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Background: SARS-CoV-2 infection activates coagulation and stimulates innate immune
system. Little is known about coagulopathy and response of inflammation and infection in
ICU patients with COVID-19. Derangement of coagulation and markers of infection and
inflammation induced by SARS-CoV-2 infection, as well as their correlations were
elucidated.

Methods: One hundred eight ICU patients with COVID-19 (28 survivors and 80 non-
survivors) in Tongji hospital and Wuhan Jinyintan hospital, in Wuhan, China were included.
Coagulation parameters, infectious and inflammatory markers were dynamically analysed.
The correlation between coagulopathy of patients and infectious and inflammatory markers
was verified.

Results: SARS-CoV-2-associated coagulopathy occurred in most cases of critical illness.
Raised values of d-dimer and FDP were measured in all patients, especially in non-survivors,
who had longer PT, APTT, INR, as well as TT, and lower PTA and AT compared to
survivors. SIC and DIC mostly occurred in non-survivors. CRP, ESR, serum ferritin, IL-8,
and IL-2R increased in all patients, and were much higher in non-survivors who had
significantly higher levels of IL-6 and IL-10. D-dimer was positively associated with CRP,
serum ferritin (p = 0.02), PCT (p < 0.001), and IL-2R (p = 0.007). SIC scores were positively
correlated with CRP (p = 0.006), PCT (p = 0.0007), IL-1p (p = 0.048), and IL-6 (p = 0.009).
DIC scores were positively associated with CRP (p < 0.0001), ESR (p = 0.02), PCT
(p <0.0001), serum ferritin (p < 0.0001), IL-10 (p = 0.02), and IL-2R (p = 0.0005).
Conclusion: Prothrombotic state, SIC, and DIC are the characteristics of coagulation in ICU
patients with COVID-19. CRP, ESR, serum ferritin, IL-8, IL-2R, IL-6, and PCT were
stimulated by SARS-CoV-2 infection. CRP, PCT, serum ferritin, and IL-2R indicate the
coagulopathy severity of patients with COVID-19.
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Introduction

SARS-CoV-2, a newly RNA beta coronavirus, first confirmed in Wuhan, China in
December 2019, causing COVID-19, has become globally pandemic, has currently
infected more than 8 million people, and led to more than 400,000 deaths world-
wide, totals that are increasing every day.' SARS-CoV-2 infects humans by respira-
tory droplet and close contact.” The respiratory system is the most susceptible to
infringement during infection, leading to the most frequent symptoms: fever and
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cough.” Acute respiratory distress syndrome is the leading
cause of death among COVID-19 patients, especially for
those critically ill.* The primary therapeutic measurements
for patients with COVID-19 are supportive care and symp-
tomatic treatments. One prominent clinical feature of
COVID-19 is the activation of coagulation.*> The para-
meters of coagulation in patients with COVID-19 are
found to be abnormal, which indicate the severity of
COVID-19.°  Another

COVID-19 is the stimulation of the innate immune system

paramount characteristic of
to produce large amounts of pathogenic cytokines, which
involve the progression of the disease.® Ample evidence
suggests that crosstalk between coagulation and inflamma-
tion, interacting mutually, aggravates the conditions in
sepsis.” In addition, the infectious response adds a bridge
between derangement of coagulation and sepsis,'*'! how-
ever, little is known about the relationship between coa-
gulation abnormality with markers of infection and
inflammation in ICU patients with COVID-19.

Therefore, the aim of this study is to reveal the
derangement of coagulation and markers of infection and
inflammation induced by SARS-CoV-2 infection as well as
the correlation of coagulopathy of ICU patients with infec-
tious and inflammatory markers.

Patients and Methods

Setting and Study Participants

This retrospectively observational study included 28 ICU
survivors discharged and 80 ICU non-survivors with
SARS-CoV-2 infection, confirmed by RT-PCR or NGS
between 31 December 2019 and 1 March 2020, in Tongji
Hospital, Tongji Medical College, Huazhong University of
Science and Technology, and Wuhan Jinyintan Hospital in
Wuhan, China, which were designated as treatment centres
for severe and critically ill COVID-19 patients transferred
from other Wuhan hospitals. All patients from the
researchers’ medical unit were diagnosed with COVID-
19 based on WHO interim guidance in our study.

