, to predict prognosis and renal outcome,
to explore the exact mechanisms of renal injury, and to suggest targeted interventions.
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oronavirus disease 2019 (COVID-19) is a newly

discovered contagious disease caused by severe

acute respiratory syndrome coronavirus-2
(SARS-CoV-2 virus). The ongoing outbreak was first
reported in Wuhan, China,' and it is a pandemic that has
spread worldwide. The clinical features of COVID-19
vary individually, ranging from no clinical symptoms
(asymptomatic) to mild or severe respiratory illness
symptoms. Common symptoms of COVID-19 include
fever, fatigue, dry cough, and muscle ache, and critical
patients may progress rapidly to acute respiratory dis-
tress syndrome (ARDS), septic shock, metabolic acido-
sis, coagulation dysfunction, acute kidney injury (AKI),
and death.”

Kidney complications in SARS-CoV-2 infection might
occur owing to direct cytopathic effects and secondary
damage resulting from the co-existence of a systemic
inflammatory response or the use of renal-toxic therapies,
respiratory distress syndrome—induced hypoxia, or multi-
ple organ dysfunction. Histologic findings have shown
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acute tubular necrosis and interstitial inflammation. Clini-
cal manifestations of kidney involvement in COVID-19
include proteinuria, hematuria, and AKIL>?

The reported incidence of AKI in SARS-CoV-2 infec-
tion has varied substantially from 0.5% to 29%.°® It is
believed that the occurrence of AKI is part of the multi-
organ dysfunction that develops in critical SARS-CoV-2
—infected patients, and the variety of AKI incidence
reflects the wide clinical spectrum of COVID-19 in terms
of disease severity and outcome. Because this is an
emerging infectious disease, there are a paucity of data
on the whole picture of kidney involvement in this dis-
ease. In this review, we aim to summarize China’s initial
experience of AKI in patients with COVID-19, with a
focus on epidemiology, clinical characteristics, patho-
physiology, treatment, and prognosis.

COVID-19: DIAGNOSIS AND CLINICAL
CLASSIFICATIONS

According to the Guidance for Corona Virus Disease
2019 released by China’s National Health Committee,”’
suspected COVID-19 cases are identified via consider-
ation of both epidemiologic histories and clinical mani-
festations. Confirmed cases are diagnosed with one of
the following etiological evidences: a positive result of
novel coronavirus 2019 (2019-nCoV) nucleic acid by
real-time fluorescence RT-PCR or the virus gene
sequence is highly homologous to the known 2019-
nCoV. All confirmed cases were required to be admitted
to either typical hospitals or temporary shelter hospitals
according to the different degrees of disease severity.
Disease severity was classified into four categories’: (1)
mild: mild clinical manifestation with no unusual imag-
ing data; (2) ordinary: fever, respiratory symptoms,
pneumonia manifestation on radiograph or computed
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tomography; (3) severe (satisfies any of the following):
(i) respiratory distress, respiratory rate (RR) of 30 or
more breaths/min; (ii) oxygen saturation of 93% at rest
state; (iii) arterial partial pressure of oxygen/inspiration
O, of 300 mm Hg or less; (4) critical (satisfies any of the
following): (i) respiratory failure that needs mechanical
ventilation; (ii) shock; or (iii) complicated with other
organ failure that requires intensive care unit (ICU) mon-
itoring and treatment.

EPIDEMIOLOGY OF COVID-19—ASSOCIATED AKI

To better understand the incidence of COVID-19—asso-
ciated AKI in different regions of China, we selected rel-
evant studies published before July 30, 2020, by
searching PubMed using the following search terms:
“coronavirus” or “COVID-19” or “SARS-CoV-2” or
“2019-nCoV” and “laboratory” or ‘“clinical.” We
excluded studies that had a large overlap in enrolled
patients, had fewer than 90 patients, or did not have a
clear description of kidney function tests.

Finally, we included 25 eligible peer-reviewed stud-
ies. The epidemiologic data of COVID-19—associated
AKI reported in these studies are summarized in Table 1.
Sixteen of these studies were from various COVID-19
—designated hospitals in Wuhan City, which was the
most infected area in China.”**'%?! There was also a
nationwide multicenter study supported by the National
Health Commission of China that enrolled 1,099 patients
from 552 hospitals in 30 provinces.”

A random-effects model was performed to generate the
pooled incidence of AKI and AKI associated mortality.
All pooled estimates are provided with 95% confidence
intervals (ClIs). We performed a meta-analyses using the
meta package in R software version 3.6.3 (the R Founda-
tion for Statistical Computing, Vienna, Austria). The
pooled incidence of AKI in all reported COVID-19
patients from these 25 studies was 6.5% (95% CI, 4.1%-
10.2%), with a much higher rate in patients from the ICU
(32.5%; 95% CI, 21.2%-46.3%)>'""" than in patients
from mixed departments (5.1%; 95% CI, 3.3%-7.8%)2’
O10-13.15-18.2028 (56 1 A). Studies from Wuhan showed a
higher AKI incidence (9.7%; 95% CI, 6.2%-14.9%) than
studies from outside Wuhan (2.8%; 95% CI, 1.2%-6.6%)
(Fig. 1B). However, this regional difference in the AKI
rate could be interpreted by the difference in disease
severity.

Recently published studies on COVID-19 worldwide
reported AKI rates in hospitalized patients of 17.9% to
72.7% in Italy,”*” 9.2% to 18.3% in Korea,”'’* 19.7%
to 69.2% in Spain,”*" 5.8% to 56.9% in the United
States,””’® 52.2% to 74.6% in Germany,’”** and 4.7%
to 55.9% in France and Belgium,””*’ which are much
higher than the rates in China. The difference may be
explained by the fact that only very sick COVID-19

patients were admitted to hospitals in those countries
compared with the admission of less sick patients in
China. Health care systems and policies for hospitaliza-
tion and assigning levels of care (eg, ICU admission) are
different across the world, and the admission rate of
COVID-19 patients varied among different countries.
Therefore, it is difficult to compare AKI rates based on
the number of hospitalized patients.

