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Abstract \\
To evaluate the clinical characteristics and liver injury in coronavirus disease 2019 (COVID-19) patients, and analyze the differences |
between suspected and confirmed COVID-19 patients, this retrospective study was performed on 157 COVID-19 patients and 93
suspected patients who were ultimately excluded from COVID-19 (control patients). Differences in clinical characteristics and liver
injury between suspected and confirmed COVID-19 patients were analyzed. Age, male sex, fever, chest tightness and dyspnea were
related to the severity of COVID-19. C-reactive protein (CRP) and D-dimer may be predictors of the severity of COVID-19. Computed
tomography (CT) played an important role in the screening of COVID-19 and the evaluation of disease severity. Multiple factors may
cause liver injury in COVID-19 patients. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) may be more likely to cause
liver injury than common respiratory infectious diseases. Age, temperature (T), white blood cell (WBC), lymphocytes (LY), hematocrit
(HCT), CRP, and finger pulse oxygen saturation (SpO,) may correlate with liver function impairment and may predict the occurrence
and severity of liver function impairment. Some therapeutic drugs (like glucocorticoid) may be involved in the liver function impairment
of COVID-19 patients. Most liver function indices improved significantly after active treatment. Although COVID-19 and other
common respiratory infectious diseases share some clinical characteristics, COVID-19 has its own characteristics.

Abbreviations: ALB = albumin, ALP = alkaline phosphatase, ALT = alanine transaminase, AST = aspartate aminotransferase,
CHE = cholinesterase, COVID-19 = coronavirus disease 2019, CRP = C-reactive protein, CT = computed tomography, GGT =
v-glutamyl transpeptidase, HCT = hematocrit, INR = International Normalized Ratio, LDH = lactate dehydrogenase, LY =
lymphocytes, PA = prealoumin, PLT = platelets, PT = plasma prothrombin time, SARS-CoV-2 = severe acute respiratory syndrome

coronavirus 2, SpO, = finger pulse oxygen saturation, T = temperature, TB = total bilirubin, WBC = white blood cell.
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1. Introduction

Coronavirus disease 2019 (COVID-19) is a respiratory tract
infection caused by a newly emergent coronavirus, severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), which was
first recognized in Wuhan, China, in December 2019. Genetic
sequencing of the virus suggests that SARS-CoV-2 is a beta-
coronavirus that is closely linked to the SARS virus. SARS-CoV-2
has become a global threat to human health. The WHO declared
the outbreak of SARS-CoV-2 infection an international public
health emergency.["”!

Lung lesions are the major damage caused by SARS-CoV-2
infection."%~'%] The clinical features and outcomes of Chinese
patients with COVID-19 were widely reported. Increasing
evidence showed the frequent incidence of liver injury in
COVID-19 patients, and it often manifests as a transient
elevation of serum aminotransferases. The underlying mecha-
nisms of liver injury in cases of COVID-19 include psychological
stress, systemic inflammatory response, drug toxicity, and
progression of preexisting liver diseases. However, there is
insufficient evidence of SARS-CoV-2-infected hepatocytes or
virus-related liver injury in COVID-19. The clinical, pathological
and laboratory characteristics and the underlying pathophysiol-
ogy and etiology of liver injury in COVID-19 are largely
unclear.[*6-8-13-1€]
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There are a few articles about the clinical characteristics of
COVID-19 infection that simply mention damage to liver
function, but there are no detailed analyses about the relationship
between liver injury and COVID-19. The current research
investigated the clinical characteristics of all hospitalized
COVID-19 patients and all suspected patients who were
ultimately excluded from COVID-19 (control patients), including
differences between COVID-19 patients and control patients, to
reveal the clinical characteristics of COVID-19 and the
relationship between liver function and the clinical and
laboratory characteristics of SARS-CoV-2 infection.

2. Methods
2.1. Study design and patients

For this retrospective, single-center study, we reviewed the
medical records from all hospitalized patients with COVID-19
and all suspected patients who were ultimately excluded from
COVID-19 (control patients) and admitted to the First Hospital
of Yangtze University. Diagnosis of COVID-19 was based on the
New Coronavirus Pneumonia Prevention and Control Program
(7th edition) published by the National Health Commission of
China and the interim guidance from the World Health
Organization.""”""®! All patients with COVID-19 tested positive
for SARS-CoV-2 using quantitative RT-PCR (qRT-PCR) on
samples from the respiratory tract or had serum antibodies for
SARS-CoV-2. The Medical Ethical Committee of First Hospital
of Yangtze University reviewed and approved this study.

