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Abstract

Background Coagulopathy is still a serious pattern of coronavirus-19 disease. We aimed to evaluate COVID-19-associated
coagulopathy and multiple hemostatic markers in Egyptian patients. In addition, to assess coagulation acute phase reactants
and its effect on the outcome.

Methods The study included 106 COVID-19 patients, and 51 controls. All patients were positive for COVID-19 infection
by nasopharyngeal swab for detection of viral RNA by real-time PCR. In addition to baseline data and radiological findings,
the coagulation profile was done with special attention to Fibrinogen, p-dimer, Factor VIII, von Willebrand factor (VWF),
Protein C, Protein S, Antithrombin III (ATIII) and Lupus anticoagulant (LA)-1 and 2.

Results The results showed significantly higher VWF, p-dimer, and LA1 (screening) and LA2 (confirmation) in patients
than a control group. Significantly higher p-dimer FVIII, VWF and LA1-2 were detected in the severe group. ATIII had
high diagnostic accuracy in severity prediction. We found a significantly higher international randomized ratio (INR) and
VWF among patients with thrombotic events. For prediction of thrombosis; VWF at cutoff >257.7 has 83.3% sensitivity
and 83.3% specificity.

Conclusion Patients with COVID-19 infection are vulnerable to different forms of coagulopathy. This could be associated
with poor outcomes. p-Dimer is a chief tool in diagnosis, severity evaluation but not thrombosis prediction. Early screening
for this complication and its proper management would improve the outcome.
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Introduction [1, 2]. While p-dimer is proven to reflect the severity and the
prognosis of COVID-19 patients, prothrombin time (PT),
international normalized ratio (INR), partial thromboplastin

time (APTT) and fibrinogen role is not well-defined [2, 3].

Coagulopathy is still a serious, not well-understood pattern
of coronavirus-19 disease. Its form and severity could deter-
mine the path of the patient in the hospital and his outcome

< Helal F. Hetta ' Clinical Pathology Department, Faculty of Medicine, Assiut

helalhetta@aun.edu.eg

Azza Abdelaal
Azzaabdelaal @aun.edu.eg

Ahmed Abu-Elfatth
Ahmed111@aun.edu.eg

Lamees M. Bakkar
lameesbakkar @med.aun.ed.eg

Hanan G. Abd El-Azeem
hanangalal2000@yahoo.com

Eman R. Badawy
e.badawy @aun.edu.eg

University, Assiut 71515, Egypt

Tropical Medicine and Gastroenterology Department,
Faculty of Medicine, Assiut University, Assiut 71515, Egypt

Chest Department, Faculty of Medicine, Assiut University,
Assiut 71515, Egypt

Department of Medical Microbiology and Immunology,
Faculty of Medicine, Assiut University, Assiut 71515, Egypt

@ Springer


http://orcid.org/0000-0001-8541-7304
http://crossmark.crossref.org/dialog/?doi=10.1007/s15010-022-01917-5&domain=pdf

656

A. Abdelaal et al.

Immunothrombosis-associated COVID-19 infection is
suggested to be relevant to the pathogenesis of COVID-
associated coagulopathy (CAC) [4]. The prothrombotic state
associated with COVID-19 infection is due to alterations in
coagulation and immune cell malfunction. As the increased
multimeric von Willebrand factor released from the injured
endothelial cell (endotheliopathy) is leading to a potential
increase of platelet adhesion to the endothelium [5], by the
same principle, the hemostatic imbalance is augmented
by the reduction of anticoagulant proteins on the surface
of the injured endothelial cells. Soluble coagulation mark-
ers, including plasminogen activator inhibitor-1 and tissue
factor, show marked dysregulation contributing to COVID-
19-induced coagulopathy. Increased platelet-neutrophil and
-monocyte aggregates induced by Platelet hyperreactivity
are an adding factor for the coagulopathy observed during
COVID-19. Cytokine storm associated with the COVID-
19-infection promotes neutrophils to release neutrophil
extracellular traps, that in turn trap platelets and prothrom-
botic proteins contributing to thrombotic complications [5].