COVID-19—Associated AKI in All Hospitalizations

Chen et al'’ reported 99 patients with COVID-19 from
January 1 to January 20, 2020, in Jinyintan Hospital,
Wuhan. Three cases (3.0%) presented with AKI on admis-
sion. Cheng et al’ conducted a prospective cohort study of
701 COVID-19 patients from January 28, 2020, to Febru-
ary 11, 2020, in Tongji Hospital, Wuhan, and 5.1% (36 of
701) of the overall patients developed AKI during hospi-
talization. Hu et al'” observed a similar finding that 17 of
323 COVID-19 patients developed AKI in Tianyou Hos-
pital, Wuhan, which is an AKI incidence of 5.3%.

A few subsequent studies described COVID-19
patients outside Wuhan. Zhang et al”’ reported findings
from 645 patients with COVID-19 in Zhejiang Province.
The incidence of AKI was as low as 0.3% (2 of 645).
Low rates of ICU admission (0.6%) and mortality (0%)
also were observed in this study. Wan et al’® reported
findings from 135 patients with COVID-19 in Chongg-
ing City, where 5 subjects developed AKI (3.7%) and 1
died (0.7%). In the study by Guan et al® regarding 1,099
COVID-19 patients from 552 hospitals across China, 6
subjects experienced AKI (0.5%), and 4 of them were
critically ill. A relatively low AKI incidence (2% for in-
hospital AKI, and 1% for prehospital AKI) also was
reported in the overall population of COVID-19 patients
in Shenzhen City.5

The prevalence of AKI increases in parallel with the
disease severity of COVID-19.">"? In the study by Hu
et al,'”> AKI occurred in 1.3% (2 of 151) of nonsevere
patients, in 3.4% (5 of 146) of severe patients, and in
38.5% (10 of 26) of critical patients. Similar findings
were reported by Zheng et al,” who found that the inci-
dence of AKI in nonsevere, severe, and critical patients
was 1.0% (3 of 297), 6.8% (13 of 190), and 39.4% (13 of
33), respectively.

COVID-19—Associated AKIl in ICU/Critically Ill Cases

Evidence has shown that AKI is more common in ICU
patients. In the study by Huang et al,' of the first reported
41 COVID-19 patients in Jinyintan Hospital, 13 patients
were admitted to the ICU, 3 developed AKI, and the
presence of AKI was documented in 23.1% (3 of 13).!
Subsequently, Yang et al’ reported findings from 52 ICU
cases admitted to the same hospital from December 24,



Table 1. Enrolled studies on the incidence of COVID-19 associated AKI in China

Study Region Hospital Sample Size Recruitment Time Male (%) Age* CKD (%) AKl rate (%) Mortality (%)
Total ICU Non-ICU Deceased Total
Chenetal'® Wuhan Jinyintan Hospital 99 Jan1-Jan 20,2020 67 (67.7) 5513 NA 3(3.0) NA NA NA 11 (11.1)
Chengetal® Wuhan Tongji Hospital 701 Jan28-Feb11,2020 367 (52.4) 63 (50-71) 14 (2.0) 36 (5.1) NA NA NA 113 (16.1)
Wangetal® Wuhan Tongji Hospital 344 (ICU) Jan25-Feb25,2020 179 (52.0) 64 (52-72) NA 86 (25.0) 86(25.00 O 80 (60.2) 133 (38.7)
Pei et al* Wuhan Tongji Hospital (Sino-French) 333 Jan28-Feb9,2020 182 (54.7) 56+13 Excluded 22 (6.6) NA NA NA 29 (8.7)
Caoetal'’ Wuhan Zhongnan Hospital 102 Jan3-Feb1,2020 53 (52.0) 54 (37-67) 4 (3.9) 20 (19.6) NA NA 15(88.2) 17 (16.7)
Shietal'? Wuhan Renmin hospital 416 Jan20-Feb10,2020 205 (49.3) 64 (range 21-95) 14(3.4) 8(1.9) NA NA NA 57 (13.7)
Zhouetal®  Wuhan Jinyintan Hospital, Wuhan 191 Died or Dec29,2019-Jan31,2020 119 (62.3) 56 (46-67) 2(1.0) 28 (14.7) NA NA 27 (50.0) 54 (28.3)
Pulmonary Hospital Discharged
Huetal'® Wuhan Tianyou Hospital 323 Jan8-Feb20,2020 166 (51.4) 61 (range 23-91) 7(2.2) 17 (5.3) NA NA NA 35 (10.8)
Yuetal Wuhan 19 ICUs 226 (ICU) Feb26-27,2020 139 (61.5) 64 (57-70) 3(1.3) 57 (25.2) 57(25.2) 0 NA 87 (38.5)
Zhang etal'® Wuhan Union Hospital (West Court) 258 Jan29-Feb12,2020 138 (53.5) 64 (range 56-70) 9 (3.5) 7 (2.7) NA NA NA 15 (5.8)
Deng et al'®  Wuhan Tongji Hospital (Hankou, 225 Died or Jan1-Feb21,2020 124 (55.1) 54 (95%Cl 26-83) NA 20 (8.9) NA NA 20 (18.4) 109 (48.4)
Caidian), Central Hospital Discharged
(Hankou)
Lietal'” Wuhan Central Hospital 134 Died or Jan1-Feb20,2020 75 (56.0) 61 (47-69) NA 5(3.7) NA NA NA 42 (31.3)
Discharged
Zhang et al'® Wuhan Zhongnan Hospital, Wuhan 394 Jan1-Feb1,2020 186 (47.2) 56 (42-67) NA 37 (9.4) NA NA 7 (31.8) 22 (5.6)
Fourth Hospital
Xuetal'® Wuhan Union Hospital, Jinyintan 239 (ICU) Jan12-Feb3,2020 143 (59.8) 6313 NA 119 (49.8) 119 (49.8) 0 99 (67.4) 147 (61.5)
Hospital, Wuhan Third
Hospital
Chenetal®® Wuhan Tongji Hospital (Three 3309 Jan18-Mar27,2020 1642 (49.6) 62 (49-69) 57 (1.7) 401 (12.1) NA NA NA 307 (9.3)
branches)
Cuietal' Wuhan Zhongnan Hospital, Tongji 116 Jan5-Mar21,2020 66 (56.9) 59 (95%Cl 67-62) 5(4.3) 21 (18.1) NA NA 12 (50.0) 24 (20.7)
Hospital (Sino-French)
Zhengetal® Wuhan, Tongji Hospital (Sino-French), 555 Jan8-Feb28,2020 269 (48.5) 52 (36-64) 10(1.8) 29 (5.6) NA NA 12 (44.4) 27 (4.9
Shenzhen  The Third People’s Hospital
of Shenzhen
Zhaoetal®  Jingzhou Jingzhou Central Hospital 91 Jan16-Feb10,2020 49 (53.8) 46 (median) 1(1.1) 5 (5.5) NA NA NA 2(2.2)
Zhang et al*® Zhejiang Multicenter 645 Jan17-Feb8,2020 328 (50.8) 40.9 (95%Cl 29-52) 6 (0.9) 2(0.3) NA NA NA 0(0)
Ren et al** Shenzhen  The Third People’s Hospital 150 Jan11-Feb12,2020 82 (54.7) 54 (37-63) NA 11 (7.3) NA NA NA 3(2.0)
Houetal®  Beijing Youan Hospital 101 Jan21-Mar9,2020 44 (43.6) 51+20 NA 12 (11.9) NA NA NA 5 (5.0)
Wanetal®® Chongging Three Gorges Hospital 135 Jan23-Feb8,2020 72 (53.3) 47 (36-55) NA 5(3.7) NA NA NA 1(0.7)
Guanetal® China National, multicenter 1099 Dec11,2019-Jan 29,2020 637 (58.0) 47 (35-58) 8(0.7)  6(0.5) NA NA NA 15 (1.4)
Yangetal®” Yichang Yichang Central People’s 200 Jan30-Feb8,2020 98 (49.0) 55+17 3 (1.5) 24 (12.0) 12(41.4) 12(7.00 NA 15 (7.5)
Hospital
Hong etal®® Chengdu, Public Health Clinical Center of 168 Jan16-Mar13,2020 92 (54.2) 47+18 4 (2.4) 1(0.6) NA NA NA 3(1.8)
Daofu Chengdu, Daofu People’s

