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increased age and markers of inflammation response
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Abstract
Background: The severe manifestations of the coronavirus disease 2019 (COVID-19) are linked to viral hyper-
inflammation, cytokine release syndrome and subsequent coagulation disturbances. The most common coagula-
tion abnormality observed in COVID-19 patients is the elevation of the plasma levels of D-dimers. The aim of 
this study was to evaluate the characteristics of COVID-19-associated inflammatory syndrome and coagulopathy, 
in correlation with disease severity. Methods: We performed a cross-sectional study, enrolling all consecutive 
COVID-19 patients treated in the Adulti 3 Department of the Prof. Dr. Matei Bals National Institute of Infectious 
Diseases, Bucharest, Romania, between 1st march and 30th September 2020. We recorded clinical and epidemi-
ological characteristics, inflammatory markers, coagulation abnormalities and lymphocyte count. The severity 
of lung involvement was assessed using native Computed Tomography examination. Results: We included 106 
patients with SARS-COV2 infection, 50 males (47.2%) and 56 females (52.8%), age range 14-91 years. All mark-
ers of inflammation were increased in our study in patients with severe disease, as were lactate dehydrogenase, 
monocyte distribution width, and neutrophil-to-lymphocyte ratio. An elevated level of serum D-dimers was ob-
served in approximately half of our subjects and was associated with disease severity. Our best linear regression 
model for predicting COVID-19 coagulopathy (manifested as abnormal D-dimer levels) included age, fibrinogen, 
and lymphocyte count. Conclusion: Our findings emphasize the association between COVID-19 coagulopathy and 
the presence of systemic inflammation. A significant proportion of patients with moderate and severe disease had 
coagulation abnormalities and these were linked with the presence of inflammation and older age..
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Introduction

In late 2019 a highly transmissible coronavirus 
named severe acute respiratory syndrome coro-
navirus 2 (SARS-COV-2) emerged, causing a 
pandemic of acute respiratory disease named 
“coronavirus disease 2019” (COVID-19), which 
still threatens human health and public safety at 
present (1). 
COVID-19 can have various presentations, from 
mild and moderate disease to severe, rapidly pro-
gressing pneumonia associated with acute respi-
ratory distress syndrome and multi-organ failure 
(2). The severe manifestations of this disease are 
linked to a condition determined by viral hyper-
inflammation: the cytokine storm characterized 
by elevated levels of different pro-inflammatory 
cytokines (3). Systemic inflammation can lead 
to the activation of the coagulation system, by 
tissue factor-mediated fibrin formation, mainly 
promoted by IL-6 (4). Along with virus specific 
effect on endothelial cells which ultimately in-
creases the angiotensin II availability, promot-
ing platelet adhesion and aggregation, systemic 
inflammation associated with moderate-severe 
forms of COVID-19 determines a procoagulant 
state and thrombotic events (5).
The most common coagulation abnormality ob-
served in COVID-19 patients is an elevation of 
the plasma level of D-dimers, which is a risk 
factor for death in adult patients infected with 
SARS-CoV-2 (6). Other hemostatic defects seen 
in COVID-19 patients are prolonged prothrom-
bin time (PT) and thrombocytopenia, possibly 
also associated with a poor outcome. COVID-19 
coagulopathy was associated with an increase in 
the levels of procoagulant factors such as fibrin-
ogen, as well as an increase in CRP levels, that 
are linked with a higher mortality rate (5). 
Our aim was to evaluate the characteristics of 
COVID-19-associated inflammatory syndrome 
and coagulopathy, in correlation with disease se-
verity. 

