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ABSTRACT: This study aims to analyze the characteristics of blood coagulation function in severe patients infected with Omicron
variant in comparison to those infected with the original strain. Seventy-three severe patients infected with the Omicron variant and
hospitalized at Wuhan First Hospital from 9 December 2022 to 9 January 2023, were included, as well as 71 severe patients infected
with the original strain and hospitalized at the same institution from 12 February to 20 March 2020. Patients infected with Omicron
demonstrated significant coagulation dysfunction, as evidenced by dramatically elevated levels of FIB, APTT, PT, INR, and D-D
and decreased values of PLT compared to the healthy control group (P < 0.01). The patients infected with the Omicron variant
exhibited more complex and worse coagulation disorders (dramatic elevation of FIB, APTT, PT, and D-D and decrease of PLT)
than the patients infected with the original strain (P < 0.05). In addition, individuals infected with the Omicron variant experienced
a decreased length of hospitalization but a higher mortality rate when compared to those infected with the original strain (P < 0.01).
We found the FIB, D-D, LDH, and CRP values of non-survivors were much higher than those of survivors among patients infected
with Omicron (P < 0.05). In general, patients with severe cases of Omicron infection consistently showed more pronounced
coagulation dysfunction upon admission compared to those infected with the original strain, potentially due to their older age and
higher prevalence of cardiovascular and cerebrovascular diseases. The study provides a realistic basis for clinical prevention and
treatment of severe or critically ill cases of COVID-19 caused by the Omicron variant or new evolving variants in the future.
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1. Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has resulted in 700 million people
experiencing the Coronavirus disease 2019 (COVID-19) globally [1]. SARS-CoV-2 is an RNA coronavirus (CoV) that
contains four primary structural proteins: spike (S), membrane (M), envelope (E), and nucleocapsid (N) and exhibits a
mutation rate greater than that of DNA virus. The large genome (~30 kb) of SARS-CoV-2 and low-fidelity RNA-
dependent RNA polymerase (RdRp) contribute to the elevated adaptive mutation rate observed during adaptation to
new human hosts [2]. The infectivity, phenotypic characteristics, and immune evasion of SARS-CoV-2 will be changed
upon the occurence of adaptive mutations, leading to the emergence of new variants such as Alpha, Beta, Gamma, Delta,
and Omicron. Variant B.1.1.529 was initially detected on 11 November 2021 in Botswana and on 14 November 2021
in South Africa. The World Health Organization (WHO) defined it as the fifth variant of concern (VOC) and designated
it Omicron on 26 November 2021. The Omicron variant was the most mutated strain among all of the SARS-CoV-2
variants during the COVID-19 pandemic [3]. The Omicron variant accumulates many mutations that are spread across
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the four main structural proteins, making it more transmissible and capable of producing immune escape [3]. According
to the reported data, Omicron is believed to be over 10 times more infectious than the original SARS-CoV-2 strain and
approximately twice as infectious as the Delta variant. The Omicron mutant continues to be the most common variant
worldwide. Most people typically experience mild respiratory symptoms after the infection of Omicron. However,
certain demographics, such as the elderly or individuals with important underlying diseases or immune deficiency, are
more susceptible to severe or life-threatening cases.

The body’s coagulation system can be activated by the infection of SARS-CoV-2 [4,5]. Coagulopathy was reported
as a frequent complication in patients infected with SARS-CoV-2, with thrombotic complications observed in nearly
30% of severe COVID-19 cases [6-8]. Previous research has indicated that the extent of coagulation abnormalities was
directly related to the severity of COVID-19 [9,10]. Our previous study also found that severe COVID-19 patients with
pronounced coagulation dysfunction upon admission were more likely to experience deterioration in their health and
mortality [5]. It is beneficial to understand disease progression and carry out precise treatment to clarify the
characteristics and pathogenesis of coagulation disorder of COVID-19.

The Omicron variant was identified as exhibiting higher infectivity but lower pathogenicity, leading to milder
clinical features compared to the original SARS-CoV-2 strain and other variants [11-13]. The strong infectivity of
Omicron has resulted in a significant number of individuals contracting the virus globally, and the number of deaths
and severe cases still cannot be underestimated. There were few reports on the coagulation function characteristics and
their relationship with clinical outcomes of Omicron-infected patients. This study aims to elucidate the differences in
coagulation function among patients infected with the Omicron variant and the original strain. Additionally, it seeks to
analyze the variations in coagulation function among severe Omicron-infected patients with diverse clinical outcomes.
These findings may help formulate appropriate therapeutic approaches for the Omicron variant or other evolving
variants associated with coagulopathy in the future.