The study was approved by the Ethics Committees and
Institutional Review Boards of Tongji Hospital, Tongji
Medical College, Huazhong University of Science and
Technology, and Wuhan Jinyintan Hospital, Wuhan,
China (TJ-IRB20200225), who approved a waiver of writ-
ten informed consent from patients with COVID-19 by
reason of emerging infectious disease. Collection and ana-

lysis of data were anonymous.

Data Collection and Definition

Basic information including age, sex, and hospital dura-
tion, history of smoking, malignancy and history, comor-
bidities consisting of hypertension, diabetes, COPD, CHD,
CKD, CLD, and symptoms, such as fever, cough, sputum,
fatigue or myalgia, nausea or vomiting, as well as diar-
rhoea, was collected from electronic medical records of
ICU patients with COVID-19. Coagulation variables cov-
ering PT, APTT, d-dimer, INR, PTA, Fbg, FDP, TT, AT,
and inflammatory indicators containing CRP, PCT, serum
ferritin, ESR, IL-1p, IL-2R, IL-6, IL-8, IL-10, and TNF-a
were also extracted on day 1, day 4, day 7, and the last day
in hospital including the date of non-survivor death and
the date of survivor discharge from hospital. Besides, data
pertaining to DVT, GI bleeding, cerebrovascular accident
during hospitalisation, and anti-coagulation therapy were
gathered for analysis.

The definition of fever was that the axillary tempera-
ture exceeded 37-3 °C as per a previous report.'? DIC and
SIC were diagnosed based on the ISTH scoring system
(Tables S1 and S2).*>'* The SOFA score was calculated
according to the scoring system described by the European

Society of Intensive Care Medicine.'*

Statistical Analysis

Age, duration of hospitalisation, and SOFA score were
shown as median (IQR). Coagulation variables and infec-
tious indicators were express as mean + SEM. Statistical
methods including Fisher’s exact test, chi-squared test, and
Mann Whitney test were used depending on data type.
Correlations were assessed by Spearman rank test. All
data were analysed using GraphPad Prism 5 (GraphPad
software, CA, USA). P < 0.05 was considered statistically
significant.

Results
Clinical Features of Patients with COVID-

19

One hundred and eight ICU patients infected with SARS-
CoV-2 were recruited in our study. All of them were
critically ill cases, 28 of whom survived and 80 died.
The median age thereof was 66 y (IQR 57.0-73.8 y).
The mean average age of those in the non-survivor group
exceeded that of those in the survivor group (67.5 versus
59.0 y, p = 0.0024). Males accounted for 73% of all
participants, besides, 75% of non-survivors and 46% of
survivors were males, which were comparable (p =
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0.0054). There was no significant difference in history of
smoking between survivors (4%) and non-survivors (11%,
p = 0.45). More patients had hypertension in the non-
survivor group (53%) than in the survivor group (18%, p
= 0.0015). No statistical significance was found between
survivors and non-survivors for other comorbidities
including diabetes, COPD, CHD, CKD, and CLD. Five
percent of non-survivors had a history of malignancy
whereas none had so among survivors, which was statisti-
cally insignificant. The median duration of hospitalisation
was 12.5 d (8.0-15.8) for survivors and 9.0 d (6.0-13.8, p
= 0.13) for non-survivors; however, more patients had a
history of surgery in the non-survivor group (28%) than in
the survivor group (7%, p = 0.033).

The most common symptom was fever (84%), fol-
lowed by cough (77%), fatigue or myalgia (50%), sputum
(45%), diarrhoea (16%), then nausea or vomiting (9%), all
of which were insignificant in survivor and non-survivor
groups.

During hospitalisation, DVT occurred in 28% of non-
survivors but did not occur among survivors (p = 0.0008).
Although 4% of the non-survivor group had cerebrovas-
cular accident and none in the survivor group, there was no
meaningful difference between the two groups (p = 0.57),
besides, both of which had GIB (6% versus 4%, p = 1). On
admission, non-survivors had a higher SOFA score (p <
0.0001) and a greater probability of progressing into SIC
(p < 0.0001). Moreover, more than half of the non-survi-
vors had developed into overt DIC, which was never seen
among survivors (p < 0.0001) by the end of hospitalisa-
tion. Furthermore, a higher proportion of patients in the
non-survivor group (51%) received anti-coagulation ther-
apy compared to those in the survivor group (4%, p <
0.0001).

The aforementioned data are listed in Table 1.

