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Abstract

Background: The roles of inflammation and hypercoagulation in predicting outcomes of coro-

navirus disease 2019 (COVID-19) are unclear.

Methods: Adult patients diagnosed with COVID-19 from 28 January 2020 to 4 March 2020 in

Tongji Hospital, Wuhan were recruited. Data on related parameters were collected. Univariate

analysis and multivariable binary logistic regression were used to explore predictors of critical

illness and mortality.

Results: In total, 199 and 44 patients were enrolled in the training and testing sets, respectively.

Elevated ferritin, tumor necrosis factor-a and D-dimer and decreased albumin concentration

were associated with disease severity. Older age, elevated ferritin and elevated interleukin-6

were associated with 28-day mortality. The FAD-85 score, defined as ageþ 0.01 * ferritin

þD-dimer, was used to predict risk of mortality. The sensitivity, specificity and accuracy of

FAD-85 were 86.4%, 81.8% and 86.4%, respectively. A nomogram was established using age,

ferritin and D-dimer to predict the risk of 28-day mortality.
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Conclusions: Thrombo-inflammatory parameters provide key information on the severity and

prognosis of COVID-19 and can be used as references for clinical treatment to correct inflam-

matory and coagulation abnormalities.
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Introduction

Severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) has spread to many
countries in recent months, and the number
of infected patients has increased dramatical-
ly. The resulting coronavirus disease 2019
(COVID-19) is associated with significant
mortality. Developing strategies for to predict
disease severity and mortality in patients with
COVID-19 remains an explored and impor-
tant direction of research.

Patients diagnosed with mild pneumonia
or with evidence of pneumonia1 accounted
for most COVID-19 patients. Although
most symptoms of those patients can be
alleviated temporarily, their condition can
become exacerbated in just a few days. In
addition, mortality in patients with severe
disease, who are more prone to acute respi-
ratory distress syndrome, is much higher
than that in patients with mild disease.
Treatment of patients with mild and
severe disease varies considerably, and the
treatment and monitoring of the latter
patients is very challenging.

Easily accessed indicators to evaluate
prognosis in the early stages of COVID-19
enable physicians to take timely and effec-
tive action to prevent disease exacerbation
or mortality. According to the Chinese
Guidelines for Diagnosis and Treatment
of Novel Coronavirus Pneumonia
(Trial Version 7), microthrombi were exten-
sively present in multiple organs of patients

with complicated COVID-19,2 which is pre-

sumably the consequence of dysregulated

inflammation and coagulation processes.

Although previous studies have reported

that an increased level of D-dimer is a

risk factor for COVID-19 mortality,3–5

comprehensive and detailed studies on

thrombo-inflammatory features are still

lacking. Therefore, in this study, we retro-

spectively analyzed the relationship between

thrombo-inflammatory biomarkers and ill-

ness severity and outcome in patients with

COVID-19. We explored the use of simple

tools to determine prognosis, which may

have significant value in assisting clinical

decision-making to improve outcomes in

patients with COVID-19.

Materials and Methods

Study design and population

A retrospective single-center observational

study was conducted from 28 January 2020

to 4 March 4 2020 in the Sino-French New

City Branch of Tongji Hospital, Huazhong

University of Science and Technology,

Wuhan, China. Clinical outcomes were

monitored up to 23 March 2020. Cases

were diagnosed according to the World

Health Organization interim guidance.4

Patients were confirmed to be positive for

SARS-CoV-2 nucleic acid by real-time

reverse-transcription polymerase chain
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reaction of nasal or pharyngeal swab

specimens. The presence of SARS-CoV-2-

specific immunoglobulin M and immuno-

globulin G has been used to diagnose

COVID-19 since February 26. Patients

with severe liver diseases (e.g. hepatic cir-

rhosis with an alanine aminotransferase

[ALT] or aspartate aminotransferase

[AST] level more than five times the upper

limit of the normal range), hematological

malignancies, advanced carcinoma, rheu-

matic immune disease, organ transplanta-

tion, recent thrombosis or embolism, or

end stage renal failure with chronic dialysis

were excluded. The study was approved by

the ethics committee of Peking University

Third Hospital (IRB00006761-M2020060).

All data were anonymous and so the

requirement for informed consent was

waived. Data for enrolled patients were

partitioned into two complementary sub-

sets: the training set of patients from four

wards was used to establish the predictive

model, and the testing set of patients from

another ward was used to validate the

analysis.

Data collection

Demographic information, comorbidities

and laboratory information including com-

plete blood count, ferritin, C-reactive pro-

tein (CRP), procalcitonin, inflammatory

cytokines and coagulation tests were col-

lected. Demographic information and

information on comorbidities were provid-

ed by patients or their immediate family

members at admission, and personal certif-

icate information was registered. Blood

samples were collected within 24 hours of

hospitalization. The test instruments were

calibrated every day.

Statistical analysis

Study data were collected on standard

forms, checked for completeness, and

double keyed into an Epidata database
using Epidata version 3.1 (Odense,
Denmark).

The analysis was conducted in two stages.
First, data were compared between patients
with moderate and severe disease (including
severe and critical disease); severity classifi-
cation was based on the Chinese Guidelines
for Diagnosis and Treatment of Novel
Coronavirus Pneumonia (Trial Version 7).2

Second, data were compared between non-
survivors and survivors at 28 days.

