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Background: Research has shown that acute kidney injury (AKI) has a noticeable incidence in critically ill
patients with coronavirus disease 2019 (COVID-19). Patients with prior renal insufficiency are particularly
susceptible to severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), due to their immune
dysfunction. However, most patients with COVID-19 do not have a history of kidney dysfunction, and few
studies have focused on the incidence of AKI among COVID-19 patients without chronic kidney disease
(CKD). In this study, we aimed to investigate the occurrence of AKI in severely and critically ill COVID-19
patients, with a particular focus on those without a CKD history.

Methods: A single-center retrospective study of 96 patients with COVID-19 in China between February 7
and March 3, 2020 was conducted. All patients were diagnosed by nucleic acid test (NAT) for SARS-CoV-2.
Enrolled patients were divided into the severely or critically ill group according to the defined criteria.
Patients’ epidemiological, clinical, and laboratory characteristics, along with their treatment information,
were collected from the medical history system. The occurrence of AKI was compared between the severe
and critical patients, and between patients with or without a history of CKD. The diagnostic criteria for AKI
included an increase in the serum creatinine level to >1.5-fold the level at baseline within 7 days according to
the Kidney Disease: Improving Global Outcomes (KDIGO) guidelines. Renal outcomes were defined as AKI
or non-AKI.

Results: Four patients (4.2%) developed AKI, all of whom were in the critically ill group, and 3 (75%) of
whom died. Out of the 90 severely and critically ill COVID-19 patients without CKD, 3 (3.3%) patients
developed AKI; out of the 6 patients with CKD, 1 (16.7%) patient developed AKI. Age, disease severity,
procalcitonin, C-reactive protein, and interleukin-6 were correlated with AKI onset in severely and critically
ill COVID-19 patients, while lymphocyte count and estimated glomerular filtration rate at admission were
inversely related to the development of AKI.

Conclusions: Only 3.3% of severely and critically ill COVID-19 patients without CKD in our research
cohort developed AKI. Critically ill patients may be more susceptible to AKI than severely ill patients.
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Introduction

With the battle against the life-threatening coronavirus
disease 2019 (COVID-19) continuing worldwide,
humankind is facing an immense challenge. The virus
responsible for COVID-19, severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2), is mostly spread
through person-to-person transmission, although its source
remains unknown (1). Clinical manifestations of COVID-19
include fever, dry cough, fatigue, diarrhea, expectoration,
polypnea, dyspnea, headache, pharyngalgia, and sore
muscles (2,3). Given that the kidneys serve as important
metabolic organs and are target organs for SARS-CoV-2 to
attack (4), the relationship between COVID-19 and acute
kidney injury (AKI) is receiving increasing attention (4,5).
A retrospective study reported that renal impairment is
common in patients with COVID-19 and may be among
the major causes of multiorgan failure and death (4),
furthermore, AKI has been reported to occur in 5.1%
of patients, with kidney disease being associated with in-
hospital death. However, most patients in the study had
intrinsic kidney damage (with 43.9% of patients having
proteinuria and 26.7% having hematuria before admission).
Consistent with this, a recent article showed that AKI is
common in critically ill patients with COVID-19 and prior
renal insufficiency (6). However, it should be noted that
individuals without kidney disease comprise the majority
of COVID-19 patients, although few studies have focused
on the incidence of AKI in these patients. How COVID-19
influences the renal function of severely and critically ill
patients without a history of chronic kidney disease (CKD)
remains unclear.

In this survey, we investigated the incidence of AKI
in patients with COVID-19 to determine whether
patients without a history of CKD are less susceptible to
developing AKI than those with prior CKD. Further, as the
identification of effective treatments for COVID-19 is of
critical importance at present (2,3), we also summarized the
treatments of COVID-19 patients, with a particular focus
on those with AKI onset.

We present the study in accordance with the STROBE
reporting checklist (available at http://dx.doi.org/10.21037/
apm-20-2170).

Methods

This study was approved by the ethics committee of
Xiangya Hospital, China (No. 202003049), and was in
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adherence with the Declaration of Helsinki (as was revised
in 2013). Informed consent was obtained from the patients
before data collection.

Patients

In this study, 96 adults who were diagnosed with
COVID-19 and admitted to the Union Hospital (Wuhan,
China) between February 7 and March 3, 2020 were
enrolled. The inclusion criteria were severely ill or critically
ill patients with a positive nucleic acid test (NAT) for SARS-
CoV-2. Samples were obtained at admission and every other
day after clinical admission for re-examination. All patients
had a definite outcome (discharge or death).