Coagulation Changes of Critically |l
Patients with COVID-19

Coagulation information was extracted from electronic
medical records, and indicators reflecting the coagulation
state of COVID-19 were compared between survivor and
non-survivor groups at day 1, day 4, day 7, and the last day
in hospital (Figure 1). PT was prolonged in the non-survi-
vor group at day 1 (14.9 £ 0.3 s), day 4 (17.4 + 1.3 s), and
the last day (26.9 + 3.3 s), comparable to the survivor
group atday 1 (13.4+ 0.1 s, p =0.0059), day 4 (13.0+£0.3
s, p = 0.0077), and last day (13.2 + 0.2 s, p < 0.0001), all

of which were within the normal range (11.5-14.5 s)
(Figure 1A). APTT was normal (normal range 29.0-42.0
s) for the survivor group during hospitalisation, but for the
non-survivor group, APTT increased continually, to its
longest by the last day (65.8 = 5.2 s) which was much
longer than that in the survivor group (36.9 = 1.6 s, p =
0.0034) (Figure 1B). D-dimer levels elevated all the
patients (normal range <0.5 pg/mL). The increase of
d-dimer was even greater in the non-survivor group at
day 1 (16.1 + 2.7 pg/mL), day 4 (24.8 £+ 2.7 pg/mL), day
7 (23.3 £ 4.0 pg/mL), and the last day (16.0 = 2.0 pg/mL)
than those of the survivor group (1.5 £ 0.5 pg/mL, p <
0.0001), (4.2 + 2.4 pg/mL, p = 0.0003), (0.7 £ 0.3 pg/mL,
p = 0.0198), and (2.2 £+ 0.8 pg/mL, p < 0.0001)
(Figure 1C).

PTA was within normal range (75.0-125.0%) for the
survivor group at day 1 (98.6 + 2.6%), day 4 (104.9 +
4.8%), day 7 (102.0 £ 13.0%), and the last day (102.5 +
3.2%). For the non-survivor group, PTA decreased over
time and was much lower than that of the survivor group at
the corresponding time (75.5 + 2.4%, p < 0.0001), (66.4 +
3.1%, p < 0.0001), (55.1 £ 3.3%, p = 0.0227), and (49.5 £
2.9%, p < 0.0001) (Figure 1D). Conversely, INR was
elevated continually for the non-survivor group at day 1
(1.2£0.0),day 4 (1.4 £ 0.1), day 7 (1.5 = 0.1), and the last
day (2.0 = 0.2) and was higher than that of the survivor
group at day 1 (1.0 £ 0.0, p <0.0001), day 4 (1.0 £ 0.0, p <
0.0001), day 7 (1.0 £ 0.0, p = 0.0353), and the last day (1.0
+ 0.0, p < 0.0001), all of which were not beyond normal
limits (0.8-1.2) (Figure 1E). In contrast to d-dimer, levels
of FDP were elevated in both groups (normal range <5.0
pg/mL), but those in the non-survivor group had higher
levels than those in the survivor group, especially at day 1
(80.1 £22.7 versus 7.6 = 1.9 pg/mL, p < 0.0001), day 4
(100.5 + 11.8 versus 25.9 + 20.7 pg/mL, p = 0.0022), and
the last day (80.3 + 10.6 versus 12.9 £ 6.4 pg/mL, p <
0.0001) (Figure 1F).

TT was beyond the normal range (14.0—-19.0 s) and had
a prolonged trend in the non-survival group. TT was
normal in the survivor group, and was thus shorter than
that in the non-survivor group, particularly at day 1 (16.3 +
0.2 versus 22.2 + 3.3 s, p = 0.0045) and the last day (16.6
+ 0.3 versus 35.6 £ 6.2 s, p = 0.0088) (Figure 1G). No
significant difference in Fbg was found (most values were
within a normal range) between non-survivors and survi-
vors (Figure 1H). AT was not comparable for non-survi-
vors and survivors at day 1, day 4, and day 7, and values
were within reference limits (80.0-120.0%): however, AT
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Table | Demographic and Clinical Characteristics of Patients with COVID-19