All analyses were conducted using SPSS
25.0 (IBM Corp., Armonk, New York,
USA) and R version 3.6.2 (www.r-project.
org). Non-normally distributed continuous
variables were expressed as medians (inter-
quartile ranges) and normally distributed
continuous variables were expressed as
means� standard deviations. Categorical
variables were summarized as counts and
percentages. The independent t test was
used to assess differences between two
groups for continuous variables and
counts (percentages). A two-sample t-test
was used for variables with normal distri-
butions and a nonparametric test (Mann–
Whitney U test) was used for continuous
variables with non-normal distributions.
Pearson’s v2 test or Fisher’s exact test
were used to assess differences in propor-
tions for categorical variables.

Multivariable binary logistic regression
(backward method) was used to explore
factors associated with critical illness and
mortality. Factors with P< 0.1 in univari-
ate analyses were included as independent
variable. The variables with the highest P
values were removed from the model until
all P values for the remaining variables
were <0.05. Odds ratios (ORs) and 95%
confidence intervals (CIs) were calculated.

A joint model was established to predict
the probability of outcomes according to
the results of multivariate analysis and clin-
ical experience. Missing data were handled
by complete-case analysis. The predicted
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values of binary logistic regression were
used as the joint variable. The area under
the receiver operating characteristic (ROC)
curve (AUC) was used to evaluate predic-
tive value. The final linear prediction for-
mula of the joint model was converted
using the equal proportion method to facil-
itate calculation. The cutoff value was
determined according to actual clinical
needs and Youden’s index. We constructed
a nomogram to predict the probability of
outcomes more accurately using the rms
package in R. The ROC curve was plotted
using the ROCR package in R. A two-sided
P value< 0.05 was considered statistically
significant. Parameters for patients from
the testing set were used to verify the
model and the nomogram.

Results

Comparison of patients with moderate

and severe disease

The study flowchart is shown in Figure 1.

A total of 234 adult inpatients were enrolled

in the study including 199 patients in the

training set and 44 patients in the testing

set. The training set included 70 (35.2%)

patients with moderate disease and 129

(64.8%) patients with severe disease.
The comparison of patients with moder-

ate and severe disease is shown in Table 1.

The median age of patients was 62.3� 14.0

years old and 100 (50.3%) patients were

women. Compared with patients with

severe disease, patients with moderate

Figure 1. Study flowchart.
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Table 1. Comparison of baseline and laboratory indicators between patients with moderate and severe
COVID-19 disease.

Moderate disease

(n¼ 70)

Severe disease

(n¼ 129)

All patients

(n¼ 199) P

Age (years) 58.1� 13.6 64.6� 13.7 62.3� 14.0 0.001

Women 41 (58.6%) 59 (45.7%) 100 (50.3%) 0.08

Men 29 (41.4%) 70 (54.3%) 99 (49.7%)

Comorbidity

Hypertension 22 (31.4%) 56 (43.8%) 78 (39.4%) 0.09

Diabetes 13 (18.6%) 28 (21.7%) 41 (20.6%) 0.60

Coronary heart disease 8 (11.4%) 16 (12.4%) 24 (12.1%) 0.84

COPD 2 (2.9%) 7 (5.4%) 9 (4.5%) 0.63

Stroke 2 (2.9%) 3 (2.3%) 5 (2.5%) 1.00

Other comorbidities 5 (7.1%) 6 (4.7%) 11 (5.5%) 0.68

Glucocorticoids prior

to admission

6 (9.0%) 13 (10.3%) 19 (9.8%) 0.76

Duration from illness onset

to admission (days)

12 (9, 16) 13 (10, 15) 12 (10, 16) 0.48

28-day mortality (%) 1 (1.42) 23 (17.8) 24 (12.1) <0.001
Laboratory tests

WBCs (�109/L) 4.8 (4.2, 5.8) 6 (4.8, 8.4) 5.5 (4.4, 7.3) <0.001
Neutrophils (�109/L) 2.9 (2.3, 4.1) 4.5 (3.3, 7.2) 4 (2.7, 5.6) <0.001
Lymphocytes (�109/L) 1.3 (0.9, 1.6) 0.8 (0.6, 1.3) 1 (0.7, 1.4) <0.001
Hemoglobin (g/L) 127 (116, 138) 125 (116.5, 132) 125 (116, 137) 0.28

Platelets (�109/L) 228.0� 84.5 229.9� 92.9 229.2� 89.8 0.89

Platelet distribution width (fL) 11.6 (10.8, 13.2) 12.4 (11.3, 14.0) 12.2 (11.0, 13.7) 0.050

ALT (U/L) 17.5 (12.0, 27.0) 26.0 (18.0, 42.5) 22 (15, 38) <0.001
AST (U/L) 21.0 (16.8, 29.0) 33.0 (22.0, 48.5) 27 (19, 42) <0.001
Albumin (g/L) 37.7� 4.1 32.7� 4.2 34.5� 4.8 <0.001
TBil (lmol/L) 8.5 (6.8, 11.4) 9.8 (7.0, 13.9) 9.5 (7.0, 13.4) 0.10

LDH (U/L) 234.5 (209.8, 272.8) 334.0 (268.5, 469.0) 287 (232, 389) <0.001
BUN (mmol/L) 3.7 (3.1, 4.9) 4.8 (3.7, 6.8) 4.4 (3.4, 6.0) <0.001
SCr (mmol/L) 65.5 (52.0, 80.3) 71.0 (59.5, 87.0) 70 (57, 85) 0.07

