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Abstract

Background: Among patients with coronavirus disease 
2019 (COVID-19), the cases of a significant proportion of 
patients are severe. A viral nucleic acid test is used for the 
diagnosis of COVID-19, and some hematological indica-
tors have been used in the auxiliary diagnosis and identi-
fication of the severity of COVID-19. Regarding body fluid 
samples, except for being used for nucleic acid testing, 
the relationship between COVID-19 and routine body fluid 
parameters is not known. Our aim was to investigate the 
value of urine biochemical parameters in the prediction of 
the severity of COVID-19.
Methods: A total of 119 patients with COVID-19  were 
enrolled at Renmin Hospital of Wuhan University. Accord-
ing to the severity of COVID-19, the patients were divided 
into three groups (moderate 67, severe 42 and critical 10), 
and 45 healthy persons were enrolled in the same period 
as healthy controls. The relationship between the results 
of urine biochemical parameters and the severity of 
COVID-19 was analyzed.

Results: The positive rates of urine occult blood (BLOOD) 
and proteinuria (PRO) were higher in COVID-19 patients 
than in healthy controls (p < 0.05); the urine specific 
gravity (SG) value was lower in patients than in healthy 
controls (p < 0.05), and the urine potential of hydrogen 
(pH) value was higher in patients than in healthy controls 
(p < 0.01). The positive rates of urine glucose (GLU-U) and 
PRO in the severe and critical groups were higher than 
those in the moderate group (p < 0.01 and p < 0.05, respec-
tively); other biochemical parameters of urine were not 
associated with the severity of COVID-19.
Conclusions: Some urine biochemical parameters are 
different between patients with severe acute respira-
tory syndrome (SARS)-CoV-2 and healthy controls, and 
GLU-U and PRO may be helpful for the differentiation of 
COVID-19 severity.
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Introduction
Coronavirus is an RNA virus with an enveloped positive-
sense RNA that can grow in epithelial cells and mainly 
cause respiratory infection, including severe acute res-
piratory syndrome (SARS), and acute exacerbation of 
chronic bronchitis (AECB) in humans, and the SARS-CoV 
epidemic caused great social panic in 2003 [1]. A novel 
coronavirus, designated SARS-CoV-2, was first discovered 
in 2019 in Wuhan, China [2]. The virus is a novel human 
pathogen and has the ability to infect multiple host 
species [3].

The disease caused by SARS-CoV-2 was named coro-
navirus disease 2019 (COVID-19) by the WHO [4], and this 
term mainly refers to the ongoing outbreak of SARS-CoV-
2-infected pneumonia in China [2, 5, 6]. Patients with 
severe cases of COVID-19 show dyspnea accompanied by 
hypoxemia, and some of them have acute respiratory dis-
tress syndrome (ARDS), septic shock and multiple organ 
failure. The abnormal hematology results of patients 
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with COVID-19 include lower lymphocytes, higher lactate 
dehydrogenase (LDH), higher creatine kinase (CK) and 
its isoenzymes and higher C-reactive protein (CRP) and 
inflammatory factors.

Urine dry chemical tests have the characteristics of 
being quick, convenient and economical, and the biochem-
ical parameters of urine can be used for the auxiliary diag-
nosis of urinary tract infections (UTIs) [7–9], the diagnosis 
of kidney diseases and the monitoring of treatment effects. 
Until now, there have been no reports about the correla-
tion between urine biochemical parameters and COVID-19; 
therefore, the aim of this study was to explore the value 
of urine biochemical parameters in the prediction of the 
severity of COVID-19.

Materials and methods
Study design and participants

This study was approved by the Institutional Ethics Board of Renmin 
Hospital of Wuhan University (No. WDRY2020-K066). A total of 119 
patients with COVID-19 enrolled in this study were diagnosed with 
SARS-CoV-2 infection in Renmin Hospital (Wuhan University, China) 
from January 31 to February 26, 2020 and represented the case group 
along with 45  healthy controls. The case group was divided into 
three additional subgroups (Table 1) according to the Diagnosis and 
Treatment Program of New Coronavirus Pneumonia (sixth trial ver-
sion). Any patient or control with hypertension, diabetes, UTIs or 
other diseases were excluded from the analysis. The information of 
the four groups is listed in Table 1, which shows that there was no 
significant difference in terms of sex or age among the four groups 
(p > 0.05).