Study design and settings

The demographic data of the 96 patients were collected
from the medical history system. These data included
basic information (sex, age, days from symptoms to
admission, hospital stay, and comorbidities), signs and
symptoms (e.g., fever, dyspnea, dry cough, fatigue,
diarrhea, expectoration, myalgia, chest distress, headache,
nausea, and pharyngalgia), and laboratory findings (blood
routine, urine analysis, blood biochemistry, coagulation
function, cytokines, and lymphocyte subsets). The
estimated glomerular filtration rate (eGFR) was calculated
by applying the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation (7). According to the
Kidney Disease: Improving Global Outcomes (KDIGO)
guidelines (8), the diagnostic criteria for AKI included
an increase in the serum creatinine level to >1.5-fold the
level at baseline within 7 days (baseline creatinine was
defined as the lowest level of creatinine detected during
hospitalization).

The characteristics of severe cases and critical cases were
compared. Severely ill patients were defined as those meeting
any of the following conditions: polypnea with a respiratory
rate of over 30 times per minute; oxyhemoglobin saturation
<93%; PaO,/FiO, <300 mmHg (I mmHg =0.133 kPa);
and pulmonary imaging showing obvious progression of
lesions >50% within 24-48 hours. Critically ill patients were
defined as those meeting any of the following conditions:
respiratory failure with mechanical ventilation; shock; other
organ failure; and admission to the intensive care unit (ICU).
The criteria for discharge were: the absence of fever for at
least 3 days; a substantial improvement in both lungs on
chest computed tomography (CT); clinical remission of
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Table 1 Treatment regimen

Yu et al. AKI in COVID-19 patients without CKD

Variable Total (n=96), n (%)  Severely ill (n=61), n (%) Ciritically ill (h=35), n (%) P value
Oxygen therapy 76 (79.2) 46 (75.4) 30 (85.7) 0.231
Anticoagulation therapy 18 (18.8) 9 (14.8) 9 (25.7) 0.185
Antibiotic treatment 49 (51.0) 25 (41.0) 24 (58.6) 0.009**
Antifungal treatment® 5(5.2) 0 (0) 5(14.3) 0.005*
Glucocorticoids® (20 or 40 mg/d) 8(8.3) 3(4.9) 5(14.3) 0.136
Intravenous immunoglobulin therapy 3(3.1) 1(1.6) 2(5.7) 0.552
CRRT* 44.2) 0(0.0) 4 (11.4) 0.016*
Traditional Chinese medicine® 87 (90.6) 53 (86.9) 34 (97.1) 0.149
Antiviral therapy 90

Arbidol* (200 mg, 3 times/d) 85 (88.5) 54 (88.5) 31 (88.6) 1.000

Ribavirin (1 g, once/d) 34 (35.4) 22 (36.1) 12 (34.3) 0.861

Oseltamivir® (75 mg/d) 44.2) 1(1.6) 3(8.6) 0.136

“Using the fisher exact test; *P<0.05; **P<0.01. CRRT, continuous renal replacement therapy.

respiratory symptoms; and negative throat swab samples for
SARS-CoV-2 twice (for both RNA and antibodies) obtained
at least 24 hours apart. A false negative outcome was defined
as a negative result followed by a positive result for the same
patient during hospitalization.

Treatment

All patients were treated from the day of admission.
Depending on the patient’s medical condition, oxygen
therapy, traditional Chinese medicine (including
Lianhuaqingwen capsules and other Chinese herbs),
antiviral therapy (arbidol, ribavirin, and oseltamivir),
anticoagulation therapy (heparin sodium), antibiotics
(moxifloxacin, meropenem, piperacillin, and linezolid),
anti-fungal treatment (caspofungin), glucocorticoids
(methylprednisolone), or intravenous immunoglobulin
therapy were given (1able 1).

Statistical analysis

The Kolmogorov-Smirnov test was used under the
assumption of normality. Results for categorical variables
were expressed as frequencies and percentages. Normally
distributed continuous variables were expressed as the
mean * standard deviation (SD), while the median and
interquartile range (IQR) were used for non-normally
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distributed variables. Categorical variables were compared
using the chi-square or Fisher’s exact test. Continuous
variables were compared using the Student’s #-test or Mann-
Whitney U test. Spearman’s correlation analysis was used to
analyze AKl-related variables. P<0.05 was considered to be
statistically significant. Statistical analyses were performed
using SPSS version 22.0 software (IBM).