Materials and Methods

The study enrolled all consecutive SARS‐CoV‐2 
positive patients, treated in the Adulti 3  COVID 
department of the Prof. Dr. Matei Bals National 
Institute of Infectious Diseases, Bucharest, Ro-
mania, between 1st March and 30th September 
2020.The study protocol was approved by the 
ethics committee of Prof. Dr. Matei Bals Nation-
al Institute of Infectious Diseases (protocol no. 
C0408/2020). All patients had a RT-PCR rhino‐
pharyngeal swab positive for SARS‐CoV‐2 in-
fection. We selected all consecutive clinical re-
cords of patients over 14 years of age, treated in 
our department and recorded: age, gender, body 
mass index (BMI), previous clinical history, 
COVID‐19 signs and symptoms, oxygen thera-
py requirement, markers of inflammation (eryth-
rocyte sedimentation rate (ESR), fibrinogen and 
C-reactive protein plasma levels - Siemens BN 
ProSpec System), transaminases (alanine amino-
transferase – ALT and aspartate aminotransfer-
ase – AST), lactate dehydrogenase (LDH), myo-
globin, creatine kinase (CK), creatine kinase MB 
(CK-MB), N-terminal (NT)-pro hormone BNP 
(NT-proBNP) (VITROS 5.1 FS, VITROS 4600, 
Siemens Dimension EXL Chemistry Analyzer, 
RAMP 200), complete blood count, neutrophils/
lymphocytes ratio (Ne/Ly), Monocyte Distribu-
tion Width (MDW) – (DXH 900, ADVIA 2120, 
ADVIA 2120i, Nihon Kohden Celltac F MEK-
8222) and markers of coagulopathy (aPTT, pro-
thrombin ratio, D-dimer plasma levels) – (Sys-
mex CS-2000i, ACL TOP 500, Grifols QNext 
Hemostasis Analyzer). 
The severity of the lung involvement was as-
sessed using native Computed Tomography 
(CT) examination. We performed spiral acqui-
sitions (with breath-hold when possible) with a 
pitch of 1.2, CARE Dose4D and CARE kV ac-
tive in order to reduce the radiation dose, 1.2mm 
colimmation and 3mm reconstructions in both 
mediastin (B31f image filter) and lung window 
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(B80f ultra sharp image filter). For the lung in-
volvement staging we used the following score:
 - 1 point for each lung segment involved 
 - 3 points if the lesions occurred in both lungs
 - 3 points if alveolar involvement was detected
 - 2 points if pleurisy or pericarditis were pres-

ent
We considered a mild pneumonia for a score 
lower than 9, a moderate pneumonia for a score 
between 9 and 18, and severe for a score over 18.
We presented the variables with normal distri-
bution as means (+/−standard deviation [SD]) 
and we used median (interquartile range) for 
non-gaussian continuous data. Independent-sam-
ple t-test was used to assess the differences in 
means between groups with normal distribution. 
We computed 95% confidence intervals for dif-
ferences between means. Mann–Whitney test 
was used for non-parametric continuous vari-
ables. In order to test for statistical significance 
for categorical variables, we used Chi-square 
or Fisher’s exact test and Odds ratio (OR) was 
computed. Linear regression models were fit-
ted to test the association of coagulopathy with 
continuous variables, included in the univariate 
and multivariate models either because of their 
known or suspected association with COVID-19 
associated coagulopathy. Variables with a p val-
ue of ≤ 0.1 in the univariate models were includ-
ed in the multivariate regression analysis. The 
correlation coefficient (R) was used to evaluate 
the linear correlation between dependent  and 
independent variables. Two-tailed p-values. Sta-
tistical significance was set at 5%. All analyses 
were performed with SPSS® Statistics v.22.0, 
IBM®, New York, USA.

Results

We included 106 consecutive patients with 
SARS-COV2 infection, 50 males (47.2%) and 
56 females (52.8%), admitted in the Adulti 3 De-
partment. The age range for the entire group was 
14-91 years, with a mean age of 49.6±17.8 years 