Ferritin(ug/L) 381.9 (248.6, 519.4) 955.3 (624.7, 1576.4) 703.4 (387.2, 1315.9) <0.001
CRP (mg/L) 6.2 (1.6, 29.8) 59.3 (15.4, 121.4) 28.1 (6.0, 87.1) <0.001
PCT (ng/mL) 0.0 (0.0, 0.0) 0.1 (0.0, 0.2) 0.0 (0.0, 0.1) <0.001
IL-1b (pg/ml) 2.5 (2.5, 2.5) 2.5 (2.5, 2.5) 2.5 (2.5, 2.5) 0.36

IL-2R (U/mL) 501.5 (372.0, 657.2) 888.0 (578.0, 1331.5) 701.0 (461.0, 1145.0) <0.001
IL-6 (pg/mL) 8.0 (2.1, 19.6) 28.3 (8.9, 66.7) 18.8 (4.8, 47.3) <0.001
IL-8 (pg/mL) 8.8 (5.5, 14.9) 16.5 (8.1, 29.1) 12.4 (6.9, 24.3) <0.001
IL-10 (pg/mL) 2.5 (2.5, 6.0) 2.5 (2.5, 9.8) 2.5 (2.5, 8.1) 0.011

TNF–a (pg/mL) 6.4 (4.5, 9.8) 9.2 (6.8, 13.3) 8.5 (6, 12) <0.001
Prothrombin time (s) 13.7 (13.2, 14.2) 14.2 (13.6, 15.0) 14.0 (13.5, 14.6) <0.001
Prothrombin activity (%) 94.5� 10.5 86.8� 14.1 89.5� 13.4 <0.001
Fibrinogen (g/L) 4.5� 1.3 5.5� 1.6 5.1� 1.6 <0.001

Fibrinogen (g/L) <0.001
�2.4 1 (1.4%) 5 (3.9%) 6 (3.0%) <0.001
>2.4 to 4.8 42 (60.0%) 35 (27.3%) 77 (38.9%)

(continued)
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disease were younger (P¼ 0.001).

Hypertension was the most common

comorbidity (39.4%). Higher white blood

cell (WBC) counts (P< 0.001), neutrophils

counts (P< 0.001), platelet distribution

widths (P¼ 0.050) and rates of lymphope-

nia (P< 0.001) were noted in the severe dis-

ease group. Elevated ALT (P< 0.001), AST

(P< 0.001), lactate dehydrogenase

(P< 0.001), blood urea nitrogen (P< 0.001)

and hypoalbuminemia (P< 0.001) were

observed in the severe disease group.

Moreover, patients with moderate disease

had lower levels of ferritin (P< 0.001),

CRP (P< 0.001), procalcitonin

(P< 0.001), interleukin-2 receptor (IL-2R)

(P< 0.001), IL-6 (P< 0.001), IL-

8 (P< 0.001), IL-10 (P¼ 0.11) and tumor

necrosis factor (TNF)-a (P< 0.001).

Elevated fibrinogen (P< 0.001), D-dimer

(P< 0.001) and fibrin(ogen) degradation

products (P< 0.001) were found in patients

with severe disease. Longer prothrombin

times (P< 0.001) and thrombin times

(P¼ 0.001) were found in the severe disease

group.
Factors with P< 0.1 in Table 1 were

included as independent variables to explore

risk factors associated with the severity of

COVID-19. Increased concentrations of

ferritin (OR¼ 1.002, 95%CI 1.000, 1.003,
P¼ 0.029), TNF-a (OR¼ 1.155, 95%CI
1.030, 1.296, P¼ 0.013) and D-dimer
(OR¼ 2.166, 95%CI 1.062, 4.416,
P¼ 0.033) and decreased concentration of
albumin (OR¼ 0.848, 95%CI 0.746, 0.965,
P¼ 0.012) were associated with severe
disease.

Comparison between survivors and
non-survivors

As shown in Figure 1, there were 170
(87.9%) survivors and 24 (12.1%) non-
survivors included in the training set.

Comparisons between survivors and
non-survivors are shown in Table 2.
Survivors were younger than non-
survivors (P¼ 0.001), and fewer survivors
had chronic obstructive pulmonary disease
(P¼ 0.01) or stroke (P¼ 0.013) than non-
survivors. Higher counts of WBCs
(P< 0.001) and neutrophils (P< 0.001)
and higher rates of lymphopenia
(P< 0.001) were noted in non-survivors.
Elevated AST (P< 0.001), lactate dehydro-
genase (P< 0.001), blood urea nitrogen
(P< 0.001) serum creatinine (P¼ 0.002)
and hypoalbuminemia (P¼ 0.002) were
observed in non-survivors. Moreover, sur-
vivors were found to have lower levels of

Table 1. Continued.