Results
Baseline characteristics

In this study, 96 patients (35 critically ill patients and 61
severely ill patients) were enrolled. The average age of the
study population was 63 years, and males comprised 58.3%
of the study population. The median time from disease
onset to admission was 13 days (IQR, 10-16 days). The
average length of hospital stay was 35 [22-43] days. Among
the study population, 58.3% (56/96) of patients had at least
1 comorbidity, among which hypertension (34/96) was
the most common, closely followed by diabetes (20/96).
Respiratory disease, digestive system disease, and CKD
were less common in the patient population.

Regarding the vital signs of patients at admission, the
body temperature was 36.7 °C (IQR, 36.3-37.1 °C), which
might be associated with pre-hospital anti-febrile treatment.
The median heart rate and respiratory rate were 88/min
(IQR, 79-100) and 20/min (IQR, 20-24), respectively.
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Table 2 Baseline characteristics
Variable Total (n=96) Severely ill (h=61) Critically ill (n=35) P value
Age 63+12 60+11 69+10 0.000*
Gender (male), n (%) 56 (58.3) 33 (564.1) 23 (65.7) 0.267
Days from symptoms to admission 13 [10-16] 12 [10-19] 13 [9-16] 0.544
Length of stay (days) 35 [22-43] 37 [23-42] 33 [20-46] 0.769
Comorbidities, n (%) 56 (58.3) 32 (52.5) 24 (68.6) 0.123
Hypertension 34 (35.4) 18 (29.5) 16 (45.7) 0.110
Diabetes 20 (20.8) 12 (19.7) 8 (22.9) 0.711
Cardio-cerebrovascular disease 14 (14.6) 8 (13.1) 6(17.1) 0.590
Chronic kidney disease® 6 (6.3) 3(4.9) 3(8.6) 0.665
Digestive system disease® 8(8.3) 5(8.2) 3(8.6) 1.000
Respiratory disease® 2 (2.1) 1(1.6) 1(2.9 1.000
Vital signs at admission
Body temperature (°C) 36.7 (36.3-37.1) 36.6 (36.3-37.0) 36.8 (36.3-37.3) 0.056
Pluse (beats) 88 [79-100] 86 [78-97] 90 [82-101] 0.124
Respiratory rate (beats) 20 [20-24] 20 [20-22] 23 [20-26] 0.001*
Systolic blood pressure (mmHg) 130 [120-140] 133 [120-146] 128 [120-138] 0.481
Diastolic blood pressure (mmHg) 83 [77-89] 86 [80-92] 80 [70-83] 0.001**
Signs and symptoms, n (%)
Fever 78 (81.3) 51 (83.6) 27 (77.1) 0.435
Dyspnea 51 (53.1) 33 (54.1) 18 (51.4) 0.801
Dry cough 48 (50.0) 32 (52.5) 16 (45.7) 0.525
Fatigue 34 (35.4) 25 (41.0) 9 (25.7) 0.132
Diarrhea 19 (19.8) 15 (24.6) 4(11.4) 0.119
Expectoration 18 (18.8) 10 (16.4) 8 (22.9) 0.435
Myalgia 16 (16.7) 9(14.8) 7 (20.0) 0.507
Chest tightness® 10 (10.4) 6 (9.8) 4(11.4) 1.000
Headache® 10 (10.4) 8 (13.1) 2(5.7) 0.318
Nausea® 7(7.3) 6 (9.8) 1(2.9) 0.416
Pharyngalgia® 3(3.1) 1(1.6) 2(5.7) 0.552

“Using fisher exact test; **P<0.01. The data are shown as frequencies and percentages, means + standard deviation, or medians with

interquartile ranges.

Further, the median systolic and diastolic blood pressure
were 130 mmHg (IQR, 120-140 mmHg) and 83 mmHg
(IQR, 77-89 mmHg), respectively. Symptoms at disease
onset included fever (78/96), dyspnea (51/96), dry cough
(48/96), fatigue (34/96), diarrhea (19/96), and expectoration

(18/96); less common symptoms included myalgia, chest

tightness, headache, nausea, and pharyngalgia (7able 2).
Patients in the critically ill group were older (69+10

vs. 60£11), and had a higher respiratory rate and lower

diastolic blood pressure at admission than the severely ill
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patients. However, no significant differences were observed
in comorbidities or symptoms between the two groups.