2.2. Data collection

The personal data and clinical data of patients included in the
study were collected. Personal data included sex, age, history of
smoking and drinking, epidemiological history and comorbidities
(e.g., chronic obstructive pulmonary disease, asthma, hyperten-
sion and/or diabetes, viral hepatitis, fatty liver, etc). Clinical data
included initial symptoms, clinical presentation, temperature (T),
computed tomography (CT) imaging presentations, vital signs,
therapeutic drugs used, and disease outcomes.

2.3. Specimen collection, etiology, and biochemical tests

SARS-CoV-2 was detected using real-time fluorescence RT-PCR
of samples collected from nasopharyngeal swabs and the
presence of serum antibodies for COVID-19. Relevant laboratory
indicators were tested using conventional methods, including
routine blood tests (white blood cell [WBC], lymphocytes [LY],
platelets [PLT], hematocrit [HCT]), liver function (alanine
transaminase [ALT], aspartate aminotransferase [AST], prealbu-
min [PA], albumin [ALB], alkaline phosphatase [ALP], total
bilirubin [TB],y-glutamyl transpeptidase [GGT], lactate dehy-
drogenase [LDH] and cholinesterase [CHE]), and infection index
(C-reactive protein [CRP]), D-dimer, finger pulse oxygen
saturation (SpQ;), International Normalized Ratio [INR], and
plasma prothrombin time[PT].

2.4. Statistical analysis

SPSS software version 22.0 (IBM Inc., Chicago, IL) was used for
statistical analyses. Categorical variables were presented as
numbers (percentages) and were analyzed using the Chi-Squared
test or Fisher exact test. Continuous variables with normal
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distribution were expressed as the means + standard deviation
and were analyzed using independent samples t-test or ANOVA.
Pearson’s correlation was used to measure the degree of
association between the parametric variables. A two-sided
P <.05 was considered statistically significant.

3. Results

3.1. Epidemiological and clinical characteristics of
COVID-19 and control patients

Strict precautionary measures were implemented in Hubei
Province, including the creation of fever clinics that exclusively
received patients with suspected SARS-CoV-2 infection, which was
defined as presenting with a fever or any respiratory symptoms,
including dry cough, suspicious imaging manifestations of
COVID-19 on lung CT, especially in patients with a history of
travel to Wuhan or exposure to infected people within 2 weeks
before the onset of illness since January 2020. By March 27, 2020,
a total of 250 hospitalized patients, including 157 patients with
laboratory confirmed SARS-Cov-2 and 93 patients who were
ultimately excluded from COVID-19 (control patients) and
admitted to the First Hospital of Yangtze University, were
recruited. The control patients included upper respiratory tract
infection, influenza, common pneumonia, and infectious diseases
outside the lung. The demographic and clinical characteristics are
shown in Table 1. The average ages of the COVID-19 patients and
the control patients were 51.49+17.39 and 52.53+16.24 years,
respectively. Among the COVID-19 patients, 81 patients (51.6%)
were males, 17 patients (10.8 %) had a smoking history, 11 patients
(7.0%) had a drinking history, and 126 patients (80.3%) had
exposure history. Eighty one patients (51.6%) had at least 1
underlying comorbidity, the most common of which was chronic
disease, such as hypertension (19.7%) and diabetes (5.1%). Only 4
viral hepatitis patients and 4 fatty liver patients were identified.
Fortysix patients (49.5%) in the control group were males, 12
patients (12.9%) had a smoking history and 12 patients (12.9%)
had a drinking history. Fifty-8 patients (62.4%) had at least 1
underlying comorbidity, the most common was hypertension,
which was the same as the COVID-19 patients. There were no
significant differences in gender, age, smoking and drinking
history, or comorbidity between the COVID-19 patients and the
control patients (P > .05). The COVID-19 patients were closely
related to the exposure history, which was significantly higher than
the control patients (x*=9.667, P=.002<.01). Fever, cough,
fatigue, chest tightness/dyspnea, muscle soreness and anorexia
were the most common symptoms and signs in the COVID-19
patients. Fever, fatigue, muscle soreness, diarrhea and anorexia in
the COVID-19 patients were significantly higher compared to the
control patients (P <.05). There were 11 deaths in the COVID-19
patients, and no deaths in the control patients. Therefore, the
mortality of the COVID-19 patients was significantly higher than
the control patients (x*>=0.008, P=.005 <.01).