Variables Total Survivors Non-Survivors P value
(n=108) (n=128) (n = 80)
Age, years 66.0 (57.0-73.8) 59.0 (32.3-69.5) 67.5 (59.3-75.0) 0.0024
Sex 0.0054
Female 35 (32%) 15 (54%) 20 (25%)
Male 73 (68%) 13 (46%) 60 (75%)
Current smoker 10 (9%) 1 (4%) 9 (11%) 0.45
Comorbidity
Hypertension 47 (44%) 5 (18%) 42 (53%) 0.0015
Diabetes 20 (19%) 4 (14%) 16 (20%) 0.58
COPD 5 (5%) | (4%) 4 (5%) |
CHD 16 (15%) 4 (14%) 12 (15%) |
CKD 6 (6%) 3 (11%) 3 (4%) 0.18
CLD 0 0 0
Malignancy 4 (4%) 0 4 (5%) 0.57
Surgery history 24 (22%) 2 (7%) 22 (28%) 0.033
Hospital stay, days 10.0 (6.0-15.0) 12.5 (8.0-15.8) 9.0 (6.0-13.8) 0.13
Time from symptom onset to admission, days 9.0 (6.0-12.0). 4.0 (3.0-9.0) 10.0 (7.3—-13.0) 0.0004
Time from admission to ICU, days 4.0 (2.0-6.0) 3.0 (2.04.0) 4.0 (2.0-6.0) 0.26
Symptom
Fever 91 (84%) 24 (86%) 67 (84%) |
Cough 83 (77%) 21 (75%) 62 (78%) 0.78
Sputum 49 (45%) 9 (32%) 40 (50%) 0.102
Fatigue or myalgia 54 (50%) 12 (43%) 42 (53%) 0.38
Nausea or vomiting 10 (9%) 3(11%) 7 (9%) 0.71
Diarrhoea 17 (16%) 3 (11%) 14 (18%) 0.55
DvVT 22 (20%) 0 22 (28%) 0.0008
GIB 6 (6%) | (4%) 5 (6%) |
Cerebrovascular accident 3 (3%) 0 3 (4%) 0.57
SIC score (ISTH 2 4) 34 (31%) | (4%) 33 (41%) < 0.0001
DIC score (ISTH 2 5) 42 (39%) 0 42 (53%) < 0.0001
SOFA score 3.0 (2.04.0) 1.0 (1.0-2.0) 3.0 (2.04.0) < 0.0001
Anti-coagulation therapy 42 (39%) | (4%) 41 (51%) < 0.0001

Abbreviations: COVID-19, Coronavirus disease 2019; COPD, chronic obstructive pulmonary disease; CHD, coronary heart disease; CKD, chronic kidney disease; CLD,
chronic liver disease; ICU, intensive care unit; DVT, deep vein thrombus; GIB, gastrointestinal bleeding; SIC, sepsis-induced coagulopathy; DIC, disseminated intravascular

coagulation; SOFA, sequential or sepsis-related organ failure assessment.

in the non-survivor group at the last day decreased to 68.2
+ 2.8%, which was lower than that of the survivor group
(88.5 £ 3.8%, p = 0.0001) (Figure 1I).

Changes of Infectious Indicators for

Patients Infected with SARS-CoV-2

Coagulopathy of COVID-19 was inevitably correlated
with inflammatory reaction, which was initiated by
SARS-CoV-2 infection, revealed through inflammatory
indicators, cytokines, and cytokine receptor (Figure 2).
Levels of CRP in survivor and non-survivor groups were

higher than 10.0 mg/L at day 1, day 4, day 7, and the last
day. Meanwhile, the non-survivor group showed signifi-
cantly higher levels of CRP at all times (127.6 = 7.5 versus
40.3 = 9.1 mg/L, p < 0.0001) (118.9 + 9.0 versus 18.8 +
4.2 mg/L, p < 0.0001) (138.9 + 11.8 versus 46.0 + 16.8
mg/L, p = 0.0003) (128.3 + 8.7 versus 24.9 + 8.7 mg/L, p
< 0.0001) (Figure 2A). Meanwhile, ESR exceeded
15.0 mm/h in both groups at all times. ESR was faster in
the non-survivor group than in the survivor group at day 1
(46.0 £+ 3.3 versus 27.4 + 4.3 mm/h, p = 0.0046) and the
last day (147.7 + 3.5 versus 23 + 2.7 mm/h, p < 0.0001)
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(Figure 2B). As COVID-19 progressed in the non-survivor
group, values of PCT increased from 1.4 ng/mL to 8.0 ng/
mL, much higher than that of survivor group at all times (p
< 0.0001), whose PCT levels were less than 0.5 ng/mL
(Figure 2C). Furthermore, serum ferritin levels, in both
groups, exceeded 500 pg/L at all times, but the non-survi-
vor group had higher levels of serum ferritin at day 1 (p =
0.0019), day 4 (p = 0.04), and the last day (p = 0.0002)
(Figure 2D).