Moderate disease

(n¼ 70)

Severe disease

(n¼ 129)

All patients

(n¼ 199) P

>4.8 to 7.2 26 (37.1%) 65 (50.8%) 91 (46.0%)

>7.2 1 (1.4%) 23 (18.0%) 24 (12.1%)

APTT (s) 39.0 (36.1, 42.0) 40.2 (35.7,44.9) 39.6 (35.8, 43.8) 0.29

Thrombin time (s) 16.2 (15.6, 17.0) 17.0 (15.9,18.3) 16.7 (15.8, 18.0) 0.001

D-dimer (mg/mL) 0.5 (0.3, 0.9) 1.6 (0.9,2.8) 1.2 (0.5, 2.1) <0.001
FDP (mg/mL) 4.0 (4.0, 4.0) 5.2 (4.0,11.2) 4.0 (4.0, 7.4) <0.001
Antithrombin (%) 101.0 (92.0, 109.0) 98.0 (83.2,112.8) 100.0 (85.5, 112.0) 0.19

BUN, blood urea nitrogen; ALT, alanine aminotransferase; APTT, activated partial thromboplastin time; AST, aspartate

aminotransferase; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; FDP, Fibrin(ogen) degradation

products; IL-1b, interleukin-1b; IL-2R, interleukin-2 receptor; IL-6, interleukin-6; IL-8, interleukin-8; IL-10, interleukin-10;

LDH, lactate dehydrogenase; PCT, procalcitonin; SCr, serum creatinine; TBil, total bilirubin; TNF-a, tumor necrosis factor–

a; WBC, white blood cell.
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Table 2. Comparison of baseline and blood test indicators between surviving and non-surviving COVID-19
patients.

Survivors

(n¼ 175)

Non-survivors

(n¼ 24) P

Age, years 64.0 (51.0, 71.0) 69.5 (64.5, 82.75) 0.001

Women 89 (50.9%) 8 (33.3%) 0.11

Men 86 (49.1%) 16 (66.7%)

Comorbidity

Hypertension 66 (37.9%) 12 (50.0%) 0.27

Diabetes 33 (18.9%) 9 (37.5%) 0.06

Coronary heart disease 21 (12.0%) 2 (8.3%) 1.00

COPD 10 (5.7%) 5 (20.8%) 0.01

Stroke 2 (1.1%) 3 (12.5%) 0.013

Other comorbidities 11 (6.3%) 0 (0%) 0.37

Duration from illness onset

to admission (days)

12 (10, 16) 12 (9, 14) 0.38

Glucocorticoids prior

to admission

16 (9.5%) 3 (13.0%) 0.71

Laboratory tests

WBCs (�109/L) 5.3 (4.4, 6.8) 8.2 (5.5, 13.1) <0.001
Neutrophils (�109/L) 3.8 (2.6, 5.1) 7.0 (4.3, 12.3) <0.001
Lymphocytes (�109/L) 1 (0.7, 1.4) 0.6 (0.5, 1.0) <0.001
Hemoglobin (g/L) 136 (117, 143) 125 (114, 134) 0.052

Platelets (�109/L) 230.5�86.5 221�114.0 0.65

Platelet distribution width (fL) 12.2 (11, 13.7) 12.9 (12.0, 14.6) 0.11

ALT (U/L) 22.0 (14.0, 38.0) 21.5 (18.3, 39.5) 0.36

AST (U/L) 25.0 (19.0, 40.0) 41.0 (33.5, 57.5) <0.001
Albumin (g/L) 34.9�4.7 31.6�4.6 0.002

TBil (lmol/L) 9.4 (7.0, 12.3) 10.5 (7.4, 16.2) 0.14

LDH (U/L) 274 (226, 358) 478.5 (315, 702.5) <0.001
BUN (mmol/L) 4.2 (3.4, 5,5) 8.2 (4.9, 13.8) <0.001
SCr (mmol/L) 68 (56, 82) 81.5 (71.3, 103.5) 0.002

Ferritin(ug/L) 658.7 (378.8, 1268.7) 1478.4 (670.7, 2217.0) 0.001

CRP (mg/L) 26.1 (5.3, 78.5) 139.8 (51.3, 191.0) <0.001
PCT (ng/mL) 0.05 (0.03, 0.12) 0.33 (0.16, 1.19) <0.001
IL-1b (pg/ml) 2.5 (2.5, 2.5) 2.5 (2.5, 2.5) 0.94

IL-2R (U/mL) 658 (443, 1018) 1189 (720, 1577) 0.001

IL-6 (pg/mL) 15.3 (4, 41.3) 64.1 (29.6, 137.6) <0.001
IL-8 (pg/mL) 11.3 (6.5, 22.5) 23.3 (12.8, 35.2) 0.003

IL-10 (pg/mL) 2.5 (2.5, 6.9) 9.2 (2.5, 17.4) <0.001
TNF–a (pg/mL) 8.1 (5.8, 11.5) 12.0 (7.4, 15.2) 0.005

Prothrombin time (s) 14 (13.4, 14.6) 14.9 (14.1, 15.7) <0.001
Prothrombin activity (%) 90 (83, 98) 80.5 (72.3, 89) <0.001
Fibrinogen (g/L) 5.1 (3.8, 6.2) 5.8 (4.7, 6.4) 0.12

Fibrinogen (g/L)

�2.4 4 (2.3%) 2 (8.3%) 0.035

>2.4 to 4.8 72 (41.4%) 4 (16.7%)

>4.8 to 7.2 76 (43.7%) 15 (66.7%)

(continued)
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CRP (P< 0.001), procalcitonin (P< 0.001),
ferritin (P< 0.001), IL-2R (P¼ 0.001), IL-6
(P< 0.001), IL-8 (P¼ 0.003), IL-10
(P¼ 0.005) and TNF-a (P¼ 0.006).
Elevated levels of D-dimer (P< 0.001)
and fibrin(ogen) degradation products
(P< 0.001) were observed in non-
survivors. Compared with survivors,
longer prothrombin times (P< 0.001) were
observed in non-survivors.