Hospital

Note: Abbreviation: CKD, chronic kidney disease; ICU, intensive care unit; SD, standard deviation; Cl, confidence interval.

*mean+SD or median with interquartile range
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A
Study Events Total Proportion 95%Cl
Setting = Mix i
Chen NS 3 99 i+ 0.0303 [0.0063; 0.0860]
Cheng YC?® 36 701 = 0.0514 [0.0362; 0.0704]
Pei GC* 22 333 & 0.0661 [0.0419; 0.0983]
Cao JL' 20 102 P — 0.1961 [0.1241; 0.2865]
Shi SB™2 8 416 = 0.0192 [0.0083; 0.0375]
Zhou F? 28 191 P 0.1466 [0.0997; 0.2049]
Hu L™ 17 323 & 0.0526 [0.0310; 0.0829]
Zhang Y'® 7 258 & 0.0271 [0.0110; 0.0551]
Zhao XY?2 5 91 - 0.0549 [0.0181; 0.1236]
Zhang XL 2 645 ; 0.0031 [0.0004; 0.0112]
Ren D?* 1 150 —&— 0.0733 [0.0372; 0.1274]
Hou W25 12 101 —— 0.1188 [0.0629; 0.1983]
Wan SX2¢ 5 135 =— 0.0370 [0.0121; 0.0843]
Guan WJ¢ 6 1099 0.0055 [0.0020; 0.0118]
Yang LH?" 24 200 - 0.1200 [0.0784; 0.1733]
Deng Y6 20 225 = 0.0889 [0.0551; 0.1339]
LiJY"7 5 134 =+ 0.0373 [0.0122; 0.0849]
Zhang JH'® 37 394 - 0.0939 [0.0670; 0.1271]
Chen J® 401 3309 0.1212 [0.1103; 0.1328]
Cui XY?! 21 116 —— 0.1810 [0.1157; 0.2633]
Hong DQ?® 1 168/ 0.0060 [0.0002; 0.0327]
Zheng XZ5-Wuhan cohort 15 127 —— 0.1181 [0.0676; 0.1873]
Zheng XZ5-Shenzhen cohort 14 393 = 0.0356 [0.0196; 0.0590]
Random effects model 9710 < 0.0513 [0.0334; 0.0779]
Heterogeneity: 12 = 96%, 1 = 1.0651, p < 0.01
Setting = Intensive Care Unit
Wang Y8 86 344 — 0.2500 [0.2051; 0.2992]
Yu Y 57 226 — 0.2522 [0.1970; 0.3141]
Xu JQ1° 119 239 —a— 0.4979 [0.4328; 0.5631]
Random effects model 809 —_— 0.3248 [0.2117; 0.4627]
Heterogeneity: /1“ = 93%, 1° = 0.2467, p < 0.01
Random effects model 10519 <= 0.0649 [0.0407; 0.1018]
Heterogeneity: 12 = 97%, 7% = 1.5144, p < 0.01
Residual heterogeneity: /2 = 91%, p < 0.01 01 02 03 04 05
B
Study Events Total Proportion 95%ClI
Region = Wuhan
Chen NS 3 99 &+ 0.0303 [0.0063; 0.0860]
Cheng YC? 36 701 = 0.0514 [0.0362; 0.0704]
Wang Y8 86 344 — 0.2500 [0.2051; 0.2992]
Pei GC* 22 333 0.0661 [0.0419; 0.0983]
Cao JL™" 20 102 —— 0.1961 [0.1241; 0.2865]
Shi SB12 8 416 = 0.0192 [0.0083; 0.0375]
Zhou F? 28 191 - 0.1466 [0.0997; 0.2049]
Hu L™ 17 323 & 0.0526 [0.0310; 0.0829]
Yu Y 57 226 — 0.2522 [0.1970; 0.3141]
Zhang Y18 7 258 B 0.0271 [0.0110; 0.0551]
Deng Y6 20 225 @ 0.0889 [0.0551; 0.1339]
Ligy"? 5 134 &+ 0.0373 [0.0122; 0.0849]
Zhang JH'® 37 394 : o 0.0939 [0.0670; 0.1271]
Xu JQ 119 239 —i— 0.4979 [0.4328; 0.5631]
Chen J20 401 3309 0.1212 [0.1103; 0.1328]
Cui XY?! 21 116 — 0.1810 [0.1157; 0.2633]
Zheng XZ5-Wuhan cohort 15 127 — 0.1181 [0.0676; 0.1873]
Random effects model 7537 = 0.0974 [0.0623; 0.1492]