Interleukins including IL-1B, IL-6, IL-8, and IL-10
were measured in our study. Serum levels of IL-1B were
less than 5.0 pg/mL for most patients at all times
(Figure 2E), however, levels of IL-6 in all the patients
exceeded the normal range, which was less 7.0 pg/mL.
Especially among non-survivors, levels of IL-6, increased
as the disease progressed and were much higher than those
of survivors at day 7 (p = 0.03) and the last day (p = 0.01)
(Figure 2F). On the contrary, IL-8, unstimulated by viral
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infection here, was below the upper limit of 62.0 pg/mL,
for most patients in both groups, although non-survivors
had higher levels of IL-8 at day 1 (p = 0.02), day 7 (p =
0.02), and the last day (p = 0.0008), in comparison to
survivors (Figure 2G). Differently, levels of IL-10 fluctu-
ated around the upper limit, 9.1 pg/mL, for survivors, but
were elevated for non-survivors. On the last day, levels of
IL-10 were much higher in the non-survivor group com-
pared to the survivor group (p = 0.0006) (Figure 2H).
Interleukin receptor, IL-2R, levels increased in the
survivor group, but were elevated to a much higher level
in the non-survivor group, particularly at day 1 (p = 0.02)
and the last day (p = 0.0002) (Figure 2I). Another cyto-
kine, TNF-o0, was observed to have been unstimulated in
both groups during hospitalisation and no significant dif-
ference was found between the two groups (Figure 2J).

Correlation of Coagulopathy with
Infectious and Inflammatory Indicators
for COVID-19 Patients

SARS-CoV-2 infection caused an inflammatory response,
which induced prominent change in coagulation function.
The relationship of coagulation function with infectious
and inflammatory indicators of COVID-19 patients was
analysed (Table 2). D-dimer was positively associated
with CRP (» = 0.36, p = 0.0007), serum ferritin (» =
0.29, p = 0.02), PCT (r = 0.45, p < 0.001), and IL-2R (»
= 0.45, p = 0.007) for COVID-19 patients on admission
(Table 1). Meanwhile, SIC scores were positively corre-
lated with CRP (r = 0.28, p = 0.006), PCT (r = 0.35, p =
0.0007), IL-1B (r = 0.33, p = 0.048), and IL-6 (» = 0.37, p
=0.009) for COVID-19 patients on admission. At the end
of hospitalisation, DIC scores were positively related to
CRP (r=0.45, p <0.0001), ESR (r=0.25, p = 0.02), PCT
(r = 046, p < 0.0001), serum ferritin (r = 0.43, p <
0.0001), IL-10 (» = 0.33, p = 0.02), and IL-2R (r = 0.48,
p = 0.0005) in COVID-19 patients.

Discussion

During the process of fighting against viral or bacterial
invasion, immune systems are inevitably activated, thus
stimulating the coagulation system.”'> Thus, SARS-CoV-
2 infection was also observed to cause disturbances of
coagulation and immune systems, which are non-negligi-
ble issues during the treatment of COVID-19 patients.
This study reveals that SARS-CoV-2-associated coagulo-
pathy exists in almost all critically ill COVID-19 patients.

Values of d-dimer and FDP were elevated in all patients,
especially for non-survivors, who also had longer PT,
APTT, INR as well as TT, and lower PTA and AT com-
pared to survivors. Besides, more patients in the non-
survivor group progressed into SIC and DIC. Moreover,
infectious and inflammatory markers including CRP, ESR,
serum ferritin, IL-8, and IL-2R increased in all patients,
and more obviously so in those in the non-survivor group
who also had higher levels of IL-6 and IL-10 in compar-
ison with the survivor group. In the relationship of coagu-
lation with inflammation, we found that D-dimer, SIC
score, and DIC score were positively associated with
infectious and inflammatory markers.