Because of the moderate sample size,
11 factors with P< 0.1 in Table 2 were
included as independent variables to
explore risk factors associated with
COVID-19 mortality. Elevated age (OR¼
1.130, 95%CI 1.054, 1.210, P¼ 0.001),
ferritin (OR ¼ 1.001, 95%CI 1.000, 1.001,
P¼ 0.005) and IL-6 (OR ¼ 1.009, 95%CI
1.000, 1.017, P¼ 0.040) were independent
risk factors for mortality.

Models for prediction of mortality

The efficacy of different combinations of
variables in predicting mortality is shown
in Appendix 1. As shown in Figure 2, the
combination of age, ferritin, and IL-6 had
the highest AUC. There was little difference
in the AUCs for the first three combina-
tions. The combination of age, ferritin and
D-dimer was selected as the predictive
model combination. The predictive model

was constructed as “0.119*ageþ0.001* fer-
ritin (mg/L) þ0.086*D-dimer (mg/mL)”
according to the coefficient of the second
combination in the binary logistic regres-
sion model (Appendix 2). The model coef-
ficient was converted to facilitate
calculation, divided by 10 times the coeffi-
cient of ferritin and approximated. The
resulting model, y¼ ageþ0.01* ferritin
(mg/L) þD-dimer (mg/mL) had an AUC of
0.871. The model was named FAD-85
based on its optimal cut-off value (85)
(Appendix 3). The sensitivity, specificity,
positive predictive value, negative predic-
tive value, false positive rate and false
negative rate were 86.4%, 81.8%, 39.6%,
97.7%, 16.0% and 13.6%, respectively.
The mortality rates suggested the following
risk categories: FAD-85 <85 (‘low risk’,
mortality¼ 2.3%); FAD-85 �85 (‘high
risk’, mortality¼ 39.6%). The comparison
of the training and validation datasets is
described in Appendix 4. With the informa-
tion of 44 patients from the testing set was
calculated according to the FAD-85 score,
the accuracy of this score was 86.4%.

Nomogram for prediction of mortality

To quantitatively describe the risk of mor-
tality, we used a binary logistic regression
model consisting of age, ferritin, D-dimer

Table 2. Continued.

Survivors

(n¼ 175)

Non-survivors

(n¼ 24) P

>7.2 22 (12.6%) 2 (8.3%)

APTT (s) 39.2 (35.4, 43.5) 41.4 (36.6, 45.9) 0.10

Thrombin time (s) 16.6 (15.7, 18) 17.4 (15.8, 18.6) 0.15

D-dimer (mg/mL) 0.97 (0.47, 1.89) 2.56 (1.83, 8.37) <0.001
FDP (mg/mL) 4 (4, 6.5) 9.2 (5.2, 30.1) <0.001
Antithrombin (%) 101 (87, 113) 90.5 (78.5, 115.8) 0.19

BUN, blood urea nitrogen; ALT, alanine aminotransferase; APTT, activated partial thromboplastin time; AST, aspartate

aminotransferase; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; FDP, Fibrin(ogen) degradation

products; IL-1b, interleukin-1b; IL-2R, interleukin-2 receptor; IL-6, interleukin-6; IL-8, interleukin-8; IL-10, interleukin-10;

LDH, lactate dehydrogenase; PCT, procalcitonin; SCr, serum creatinine; TBil, total bilirubin; TNF-a, tumor necrosis factor–

a; WBC, white blood cell.
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and non-survival to establish a nomogram

(Figure 3a). Scores for each case can be

determined according to the values of

these three indicators, and the risk of

death within 28 days can be calculated

according to the total score. The calibration

curve of the nomogram (Figure 3b) showed

that the predictive effect was good, especial-

ly for middle and high scores. Because of

the low mortality of this disease and the

small sample size of this study, prediction

at low scores was unsatisfactory.

Discussion

This retrospective cohort study found that

thrombo-inflammatory abnormalities were

implicated in the progression of COVID-

19. Simple tools were developed for prog-

nosis evaluation that may be useful for

physicians making treatment decisions

after admission using only common labora-

tory results.

Several studies have reported that men
had higher COVID-19 mortality than

women.6–8 This finding is in general agree-
ment with a report of the Chinese Center

for Disease Control and Prevention.9

However, we found no statistical difference
in mortality between men and women,

although there was a trend toward more
men than women having severe disease

(70.7% vs 59%) and fatal disease (16.2%
vs 8%). Gebhard et al. and Scully et al.7,8

summarized the latest evidence and found
that male patients were more likely to be

hospitalized and had higher mortality
rates than female patients, which may be
explained by hormone-regulated expression

of genes coding for the SARS-CoV-2 entry
receptors angiotensin converting enzyme 2

and transmembrane protease, serine 2. Sex
hormone-driven innate and adaptive

immune responses as well as gender-
specific differences in lifestyle may also
play a role. The question of whether male

Figure 2. Characteristic curves for mortality prediction of patients with coronavirus disease 2019
(n¼ 199).
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patients with abnormal inflammatory and
coagulation function may require more
attention from physicians requires further
study.