Heterogeneity: /% = 97% = 0.9697 p <0.01

Region = Non-Wuhan

Zhao XY?22 5 91 = 0.0549 [0.0181; 0.1236]
Zhang XL 2 645 0.0031 [0.0004; 0.0112]
Ren D% 1 150 —&— 0.0733 [0.0372; 0.1274]
Hou W25 12 101 — 0.1188 [0.0629; 0.1983]
Wan SX2 5 135 &+ 0.0370 [0.0121; 0.0843]
Guan WJ¢ 6 1099 0.0055 [0.0020; 0.0118]
Yang LH?" 24 200 - 0.1200 [0.0784; 0.1733]
Hong DQ?® 1 1680 0.0060 [0.0002; 0.0327]
Zheng XZ5-Shenzhen cohort 14 393 = 0.0356 [0.0196; 0.0590]
Random effects model 2982 < 0.0282 [0.0118; 0.0659]
Heterogeneity: I? = 93%, 1% = 1.6252 p <0.01

Random effects model 10519 <= 0.0649 [0.0407; 0.1018]
Heterogeneity: 12=97%, 1° = 1.5144, p <0.01

Residual heterogeneity: /2 = 95%, p < 0.01 01 02 03 04 05

Figure 1. AKl incidence in COVID-19 patients in China. Studies are subgrouped by (A) settings and (B) regions. Abbre-
viation: Cl, confidence interval.

2019, to January 26, 2020, and the results suggested that  finding is consistent with the experience of a study® from
AKI, which was the most common extrapulmonary  Tongji Hospital that documented the presence of AKI in
complication, was observed in 15 patients (28.8%). This ~ 25.0% of 344 ICU patients with COVID-19 from
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January 25, 2020, to February 25, 2020, and a cross-sec-
tional study in 19 ICUs in Wuhan in which 25.2% of 252
ICU cases developed AKI."*

RISK FACTORS FOR AKI IN COVID-19

Observational studies from China have suggested that
older age,18 hypertension,18 cardiovascular disease,18
and COVID-19 grade™' are associated with the devel-
opment of AKI in patients with COVID-19. Patients
with AKI are more likely to require mechanical ventila-
tion.”' More than two thirds of the in-hospital AKI epi-
sodes were reported to develop after the patients reached
critical illness.” Increased markers of inflammation, such
as ferritin, C-reactive protein, and D-dimer,*’ suggest a
role for inflammation in the underlying disease state.
However, there are no data available on the association
between medications and procedures (eg, surgeries, con-
trast administration) and the development of AKI.

Similarly, male sex,*! older age,’m’41 diabetes,*! hyper-
tension,”' black race,*' cardiovascular disease (coronary
artery disease, heart failure, peripheral vascular dis-
ease),”’*” respiratory disease (asthma and chronic obstruc-
tive pulmonary disease),"’ premorbid chronic kidney
diseae,” and the need for ventilator support or vasopressor
drug treatment also were reported as risk factors in the
United States, Italy, and France. In addition, a higher body
mass index”” and greater baseline levels of inflammatory
markers, including ferritin, C-reactive protein, procalcito-
nin, and lactate dehydrogenase,“ were observed in
COVID-19 patients with AKI than in non-AKI patients,
which suggests the risks for developing AKI and AKI
stage escalation.

The rate of AKI varies considerably among different
regions and countries. Data from China suggest that AKI is
less common in China than in the United States, and the
reported cases from China had lower rates of comorbidities
such as diabetes and hypertension, and a lower proportion

Critical illness

Admission

of cases with severe respiratory disease/ARDS than the
reported cases from the United States.”*' To date, there
are no data on risk factors between different hospital set-
tings (eg, academic versus community, rural versus urban).

CLINICAL CHARACTERISTICS OF COVID-19
—ASSOCIATED AKI

The studies of kidney involvement in COVID-19
patients show that abnormal urine findings, including
proteinuria and hematuria, are more common than
AKIL’" In a prospective cohort study of 701 COVID-19
patients in Wuhan, 43.9% of the patients had proteinuria,
26.7% had hematuria, and 5.1% had AKI.® These find-
ings were confirmed by the study by Zheng et al’
describing 555 patients from two separate COVID-19
cohorts, one from Wuhan and one from Shenzhen city,
where the incidence of proteinuria, hematuria, and AKI
was 33.5%, 21.5%, and 5.6%, respectively.