One prominent clinical feature of coagulation function
of patients with COVID-19 is hypercoagulability, which is
a risk factor for mortality. Hyaline thrombus or micro-
thrombus was found in vessels of the lung, kidney, heart,
brain, and liver by autopsy of COVID-19 patients accord-
ing to the report of the Seventh Revised Trial Version of
the Novel
Treatment Guidance of National Health Commission of

Coronavirus Pneumonia Diagnosis and
China.'® Besides, 28% of non-survivors were detected
with deep vein thrombosis using ultrasonography, which
explained the sudden incidence of respiratory insufficiency
and death of some COVID-19 patients as observed during
our clinical work, indicating detachment of deep vein
thrombus and pulmonary embolism. In laboratory tests,
levels of d-dimer and FDP, reflecting blood hypercoagul-
able status, increase for COVID-19 patients and markedly

h,2>12 which was con-

for cases of critical illness or deat
firmed by our findings. High values of d-dimer are
strongly correlated with hospital mortality in patients
with sepsis.!” For COVID-19 patients, a high level of
d-dimer is an independently risky factor of in-hospital
death.*'?

Another clinical characteristic of COVID-19 patients is
DIC, which mirrors the critical condition of patients and
predicts poor prognosis. Sepsis-induced DIC develops
from sequential stages of sepsis with reduced platelet and
sepsis-induced coagulopathy.'>  Thrombocytopenia is
rarely seen in mild, moderate, and severe COVID-19
patients, but is common in cases of critical illness,2’4’18’1°
which is consistent with our data suggesting that absolute
counts of platelets increased in survivors and decreased in
deaths (Figure S1). A previous report shows that 41% of
non-survivors and 13.3% of survivors meet SIC criteria
associated with 28-day mortality.* Our data also suggested

that 41% of non-survivors and only 4% of survivors
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Table 2 Correlations Between Coagulopathy of COVID-19 Patients and Infectious and Inflammatory Markers

CRP ESR PCT Serum Ferritin IL-1p IL-6 IL-8 IL-10 IL-2R TNF-a
r(p) r(p) r(p) r(p) r(p) r(p) r(p) r(p) r(p) r(p)
D-dimer 036 0.18 0.45 029 -0.07 0.16 022 0.07 045 0.06
(0.0007) (0.13) (< 0.0001) (0.02) 0.72) (029) 021) ©071) (0.007) 0.72)
SIC score 0.28 -0.10 035 023 033 037 03I 0.10 0.28 —0.11
(0.006) (039) (0.0007) (0.052) (0.048) (0.009) (0.07) (0.60) (0.10) (0.52)
DIC score 045 025 0.46 0.43 -0.06 020 027 033 0.48 -0.0l
(<0.0001) (0.02) (<0.0001) (<0.0001) (0.69) (0.09) (0.06) (0.02) (0.0005) (0.94)

Abbreviations: COVID-19, Coronavirus disease 2019; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; PCT, procalcitonin; IL-1, interleukin-If; IL-6,
interleukin-6; IL-8, interleukin-8; IL-10, interleukin-10; IL-2R, interleukin-2 receptor; TNF-o, tumor necrosis factor-a; SIC, sepsis-induced coagulopathy; DIC, disseminated

intravascular coagulation.

underwent SIC, which further supported the fact that sep-
sis-induced coagulopathy indicates severity of COVID-19.
As the conditions of patients worsen, SIC sequentially
transforms into overt DIC which is highly related with
mortality.”” Most of the deaths with COVID-19 experi-
enced overt DIC,5 which is in line with our results reveal-
ing that 53% of non-survivors and none of the survivors
underwent overt DIC. Unlike non-sepsis DIC, fibrinolysis
is greatly suppressed by PAI-1 in sepsis-associated DIC,
which leads to organ failures by decreasing tissue perfu-
sion and in which systematic bleeding rarely occurs.**' In
our cohort, several patients were observed with gastroin-
testinal bleeding and cerebrovascular accident, which were
mainly attributed to stress reaction or peptic ulcers and
hypertension, respectively.

The above traits of coagulopathy of COVID-19 patients
are slightly distinguished from SARS and MERS.
Thrombocytopenia is common in SARS but rare in
COVID. Prolonged APTT is also usual, even in non-ICU
patients with SARS. Raised d-dimer was not documented in
patients with SARS-CoV infection, which is very different
from SARS-CoV-2 infection. DIC is found in few SARS
patients, in only 11.4% of deaths, which is much lower than
that of COVID-19 patients.**** Like ICU COVID-19
patients, around 21% of SARS patients have DVT. Eleven
percent of SARS patients have evidence of pulmonary
embolism,>* which is unknown in COVID-19 patients for
now. Thrombocytopenia in MERS is also common, but
slightly lower than in SARS.* DIC occurs in 14% of
patients with MERS,*® which is higher compared to SARS
(2.5%),%* but much lower than our data (39% in Table 1).