Lymphopenia was observed more fre-
quently in patients with severe disease and
non-survivors. In addition, non-survivors
tend to develop severe lymphopenia
during hospitalization.10 Recent studies

noted that the number of T cells significant-
ly decreased in severe COVID-19 cases.11

IL-2R and IL-6 complement CD8þ T cell
function,12 and their levels correlated with
disease severity in this study. Recent studies
showed that initial IL-8 and TNF-a concen-
trations were higher in COVID-19 patients
than in healthy adults. Additionally, con-
centrations of TNF-a were higher in

Figure 3. (a) The nomogram was used to predict the mortality probability of COVID-19 patients. (b) The
calibration curve of the nomogram predicting 28-day risk of mortality in patients with COVID-19.
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intensive care unit patients than in other
patients.13 Elevated levels of cytokines
may be associated with mortality or disease
aggravation and are attributable to height-
ened immuno-inflammation triggered by
viral infection.

The pathological features of COVID-19
pneumonia resemble those of severe acute
respiratory syndrome.14 Viral infection can
lead to exogenous damage mediated by
pathogen-associated molecular patterns.
Proteins or molecules expressed within
cells are released following cell damage,
including damage-associated molecular
patterns (DAMPs). Serum ferritin is an
acute-phase reactant. Ferritin synthesis is
increased in hepatic cells and is often
released by injured tissue, and thus its
levels mirror the degree of acute inflamma-
tion and DAMP release. The concentration
of ferritin at the time of hospital admission
was associated with COVID-19 mortality;
moreover, when patients began to recover,
ferritin concentrations began to decrease.4

Therefore, hyperferritinemia may suggest
extensive inflammatory injury and activa-
tion of monocytes and macrophages, corre-
sponding with recent reports of alveolar
macrophage activation and cytokine
storms associated with the pathogenesis of
severe COVID-1915

There is a complex relationship and
crosstalk between inflammation and throm-
bosis.16 Inflammatory reactions usually
lead to endothelial damage, then platelet
activation and coagulation factor activa-
tion, thus forming microvascular thrombi.
In turn, coagulation system abnormalities
would augment inflammatory responses.
IL-6 and IL-8, two key inflammatory cyto-
kines, are typically implicated in pro-
inflammatory coagulation.17 Elevated IL-6
levels by the action of pathogen-associated
molecular patterns and DAMPs acting on
Toll-like receptors upregulate tissue factor
and activates the extrinsic pathway. IL-8
secreted by alveolar epithelial cells18

typically promotes procoagulant activity
by triggering platelet activation.19

Therefore, elevated levels of IL-6 and IL-8
can cause hypercoagulation and result in a
disheveled fibrin clot,20 in agreement with
the findings of this study. These results
could explain part of the vascular endothe-
lium exfoliation, intimal inflammation and
thrombosis in COVID-19 patients, which
was described in the pathological report of
the Chinese Guidelines for Diagnosis and
Treatment of Novel Coronavirus
Pneumonia (Trial Version 7).2 Inevitably,
extensive microthrombosis within micro-
vasculature leads to microvascular embo-
lism, resulting in lung, kidney, heart and
liver injury.4,10 Blood urea nitrogen eleva-
tion and renal failure was reported by anti-
2019-nCoV volunteers,21 as well as elevated
highly sensitive cardiac troponin I and
acute heart injury.4,10 As a consequence,
imbalances between host coagulation and
fibrinolysis pathways mediated by inflam-
mation may be a key risk factor resulting
in pneumonia progression, diffuse alveolar
damage and acute lung injury.22

During the progressive thrombo-
inflammatory response to COVID-19,
elevation of D-dimer is prominent, further
supporting the presumed mechanism of
injury via microthrombi and resulting in
end organ damage. Anticoagulation thera-
py is recommended for COVID-19 patients
when the D-dimer value is four times higher
than the normal upper limit, except for
patients with anticoagulant contraindica-
tions.23 Zhou et al.4 found D-dimer greater
than 1 mg/L was associated with fatal out-
comes of COVID-19. During SARS-CoV-2
infection, overactive coagulation can lead
to uncontrolled thrombosis and coagulop-
athy while underactive coagulation leads to
pulmonary hemorrhage and edema.2,22

However, extremely high D-dimer in
COVID-19 seemed not to be attributed to
disseminated intravascular coagulation
(DIC). Previous studies reported that DIC
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may occur in critical ill patients at the end
of their lives,1,3,13,24 but it occurred in only
one critically ill patient enrolled in this
study. In addition, it was very unusual
that decreases in platelets, fibrinogen and
antithrombin were rarely observed in
patients with severe COVID-19 or non-
survivors; this finding was very different
from patients with bacterial sepsis,25

H7N9 influenza pneumonia26,27 or highly
pathogenic H5N1 influenza.28,29 These
results require further exploration.

All parameters in the FAD-85 score,
which could be used as a tool to estimate
the outcome of COVID-19 infection, are
easy to obtain clinically and all laboratory
tests are recommended to be performed on
hospital admission. Other tools, such as the
2007 Infectious Diseases Society of
America/American Thoracic Society
Criteria for Defining Severe Community-
acquired Pneumonia,30 the sepsis-related
organ failure assessment, the acute physiol-
ogy and chronic health evaluation scoring
system II, and the simplified acute physiol-
ogy score II are rather complicated, and
may not be practical for a pandemic like
COVID-19. The FAD-85 score is simple
and has good predictive capacity and accu-
racy, thus showing promise for risk stratifi-
cation of patients hospitalized with
COVID-19. The results of our study suggest
using the test on admission to classify early
mortality risk. The FAD-85 scores of six
patients were inconsistent with 28-day mor-
tality, including two patients under 65 years
old who died and four patients more than
80 years old who survived. These discrepan-
cies may be related to the large role of age
in the model. Moreover, mortality proba-
bility could be predicted using a nomogram.
The results of our study may assist clini-
cians in making appropriate decisions and
optimizing the use of hospital resources.
However, these tools are not suitable to
predict outcomes for patients receiving anti-
coagulants or immunosuppressive drugs, or

those with other thrombo-inflammatory
abnormalities such as thrombi, decompen-
sated cirrhosis, or acute rheumatic immune
diseases.