2. Materials and Methods

2.1. Participants

This study included 73 severe patients infected with the Omicron variant who were hospitalized at Wuhan First
Hospital from 9 December 2022 to 9 January 2023, as well as 71 severe patients infected with the original SARS-CoV-
2 strain who were hospitalized at the same hospital from 12 February to 20 March 2020. All patients who were enrolled
tested positive for nucleic acid, confirming a SARS-CoV-2 infection. They also underwent a coagulation function test
within three days of admission. The data on coagulation function, liver function, and inflammatory factors from 61
healthy controls (elderly population with an average age of 69.8 £5.3 years) who conducted physical examinations at
Wuhan First Hospital in February 2019 were used as control references. The patients infected with the Omicron variant
were categorized into two groups based on their outcomes during hospitalization: non-survivor group (15 cases) and
survivor group (58 cases). A patient was classified as a severe case if any of the following clinical scenes were present:
(1) respiratory rate of 30 /min; (2) oxygen saturation < 93%; and (3) arterial partial pressure of oxygen (PaO.)/fraction
of inspired oxygen (FiO;) < 300 mmHg (1 mmHg = 0.133 kPa). The study was approved by the Ethics Committee of
Wuhan First Hospital, and patient consent was waived given the retrospective nature of this study.

2.2. Data Collection

The general information (age, gender, initial symptoms, and coexisting disorders), clinical characteristics, and
laboratory data of the patients included in the study were collected from electronic medical records at the time of
admission. The initial results of the patients’ coagulation data within three days of admission were presented and
analyzed. The coagulation function was assessed through the following parameters: fibrinogen (FIB, normal range of
2—4 g/L), activated partial thromboplastin time (APTT, normal range of 2040 s), prothrombin time (PT, normal range
of 9-13 s), thrombin time (TT, normal range of 14-21 s), international normalized ratio (INR, normal range of 0.7-1.3),
D-Dimers (D-D, normal range of 0-0.55 mg/L), and platelet count (PLT, normal range of 125-350 <10°/L). For other
laboratory data (alanine aminotransferase (ALT, normal range of 7-45 U/), aspartate aminotransferase (AST, normal
range of 13-35 U/L), lactate dehydrogenase (LDH, normal range of 114-250 U/L), and C-reactive protein (CRP,
normal range of 0-5 mg/L). The relevant results were recorded and analyzed based on the test time closest to the
coagulation test.
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2.3. Statistical Analysis

Continuous variables were characterized by their means and standard deviations or medians and interquartile
ranges (IQR) values. Categorical variables were expressed in terms of counts and percentages. The independent group
t-test was applied to continuous variables that were normally distributed; otherwise, the Mann-Whitney test was utilized.
Categorical variables were compared using the chi-square test, while the Fisher exact test was used in situations where
data were limited. Statistical analyses were performed using Graphpad Prism 9.0 software. A two-sided a of less than
0.05 was considered statistically significant.

3. Results

3.1. Demographics and Patient Characteristics

The demographics and clinical characteristics of the patients enrolled in this study are shown in Table 1. The
median age of Omicron-infected patients was found to be higher compared to those infected with the original strain
(74.0 years [IQR, 68.5-84.0] vs. 65.0 years [IQR, 56.5-71.5], P < 0.001). The proportion of male patients in the
Omicron variant group was slightly higher than that in the original strain group, but there was no statistically significant
difference (68.0% vs. 53.5%, P = 0.065). The median duration from the onset of ilIness to hospital admission for patients
infected with the Omicron variant and the original strain infected patients was 8.0 days (IQR, 3.5-9.0) and 12.0 days
(IQR, 7.0-21.0), respectively (P < 0.001). On admission, 91.7% of the Omicron-infected patients and 97.2% of those
infected with the original strain exhibited a typical CT finding of ground-glass opacity and/or patchy shadowing. There
was no difference in the initial symptom incidence between the two groups of patients except for shortness of breath.
Fever, dry cough, chest tightness, and fatigue were the most common initial symptoms in both groups of patients.
Hypertension, diabetes, cardiovascular, and cerebrovascular disease were the prevailing coexisting disorders. In
addition, the proportions of Omicron-infected patients with hypertension (74.0% vs. 31.0%, P < 0.001) and
cardiovascular/cerebrovascular disease (32.9% vs. 16.9%, P < 0.001) were significantly higher than those infected with
the original strain.