3.2. Laboratory characteristics of the COVID-19 and
control patients

The SpO, values of the COVID-19 and control patients were
92.5+15.0 and 96.21+2.51, respectively. The level SpO, of the
COVID-19 patients was significantly lower than the control
patients (¢=16.335, P=.019 <.035). For routine blood tests, no
differences were identified for white cell count, lymphocyte
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Epidemiological and clinical characteristics of the COVID-19 patients and the control patients.

COVID-19 patients control patients I‘IX2 P
N 157 93
Gender
male 81 (51.6%) 46 (49.5%) 0.106 745
female 76 (48.4%) 47 (50.5%)
Age (yn 51.49+17.39 52.53+16.24 1.767 641
Smoking history 0.245 .620
Never smoked 140 (89.2%) 81 (87.1%)
Smoked 17 (10.8%) 2 (12.9%)
Drinking history 2.431 119
Never drank 146 (93.0%) 81 (87.1%)
drank 11 (7.0%) 12 (12.9%)
Exposure history 9.667 .002
Living in Wuhan or recently visited Wuhan 54 (34.4%) 23 (24.7%)
Contacted with confirmed patients 30 (19.1%) 7 (18.3%)
Contacted with Wuhan residents 32 (20.4%) 0 (10.8%)
Familiar/cluster infections 13 (8.3%) 0 (0.0%)
Comorbidity
Hypertension 31 (19.7%) 22 (23.4%) 0.545 461
Coronary heart disease 4 (2.5%) 4 (4.3%) 0.476 .342
COPD 1 (0.6%) 2 (2.2%) 0.558 313
Asthma 0 (0.0%) 3 (3.2%) 0.050 .050
Pulmonary tuberculosis 1 (0.6%) 3 (3.2%) 0.147 147
Chronic bronchitis 3 (1.9%) 0 (0.0%) 0.296 .246
Viral hepatitis 4 (2.5%) 0 (0.0%) 0.300 153
Fatty liver 4 (2.5%) 0 (0.0%) 0.300 153
Chronic renal insufficiency 2 (1.3%) 6 (6.5%) 3.521 .061
Diabetes mellitus 8 (5.1%) 3 (3.2%) 0.541 .343
Other 23 (14.6%) 15 (16.1%) 1.808 179
Signs and symptoms
Fever 118 (75.2%) 42 (45.2%) 22.811 .000
Cough 94 (59.9%) 45 (48.4%) 3.121 077
Fatigue 39 (24.8%) 13 (14.0%) 4183 .041
Chest tightness/dyspnea 28 (17.8%) 12 (12.1%) 1.057 .304
Sore throat 13 (8.3%) 8 (8.6%) 0.008 .929
Headache 6 (3.8%) 3 (3.2%) 1.000 .553
Muscle soreness 22 (14.0%) 5 (5.4%) 4.522 .033
Nausea or vomiting 7 (4.5%) 8 (8.6%) 1.778 182
Diarrhea 16 (10.2%) 2 (2.2%) 5.651 017
Anorexia 28 (17.8%) 5 (5.4%) 7.911 .005
T (°C) 37.8+0.93 38.0+6.4 2.955 .633
Mortality 11 (7.0%) 0 (0.0%) 0.008 .005

count, platelet count or hematocrit between the COVID-19
patients and the control patients (P > .05). There were 111
COVID-19 patients (70.7%) with increased CRP and 104
COVID-19 patients (66.2%) with increased D-dimer, and both
levels were greater than the control patients (P<.05). For
coagulation function, no differences were for INR (P >.035), but
PT in the COVID-19 patients was reduced compared to the
control patients (¢=3.908, P=.0001<.05). For liver function,
the PA, ALB, ALT, AST, and LDH abnormalities in the COVID-
19 patients were significantly higher than that the control patients
(P <.05). There were no significant differences in TB, GGT, ALP
or CHE between the COVID-19 patients and the control patients
(P>.05) (see Table 2).