As reported by Zheng et al,” altogether 13.5% (75/
555) of the patients were categorized as critical illness,
and 29 patients were defined as having AKI (5.6%%), of
whom 21 cases were recognized as in-hospital AKI
(4.0%), and 8 (1.5%) as prehospital AKI. The median
time of COVID-19 symptoms onset with respect to in-
hospital AKI onset was 18 days (25% to 75% percentile,
14-22). The duration from symptom onset to critical ill-
ness and death was 13 days (8-17) and 29 days (22-38),
respectively (Fig. 2). The peak stages of in-hospital AKI
were stage 1 in 38% (8/21), stage 2 in 19% (4/21), and
stage 3 in 43% (9/21).” In the study by Pei et al,” of the
22 COVID-19 patients with overall AKI, 18.2%, 31.8%,
and 50.0% were staged as AKI stage 1, stage 2, and
stage 3, respectively. The rate of renal replacement
therapy (RRT) in COVID-19—associated AKI was
rarely reported. In a preprint study from 11 designated
ICUs in Wuhan, 21.1% (26/123) of the COVID-19 AKI
patients required RRT.**

Death
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Days from onset of symptom

Figure 2. Timeline of admission, occurrence of critical iliness, onset of in-hospital acute kidney injury (AKI), and death
from onset of symptom. The median time was 5 days (25% to 75% percentile, 3-11) for admission (n=555), 13 days
(25% to 75% percentile, 8-17) for critical illness (n=75), 18 days (25% to 75% percentile, 14-22) for in-hospital AKI
(n=21), and 29 days (25% to 75% percentile, 22-38) for death (n = 27). Data adapted with permission from Zheng et al.®
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PATHOLOGIC CHANGES IN COVID-19
—ASSOCIATED AKI

To date, more than 4,600 patients have died from
COVID-19 in China.”” The first postmortem tissue
biopsy report of kidney pathologic presentation was
from 26 COVID-19 patients, and it described extensive
acute tubular injury and endothelial injury.”® Among
these 26 patients, acute tubular lesions were significant
and diffuse, including the loss of brush border, vacuolar
degeneration, and dilatation of the tubular lumen with cel-
lular debris, but only 9 patients showed clinical signs of
kidney injury, which included increased serum creatinine
concentrations and/or new-onset proteinuria. Five patients
presented with severe pathologic tubular injury with
increased serum creatinine concentrations, and two of these
patients showed multiple foci of bacteria and diffuse poly-
morphonuclear casts in the lumen of tubules, which was
consistent with the pathologic findings in the lungs. Occa-
sional hemosiderin granules in the tubular epithelium were
identified in four patients with hematuria using a dipstick.
Another common morphologic finding was erythrocyte
stagnation in the peritubular and glomerular capillary loops
without distinct fragmentation of erythrocytes, platelets, or
fibrin thrombi. Angiotensin-converting enzyme 2 (ACE2)
expression was prominent in proximal tubular cells, partic-
ularly in areas with severe acute tubular injury. Immunos-
taining with a SARS-CoV nucleoprotein antibody was
positive in tubules, and electron microscopic examination
showed clusters of coronavirus particles with distinctive
spikes in the tubular epithelium and podocytes, showing a
direct invasion of SARS-CoV-2 into kidney tissue.

Similar results were observed in a preprint study that
reported postmortem kidney biopsy findings from six
COVID-19 patients with AKIL*’ Varying degrees of
acute tubular necrosis, luminal brush-border sloughing,
and vacuole degeneration were observed in all six renal
specimens, and an accumulation of SARS-CoV-2 viral
nucleoprotein antigen in kidney tubules was detected by
immunohistochemistry. The earlier-described findings
are consistent with kidney injury secondary to SARS-
CoV and the Middle East respiratory syndrome corona-
virus infections, in which viral invasion also was
detected in renal tubular epithelial cells.***’

ETIOPATHOGENESIS OF COVID-19—ASSOCIATED
AKI

The mechanism of the development of AKI in SARS-
CoV-2 infection may be multifactorial and vary among
cases and different disease conditions. In vitro Vero E6
and 293T cell experiments showed that the glycoprotein
spikes on the outer surface of SARS-CoV are responsible
for the attachment and entry of the virus into host cells.””
Recently, another in vitro study used human kidney and
airway epithelial cells and suggested that the spike

protein of SARS-CoV-2 binds to ACE2 for entry and
that the spike protein is activated and cleaved by cellular
transmembrane serine protease 2 (TMPRSS2), allowing
the virus to release fusion peptides for membrane
fusion.”’ A study based on single-cell transcriptome
analysis showed that the co-expression of the receptor
ACE2 and TMPRSS genes in kidney cells was no less
than that in the lung, esophagus, small intestine, and
colon, and relatively high co-expression of ACE2 and
TMPRSS genes was observed in podocytes and proximal
straight tubule cells.’” These findings suggest that the
kidney is an important target organ for SARS-CoV-2,
with podocytes and proximal straight tubule cells as can-
didate host cells. Recently, some researchers success-
fully isolated SARS-CoV-2 virus particles from the
urine of COVID-19 patients.” ™ Virus particles also
were identified in kidney specimens of AKI patients.**"’
These results show that SARS-CoV-2 is a cytopathic
virus that can directly infect human renal tubules and
podocytes and consequently lead to AKI and protein-
uria in COVID-19 patients. Clinical findings showed
exuberant inflammatory responses during SARS-CoV-2
infection, further resulting in uncontrolled pulmonary
inflammation, likely a leading cause of case fatality,'*
suggesting that a possible cytokine storm may be
involved in the occurrence and development of AKI.
Other putative mechanisms include the use of renal-
toxic therapies, respiratory distress syndrome—induced
hypoxia, hypovolemia, and hypotension.

COVID-19 IN SPECIAL KIDNEY DISEASE
POPULATIONS

Patients With End-Stage Kidney Disease on
Maintenance Hemodialysis

In a large cohort of patients with end-stage kidney dis-
ease and undergoing maintenance hemodialysis (MHD)
in Wuhan, 154 of 7,154 patients had laboratory-con-
firmed COVID-19, making the incidence of COVID-19
in MHD patients 2.15%, which is much higher than that
of the general population (approximately 0.5% during
the same period in Wuhan).”® Therefore, the MHD popu-
lation is highly susceptible to COVID-19, and hemodial-
ysis centers are a high-risk clinical setting for the spread
of SARS-CoV-2 infection.