Table 1. Comparison of demographic and baseline characteristics among patients infected with the original SARS-CoV-2 strain
and the Omicron variant.

Original strain

Characteristics (n=71) Omicron variant (n = 73) P value
Age, Median (IQR)—years 65.0 (56.5-71.5) 74.0 (68.5-84.0) <0.001
Gender
Male [n (%)] 38 (53.5) 50 (68.0) 0.065
Female [n (%)] 33 (46.5) 23 (32.0) '
Onset of symptom to hospital 12.0 (7.0-21.0) 8.00 (3.50-9.00) <0.001
admission—days
CT findings of ground-glass opacity
and/or patchy shadowing [n (%)] 69 (97.2) 67 (91.7) 0.275
Initial symptoms [n (%)]
Fever 48 (67.6) 53 (72.6) 0.512
Dry cough 33 (46.5) 39 (53.4) 0.405
Chest tightness 15 (21.1) 7 (9.6) 0.054
Fatigue 13 (18.3) 12 (16.4) 0.767
Chest pain 4 (5.6) 0 (0.0) 0.057
Shortness of breath 3(4.2) 15 (20.5) 0.003
Dyspnea 2(2.8) 4 (5.5) 0.681
Vomiting 2(2.8) 2(2.7) >0.99
Chill 1(1.4) 2(2.7) >0.99
Diarrhea 1(1.4) 1(1.4) >0.99
Headache 1(1.4) 2(2.7) >0.99
Nausea 1(1.4) 0(0.0) 0.493
Dizziness 1(1.4) 7 (9.6) 0.063
Anorexia 1(1.4) 2(2.7) >0.99
Coexisting disorders [n (%)]
Hypertension 22 (31.0) 54 (74.0) <0.001
Cardiovascular and/or cerebrovascular 12 (16.9) 35 (32.9) <0.001

disease
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Diabetes 15 (21.1) 18 (24.7) 0.614

Chronic respiratory disease 4 (5.6) 9 (12.3) 0.161
Hepatopathy 4 (5.6) 3(4.1) 0.717
Malignancy 1(1.4) 2(2.7) >0.99

Data are median (IQR) or n (%). P values comparing patients in the original strain group and the Omicron variant group are from
y? test, Fisher’s exact test, or Mann-Whitney U test. Original strain: the patients infected with the original SARS-CoV-2 strain.
Omicron variant: the patients infected with the SARS-CoV-2 Omicron variant.

3.2. Comparison of Blood Coagulation between Patients Infected with the Omicron Variant and the Original Strain

Compared with the healthy controls, patients with Omicron infection had significant performances with
coagulation dysfunction, abnormal liver function, and inflammatory manifestations characterized by substantial
elevations in values of FIB, APTT, PT, INR, D-D, ALT, AST, LDH, CRP, and a decrease in PLT count (P < 0.05)
(Figure 1 & Table 2). Furthermore, the FIB, APTT, PT, and D-D values of patients with Omicron infection were even
markedly higher than those of patients with the original strain infection (P < 0.05), while the PLT count of patients with
Omicron infection was dramatically lower than that of patients with original strain infection (P < 0.001) (Figure 1 &
Table 2). The proportions of Omicron-infected patients with FIB, APTT, PT, and D-D above normal reference values,
as well as PLT levels below normal reference values, were significantly elevated (P < 0.01) (Table 2). The FIB value
of patients with Omicron infection was much higher than that of patients with the original strain infection (5.07 g/L
[IQR, 4.28-6.25] vs. 3.96 g/L [IQR, 3.42-4.17]; P < 0.001). However, the values of APTT (36.30 s [IQR, 32.50-42.20]
vs. 26.30 s [IQR, 24.10-28.90]; P < 0.001) and PT (12.8 s [IQR, 11.45-13.80] vs. 11.60 s [IQR, 11.00-12.10]; P <
0.001) were significantly elevated in patients with Omicron infection than those infected with the original strain (Table
2). Furthermore, the PLT value of patients with Omicron infection was much lower than that of patients with the original
strain infection (168.00 = 10° /L [IQR, 129.00-211.00] vs. 240.00 = 10° /L [IQR, 194.00-333.00]; P < 0.001).
Simultaneously, D-D was significantly higher in the Omicron-infected patients compared to those infected with the
original strain (0.83 mg/L [IQR, 0.52-1.63] vs. 0.55 mg/L [IQR, 11.00-12.10], P < 0.05). Nevertheless, no difference
could be observed in the TT and INR values between the two groups of patients (P > 0.05).
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Figure 1. Comparison of blood coagulation, liver function indicators, and inflammatory factors between patients with Omicron
infection and original strain infection. The values of blood coagulation parameters (FIB, PT, APTT, TT, INR, D-D, and PLT), liver
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function indicators (ALT and AST), and inflammatory factors (LDH and CRP) of the original strain-infected patients (circle),
Omicron-infected patients (triangle), and healthy controls (diamond) on admission are shown and compared. FIB: fibrinogen; APTT:
activated partial thromboplastin time; PT: prothrombin time; TT: thrombin time; INR: international normalized ratio; D-D: D-
Dimers; PLT: platelet count; ALT: alanine aminotransferase; AST: aspartate aminotransferase; LDH: lactate dehydrogenase; CRP:
C-reactive protein; NS: no significance. * P < 0.05. ** P < 0.01.