There were several limitations to our
study. First, its retrospective single-center
design was associated with missing data
and unavoidable biases in identifying and
recruiting participants. Respiratory tract
specimens were used to diagnose COVID-
19 through real-time reverse-transcription
polymerase chain reaction. The negative
predictive value of this assay was
80.61%,31 resulting in a relatively small
missing population for building prediction
scores. Second, some D-dimer laboratory
results were above the upper limit, which
might lead to underestimated associations
with severity and outcome. Nonetheless,
the present study was designed to respond
to clinical demand and showed that
thrombo-inflammatory abnormalities are
closely related to the severity and outcome
of COVID-19.

Conclusions

Thrombo-inflammatory biomarkers were
closely associated with the severity and out-
come of COVID-19. The FAD-85 score and
nomogram, based on three parameters rou-
tinely acquired at hospital admission, were
strongly predictive of 28-day mortality.
This tool not only helps judge the severity
and prognosis of the disease, but also pro-
vides guidance to make further clinical deci-
sions. Moreover, this study provides a
reference for treatment of COVID-19
patients, including inflammatory disorders
and coagulation abnormalities, which
would be further studied in the near future.

Acknowledgements

We thank the clinicians and staff of the Aiding

Team for Hubei Province of Peking University

First Hospital and Peking University People’s

Hospital. In addition to Tongji Hospital, the

12 Journal of International Medical Research



staff of Huazhong University of Science and

Technology offered significant help and were

not compensated for their contributions.

Declaration of conflicting interest

The authors declare that there is no conflict of

interest.

Funding

This research received no specific grant from any

funding agency in the public, commercial, or

not-for-profit sectors.

ORCID iDs

Ci Tian https://orcid.org/0000-0002-6569-

9364
Ning Shen https://orcid.org/0000-0003-2352-

0677

Supplemental material

Supplemental material for this article is available

online.

References

1. Guan WJ, Ni ZY, Hu Y, et al. Clinical char-

acteristics of coronavirus disease 2019 in

China. N Engl J Med 2020; 382: 1708–1720.
2. National Health Commission of the People’s

Republic of China. http: //www.nhc.gov.cn/

yzygj/s7653p/202003/46c9294a7dfe4cef80dc7f

5912eb1989/files/ce3e6945832a

438eaae415350a8ce964.pdf (2020, accessed

9 February 2020).
3. Tang N, Li D, Wang X, et al. Abnormal

coagulation parameters are associated with

poor prognosis in patients with novel coro-

navirus pneumonia. J Thromb Haemost

2020; 18: 844–847.
4. Zhou F, Yu T, Du R, et al. Clinical course

and risk factors for mortality of adult inpa-

tients with COVID-19 in Wuhan, China:

A retrospective cohort study. Lancet 2020;

395: 1054–1062.
5. Wu C, Chen X, Cai Y, et al. Risk factors

associated with acute respiratory distress

syndrome and death in patients with coro-

navirus disease 2019 pneumonia in Wuhan,

China. JAMA Intern Med 2020; 180: 1–11.

6. Lu Q, Li XC, Shi J, et al. Gendered effects

on inflammation reaction and outcome of

COVID-19 patients in Wuhan. J Med

Virol. Epub ahead of print 4 June 2020.

DOI: 10.1002/jmv.26137.
7. Scully EP, Haverfield J, Ursi RL, et al.

Considering how biological sex impacts

immune responses and COVID-19 out-

comes. Nat Rev Immunol 2020; 20: 442–447.
8. Gebhard C, Zagrosek VR, Neuhauser HK,

et al. Impact of sex and gender on COVID-

19 outcomes in Europe. Biol Sex Differ

2020; 11: 29.
9. The Novel Coronavirus Pneumonia

Emergency Response Epidemiology Team,

China CDC Weekly. The epidemiological

characteristics of an outbreak of 2019

novel coronavirus diseases (Covid-19) —

China, 2020. 2020. http: //www.ne.jp/asahi/

kishimoto/clinic/cash/COVID-19.pdf (2020,

accessed 20 July 2020).
10. Wang D, Hu B, Hu C, et al. Clinical char-

acteristics of 138 hospitalized patients with

2019 novel coronavirus–infected pneumonia

in Wuhan, China. JAMA 2020; 323:

1061–1069.
11. Qin C, Zhou L, Hu Z, et al. Dysregulation

of immune response in patients with

COVID-19 in Wuhan, China. Clin Infect

Dis 2020; 71: 762–768.
12. Nussing S, Sant S, Koutsakos M, et al.