Method

After patients were admitted to the Renmin Hospital, approxi-
mately 20 mL of clean midstream urine samples was obtained from 

the subjects in each group the next morning. For critical COVID-19 
patients, the urine samples were collected from catheter. Bio-
chemical parameters of urine such as urine occult blood (BLOOD), 
proteinuria (PRO), bilirubin, urobilinogen, potential of hydrogen 
(pH), specific gravity (SG), ketone (KET), urine glucose (GLU-U), 
nitrite and leukocytes (LEU) were tested using a fully automatic 
urine biochemical analyzer (Combi-Scan XL, Shenzhen Baodi 
Technology Co., China) and supporting kits (Combi-UriScreen 11 
SYS PLUS, Shenzhen Baodi Technology Co., China). The urine 
sediments were tested using an automatic sediment analyzer 
(Cobio S120, 77 Elektronika Muszeripari Kft, Hungary). All the 
collected specimens were tested within 2 h. In the case of delay, 
the samples were  refrigerated. For suspicious results, the samples 
were centrifuged 5 min at 400g, and then the microscopy checks 
of urinary sediments were performed by professional inspectors 
 simultaneously.

Statistical analysis

SPSS 22.0 statistical software was used for statistical analysis. Count 
data were analyzed using the chi-square (χ2) test. Normally distrib-
uted measurement data were expressed as the mean ±  SD and were 
analyzed using t-test between two samples. A p-value <0.05 indicates 
statistical significance.

Results

The value of urine biochemical parameters in 
the diagnosis of COVID-19

The positive rates of BLOOD and PRO were significantly 
higher in patients with COVID-19 than in healthy controls 
(p < 0.05). The differences in SG and pH values between 
patients with COVID-19 and healthy controls were statisti-
cally significant (p < 0.05). The detailed results are shown 
in Table 2.

The value of urine biochemical parameters in 
differentiating the severity of COVID-19

The differences in the positive rates of GLU-U and PRO 
among the different severities of COVID-19  were statisti-
cally significant (p < 0.05). The positive rates of GLU-U 
and PRO were significantly higher in individuals with 
severe COVID-19 than in those with moderate COVID-19 
(p < 0.05). The differences in the detection rates of BLOOD, 
KET, LEU, red blood cell count (RBC) and white blood cell 
count (WBC) were not statistically significant among the 
different severities of COVID-19 (p > 005). The detailed 
results are shown in Table 3.

Table 1: The information of the case group and the control group.

Group Gender n Age (mean ± SD)

Healthy control Male 23 61.9 ± 10.7
Female 22

COVID-19: moderate Male 35 63.0 ± 11.9
Female 32

COVID-19: severe Male 22 63.9 ± 11.3
Female 20

COVID-19: critical Male 5 62.2 ± 12.7
Female 5

χ2 = 0.032
p > 0.05

F = 0.519
p > 0.05
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Discussion
The outbreak of the COVID-19 epidemic started in Wuhan, 
China at the end of 2019, has spread worldwide, and has 
led to a large number of patient deaths and huge eco-
nomic losses in China. COVID-19  was identified by the 
WHO as the sixth public health emergency of interna-
tional concern. The cause of COVID-19  was determined 
to be SARS-CoV-2 by an RNA-based metagenomic next- 
generation sequencing approach [10]. The clinical symp-
toms of COVID-19 are nonspecific, including diarrhea, 
nausea, fever, cough and myalgia, or COVID-19 can be 
relatively asymptomatic [11, 12]. Older men with comor-
bidities are more likely to have respiratory failure, and 
the disease onset of some patients has shown rapid pro-
gression to multiple organ dysfunction [5]; many patients 
die from critical COVID-19.