Sepsis-associated  coagulopathy involves  various
mechanisms, undoubtedly, among which, cytokines are para-
mount in contributing to the derangement of the coagulation

system. Elevated values of pro-inflammatory cytokines (such
as TNF, IL-6, and IL-1) and anti-inflammatory cytokines
including IL-10 were measured in activation of coagulation.”
IL-6 plays a central role in activating coagulation by cross-
talk with protein C, protein S, and antithrombin systems and
is a poor prognostic factor for sepsis.”’ >’ For SARS-CoV-2
infection, the virus itself is able to activate coagulation
through binding to angiotensin converting enzyme 2
(ACE2) to damage vascular endothelial cells in addition to
stimulating the innate immune system to induce a cytokine
storm associated with disease severity.’*>' In previous stu-
dies, raised levels of pro-inflammatory cytokines, such as IL-
1, IL-2, IL-2R, IL-6, IL-8, IL-10, TNF-a, and IFN-y, and
simultaneously increased levels of anti-inflammatory cyto-
kines, IL-4 and IL-10, were well documented in patients with
COVID-19, especially for critical cases.”®*' IL-6 is recog-
nised as the key pathogenic cytokine causing a cytokine
storm.>! IL-2R, IL-6, IL-8, and IL-10 described in our
study, cause similar changes to those mentioned in previous
reports, which confirm the existence of the cytokine storm
induced by SARS-CoV-2 infection. Besides, this phenom-
enon also occurs in SARS and MERS such that serum con-
centrations of pro-inflammatory cytokines (IL-1, IL-6, IL-8,
TNF-0, and IFN-y) increased.**?”

In addition, infectious response was initiated during
sepsis. Infectious markers, including CRP and PCT,
increased during infection, participate in the abnormality
of coagulation, and predict disease severity.''" Increased
values of CRP, PCT, ESR, and serum ferritin are depicted
in COVID-19 patients, and CRP, PCT, and serum ferritin

have significantly higher values in severe cases’'?

as
supported by our findings.
Inflammation and coagulation interact during infection.

Markers of infection and inflammation, including PCT, IL-6,
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IL-8, and IL-10 are positively correlated with DIC in patients
with sepsis."® For SARS-CoV-2 infection, we found that
D-dimer was positively associated with CRP, serum ferritin,
PCT, and IL-2R: the SIC score was positively correlated with
CRP, PCT, IL-1p, and IL-6, and the DIC score was positively
correlated with CRP, ESR, PCT, serum ferritin, IL-10, and
IL-2R in COVID-19 patients. Up to now, no evidence has
been found to allow investigation of the relationship between
coagulation and inflammation in SARS-COV-2 infection.
Therefore, our data were the first to allow description of the
correlation of coagulopathy of patients with COVID-19 and
markers of inflammation and infection.

The primary management of patients with COVID-19
is symptomatic therapy and supportive care as there is no
effective drug to treat SARS-CoV-2 infection at present.
Prothrombotic state, DVT, and DIC of patients with
COVID-19 are managed by use of anticoagulants.
Although routine use of anticoagulants, such as LMWH,
antithrombin, or thrombomodulin in sepsis-induced DIC
patients is controversial: LMWH is able to benefit a group
of selected patients with COVID-19, who meet SIC diag-
nostic criteria or whose d-dimer values are more than six
times the upper limit of the normal range.*** Thirty-nine
percent of our patients received anticoagulant therapy, and
most of them were non-survivors with severe coagulation
disturbance. IL-6 is the key factor inducing a cytokine
storm and is associated with mortality caused by sepsis
or sepsis shock. Thus, targeting L-6 receptor therapy for
patients with COVID-19 is now on clinical trial
(ChiCTR2000029765). All these measurements aim to
slow and even stop the deterioration associated with the
disease and improve the prognosis of patients with
COVID-19.

In summary, prothrombotic state, SIC, and DIC are the
characteristics of coagulation in ICU patients with
COVID-19. Raised values of CRP, ESR, serum ferritin,
IL-8, and IL-2R were detected in most patients with
COVID-19, especially among non-survivors. Levels of
IL-6 and PCT were significantly higher in non-survivors.
Coagulopathy of patients with COVID-19 was signifi-
cantly positively associated with markers of inflammation
and infection.
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