3.3. Symptomatic, laboratory and radiological characteristics
of the clinical classifications of COVID-19 patients

Among the 157 COVID-19 patients, there were 2 mild type cases,
110 common type cases, 30 severe type cases and 15 critical type

cases. By comparing the age distribution with the clinical
classifications, we found that clinical classifications correlated
with age, and the older patients experienced the more serious
clinical classifications (x*=17.217, P=.000<.01). Clinical
classifications were also related to gender (x*=5.724, P=.017
<.05). The proportion of male patients increased with the
aggravation of clinical classifications. For signs and symptoms,
only fever and chest tightness and dyspnea were significantly
related to the severity of clinical type (P <.01). The rate of fever
and chest tightness and dyspnea increased with the aggravation
of the disease. The SpO, gradually decreased from the mild type
to critical type cases, and it was related to the severity of clinical
classifications (1=49.588, P=.000<.01). There was a correla-
tion between the severity of pulmonary CT manifestations and
the severity of clinical classifications (¢=17.958, P=.000<.01).
For the laboratory examination, an increase in white cell count,
decrease in lymphocyte count, decrease in hematocrit, and
increases in CRP and D-dimer were related to the severity of
clinical type (P<.05). However, there was no correlation
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Laboratory characteristics of the COVID-19 patients and the control patients.

COVID-19 patients control patients t/x2 P
N 157 93
Sp0, (%) 92.5+15.0 96.21+2.51 16.335 .019
Routine blood test
White-cell count, E+09/L 1.655 437
>10 19 (12.1%) 10 (10.8%)
>4, <10 125 (79.6%) 79 (84.9%)
<4 13 (8.3%) 4 (4.3%)
Lymphocyte count, E+09/L 1.546 462
>4 2 (1.3%) 3(3.2%)
>0.8, <4 97 (61.8%) 60 (64.5%)
<0.8 58 (36.9%) 30 (32.3%)
Platelet count, E+09/L 5.381 .068
>300 4 (2.5%) 4 (4.3%)
>100, <300 112 (71.3%) 76 (81.7%)
<100 41 (26.1%) 13 (14.0%)
Hematocrit (%) 0.457 499
<40 (male), <35 (female) 98 (62.4%) 62 (66.7%)
40-50 (male),  35-45 (female) 59 (37.6%) 31 (33.3%)
C-reactive protein (mg/L) 9.192 .002
>8 111 (70.7%) 48 (51.6%)
<8 46 (29.3%) 45 (48.4%)
D-dimer (mg/L) 6.022 .014
>0.55 104 (66.2%) 47 (50.5%)
<0.55 53 (22.8%) 46 (49.5%)
PT (second) 11.20+1.68 8.23+0.95 3.908 .000
INR 1.00+0.15 0.99+0.20 0.109 231
Liver function
PA (mg/L) 16.897 .000
<200 128 (83.1%) 56 (59.6%)
>200 29 (16.9%) 37 (40.4%)
ALB (g/L) 18.406 .000
<35 65 (42.4%) 15 (16.0%)
>35 92 (57.6%) 78 (84.0%)
TB (umol/L) 2.718 .096
>20.4 53 (34.4%) 23 (24.5%)
<20.4 104 (65.6%) 70 (75.5%)
ALT (U/L) 21.963 .000
>40 79 (51.3%) 20 (21.3%)
<40 78 (48.7%) 73 (78.7%)
AST (U/L) 7.803 .005
>40 59 (38.3%) 20 (21.3%)
<40 98 (61.7%) 73 (78.7%)
LDH (UL 9.701 .002
>240 72 (45.5%) 25 (26.6%)
<240 85 (54.5%) 68 (73.4%)
GGT (U/L) 3.661 .056
>50 61 (39.6%) 26 (27.7%)
<50 96 (60.4%) 67 (62.3%)
ALP (UL 0.008 929
>128 13 (6.5%) 8 (8.5%)
<128 144 (93.5%) 85 (91.5%)
CHE (UL 0.934 334
<3700 23 (14.9%) 10 (10.6%)
>3700 134 (85.1%) 83 (89.4%)

between platelet count and the severity of clinical classifications  (Severe), and 132.27+227.91 (Critical). The mean value of ALT
(x*=0.191, P=.662>.05). (See Table 3). increased significantly with the severity of clinical classifications
(F=10.677, P=.000<.01). The mean values of AST, PA, ALB,
GGT, LDH, and CHE were significantly abnormal with the
severity of clinical classifications, and these differences were
The mean values of ALT in the different clinical classifications were  statistically significant (P <.01). TB and ALP had no correlation
10.50+4.95 (Mild), 49.35+49.75 (Common), 154.50+134.72  with the clinical classifications (P >.05). (See Fig. 1).