Laboratory results

Compared with severely ill patients, critically ill patients
were more likely to have a lower lymphocyte count,
lower albumin level, and lower levels of high density
lipoprotein (HDL) and hyponatremia. Moreover, critically
ill patients had significantly higher levels of D-dimers,
a longer prothrombin time, a longer activated partial
thromboplastin time, and higher levels of fibrinogen,
aspartate aminotransferase, lactate dehydrogenase, and
a-hydroxybutyrate dehydrogenase than did severely ill
patients. Moreover, critically ill patients showed decreased
lymphocytes, increased AST levels, and increased LDH
levels compared to severely ill patients. In terms of cytokine
levels, in 42 critically ill patients the level of interleukin (IL)-6
was significantly higher than that of 26 severely ill patients.
However, no differences were observed in the levels of IL-2,
IL-4, interferon (IFN)-a, or IFN-y between the two groups.
Notably, 67 of 68 patients had an elevated IL-6 level and
approximately one-third of the 68 patients had increased
IL-2, IL-4, and IL-10 levels. Except for the percentage of B
lymphocytes, there were no differences in lymphocyte subsets
between the two groups. Indicators that reflect inflammation,
such as procalcitonin (PCT) and C-reactive protein (CRP),
were also significantly increased in critically ill patients
compared to severely ill patients (7able 3).

In this study, we also focused on the detection methods
of COVID-19. All patients underwent laboratory tests
combined with NAT by throat swab and ORF1lab serum
antibody detection. Except for 1 patient, who did not
obtain a negative test result, 95 patients were SARS-CoV-2
negative before death or discharge. The false-negative rate
of the combined testing method was almost one third. The
average duration from the first positive SARS-CoV-2 result
to a negative result was 17 days (IQR, 13-22 days). Also, the
duration from disease onset to viral shedding was 27 days
(IQR, 23-34 days). No statistical differences were observed
between the critically ill patients and severely ill patients in
terms of the negative conversion rate, false-negative rate, or
viral shedding duration (7able 4).

The prevalence of AKI and outcomes in the study

population

In our study, 4 patients (4.2%) were diagnosed with AKI,
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all of whom were in the critically ill group. One (16.7%)
patient developed AKI out of the 6 patients with a CKD
history, while 3 (3.3%) patients developed AKI out of the
90 patients without a CKD history. Of the 3 patients, 1
patient had proteinuria, 1 had hematuria, and 1 had both
proteinuria and hematuria. Our data showed that 6 patients
(6.3%) died during hospitalization, with 90 patients (93.7%)
being discharged. Of the 6 patients who died, 3 patients had
AKI. Because of the small sample size, we could not explore
the relationship between AKI and mortality. Furthermore,
at admission, the eGFR did not differ significantly between
the two groups. Spearman’s correlation analysis showed that
age, the patient’s condition, PCT, CRP, and IL-6 were also
positively correlated with AKI; however, the lymphocyte
count and eGFR at admission were negatively related to
AKI (P<0.05; Tible 5).

Treatment

During hospitalization, the patients received various
treatments including antiviral therapy (90/96), oxygen
therapy (76/96), traditional Chinese medicine (87/96),
antibiotic treatment (49/96), anticoagulation therapy
(18/96), glucocorticoids (8/96), antifungal treatment
(5/96), continuous renal replacement therapy (CRRT)
(4/96), intravenous immunoglobulin therapy (3/96), and
mechanical ventilation (3/96). The 3 patients who required
mechanical ventilation died due to respiratory failure, and 1
of them developed AKI and received CRRT. A dual plasma
molecular adsorption system (DPMAS), hemodiafiltration,
and hemoperfusion were applied in CRRT. Anticoagulation
methods included unfractionated heparin, low molecular
heparin, no heparin, regional citrate anticoagulation,
and low-dose argatroban, and were given according to
the different conditions of the patients. Of the 4 patients
who underwent CRRT, 2 were diagnosed with AKI, and
2 suffered from cytokine storm with an elevated IL-6
level (up to 223.30 pg/mL); unfortunately, none of these 4
patients survived. The patient with AKI who had a CKD
history died of respiratory and circulatory failure, despite
the use of antiviral therapy and other supportive treatments.
Another patient with AKI, an 88-year old female without
comorbidities, survived after effective treatment.