Innate and adaptive T cells in influenza dis-

ease. Front Med 2018; 12: 34–47.
13. Huang C, Wang Y, Li X, et al. Clinical fea-

tures of patients infected with 2019 novel

coronavirus in Wuhan, China. Lancet 2020;

395: 497–506.
14. Xu Z, Shi L, Wang Y, et al. Pathological

findings of COVID-19 associated with

acute respiratory distress syndrome. Lancet

Respir Med 2020; 8: 420–422.
15. Wang C, Xie J, Zhao L, et al. Alveolar

macrophage activation and cytokine storm

in the pathogenesis of severe COVID-19.

Research Square 2020. DOI: 10.21203/rs.3.

rs-19346/v1.
16. Yang Y and Tang H. Aberrant coagulation

causes a hyper-inflammatory response in

severe influenza pneumonia. Cell Mol

Immunol 2016; 13: 432–442.

Wang et al. 13

https://orcid.org/0000-0002-6569-9364
https://orcid.org/0000-0002-6569-9364
https://orcid.org/0000-0002-6569-9364
https://orcid.org/0000-0003-2352-0677
https://orcid.org/0000-0003-2352-0677
https://orcid.org/0000-0003-2352-0677
http: //www.nhc.gov.cn/yzygj/s7653p/202003/46c9294a7dfe4cef80dc7f5912eb1989/files/ce3e6945832a438eaae415350a8ce964.pdf
http: //www.nhc.gov.cn/yzygj/s7653p/202003/46c9294a7dfe4cef80dc7f5912eb1989/files/ce3e6945832a438eaae415350a8ce964.pdf
http: //www.nhc.gov.cn/yzygj/s7653p/202003/46c9294a7dfe4cef80dc7f5912eb1989/files/ce3e6945832a438eaae415350a8ce964.pdf
http: //www.nhc.gov.cn/yzygj/s7653p/202003/46c9294a7dfe4cef80dc7f5912eb1989/files/ce3e6945832a438eaae415350a8ce964.pdf
http: //www.ne.jp/asahi/kishimoto/clinic/cash/COVID-19.pdf
http: //www.ne.jp/asahi/kishimoto/clinic/cash/COVID-19.pdf


17. Bester J and Pretorius E. Effects of IL-1beta,
IL-6 and IL-8 on erythrocytes, platelets and
clot viscoelasticity. Sci Rep 2016; 6: 32188.

18. Ito Y, Correll K, Zemans RL, et al.
Influenza induces IL-8 and GM-CSF secre-
tion by human alveolar epithelial cells
through HGF/c-Met and TGF-alpha/
EGFR signaling., Am J Physiol Lung Cell

Mol Physiol 2015; 308: L1178–L1188.
19. Regnault V, De Maistre E, Carteaux JP,

et al. Platelet activation induced by human
antibodies to interleukin-8. Blood 2003; 101:
1419–1421.

20. Bester J, Matshailwe C and Pretorius E.
Simultaneous presence of hypercoagulation
and increased clot lysis time due to IL-1beta,
IL-6 and IL-8. Cytokine 2018; 110: 237–242.

21. Yang X, Yu Y, Xu J, et al. Clinical course
and outcomes of critically ill patients with
SARS-CoV-2 pneumonia in Wuhan,
China: A single-centered, retrospective,
observational study. Lancet Respir Med

2020; 8: 475–481.
22. Luo W, Yu H, Gou J, et al. Clinical pathol-

ogy of critical patient with novel coronavirus
pneumonia (COVID-19). Preprints 2020:
2020020407.

23. Lin L, Lu L, Cao W, et al. Hypothesis for

potential pathogenesis of SARS-CoV-2
infection – a review of immune changes in
patients with viral pneumonia. Emerg

Microbes Infect 2020; 9: 727–732.
24. Chen N, Zhou M, Dong X, et al.

Epidemiological and clinical characteristics

of 99 cases of 2019 novel coronavirus pneu-
monia in Wuhan, China: A descriptive
study. Lancet 2020; 395: 507–513.

25. Vardon Bounes F, M�emier V, Marcaud M,
et al. Platelet activation and prothrombotic
properties in a mouse model of peritoneal
sepsis. Sci Rep 2018; 8: 13536.

26. Lu S, Li T, Xi X, et al. Prognosis of 18
H7N9 avian influenza patients in Shanghai.
PLoS One 2014; 9: e88728.

27. Chen Y, Liang W, Yang S, et al. Human
infections with the emerging avian influenza
A H7N9 virus from wet market poultry:
Clinical analysis and characterisation of
viral genome. Lancet 2013; 381: 1916–1925.

28. Claas EC, Osterhaus AD, Van Beek R, et al.
Human influenza A H5N1 virus related to a
highly pathogenic avian influenza virus.
Lancet 1998; 351: 472–477.

29. Wiwanitkit V. Hemostatic disorders in bird
flu infection. Blood Coagul Fibrinolysis 2008;
19: 5–6.

30. Metlay JP, Waterer GW, Long AC, et al.
Diagnosis and treatment of adults with
community-acquired pneumonia. An official
clinical practice guideline of the American
Thoracic Society and Infectious Diseases
Society of America. Am J Respir Crit Care

Med 2019; 200: e45–e67.
31. Xu WZ, Li J, He XY, et al. The diagnostic

value of joint detection of serum IgM
and IgG antibodies to 2019-nCoV in 2019-
nCoV infection. Chineses J Lab Med 2020;
43: E012.

14 Journal of International Medical Research


	table-fn1-0300060520955037
	table-fn2-0300060520955037