Management of MHD patients in the context of an
epidemic poses several challenges. Patients usually
require transportation from home to the dialysis units,
and dialysis care delivery requires close contact and mul-
tiperson attendance. In response to this emerging threat,
the Chinese Medical Association Nephrology Branch
released guidance documents for the prevention and con-
trol of COVID-19 infection in hemodialysis settings,”’
such as strict entrance screening of temperatures and
symptoms and select nucleic acid tests and computed
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tomography scans. In addition, all patients and staff were
required to wear medical masks during dialysis and in
public places. Patients undergoing MHD who were sus-
pected to have COVID-19 were quickly isolated and
transferred to a fever clinic for further examination.
Figure 3 showed patient screening and disposition for
COVID-19 in hemodialysis settings recommended by
the Chinese Society of Blood Purification Administra-
tion.”” The effectiveness of comprehensive intervention
measures in controlling the development of the epidemic
in patients undergoing MHD was verified because dis-
ease onset continued to decrease from 10 per day on Jan-
uary 30, 2020, to 4 per day on February 11, 2020. No
new cases have occurred between February 26, 2020 and
March 10, 2020.”°

Kidney Transplant Patients

Kidney transplant recipients appear to be at higher risk for
hospitalization and death from COVID-19. However,
there is not much information on the mortality rate of kid-
ney recipients co-infected with COVID-19 in China. The
reported mortality rate in this population was as high as
28% (10 of 36) in a single institution in New York.””

The Transplantation Technology Branch of Chinese
Medicinal Biotechnology Association developed a
recommendation on the prevention and treatment of
COVID-19 kidney transplant recipients,”’ which suggested

determining an optimal follow-up schedule.”” By timely

adjusting working methods and procedures and implement-
ing the emergency prevention and control measures during
the epidemic, none of the kidney transplant inpatients and
outpatients were infected with COVID-19 in a single insti-
tution in Henan Province, China.’’ The recommended
treatment of kidney transplant recipients with COVID-19
infection is to tailor treatment options based on the patient’s
clinical status, duration of transplant, and severity of ill-
ness.”’ The reduction or suppression of antimetabolic
agents (eg, mycophenolate mofetil) is the first approach in
mild cases. Immunosuppressive therapy (eg, a calcineurin
inhibitor) and rapamycin also should be reduced in moder-
ate-severe cases. For severe patients, withdrawal of all
immunosuppressive therapies, except corticosteroids, is
required to restore an adequate immune response.

PREVENTION AND CONTROL MANAGEMENT OF
THE COVID-19 EPIDEMIC

Controlling the source and cutting off the route of trans-
mission are the fundamental measures for the prevention
and control of infectious diseases. After the outbreak of
COVID-19, extreme disease control practices were
adopted by the Chinese government to promote active
case finding and case management in suppression and
containment strategies. Wuhan, the epicenter of COVID-
19 in China, suspended all transportation into and out of
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the city from January 23, 2020, to April 8, 2020. Hospi-
tals were required to report confirmed or suspected cases
within 2 hours. Laboratories reported test results within
12 hours, and local Centers for Disease Control and Pre-
vention completed case investigations within 24 hours.”
Door-to-door and individual-to-individual universal
symptom surveys were initiated to single out presump-
tive cases in the community.

All confirmed cases were hospitalized and transferred
to isolation wards in COVID-19—designated hospitals,
regardless of disease severity. Presumptive cases, that is,
those with fever or respiratory symptoms, and close con-
tacts of confirmed cases, were allocated to centralized
isolation sites with protective conditions. To combat the
shortage of hospital beds, 16 Fangcang shelter hospitals
were built rapidly in Wuhan, which isolated more than
12,000 patients with mild and moderate COVID-19.%*
Three mobile physical protection level 3 laboratories
were transported to Wuhan to help enhance the capabil-
ity and efficiency of nucleic acid testing.”” These hospi-
tals and laboratories helped ensure that every suspected
case could be tested, treated, and isolated, and that their
close contacts could be traced and isolated in a timely
manner.

According to China’s national guidelines for the pre-
vention and control of COVID-19,” medical staff who pro-
vided diagnosis and treatment services to COVID-19
patients at designated medical and health institutions
were required to keep effective personal protection.
Individual protective equipment, including protective
clothing, medical protective masks or powered air fil-
ter respirators, and protective face screens or goggles,
were necessary. All of the medical staff lived in isolation,
worked as a team to limit exposure to the infection, and
were prohibited from working in non—COVID-19
wards during the same time. After finishing their work
in the isolation wards, medical staff also were required
to undergo centralized isolation medical observation.
Patients with RRT indications were transferred to des-
ignated wards managed by a special team with signifi-
cant expertise in catheter placement, management of
RRT, and critical care. The use of at least double-lay-
ered protection was recommended for the personnel
placing dialysis catheters.

The containment strategies, including the imple-
mented nonpharmaceutical public health measures,
were effective in China. The reconstruction of the full
transmission dynamics of COVID-19 in Wuhan, on the
basis of 32,583 laboratory-confirmed cases between
December 8, 2019, and March 8, 2020, showed that the
proportion of severe and critical cases decreased from
53.1% to 10.3% over time and that the effective repro-
duction number fluctuated above 3.0 before January 26,
2020, decreased to less than 1.0 after February 6, 2020,
and decreased further to less than 0.3 after March 1,
2020.%

TREATMENT OF COVID-19—ASSOCIATED AKI

General Management

To date, the care strategy for patients with COVID-19
and AKI largely is supportive because of the lack of spe-
cific treatments. Oxygen delivery is optimized to main-
tain a high level of oxygenation parameters and to
prevent tissue hypoxia and worsening of AKI under
severe infection.” Appropriate fluid management is
essential because patients with fever tend to be hypovo-
lemic, and mechanical ventilation with high positive
end-expiratory pressure maneuvers might exacerbate the
condition. However, avoiding volume overload and pul-
monary edema are equally important.®® The discontinua-
tion of all potentially nephrotoxic drugs and dose
adaptation of drugs excreted by the kidney are pivotal to
the patient’s renal function.”® Protein-calorie malnutri-
tion is associated with mortality in patients with AKI,
and the nutritional management of AKI patients with
COVID-19 is vital. In addition, there has been no evi-
dence in recent studies showing that renin-angiotensin-
aldosterone system inhibitors would affect the risk of
COVID-19 or mortality.®”*” Therefore, cardiovascular
societies recommend against the addition or cessation of
renin-angiotensin-aldosterone system inhibitors.