(46.1±16.9 vs 52.7±18.1 years males vs females, 
p=0.03). Fourteen patients (13.2%) were asymp-
tomatic, and 92 (86.7%) had varying degrees of 
signs and symptoms, from mild severity to se-
vere respiratory distress.
Based on radiological imaging findings, 11 pa-
tients (10.3%) had no involvement, 30 (28.8%) 
patients had mild disease, 43 (40.5%) had mod-
erate and 22 (20.7%) had severe disease. We 
divided the patients into two subgroups: G1 
included moderate and severe disease and G2 
patients with mild or no pulmonary lesions. 
Thirty-six patients (including all patients with 
severe disease and 14 with moderate disease) 
had acute hypoxemic respiratory failure that re-
quired oxygen therapy. 
Table I presents subject characteristics stratified 
by pulmonary disease severity. The following 
variables presented statistically significant dif-
ferences in the univariate analysis between the 
two groups: age, BMI, the presence of hyper-
tension and diabetes mellitus, Ne/Ly, MDW, 
ESR, fibrinogen, CRP, blood urea, AST, ALT, 
D-dimers and LDH. G1 patients were older 
(53.3±15.4 vs 43.7±19.7 years, p=0.00), had 
a higher mean BMI (29.8±7.3 vs 25.5±4.6 kg/
m2, p=0.00), were more likely to be obese (43% 
vs 12.2%, p=0.00), hypertensive (40% vs 17%, 
p=0.04) and have diabetes mellitus (24.6% vs 
2.4%, p=0.01), when compared to patients with 
mild disease. 
Higher Ne/Ly (3.7 vs 2.2, p=0.00), MDW 
(24.5±3.4 vs 20.7±2.9, p=0.00), plasma fi-
brinogen (522.67±162.9 vs 343.1±83.5 mg/
dl, p=0.00),  ESR (45.3±24 vs 18±14.2 mm/h, 
p=0.00), CRP (31.7 vs 1.9 mg/L, p=0.00), blood 
urea (39.7±16.6 vs 33.6±11.6, p=0.04), ALT 
(32.5 vs 25 UI/L, p=0.04), AST (37 vs 30 UI/L, 
p=0.00), D-dimers (232 vs 133 mg/L, p=0.01) 
and LDH (327±128.11 vs 209.3±64.85 UI/L, 
p=0.00) were observed in patients with moder-
ate/severe pulmonary disease, compared to G2 
subjects.
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An elevated D-dimers plasma level was observed 
in 52% of the total cases, and the presence of an 
abnormal D-dimer level was significantly asso-
ciated to moderate/severe disease, with an OR 

of 2.38 (1.4 – 4.05, 95% confidence interval, 
p=0.00). We observed no correlation between 
D-dimers abnormality and sex (p=0.7), but the 
patients with this coagulopathy were signifi-

Table I. Epidemiological, clinical and biological characteristics of study patients by pulmonary disease 
severity.

Characteristics Total patients
Patients with  

moderate-severe  
disease (G1)

Patients with mild 
disease or no pul-

monary lesions 
(G2)

P

N 106 65 41
Age(years) 49.6±17.8 53.3±15.4 43.7±19.7 0.00*
Male 50 (47.2) 33 (66) 17 (34) 0.35
Obesity 33 (31.1) 28 (43) 5 (12.2) 0.00*
BMI(kg/m2) 28.2±6.7 29.8±7.3 25.5±4.6 0.00*
Hypertension1 33 (31.1) 26 (40) 7 (17) 0.04*
Active smoker 10 (9.4) 5 (7.7) 5 (12.2) 0.73
Diabetes Mellitus 17 (16) 16 (24.6) 1 (2.4) 0.01*
Leukocyte count(cells/mm3) 6991.2±2725.3 7360.3±293 6391.5±2252 0.07
Lymphocyte count(cells/mm3) 1529.2±898.1 1433.5±1026.8 1682.2±622.9 0.17
Neutrophil count(cells/mm3) 4861.6±2337.1 5346.2±2513 4086.2±1795 0.00*
Ne/Ly(neutrophils/lymphocytes ratio)a 3 (3.5) 3.7 (5.9) 2.2 (1.6) 0.00*
Haemoglobin(g/dl) 13.9±1.5 13.94±1.5 13.80±1.6 0.64
Platelets count (cells/mm3)  222913.1±91706.2 225306.2±96893.9 219084±83789 0.73
MDW 23±3.7 24.5±3.4 20.7±2.9 0.00*
Fibrinogen (mg/dl) 453±163 522.67±162.9 343.1±83.5 0.00*
ESR (mm/h) 33.9±24.6 45.3±24 18±14.2 0.00*
CRP (g/l)a 15.8 (59.6) 31.7 (84.7) 1.9 (7.6) 0.00*
Glucose (mg/dl) 118±55.1 132±65.9 97.23±17.1 0.00*
Blood urea (mg/dl) 37.3±15.1 39.7±16.6 33.6±11.6 0.04*
Creatinine (mg/dl) 0.7±0.2 0.8±0.2 0.7±0.2 0.17
ALT (UI/l)a 29 (24) 32.5 (23) 25 (14) 0.01*
AST (UI/l)a 33.5 (20) 37 (19) 30 (14) 0.00*
Sodium (mmol/l) 138.1±2.6 137.51±2.8 139.03±2. 0.00*
Potassium (mmol/l) 4.1±0.4 4.2±0.5 4±0.3 0.05*
aPTT (s) 33.1±7.7 33.5±8.5 32.6±6.1 0.63
Prothrombin Ratio (%) 85±15.8 86.2±16.2 87.9±15.4 0.61
D-dimers (mg/l)a 209.5 (209.5) 232 (247.5) 133 (146) 0.01*
NT-proBNP(ng/l)a 23.5 (67) 28 (182) 15 (39) 0.31
Troponin I (ng/ml) 0.04±0.06 0.05±0.07 0.03 0.14
Myoglobin (ng/ml)a 68 (90.6) 89.4 (114.9) 44.8 (52.4) 0.06
CK (UI/l)a 74 (85) 73.5 (97) 83 (60) 0.93
CK-MB (U/l)a 9.5 (8) 9 (10) 9.5 (7) 0.83
LDH (UI/l) 248±122.5 327±128.11 209.3±64.85 0.00*