COVID-19 has become a significant infectious disease
involving rapid transmission and high mortality around
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Table 3 Laboratory results

Variable Total (n=96) Severely ill (n=61) Critically ill (n=35) P value

Blood routine
White blood cell count (x10%/L) 6.0 (4.6-7.2) 5.9 (4.8-6.9) 6.1(4.2-8.8) 0.523
Red blood cell count (x10%/L) 4.1 (3.8-4.5) 4.2 (3.8-4.4) 4.1 (3.7-4.5) 0.891
Hemoglobin (g/L) 128 [114-137] 128 [114-135] 128 [114-138] 0.840
Platelet count (x10°%/L) 238 [174-315] 254 [189-317] 222 [143-315] 0.345
Neutrophil count (x10°%/L) 4.1 (3.0-5.3) 3.8 (2.9-4.9) 4.7 (3.2-7.2) 0.102
Lymphocyte count (x10%L) 1.1 (0.8-1.6) 1.2 (1.0-1.7) 0.8 (0.6-1.3) 0.000*
Decreased lymphocyte (1.1-3.2), n (%) 48 (50.0) 23 (37.7) 25 (71.4) 0.001*

Coagulation function
D-dimer (ug/mL) 0.62 (0.25-1.23) 0.43 (0.23-0.98) 0.81 (0.42-1.80) 0.026*
Prothrombin time (s) 12.8 (12.2-13.6) 12.7 (12.0-13.3) 13.3 (12.7-14.4) 0.002**
Activated partial thromboplastin time (s) 36.2 (33.3-39.7) 35.0 (32.6-38.0) 39.6 (35.7-45.4) 0.000**
Fibrinogen (g/L) 4.18 (3.21-5.25) 3.88 (3.07-5.22) 4.79 (3.67-5.71) 0.033*
Thrombin time (s) 15.5 (14.8-16.3) 15.5(14.8-16.2) 15.5 (14.8-16.4) 0.923

Blood biochemistry
Albumin (g/L) 30.8 (26.4-35.0) 31.6 (28.2-38.0) 29.6 (24.9-32.7) 0.012*
Serum creatinine (umol/L) 72.5 (62.2-81.1) 71.2 (58.3-81.1) 75.5 (63.1-81.4) 0.167
eGFR (mL/min/1.73 m?) 92.9 (77.3-112.1) 97.6 (77.7-117.4) 89.8 (72.7-101.4) 0.086
AKP, n (%) 4(4.2) 0(0.0) 4(11.4) 0.016
Aspartate aminotransferase (AST U/L) 26 [20-38] 23 [19-31] 34 [22-49] 0.005**
Increased AST®, n (%) 22 (22.9) 9(14.8) 13 (37.1) 0.012*
Alanine aminotransferase (U/L) 31 [20-47] 29 [18-48] 32 [21-47] 0.553
Lactate dehydrogenase (LDH U/L) 211 [179-321] 196 [167-231] 301 [218-435] 0.000**
Increased LDH®, n (%) 35 (36.5) 13 (21.3) 22 (62.9) 0.000**
Total bilirubin (umol/L) 11.0 (8.6-14.1) 10.7 (8.3-13.4) 12.0 (9.6-18.2) 0.077
Creatine kinase (U/L) 58 [39-79] 58 [45-73] 55 [29-154] 0.741
A-hydroxybutyrate dehydrogenase (U/L) 169 [138-213] 151 [133-183] 196 [168-337] 0.000**
TC (mmol/L) 4.36 (3.80-5.01) 4.53 (3.87-5.28) 4.14 (3.67-4.76) 0.091
TG (mmol/L) 1.49 (1.15-2.08) 1.62 (1.16-2.21) 1.43 (1.12-1.92) 0.321
HDL (mmol/L) 0.96 (0.81-1.22) 1.08 (0.86-1.26) 0.87 (0.74-1.06) 0.003**
LDL (mmol/L) 2.60 (1.98-3.22) 2.63 (2.10-3.39) 2.49 (1.96-2.93) 0.565
Potassium (mmol/L) 3.87 (3.57-4.11) 3.84 (3.59-4.11) 3.87 (3.56-4.09) 0.861
Sodium (mmol/L) 140 [137-142] 140 [138-143] 138 [134-141] 0.019*
Calcium (mmol/L) 1.96 (1.90-2.06) 1.98 (1.91-2.08) 1.94 (1.87-2.06) 0.341
PCT (ng/mL) 0.06 (0.04-0.11) 0.05 (0.04-0.08) 0.10 (0.06-0.24) 0.000**
CRP (mg/L) 6.36 (1.46-54.20) 3.82 (0.31-13.56) 56.40 (12.33-89.29) 0.000**