3.4. Relationship between liver function indices and
clinical classifications of the COVID-19 patients
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Symptomatic, laboratory, and radiological characteristics of clinical classifications in the COVID-19 patients.

N Mild Common Severe Critical e P
N 157 2 110 30 15
Age 51.49+17.39 26.00+1.41 46.60+15.56 62.70+15.82 68.27+10.85 17.217 .000
Gender 5.724 017
Male 81 (51.6%) 0 (0.0%) 53 (48.2%) 6 (53.3%) 12 (80.0%)
Female 76 (48.4%) 2 (100.0%) 57 (51.8%) 4 (46.7%) 3 (20.0%)
Signs and symptoms
Fever 118 (75.2%) 1 (50.0%) 6 (69.1%) 26 (86.7%) 15 (100.0%) 9.814 .002
Cough 94 (59.9%) 0 (0.0%) 8 (61.8%) 17 (56.7%) 9 (60.0%) 0.004 947
Fatigue 39 (24.8%) 0 (0.0%) 24 (21.8%) 9 (30.0%) 6 (40.0%) 3.2717 .070
Chest tightness&dyspnea 28 (17.8%) 0 (0.0%) 1 (10.0%) 10 (33.3%) 7 (46.7%) 17.918 .000
Sore throat 13 (8.3%) 0 (0.0%) 10 (9.1%) 3 (10.0%) 0 (0.0%) 0.602 438
Headache 6 (3.8%) 0 (0.0%) 6 (5.5%) 0 (0.0%) 0 (0.0%) 1.882 170
Muscle soreness 22 (14.0%) 0 (0.0%) 14 (12.7%) 8 (26.7%) 0 (0.0%) 0.002 .965
Nausea or vomiting 7 (4.5%) 0 (0.0%) 5 (4.5%) 1(3.3%) 1 (6.7%) 0.057 812
Diarrhea 16 (10.2%) 0 (0.0%) 15 (13.6%) 1 (3.3%) 0 (0.0%) 3.710 .054
Anorexia 28 (17.8%) 0 (0.0%) 19 (17.3%) 6 (20.0%) 3 (20.0%) 0.264 .608
Sp0, 92.5+15.0 98.5+0.70 96.7+2.4 92.4+6.0 60.7+33.8 49.588 .000
cT 17.958 .000
Ground-glass opacity 30 (19.4) 0 (0.0%) 26 (23.6%) 2 (6.7%) 2 (13.3%)
Local patchy shadowing 15 (9.7%) 0 (0.0%) 5 (13.6%) 0 (0.0%) 0 (0.0%)
Bilateral patchy shadowing 92 (59.4%) 0 (0.0%) 65 (59.1%) 22 (73.3%) 5 (33.3%)
consolidation 18 (11.6%) 0 (0.0%) 4 (3.6%) 6 (20.0%) 8 (53.3%)
Routine blood test
White-cell count, E+09/L 33.555 .000
>10 19 (12.1%) 0 (0.0%) 4 (3.6%) 4 (13.3%) 11 (73.3%)
>4, <10 125 (79.6%) 2 (100.0%) 93 (84.5%) 26 (86.7%) 4 (26.7%)
<4 13 (8.3%) 0 (0.0%) 13 (11.8%) 0 (0.0%) 0 (0.0%)
Lymphocyte count, E+09/L 12.133 .000
>4 2 (1.3%) 0 (0.0%) 1 (0.9%) 1 (3.3%) 0 (0.0%)
>0.8, <4 97 (61.8%) 1 (50.0%) 78 (70.9%) 4 (46.7%) 4 (26.7%)
<0.8 58 (36.9%) 1 (50.0%) 31 (28.2%) 15 (50.0%) 11 (73.3%)
Platelet count, E+09/L 0.191 .662
>300 4 (2.5%) 0 (0.0%) 4 (3.6%) 0 (0.0%) 0 (0.0%)
>100, <300 112 (71.3%) 1 (50.0%) 81 (73.6%) 21 (70.0%) 9 (60.0%)
<100 41 (26.1%) 1 (50.0%) 25 (22.7%) 9 (30.0%) 6 (40.0%)
Hematocrit 4.644 .031
<40 (male), <35 (female) 98 (62.4%) 0 (0.0%) 64 (58.2%) 23 (76.7%) 11 (73.3%)
40-50 (male), 35-45 (female) 59 (37.6%) 2 (100.0%) 46 (41.8%) 7 (23.3%) 4 (26.7%)
C-reactive protein (mg/L) 15.280 .000
>8 111 (70.7%) 0 (0.0%) 70 (63.6%) 26 (86.7%) 15 (100.0%)
<8 46 (29.3%) 2 (100.0%) 40 (36.4%) 4 (13.3%) 0 (0.0%)
D-dimer (mg/L) 26.665 .000
>0.55 104 (66.2%) 0 (0.0%) 60 (54.5%) 29 (96.7%) 15 (100.0%)
<0.55 53 (22.8%) 2 (100.0%) 50 (45.5%) 1 (3.3%) 0 (0.0%)