Data are shown as mean ±standard deviation or number (percent). a. Data shown as median (IQR)
* p<0.05 Group 1 vs. Group 2. p values based on t-test for equality of means or Mann–Whitney test for continuous variables, Chi-square test for 
categorical variables. 1Hypertension defined as blood pressure ≥130/≥85 mm Hg or antihypertensive medication. 
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cantly older (57.2±17.6 vs 41.3±13.7, p=0.00), 
compared to the subjects with normal level of 
D-dimers. 
A forward selection stepwise linear regression 
analysis was performed in order to obtain the 
most statistically significant model that pre-
dicted the plasma levels of D-dimers. In the 
univariate linear models the following indepen-
dent variables were significantly correlated and 
predicted D-dimer plasma levels: age (R=0.28, 
p=0.00) and fibrinogen (R=0.2, p=0.04). The 
independent variables with a p value of ≤ 0.1 
in the univariate analysis were included in the 
multivariate regression models: lymphocyte 
count (R=0.18, p=0.06), CRP (R=0.18, p=0.07) 
and LDH (R=0.16, p=0.1). The best multivariate 
regression model that predicted the plasma lev-
el of D-dimers included three independent vari-
ables: age, lymphocyte count and LDH (R=0.42, 
R square=0.18, adjusted R square=0.15.2, 
p=0.00). All the independent variables in the 
model presented a positive correlation with the 
plasma level of D-dimers.

Discussions

An elevated level of plasma D-dimers was ob-
served in approximately half of our subjects, 
and was associated with disease severity. The 
presence of moderate or severe pulmonary le-
sions was associated with higher levels of plas-
ma D-dimers, without other modifications of the 
studied coagulation tests. 
SARS-CoV2-induced coagulopathy is correlat-
ed with a pro-coagulant state, pulmonary throm-
boembolism, thrombotic microangiopathy and 
with endotheliitis and microvascular dysfunc-
tion in the cardiovascular system (7). D-dimers 
elevations are the most frequent coagulopathy 
feature observed in COVID-19 patients, and are 
associated with disease severity. D-dimers rep-
resent a good biomarker indicative for disease 
severity (8).