Table 3 (continued)
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Table 3 (continued)

Nature killer cells (%) 10.27 (6.23-14.75)

11.29 (6.57-15.20)

Variable Total (n=96) Severely ill (n=61) Critically ill (n=35) P value
Urine analysis, n (%)
Proteinuria 11 (11.5) 5(8.2) 6(17.1) 0.201
Hematuria 14 (14.6) 5(8.2) 9 (25.7) 0.019
Cytokines 68 (n) 42 (n) 26 (n)
IL-2 (pg/mL) 3.18 (2.68-4.30) 3.13 (2.70-3.99) 3.62 (2.63-4.48) 0.504
IL-4 (pg/mL) 3.05+1.24 2.86+1.06 3.37+1.45 0.124
IL-6 (pg/mL) 6.80 (4.66-12.66) 5.82 (4.20-7.51) 11.37 (5.31-29.50) 0.001**
Increased IL-6 (%) 67/68 (98.5) 41/42 (97.6) 26/26 (100.0) 0.526
IL-10 (pg/mL) 4.10 (3.36-5.38) 3.96 (3.32-4.93) 4.98 (3.75-6.78) 0.040*
Increased IL-10 (%) 22/68 (32.4) 9/42 (21.4) 13/26 (50.0) 0.014*
IFN-a (pg/mL) 2.77 (2.24-3.60) 2.70 (2.20-3.49) 3.1(2.19-3.97) 0.337
IFN-y (pg/mL) 2.81(2.04-3.76) 2.72 (1.99-3.47) 3.02 (2.02-4.14) 0.398
Lymphocyte subsets
CD3+ (%) 73.01£9.72 75.53+9.61 73.79+£10.04 0.606
CD4+ (%) 42.84+9.31 41.85+8.79 44.48+10.07 0.258
CD8+ (%) 26.04+9.00 26.34+8.21 25.55+10.33 0.727
B lymphocyte (%) 9.04 (5.46-12.76) 9.55 (6.01-14.20) 5.98 (3.77-11.14) 0.029*

9.05 (4.88-12.12)

0.258

®Using the fisher exact test; "AST >40 U/L; LDH >245 U/L; *P<0.05; *P<0.01. eGFR, estimated glomerular filtration rate; AKI, acute kidney
injury; TC, total cholesterol; TG, triglyceride; HDL, high density lipoprotein; LDL, low density lipoprotein; PCT, procalcitonin; CRP, C-reactive

protein; IL, interleukin; IFN, interferon.

Table 4 Detection of SARS-CoV-2

Variable Total (n=96) Severely ill (n=61) Critically ill (n=35) P value
Negative conversion rate® (%) 95 (99.0) 61 (100.0) 34 (97.1) 0.365
Days from positive to negative laboratory test 17 (13-22) 17 (13-23) 17 (12-21) 0.630
Days from symptoms to negative laboratory test 27 (23-34) 27 (23-35) 26 (24-34) 0.978
False negative rate (%) 27 (28.1) 14 (23.0) 13 (37.1) 0.137
#Using the Fisher exact test.

Table 5 The variables related to AKI by spearman correlation analysis

AKI Condition Age Lymphocyte CRP PCT eGFR IL-6

rs 0.275 0.213 -0.207 0.255 0.266 -0.237 0.307
P value 0.007** 0.037* 0.043* 0.012* 0.010* 0.020* 0.011*

*P<0.05; **P<0.01. AKI, acute kidney injury; r,, correlation coefficient; CRP, C-reactive protein; PCT, procalcitonin; eGFR, estimated