3.5. Relationship between the levels of ALT and AST and
other clinical characteristics in COVID-19 patients

Analyses of the relationship between ALT, AST and other clinical
data, such as age, temperature, SpO,, WBC, LY, PLT, HCT,
CRP, and D-dimer revealed that the level of ALT positively
correlated with age, temperature, WBC, and CRP, and negatively
correlated with LY and SpO,, which all were statistically
significant (P <.05), but these levels were not correlated with
HCT, PLT, or D-dimer (See Fig. 2). The level of AST positively
correlated with age, WBC and CRP and negatively correlated
with LY, HCT, and SpO,, which all were statistically significant
(P<.05). There was no correlation between AST and tempera-
ture, PLT, or D-dimer (P>.05). (See Fig. 3).

3.6. The effects of therapeutic drugs on liver function in
COVID-19 patients

The ALT levels in COVID-19 patients treated with glucocorti-
coids (n=89) were significantly higher than COVID-19 patients
without glucocorticoid treatment (n=68) (102.73+133.78 vs
43.03+44.053, F=15.684, P=.001 <.01). However, there were
no significant differences in ALT levels between the use of arbidol
(n=139), lopinavir/ritonavir (n=75), oseltamivir (n=35), riba-
virin (n=43), antibiotics (n=144), chloroquine (n=32), Lianhua
Qingwen Capsule (n=105) and traditional Chinese medicine
(n=131) and the nonuse of these drugs (P>.05). Similarly, the
AST levels of COVID-19 patients treated with glucocorticoid was
significantly higher than COVID-19 patients without glucocorti-
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Figure 1. Relationship between liver function indices and clinical classifications of the COVID-19 patients (Each dot represents the value of liver function indices in all

clinical classifications of the COVID-19 patients).

1000 R=0.159 P=0.047 .
800-]
600-] .
3
400-] & -
.. -
200 S LY
RS s
0 2 A
0 20 40 60 80 100
Age
1000~ R=0.417 P=0.000
8001
- 6004 .
2
T
40
800+
- .
3
o .. . .
200 i ge ® . *
R - N
. -
MR 7= 7 o e
100 200 300 400

1000

800

600

400+

200

0
3

1000~

800

600

ALT

4001

200

R=0.179 P=0.025 "
.
- - -
- g Ve
. .o
T . . -‘I i .
5 36 37 38 39 40
T
R=-0.296 P=0.000
.
.
- -
0900 @ *
- 3 . e
05 1.0 15 20 25
Ly
R=0.197 P=0.013

0 100

300
CRP

1000

R=-0.384 P=0.000

800+

150
SpO,
1000 R=-0.113 P=0.160
800
E 600 .
400 i s .
* e o
200 o % eg 3.
.
o Sraiiiele
0 10 20 30 40 50
HCT
1000 R=0.144 P=0.072
s
800
5 600
400
200
0 LI T
0 20 40 60 80 100
DD

Figure 2. Relationship between ALT and other clinical characteristics in the COVID-19 patients (Each dot represents the value of ALT of the COVID-19 patients).
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Figure 3. Relationship between AST and other clinical characteristics in the COVID-19 patients (Each dot represents the value of AST of the COVID-19 patients).

coid treatment (52.55+40.51 vs 38.66+26.95, F=7.021,
P=.016<.05). There were no significant differences between
the use of arbidol, lopinavir/ritonavir, oseltamivir, ribavirin,
antibiotics, chloroquine, Lianhua Qingwen Capsule and tradi-
tional Chinese medicine and the nonuse of these drugs (P >.05)
(See Fig. 4).