Other coagulation abnormalities reported by oth-
er authors, such as prolongation of prothrombin 
time and a decrease of platelet count, were not 
found in our study (9). 
All markers of inflammation (ESR, fibrinogen 
and CRP) were increased in our study in patients 
with severe disease, as were LDH, MDW and 
Ne/Ly. Interestingly, we observed moderate, but 
statistically significant increases of ALT, AST, 
and blood urea. 
The best predictors of COVID-19 coagulopathy 
(manifested as abnormal D-dimer levels) were 
older age and increased fibrinogen. Our best 
linear regression model for predicting D-dimer 
levels included age, fibrinogen and lymphocyte 
count, all variables with a positive correlation. 
The correlation between D-dimers and fibrin-
ogen (which is a marker of inflammation in 
COVID-19) observed in this study emphasizes 
the established connection between inflamma-
tion and coagulation. There are several proposed 
mechanisms that explain the link between in-
flammation and the presence of coagulopathy in 
COVID-19 patients.
Sars-CoV-2 infects human cells by targeting the 
angiotensin-converting enzyme 2 (ACE-2) re-
ceptors. These receptors are found on the surface 
of many types of cells, including epithelial and 
endothelial cells. The binding of SARS-CoV-2 
to the endothelial cells by ACE-2 receptors can 
induce endothelial activation with the release 
of inflammatory cytokines (especially IL-1 and 
IL-6), which are responsible both for the activa-
tion of coagulation and inflammation frequently 
reported in COVID-19 patients (10). Systemic 
inflammation triggers the extrinsic pathway of 
coagulation, determining tissue factor-mediated 
thrombin generation (5). Among the pro-inflam-
matory cytokines involved in the process (cyto-
kine-mediated coagulation activation), IL-6 ap-
pears to have a central role.
IL-6 plays an important role in haemostasis, ex-
erting multiple effects on endothelial cells, leu-
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cocytes and hepatocytes, consecutively leading 
to synthesis of coagulation factors such as fibrin-
ogen, tissue factor and factor VIII (11-13), as 
well as stimulation of platelet production. IL-6 
can significantly increase fibrinogen synthesis 
both in the liver and in other sources, such as 
epithelial cells, which are similarly IL-6 respon-
sive (14).
Lymphocytes also express ACE-2, and the bind-
nig of SARS-CoV-2 may induce lymphocyte 
apoptosis, which determines the characteris-
tic lymphopenia observed in severe cases of 
COVID-19 (15). Neutrophils can also contrib-
ute to coagulation abnormalities, observed in 
COVID-19 patients. Barnes et al. found during 
autopsies of COVID-19 patients infiltration of 
neutrophils in pulmonary capillaries with acute 
capilaritis, the presence of neutrophils in the al-
veolar space and neutrophilic mucositis. These 
findings can explain why neutrophilia predicts 
poor outcomes in patients with COVID-19 (16), 
and the increase of neutrophil-to-lymphocyte 
ratio in severe cases (17), observed also in our 
study. Furthermore, the release of neutrophil ex-
tracellular traps (NETs) observed in COVID-19 
patients can be involved in thromboinflamma-
tion by activating other prothrombotic pathways 
resulting in enhanced thrombin generation. In-
creasingly, NETs formation is recognized as a 
pathogenic mechanism linking coagulopathy 
and inflammation in multiple conditions (15). 
SARS-CoV-2 binding of ACE-2 during acute in-
fection may lead to the increase of plasma con-
centration of angiotensin II, which is normally 
metabolized to angiotensin by ACE-2 activity. 
Increased angiotensin may have further pro-
thrombotic effects, by platelet and endothelial 
activation, vascoconstriction, and cytokine re-
lease (15).
Several patients’ characteristics (such as ad-
vanced age and obesity) may participate to a hy-
percoagulable state. In our study, older age was 
a predictor for the level of plasma D-dimers, 

both in the univariate and multivariate analy-
sis. The association between the risk of compli-
cations during viral respiratory infections and 
obesity was previously reported for influenza 
and for SARS and MERS, which share a signif-
icant genetic similarity with SARS-CoV-2 (80% 
for SARS-CoV and 50% with MERS-CoV) 
(18). We also report a significant correlation 
of obesity and increased BMI with the severity 
of disease, but not with the presence of coagu-
lopathy. Similar to other studies, we report that 
COVID-19 pulmonary severity was associated 
also with increased age and the presence of hy-
pertension and diabetes mellitus. We did not find 
a significant correlation between disease severity 
and male sex or lymphocyte count, as reported 
by other authors (19), but D-dimers alterations 
were associated with lymphocyte variations. 
Lymphopenia is frequently found in patients 
with severe forms of COVID-19. The responsi-
ble mechanisms are still not clearly known, but 
most researchers hypothesize that severe cases 
are associated with lymphocyte redistribution, 
sequestration in the lungs or bone marrow sup-
pression via CD13 or CD66 (20-22). 

Conclusions

Our study brings new data emphasizing the as-
sociation of COVID-19 coagulopathy with the 
presence of systemic inflammation. A significant 
proportion of patients with moderate and severe 
disease present coagulation abnormalities and 
these are linked with the presence of inflamma-
tion and older age. Targeting the mechanisms 
underlying coagulopathy and inflammation may 
constitute new important therapeutic strategies 
for the treatment of this complex pathology.
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