Table 2. Comparison of laboratory findings on admission and clinical outcomes between patients infected with the original SARS-
CoV-2 strain and Omicron variant.

Parameters Original strain Omicron variant Healthy control P value
(n=71) (n=73) (n=61) P1 P2
Coagulation function
FIB (g/L; normal range 2.00-4.00) 3.96 (3.42-4.17) 5.07 (4.28-6.25) 2.89 (2.50-3.26) 0.000 0.000
Increased cases [n (%)] 27 (38.0) 60 (82.2) 0 (0.0) 0.000 0.000
APTT (s; normal range 20.00-40.00) 26.30 (24.10-28.90) 36.30 (32.5-42.2) 24.10 (21.75-26.15)  0.000 0.000
Increased cases [n (%)] 0(0.0) 26 (35.6) 0(0.0) 0.000 0.000
PT (s; normal range 9.00-13.00) 11.60 (11.00-12.10)  12.80(11.45-13.80)  11.00 (10.65-11.50) 0.000 0.000
Increased cases [n (%)] 6 (8.5) 32 (43.8) 0(0.0) 0.000 0.000
TT (s; normal range 14.00-21.00) 18.00 (17.10-19.00)  17.90 (16.70-18.95)  18.00 (17.20-18.45) 0.499 0.996
Increased cases [n (%)] 0(0.0) 2(2.7) 0(0.0) 0.497 0.500
INR (normal range 0.70-1.30) 1.03 (0.97-1.08) 1.02 (0.96-1.12) 0.97 (0.94-1.02) >0.99 0.001
Increased cases [n (%)] 1(1.4) 5(6.8) 0(0.0) 0.209 0.063
D-D (mg/L; normal range 0.00-0.55) 0.55 (0.30-3.24) 0.83 (0.52-1.63) 0.29 (0.18-0.46) 0.029 0.000
Increased cases [n (%)] 33 (46.5) 52 (71.2) 8 (13.1) 0.003 0.000
PLT (10%L; normal range 125-350)  240.00 (194.00-333.00) 168.00 (129.00-211.00) 226.00 (185.50-276.00) 0.000 0.000
Decreased cases [n (%)] 8 (11.3) 16 (21.9) 0 (0.0) 0.086 0.019
Liver function
ALT (U/L; normal range 7-45) 25.00 (14.00-47.00)  20.00 (14.00-33.50)  18.00 (12.50-25.50) 0.357 0.049
Increased cases [n (%)] 19 (26.8) 14 (19.1) 4 (6.6) 0.966 0.033
AST (U/L; normal range 13-35) 25.00 (19.00-38.00)  38.00 (29.00-60.00)  21.00 (17.00-27.50) 0.000 0.000
Increased cases [n (%)] 21 (29.6) 39 (53.4) 2(3.3) 0.004 0.000

Inflammatory indicators
LDH (U/L; normal range 114-250)  207.00 (171.00-278.00) 250.00 (185.00-317.00) 162.00 (143.50-184.00) 0.034 0.000