3.7. Changes in liver function indices before and after
routine liver-protecting treatment

In COVID-19 patients with abnormal liver function, drugs for
routine liver protecting, such as reduced glutathione and polyene
phosphatidylcholine, were used. We compared liver function
indices (ALB, PA, TB, ALT, AST, GGT, ALP, LDH, and CHE)
before and after treatment. The levels of ALB, PA, ALT, AST,
GGT, ALP, LDH, and CHE before treatment were 26.98 (30.55—
33.95)g/L, 114.1 (77.26-145.2) mg/L, 39.00 (57.00-147.0) U/L,
68.00 (50.00-91.00) U/L, 114.0 (79.75-190.5) U/L, 165.0
(139.0-240.0) U/L, 353.5 (278.5-502.8) U/L and 2610 (2138-
3211) U/L, respectively. The levels of ALB, PA, ALT, AST, GGT,
ALP, LDH, and CHE after treatment were 36.90 (34.60-38.90)
U/L, 215.2 (166.1-270.6) mg/L, 39.00 (24.00-56.00) U/L, 28.00
(24.00-43.00) U/L, 83.00 (55.5-122.0) U/L, 80.0(86-136.5) U/
L, 210.0(177.5-325.5) U/L, and 3491 (3093-4529) UI/L,
respectively. We found that ALB (¢=9.736, P=.000<.01), PA
(r=13.08 P=.000<.01) and CHE (¢=3.344, P=.0017<.01)
levels in the blood increased significantly after treatment, and
67.70% (44/65), 70% (71/128), and 47.83% (11/23) of the
patients returned to normal, respectively. ALT (¢=3.984,
P=.0001<.01), AST (¢=6.930, P=.000<.01) and GGT (t=

2.345, P=.0206 <.05) levels were reduced significantly, with
66.67% (48/72), 74.14% (43/58), and 16.67% (11/61) of the
patients returned to normal, respectively. There was no
significant change in LDH (P=.4802>.05) or ALP (P=.0956
>.05) after treatment (See Fig. 5). The results indicated that most
liver function indices improved significantly after active treat-
ment.

4. Discussion

SARS-CoV-2 is the pathogen of the 2019 novel coronavirus
disease (COVID-19), and it has posed a serious threat to global
public health."*=%2! To determine useful indices for COVID-19
diagnosis, we compared the clinical characteristics, laboratory
test results and outcomes of the 157 COVID-19 patients with the
93 control patients (the suspected patients who were ultimately
excluded from COVID-19). From our data, there were no
differences in gender, age, smoking or drinking history between
the COVID-19 patients and control patients. However, the
present study found that the clinical classifications correlated
with age and gender. Older, male patients were more likely to
develop severe or critical classification. Most of the COVID-19
patients had an exposure history, which was significantly higher
than the control patients. There was no significant difference in
the comorbidity of the COVID-19 patients compared with the
control patients. The rates of these symptoms, such as fever,
fatigue, muscle soreness, diarrhea and anorexia, were signifi-
cantly higher in the COVID-19 patients than the control patients.
However, fever, chest tightness and dyspnea were related to the
severity of clinical classification. In terms of outcome, 11 of the
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COVID-19 patients died, which was significantly higher than the
control patients.

SpO, decreased gradually with the severity of clinical
classifications. Our data found that the lung’s blood oxygen
exchange ability was more likely affected in the COVID-19
patient than other common respiratory infectious diseases. There
were no significant differences in routine blood parameters, such
as WBC, LY, PLT, HCT, and INR between the COVID-19
patients and control patients. Analysis of the relationship
between the routine blood parameters and clinical classifications
found that the clinical classification was more serious with
increasing leukocytes and decreasing lymphocyte count and
hematocrit. CRP in the blood is a marker of inflammation. Recent
research examined the correlation between D-dimer and severity
of inflammation; D-dimer may also reflect an inflammatory
condition.**2¢! The levels of CRP and D-dimer in the COVID-
19 patients were significantly higher than the control patients,
and it was related to the severity of clinical classification.
Therefore, COVID-19 patients had a greater inflammatory
response than patients with common respiratory tract infection,
and CRP and D-dimer may be predictors of COVID-19 severity.
The common characteristics of CT included ground glass
nodules, patchy shadows and consolidation. We found that
the more serious lung injuries were associated with aggravation
of the disease, and more serious CT manifestations were
observed. Because the nucleic acid detection of SARS-CoV-2
had false negative results and the ability of nucleic acid detection
was not sufficient, CT diagnosis had been used as the clinical
diagnostic standard in China to screen out suspected COVID-19
patients as much as possible.?”~3°!