Antiviral Therapies

The use of antiviral drugs in treating COVID-19 patients
varies from 22% to 93% in different studies.'>*'>%%""!
Guan et al® retrospectively reviewed 1,099 patients with
COVID-19 and found that 35.8% of the patients had
received oseltamivir therapy. The proportion of patients
reaching the composite outcome (including ICU admis-
sion, need for mechanical ventilation, and death) was
higher in patients with oseltamivir administration than in
those patients without oseltamivir therapy (9.2% versus
4.4%). This result could be interpreted by the fact that
antiviral agents were more likely to be used in severe
patients (46.2% in severe patients versus 33.8% in non-
severe patients) who tended to have a high viral load and
a long virus-shedding period.

Currently, remdesivir appears to be the only antiviral
agent with randomized controlled trial (RCT) evidence
for shortening the time to recovery in COVID-19
patients. In an initial RCT in Wuhan, remdesivir use
showed a nonsignificant trend toward reduced time to
clinical improvement.”” However, this trial did not
reach its target enrollment because of marked reduc-
tions in new patient presentations. A subsequent RCT
enrolling 1,063 patients from 60 sites worldwide (45 in
the United States) found accelerated recovery in
patients receiving remdesivir (median time to recovery,
11 days in patients receiving remdesivir versus 15 days
in patients receiving placebo; P < .001).”” In addition,
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mortality at 14 days was 7.1% with remdesivir and
11.9% with placebo (hazard ratio for death, 0.7; 95%
CI, 0.47-1.04). Subgroup analysis found no benefit in
patients on high-flow oxygen, noninvasive ventilation,
or invasive ventilation, suggesting that antivirals such
as remdesivir will be of limited efficacy in the late dis-
ease stage, during which the pathology likely is inflam-
matory in origin.

An open-label RCT of 150 hospitalized patients in
China compared hydroxychloroquine with the standard
of care and showed no difference in viral clearance at
28 days and a significantly higher risk of adverse events
(30% in the hydroxychloroquine group vs 8.8% in the
standard-of-care group; P =.001).”* Similar findings
were observed in a press release from the Randomised
Evaluation of COVID-19 therapy trial, which was con-
ducted at 176 National Health Service hospital organiza-
tions in the United Kingdom. In total, 1,561 patients
randomly allocated to receive hydroxychloroquine were
compared with 3,155 patients concurrently allocated to
usual care, and hydroxychloroquine was not associated
with reductions in 28-day mortality (26.8% versus
25.0% usual care; RR, 1.09; 95% CI, 0.96-1.23; P=.18)
but was associated with a lower probability of discharge
alive within 28 days (60.3% versus 62.8% usual care;
RR, 0.92; 95% CI, 0.85-0.99).”

Corticosteroids

China’s National Guidance on COVID-19 recommends
the use of systematic corticosteroid treatment (methyl-
prednisolone, 1-2 mg/kg body weight, for 3-5 days) in
patients with disease development that manifests as
uncontrollable high fever, exacerbation of dyspnea, pro-
gressive deterioration of oxygenation index, rapid progress
on imaging, and a sharp increase in cytokine levels.’
Huang et al' reported that 46% of ICU cases and 11% of
non-ICU cases were given systemic corticosteroids. Sub-
sequently, Guan et al® reported similar findings from
1,099 cases, with 60% of ICU cases receiving corticoste-
roids. These results immediately raised concerns about
whether patients would benefit from corticosteroid therapy
because of the risk of inhibiting immune responses and
impairing pathogen clearance.’”®

Several observational studies in China failed to show
solid evidence for the influence of corticosteroids on
either severe’’ or nonsevere’® COVID-19 patients. Two
clinical trials aimed to explore their effectiveness and
safety in the treatment of COVID-19 (NCT04273321
and NCT04263402). Both studies have been completed,
but the results are not yet known. The recent results of
the Randomised Evaluation of COVID-19 therapy trial
in the United Kingdom indicate that at the doses tested,
the benefits of steroid treatment outweighed the potential
harm. A total of 2,104 patients were randomized to
receive 6 mg dexamethasone once per day for 10 days

and were compared with 4,321 patients randomized to
usual care alone.”” Dexamethasone reduced mortality by
35% in patients on mechanical ventilation (29.3% versus
41.4%; RR, 0.64; 95% CI, 0.51-0.81) and by 20% in
patients treated with oxygen (23.3% versus 26.2%;
RR, 0.82; 95% CI, 0.72-0.94); however, a trend toward
worse survival was observed in mild cases not requir-
ing oxygen (17.8% versus 14.0%; RR, 1.19; 95% CI,
0.91-1.55). Therefore, the associations between corti-
costeroid use and disease severity and/or death that
were found in observational studies might reflect a
greater propensity to use corticosteroids in severe

cases. 1,6,77,80,81

Traditional Chinese Medicine

Traditional Chinese medicine (TCM), one of the oldest
healing practices, mainly includes natural medication,
acupuncture, and physiotherapy, and has been used in
China for centuries to treat various diseases, including
viral infections. The integration of TCM and Western
medicine is recommended in the national guidelines for
COVID-19 treatment,”*’ with different TCM plans
(lianhuaqgingwen capsules, jinhuaqinggan granules, xue-
bijing injections, and so forth) based on patients’ clinical
manifestations. Adjusting therapies according to
patients’ physical conditions under the supervision of a
TCM physician also is recommended.