glomerular filtration rate; IL-6, interleukin-6.
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the globe (2,3). In our study, we showed that patients
with COVID-19 demonstrated elevated levels of
D-dimers, fibrinogen, PCT, and IL-6, as well as increased
hypoalbuminemia, hypocalcemia, and lymphopenia.
Five meta-analyses including more than 20,000 patients
indicated the incidence of AKI among patients with
COVID-19 to range from 4.5% to 18% (9). Our data
showed that the prevalence of AKI in the entire study
population and in patients without a CKD history was
4.2% and 3.3%, respectively, which was slightly lower
than the incidence reported in existing reports (10). We
speculate that this difference may be due to the fact that in
other research, most patients had intrinsic kidney damage,
whereas our patients did not. Several studies have shown
that patients with COVID-19 who developed AKI had
longer hospitalization durations, were more likely to be
admitted to an ICU, and had a higher mortality rate (9). In
our study, the fact that the 4 patients who developed AKI
were all from the critically ill group and that 3 of them
died also supports these findings. Moreover, we proved
that in severely and critically ill COVID-19 patients, age,
disease severity, PCT, CRP, and IL-6 were correlated with
AKI, whereas lymphocyte count and eGFR at admission
were inversely related to the development of AKI. Taken
together, these findings provide insights into the prevention
of AKT in patients with COVID-19.

We hypothesize that diastolic pressure reduction,
hypercoagulability, and cytokine damage may be related
to renal damage in patients with COVID-19. Studies have
reported diastolic perfusion pressure to be independently
associated with the development of cardiac surgery-
associated AKI, which is related to blood perfusion in
the kidney (11). Moreover, since angiotensin-converting
enzyme 2 (ACE2) is highly expressed in renal tubular
cells, SARS-CoV-2 might directly bind to ACE2-positive
cells, thereby disturbing the regulation of normal blood
pressure and ultimately damaging the kidney (12). Secondly,
thrombocytopenia is independently associated with multiple
organ failure including AKI (13). Thirdly, cytokines,
especially IL-6, can induce intrarenal inflammation and
result in AKI. Ronco et al. also reported organ crosstalk
and systemic effects as potential mechanisms of kidney
involvement (14). In the present study, further comparison
between severely and critically ill cases revealed that
critically ill patients were older, had a lower diastolic
pressure, and more severe polypnea, lymphopenia,
and hypercoagulability. Moreover, their liver and renal
dysfunction as well as immunoinflammatory responses
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were significantly worse than those of severely ill patients.
Accumulating evidence suggests that a subgroup of patients
with severe COVID-19 might suffer from a cytokine storm
syndrome (15-17), which is in accordance with our findings.
Indeed, relationships can be identified from the above-
mentioned findings. A study at the Peking Union Medical
College Hospital suggested that immune system disorder
in patients with COVID-19 is related to hypercoagulability,
which is part of the cytokine storm and may increase the
risk of autoimmune disease later in life (18). Another study
indicated that the decrease in diastolic pressure can be
interpreted as a result of hypercoagulability and ACE2
binding to the virus, which leads to disorders of blood
pressure regulation (12). These findings illustrate that
critically ill patients might have been more susceptible to
AKIT than severely ill patients in our study.

For the patients in our study, arbidol, ribavirin, and
oseltamivir were used as antiviral therapies. To date, there
have been no reports on arbidol- or oseltamivir-induced
AKI, and only 1 study has reported severe hyperuricemia
and AKI developing early after the initiation of ribavirin
for respiratory syncytial virus infection (19). Therefore, the
correlation between ribavirin and AKI is unclear. The effects
of antiviral drugs on kidney function need to be observed
in more studies in future. Blood purification therapy may
be effective in reducing the cytokine storm in critically ill
patients, and early control of the cytokine storm might be
beneficial to survival and kidney recovery (20). On April
10™, 2020, the United States Food and Drug Administration
(FDA) issued an emergency-use authorization for blood
purification for confirmed COVID-19 patients aged
18 years and over who have respiratory failure or are about
to develop respiratory failure. The FDA has also approved
the Spectra Optia adsorption system and Depuro D2000
adsorption cartridge for plasma exchange and cytokine
clearance. Although blood purification therapy may be
effective, the outcomes of the AKI patients who underwent
CRRT in our study did not improve; therefore, additional
studies are warranted.

This study has limitations. For instance, it is a single-
center study with limited case numbers; thus, further studies
are required to verify our results.

In conclusion, our findings demonstrate that AKI is not
common in severely and critically ill COVID-19 patients
without a history of CKD. Compared with severely ill
patients, critically ill patients are more susceptible to
developing AKI. Age, disease severity, PCT, CRP, IL-6,
lymphocyte count, and eGFR are all correlated with AKI
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onset. Although blood purification therapy may be effective,
the outcomes of AKI patients who underwent CRRT in our
study did not improve.
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