Increased cases [n (%)] 20 (28.2) 35 (47.9) 0(0.0) 0.015 0.000
CRP (mg/L; normal range 0.00-5.00) 6.27 (3.11-41.30) 49.20 (10.80-104.05) 1.20 (0.65-2.20) 0.000 0.000
Increased cases [n (%)] 35 (49.3) 60 (82.2) 0(0.0) 0.000 0.000
Clinical outcomes
Length of hospital stay—d 26.00 (20.00-34.00)  20.00 (13.00-29.00) / 0.000 /
Death cases [n (%)] 4 (5.6) 15 (20.5) / 0.008 /

Data are median (IQR) or n (%). P1 values comparing patients in the original strain group and in the Omicron variant group, and
P2 values comparing patients in the Omicron variant group and the healthy controls were from y? test, Fisher’s exact test, or Mann-
Whitney U test. Original strain: patients infected with the original SARS-CoV-2 strain. Omicron variant: patients infected with the
SARS-CoV-2 Omicron variant. FIB: fibrinogen; APTT: activated partial thromboplastin time; PT: prothrombin time; TT: thrombin
time; INR: international normalized ratio; D-D: D-Dimers; PLT: platelet count; ALT: alanine aminotransferase; AST: aspartate
aminotransferase; LDH: lactate dehydrogenase; CRP: C-reactive protein.

Moreover, it was observed that the Omicron-infected patients displayed elevated levels of AST (38.00 U/L [IQR,
29.00-60.00] vs. 25.00 U/L [IQR, 19.00-38.00], P < 0.001), LDH (250.00 U/L [IQR, 185.00-317.00] vs. 207.00 U/L
[IQR, 171.00-278.00], P < 0.05), and CRP (49.20 mg/L [IQR, 10.80-104.05] vs. 6.27 mg/L [IQR, 3.11-41.30], P <
0.001) compared to those of the original strain-infected patients (Figure 1 & Table 2). The Omicron-infected patients
possessed a reduced duration of hospitalization (20 days [IQR, 13-29] vs. 26 days [IQR, 20-34, P < 0.001] but a higher
rate of mortality (20.5% vs. 5.6%, P < 0.01) compared to patients infected with the original strain (Table 2). Above all,
individuals with Omicron infection exhibited more severe coagulation disorders, worse liver function, and stronger
inflammatory responses than those infected with the original strain.

3.3. Comparison of Blood Coagulation between Survivors and Non-Survivors with Omicron Infection

To elucidate the relationship between blood coagulation and clinical outcomes in the Omicron-infected patients,
several hematological findings in the laboratory are presented and compared between survivors and non-survivors
(Figure 2 & Table 3). The values of FIB (6.11 g/L [IQR, 4.87-6.34] vs. 4.88 ¢g/L [IQR, 4.17-5.89], P < 0.05) and D-D
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(1.12 mg/L [IQR, 1.07-2.13] vs.0.74 mg/L [IQR, 0.64-1.33], P < 0.05) were found to be higher in individuals who did
not survive as compared to those who survived. Nevertheless, no statistical differences could be found in the values of
APTT, PT, TT, INR, and PLT. The values of LDH (358.00 U/L [IQR, 248.00-575.00] vs. 238.50 U/L [IQR, 172.50-
297.25], P < 0.01) and CRP (85.50 mg/L [IQR, 57.80-149.00] vs. 33.85 mg/L [IQR, 9.91-101.25], P < 0.05) were
significantly higher in non-survivors compared to survivors. However, no differences were observed in the values of
ALT and AST.
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Figure 2. Comparison of blood coagulation, liver function indicators, and inflammatory factors between survivors and non-
survivors with Omicron infection. The values of blood coagulation parameters (FIB, PT, APTT, TT, INR, D-D, and PLT), liver
function indicators (ALT and AST), and inflammatory factors (LDH and CRP) of the survivors (triangle) and non-survivors (circle)
on admission are shown and compared. FIB: fibrinogen; APTT: activated partial thromboplastin time; PT: prothrombin time; TT:
thrombin time; INR: international normalized ratio; D-D: D-Dimers; PLT: platelet count; ALT: alanine aminotransferase; AST:
aspartate aminotransferase; LDH: lactate dehydrogenase; CRP: C-reactive protein; NS: no significance. * P < 0.05. ** P < 0.01.