According to the most recently published Diagnosis 
and Treatment Program of 2019  New Coronavirus Pneu-
monia (sixth trial version), COVID-19 patients are divided 
into mild, moderate, severe and critical types [13]. Some 
hematological parameters (e.g. WBC, lymphopenia, CRP, 
LDH, CK and troponin) were associated with the severity 
of COVID-19 [14, 15].

In our study, the positive rates of BLOOD and PRO in 
COVID-19 patients were found to be higher than those in 
healthy controls, and the values of SG and pH were also 
different between COVID-19 patients and healthy controls. 
However, the positive rate of LEU was not significantly 

different between COVID-19 patients and healthy con-
trols. The results indicate that the differences in BLOOD, 
PRO, SG and pH are caused by SARS-CoV-2 infection, not 
bacterial infection. These four indicators can be used for 
the auxiliary differentiation of COVID-19 patients from 
healthy individuals.

Due to the large number of symptomatic patients with 
COVID-19, the asymptomatic diagnosed patients are rarely 
treated in hospitals and are instead mainly assigned to 
temporary isolation points for treatment; therefore, it is 
difficult to obtain detailed information on asymptomatic 
patients. Even so, the urine biochemical results were still 
interesting, and GLU-U and PRO were associated with 
COVID-19  severity. The positive rates of GLU-U and PRO 
were significantly different among the different severities 
of COVID-19. Compared with moderate COVID-19 patients, 
the positive rates of GLU-U and PRO were significantly 
increased in the severe and critical groups. However, 
BLOOD, LEU, RBC and WBC showed no difference among 
the moderate, severity and critical groups, implying that 
elevated PRO was not caused by a bacterial infection in 
the urinary system, but by SARS-CoV-2 infection. ARDS 
is the main symptom of patients with COVID-19 in China 
[16], and SARS-CoV-2 infection may trigger cytokine storm 
which causes multiple organ dysfunction syndrome 
(MODS) including kidney [17]. Kidney damage caused by 
cytokine storm should be responsible for the difference of 
GLU-U and PRO in the three groups of COVID-19 patients. 
Furthermore, the positive rate of KET was not significantly 

Table 2: The comparison of urine biochemical parameters between patients and healthy controls.

n BLOOD LEU PRO SG pH

COVID-19 119 49 (41.17%) 18 (15.13%) 34 (28.57%) 1.020 ± 0.007 6.27 ± 0.60
Healthy 45 10 (22.22%) 5 (11.11%) 5 (11.11%) 1.023 ± 0.007 5.94 ± 0.70
χ2/t 5.093 0.437 5.492 2.022 2.907
p-Value 0.024 0.509 0.019 0.045 0.004

BLOOD, urine occult blood; LEU, leukocytes; PRO, proteinuria; SG, specific gravity; pH, potential of hydrogen.

Table 3: The evaluation of the severity of COVID-19 through urine biochemical parameters.

Moderate (n = 67) Severe (n = 42) Critical (n = 10) χ2 p-Value

BLOOD 27 (40.3%) 16 (38.1%) 6 (60%) 1.649 0.438
GLU-U 16 (23.88%) 38 (90.48%) 6 (60%) 46.22 0.000
KET 8 (11.94%) 6 (14.29%) 2 (20%) 0.511 0.774
LEU 11 (16.42%) 5 (11.9%) 2 (20%) 0.612 0.737
PRO 12 (17.91%) 17 (40.48%) 5 (50%) 8.898 0.012
RBC 52 (77.61%) 30 (71.43%) 7 (70%) 0.656 0.720
WBC 59 (88.06%) 37 (88.1%) 7 (70%) 2.571 0.277

KET, ketone; RBC, red blood cell count; WBC, white blood cell count.
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different among the different severities of COVID-19, and 
temporary hyperglycemia did not cause the patient’s 
tendency toward ketoacidosis, which indirectly verified 
that the patient’s shock was mainly due to impaired lung 
function.

Under these circumstances, urine biochemical param-
eters are not only useful for the identification of COVID-19, 
but are also helpful in the evaluation of the dynamic 
changes in patients with COVID-19. We hence reinforce the 
suggestion that routine urine biochemical tests may be 
useful for the evaluation of COVID-19 progression.
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