In vitro, liushen capsules showed antiviral and anti-
inflammatory abilities against SARS-CoV-2 via suppres-
sion of the nuclear factor-«B signaling pathway.®’ Lian-
huaqingwen capsules significantly inhibited SARS-CoV-2
replication in Vero E6 cells and markedly reduced proin-
flammatory cytokine production at the messenger RNA
level ** Furthermore, several observational studies showed
that TCM, as an adjuvant therapy for COVID-19, played a
role in promoting recovery by controlling fever symptoms
and accelerating the absorption of lung lesions.* ™’

A multicenter open-label RCT on lianhuagingwen cap-
sules enrolled 284 COVID-19 patients (142 each) from 23
hospitals in nine provinces throughout mainland China.
Patients who received lianhuagingwen capsules were
more likely to achieve complete recovery of clinical
symptoms such as fever, fatigue, and coughing (91.5%
versus 82.4% in controls; P =.022). lianhuagingwen cap-
sules also shortened the time to symptom recovery
(median, 7 versus 10 days in controls; P < .001) and
improved the recovery of chest radiologic abnormalities
(83.8% versus 64.1%; P < .001).*® There is another ongo-
ing, multicenter, open-label RCT in China on the efficacy
and safety of anluohuaxian, a proprietary Chinese medi-
cine that improves hepatic fibrosis in patients with chronic
hepatitis B virus infection, in the treatment of pulmonary
fibrosis in severe COVID-19 patients (NCT04334265)."
Further well-designed RCTs are required to evaluate the
efficacy and safety of TCM for COVID-19 patients.
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Extracorporeal Blood Purification for COVID-19
—Associated AKI

Extracorporeal blood purification with continuous renal
replacement therapy (CRRT), as the most common tech-
nique in clinical practice, played an important role in the
rescue of SARS, MERS, and other sepsis-associated
AKL” Approximately 0.5% to 2.0% of COVID-19
patients required CRRT, with AKI as the main
reason.”'*”" The proportion increased to 5.6% to 23.0%
in critically ill patients in the ICU.**""'*-°” The national
guidelines published by the Chinese National Health
Commission®” proposed blood purification therapies for
critically ill COVID-19 patients with AKI and increased
inflammatory factors. Based on Chinese experts’ consen-
sus on blood purification treatment of severe COVID-
19, hemoperfusion, hemoadsorption, and plasma
exchange were performed in addition to conventional
CRRT to clear crucial inflammatory mediators in
patients with sepsis and ARDS. Wang and Hu”* reported
a patient with severe SARS-CoV-2 infection who recov-
ered from a cytokine storm after treatment with the com-
bination of a double plasma molecular adsorption system
(BS330 and HA330II; Jafron, Zhuhai, China) and plasma
exchange (2,000 mL each). The potential effect of blood
purification therapy on reducing the cytokine storm also
was described in the report by Ma et al” of three criti-
cally ill COVID-19 patients. Although RCT evidence is
lacking, multidisciplinary efforts should be made to
maximize the availability of blood purification therapy
for indicated patients.

PROGNOSIS OF COVID-19—ASSOCIATED AKI

As of August 6, 2020, the case-fatality ratio of COVID-
19 was 6.6% (4,512 of 68,138) in Hubei Province,% and
0.8% (172 of 20,666) in all other regions of China.®
According to the Johns Hopkins Coronavirus Resource
Center, the global case-fatality ratio of COVID-19 was
3.8% (707,666 of 18,810,382), with higher mortality
rates reported in Yemen (28.7%; 506 of 1760), the
United Kingdom (15.1%; 46,295 of 307,256), and Italy
(14.2%; 35,171 of 248,419).°” The differences in the
mortality of COVID-19 in various countries may be
owing to the differences in the testing policy, the efficacy
of disease recognition, and the degree of overwhelmed
health care facilities.

The mortality of COVID-19—associated AKI was
reported mainly in studies from Wuhan,>*>%!!16:18:19.21
The pooled mortality rate was 77.2% (95% CI, 51.9%-
91.4%) in patients with AKI versus 9.0% (95% CI, 3.6%-
20.7%) in non-AKI COVID-19 total hospital admissions,
and the rate correlated with AKI severity stage (75.0% for
AKI stage 1, 85.7% for AKI stage 2, and 90.9% for AKI
stage 3)." Given the lack of information, it is difficult to
compare mortality rates among AKI patients requiring

RRT in COVID-19 across studies. Nonetheless, an
extremely high mortality rate was observed in COVID-19
patients requiring RRT. Yang et al’ included 52 COVID-
19 patients in their study and found that 8 of 9 subjects
who required CRRT did not survive. In another study
including 191 COVID-19 patients, all the 10 subjects who
required CRRT did not survive.”

Information on renal recovery in COVID-19—associ-
ated AKI is very limited. In the study by Pei et al,” 18%
(4 of 22) of patients with AKI achieved complete remis-
sion of kidney function in 3 weeks after the onset of
infection, and the critical type of COVID-19 was associ-
ated independently with nonrecovery of AKI (odds ratio,
0.03; 95% CI, 0.004-0.32). More information on renal
recovery and short- and long-term renal outcomes of
COVID-19—associated AKI is needed.

CONCLUSIONS

SARS-CoV-2 infection is spreading rapidly and causing
daily mortality worldwide. Studies have shown that AKI
is prevalent in critically ill COVID-19 patients. Kidney
involvement is associated with poor outcomes. Early
detection and appropriate management should be insti-
tuted as soon as possible. Prevention is the critical aspect
in the management of this disease. Extreme disease con-
trol practices effectively contains the spread of the dis-
ease. Several vaccines and promising treatments are
undergoing clinical trials with the hope of finding a cure
for this global crisis soon.
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