Lung lesions are the major damage caused by SARS-CoV-2
infection.! Recent studies on COVID-19 reported incidents of
liver injury, but the main purposes of these studies were to
describe the clinical characteristics of COVID-19, and only a
simple description of abnormal liver function, but no in-depth
research and analysis, was provided.[>>14-16:28:31=341 The present
retrospective study used suspected patients who were ultimately
excluded from COVID-19 as controls and systematically
analyzed the characteristics of abnormal liver function of patients
with COVID-19 and its possible mechanism. Multiple factors,
such as exposure to toxins, excessive alcohol consumption, bile
duct obstruction, and viral infections, cause liver damage. The
pathological features of COVID-19 greatly resemble SARS and
Middle Eastern respiratory syndrome (MERS) coronavirus
infection. Liver biopsy specimens from patients with COVID-
19 showed moderate microvesicular steatosis and mild lobular
and portal activity, which indicates that SARS-CoV-2 infection
or drugs could have caused the liver injury.>*! Bile duct cells
express angiotensin-converting enzyme 2 receptor with high
specificity, and SARS-CoV and SARS-CoV-2 enter human cells
via the angiotensin-converting enzyme 2 receptor.'33¢-38] The
damage to liver function may be due to dysfunction of the bile
duct cells, drugs, systemic inflammation and other causes.

Comparison of the liver function parameters of the COVID-19
patients with the control patients revealed that the levels of PA,
ALB, ALT, AST and LDH were significantly higher in the
COVID-19 patients than the control patients, and PT were
reduced significantly. We could infer that SARS-CoV-2 was more
likely to cause liver damage than the common respiratory
infectious diseases. We also compared the liver function
parameters of different clinical types of COVID-19 patients.
Most of the liver function parameters, such as ALT, AST, ALB,

www.md-journal.com

PA, GGT, LDH, and CHE, were more abnormal with
aggravation of the disease. The inflammatory reaction was often
more serious with more serious disease, which was more likely to
cause damage to various organs. Therefore, the occurrence of
liver function damage in patients with COVID-19 was related to
the disease severity. More serious liver function damage was
found in COVID-19 patients with more serious type.

To predict liver function damage in the COVID-19 patients, we
analyzed the correlation between ALT, AST and other clinical
factors. We found that ALT and AST positively correlated with
age, WBC, and CRP, and negatively correlated with SpO, and LY.
ALT positively correlated with T, and AST negatively correlated
with HCT. Therefore, age, T, WBC, LY, HCT, CRP, and SpO,
may correlate with liver function impairment, which may predict
the occurrence and severity of liver function impairment.

Because COVID-19 is a new infectious disease, there is no
specific treatment. Similar to SARS, antibiotics, antivirals and
steroids are widely used for the treatment of COVID-19. These
drugs are all potential causes of liver injury during COVID-19,
but their impact is not evident. Our center commonly used
glucocorticoids, arbidol, lopinavir/ritonavir, oseltamivir, ribavi-
rin, antibiotics, chloroquine, Lianhua Qingwen Capsule and
traditional Chinese medicine as therapeutic agents. Whether
some of these drugs caused liver function damage was not
known. Therefore, we compared the levels of ALT and AST
between patients who received common therapeutic drugs with
patients who did not receive drug treatment. The levels of ALT
and AST in patients using glucocorticoids were significantly
higher than the nonuse of glucocorticoids. The other drugs had
no effect on liver function. Our study could not fully analyze the
effects of all drugs on liver function due to the limited number of
cases in our center, and some drugs were not used for a long time.
We also could not analyze the effects of combined drugs on liver
function. However, some drug affected liver function in our
study. Therefore, some therapeutic drugs may be involved in the
liver function impairment of COVID-19 patients. Our data
indicated that most liver function indices were significantly
improved after active treatment.

In conclusion, the liver injury in the COVID-19 patients may be
caused by multiple factors, such as direct viral infection of
hepatocytes, immune-related injury, or drug hepatotoxicity. The
liver injury in patients with SARS-CoV-2 infection was higher
than patients without SARS-CoV-2 infection. The occurrence of
liver function damage in patients with COVID-19 was related to
the severity of the disease. Age, T, WBC, LY, HCT, CRP, and
SpO, may correlate with liver function impairment, which may
predict the occurrence and severity of liver function impairment.
Some therapeutic drugs, for example, glucocorticoids, may also
be involved in the liver function impairment of COVID-19
patients. However, most liver function indices were significantly
improved after active treatment.
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