3.4. Correlation Analysis of Blood Coagulation with Liver Function and Inflammatory Factors in Omicron-
Infected Patients

The correlation analysis results of coagulation function parameters with the indexes of liver function and
inflammatory factors in the Omicron-infected patients are displayed in Figure 3. FIB was positively correlated with LDH
(r=0.446, P < 0.001) and CRP (r = 0.557, P < 0.001). PT exhibited a positive correlation with CRP levels (r = 0.254, P
< 0.05). APTT was positively correlated with AST (r = 0.330, P < 0.01) and CRP (r = 0.310, P < 0.05). No relevance was
found between D-D levels with liver function parameters and inflammatory indexes. Overall, the coagulation parameters
have a close connection to the indexes of liver function and inflammatory factors, suggesting that the blood coagulation
of Omicron-infected patients may be extensively influenced by liver function and inflammation.
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Figure 3. Correlation analysis of blood coagulation with liver function indicators and inflammatory factors in patients infected with
the Omicron variant. The correlation of blood coagulation parameters (FIB, PT, APTT, and D-D) with liver function indicators
(ALT and AST) and inflammatory factors (LDH and CRP) were analyzed by nonparametric Spearman correlation test. Spearman
correlation coefficients (r) and P value are depicted in plots. FIB: fibrinogen; APTT: activated partial thromboplastin time; PT:
prothrombin time; D-D: D-Dimers; ALT: alanine aminotransferase; AST: aspartate aminotransferase; LDH: lactate dehydrogenase;

CRP: C-reactive protein.

Table 3. Comparison of laboratory findings on admission and clinical outcomes between survivors and non-survivors infected with
the SARS-CoV-2 Omicron variant.

Parameters Survivors Non-survivors
(n=58) (n=15)

Coagulation function
FIB (g/L; normal range 2.00-4.00) 4.88 (4.17-5.89) 6.11(4.87-6.34) 0.032

P value
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Increased cases [n (%)] 46 (79.3) 14 (93.3) 0.375
APTT (s; normal range 20.00-40.00) 35.75 (31.78-41.03) 42.10 (34.50-49.10) 0.060
Increased cases [n (%)] 18 (31.0) 8 (53.3) 0.108
PT (s; normal range 9.00-13.00) 12.75 (11.38-13.83) 13.10 (12.20-13.40) 0.512
Increased cases [n (%)] 23 (39.7) 8 (53.3) 0.339
TT (s; normal range 14.00-21.00) 17.90 (16.98-18.90) 17.60 (16.20-19.60) 0.946
Increased cases [n (%)] 1@1.7) 1(6.7) 0.371
INR (normal range 0.70-1.30) 1.01 (0.95-1.12) 1.06 (1.00-1.12) 0.221
Increased cases [n (%)] 5 (8.6) 0(0.0) 0.576
D-D (mg/L; normal range 0.00-0.55) 0.74 (0.64-1.33) 1.12 (1.07-2.13) 0.012
Increased cases [n (%)] 38 (65.5) 14 (93.3) 0.072
PLT (10%L; normal range 125-350) 166.00 (125.75-215.50) 170.00 (139.00-198.00) 0.978
Decreased cases [n (%)] 13 (22.4) 3(20.0) >0.99
Liver function

ALT (U/L; normal range 7-45) 20.00 (14.00-42.50) 20.00 (14.00-25.00) 0.302
Increased cases [n (%)] 14 (24.1) 0(0.0) 0.080
AST (U/L; normal range 13-35) 36.00 (29.00-60.00) 41.00 (32.00-60.00) 0.800
Increased cases [n (%)] 29 (50.0) 10 (66.7) 0.249

Inflammatory indicators
LDH (U/L; normal range 114-250) 238.50 (172.50-297.25) 358.00 (248.00-575.00) 0.006
Increased cases [n (%)] 24 (41.4) 11 (84.6) 0.027
CRP (mg/L; normal range 0.00-5.00) 33.85(9.91-101.25) 85.50 (57.80-149.00) 0.031
Increased cases [n (%)] 47 (81.0) 13 (86.7) 0.897

Data are median (IQR) or n (%). P values comparing patients in the survivor group and in the non-survivor group are from 2 test,
Fisher’s exact test, or Mann-Whitney U test. Survivors: patients in the surviving group. Non-survivors: patients in the dead group.
FIB: fibrinogen; APTT: activated partial thromboplastin time; PT: prothrombin time; TT: thrombin time; INR: international
normalized ratio; D-D: D-Dimers; PLT: platelet count; ALT: alanine aminotransferase; AST: aspartate aminotransferase; LDH:
lactate dehydrogenase; CRP: C-reactive protein.

4. Discussion

The overall pathogenicity of the Omicron variant is prominently reduced, with a notably high transmission speed
[14]. Although the proportion of patients experiencing severe disease is relatively low, the absolute number of severe
cases remains significant due to a large population base, especially the enormous elderly population in China. Numerous
reports were carried out on coagulation dysfunction following infection with the original SARS-CoV-2 strain, yet the
characteristics of coagulation function of patients with Omicron infection remain to be elucidated. In this study, we
observed the coagulation function characteristics of the patients infected with the Omicron variant in comparison to
those infected with the original strain and healthy elderly individuals. The median age of the Omicron-infected patients
was greater than that of the original strain-infected patients. This indicates that older individuals are at a higher risk of
experiencing severe COVID-19 symptoms and necessitate hospitalization treatment during the COVID-19 Omicron
wave, which is consistent with findings from previous studies [15,16]. Additionally, we found that patients infected
with the Omicron variant required a shorter duration from onset to hospitalization compared to those infected with the
original strain. We analyze the reasons from two perspectives: firstly, the enhanced guarantee and treatment
capabilities of medical resources have led to an improvement in providing timely medical care to patients during the
rapid transmission period of the Omicron variant; secondly, the period from onset to severe illness requiring medical
treatment is shorter, indicating a rapid progression of the disease after the elderly population being infected with the
Omicron variant. The proportions of concomitant hypertension and cardiovascular and cerebrovascular diseases in
the Omicron-infected patients significantly increased when compared to those infected with the original strain. The
mechanism by which the merging of these underlying diseases is more likely to progress to severe illness remains
unclear. We believe that these comorbidities can affect vascular function and may subsequently impact the
characteristics of coagulation disorders.

The coagulation function parameters FIB, APTT, PT, and D-Dimers were significantly elevated in patients infected
with the Omicron variant than those infected with the original strain and the healthy controls. These findings suggest
that patients with Omicron infection may exhibit significant coagulation dysfunction, potentially influenced by multiple
factors such as advanced age, concomitant cardiovascular and cerebrovascular diseases, medication selection for
underlying diseases, and infection with Omicron. An increase in FIB typically signifies a clinical manifestation of blood
hypercoagulability, while elevation of APTT, PT, and INR generally means a clinical presentation of low coagulation.
These results prompt that most of severe cases with Omicron infection may be associated with disseminated
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intravascular coagulation (DIC) [17-19], as evidenced by elevated levels of D-D and decreased value of PLT. The liver
is responsible for the synthesis and transportation of numerous coagulation factors and anticoagulants [20,21], and
inflammation also plays a significant role in coagulation regulation cascade network [22,23]. ALT and AST can reflect
the liver injury. Besides, AST also reflects myocardial damage. LDH widely exists in human organs and tissues and
reflects the inflammation and injury present in the liver. CRP is one kind of acute proteins that significantly increases
in the plasma when the body is infected or injured, and it is a non-specific and momentous marker of inflammation.
The values of AST, LDH, and CRP were significantly higher in patients infected with the Omicron variant compared
to those infected with the original strain. The Omicron variant infection seemed to cause more severe organ damage
(especially liver and heart) and inflammatory storm in severely ill patients, which may be attributed to the fact that these
patients with Omicron variant infection have older age and more underlying diseases combined and the possibility that
SARS-CoV-2 infection of different strains may only serve as a triggering factor.

In patients infected the original strain, coagulation abnormalities were considered to be indicators of severe disease
and adverse clinical outcomes [10,24,25]. In this study, the enrolled Omicron-infected patients were divided into the
survivor group and the non-survivor group. The values of FIB, D-D, LDH, and CRP were significantly higher in the
non-survivor group than those in the survivor group. These results align with the conclusions drawn from our previous
research on patients with the original strain of infection [5]. Therefore, FIB, D-D, LDH, and CRP can serve as effective
biomarkers for predicting disease prognosis and clinical outcomes both in patients with original strain infection and
Omicron variant infection. Furthermore, early monitoring of coagulation function, liver function, and inflammatory
may be essential for establishing an accurate therapeutic strategy, particularly in preventing disease progression.
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