As the endothelial cell injury is a constant feature in the
pathogenesis of COVID-19 [2, 3], Von Willebrand factor
(VWF) and factor VIII (FVIII) excess, release and degree of
elevation could be a good diagnostic and prognostic marker
of the disease [6-9]. Lupus anticoagulant is reported to asso-
ciate with the COVID-19 infection but still its frequency,
significance, the relation of its existence to other inhibitor
like CRP [10-16] are debatable. Furthermore, acquired defi-
ciency of the natural inhibitors of coagulation like Protein
C (PC), Protein S (PS), antithrombin IIT (ATIII) could be
explored as a possible contributor to the hypercoagulable
state of the COVID-19 patients, their value in the prognosis
and as a replacement therapy is also controversial [17-22].
This study aimed to evaluate the COVID-19-associated
coagulopathy, thrombosis and disseminated intravascular
coagulopathy (DIC) among patients of Upper Egypt. In
addition, to assess the coagulation acute phase reactants
i.e., VWF, FVIII, and acquired thrombophilia in the same
patients and correlate all of them to the severity and the
outcome of the patients.

Methods

Ethics statements: This observational cross-sectional study
was performed in Assiut University Hospitals; Alraghy quar-
antine hospital, Clinical Pathology Department during the
period from May to July 2020. This study was performed
in accordance with the Declaration of Helsinki and was
approved by the ethics committee and institutional review
board of Assiut University college of medicine (IRB no:
17300413). Informed consent was taken from all participants
prior to the enrollment.
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The study included 106 COVID-19 patients from critical
care and general wards, and 51 age and sex-matched appar-
ently healthy controls in the same period.

All patients were positive for COVID-19 infection by
nasopharyngeal swab for detection of viral RNA by real-time
PCR for SAR-COV-2 RNA assay on 7500 Applied Bio-sys-
tem. Full detailed history including age, sex, comorbidities,
medical history and treatment at admission were recorded.
Chest computerized tomography (CT) for all patients and
pulmonary CT angiography was performed when pulmo-
nary embolism was suspected. Venous blood samples were
withdrawn at admission and sent immediately to the labora-
tory. The following routine investigations were performed
on fresh samples of patients and controls; Complete Blood
Count (CBC) was performed on Pentra 80 Horiba blood
counter. Liver function test, Kidney function tests, C Reac-
tive Protein (CRP) were performed on Dimension RXL
automated blood chemistry analyzer. Ferritin level on Advia
1800. Coagulation Samples were collected in a 0.109 mol/l
(3.2%) sodium citrate vacutte tube, centrifuged at 3000 rpm
for 15 min. PT, INR, aPTT and fibrinogen were performed
on fresh samples of patients and controls by Coagulation/
photo-optical method using Thromborel S, Pathromtin
SL and Dade thrombin reagents respectively on Sysmex
CA-1500, Siemens. p-Dimer was performed by immune-
turbidity method using Innovance p-dimer reagent on Sys-
mex CA-1500, Siemens. Platelet poor plasma of patients and
controls were stored in —80 °C freezer, for later estimation of
Factor VIII by Coagulation/photo-optical using coagulation
factor VIII deficient plasma and VWF by immunoturbidity
using VWF Ag reagent on Sysmex CS-2100, Siemens. PC,
and ATIII were done by a chromogenic method using Beri-
chrom Protein C, and Berichrom ATIII reagents respectively
on Sysmex CA-1500, Siemens. PS was done by coagula-
tion method on Sysmex CA-1500. Lupus anticoagulant LA1
and LA2 were done by coagulation/photo-optical method
using LA1 screening reagent (DRVVT) and LA2 confirma-
tion reagent (Platelet neutralization) respectively on System
CA-1500, Siemens and LA1/LA2 ratio was calculated.

Statistical analysis

Data were collected in a preformed data collection form
before being entered into the spreadsheet. Statistical analy-
sis was performed using the statistical package for social
sciences (SPSS), version 20.0, for Windows (SPSS Inc,
Chicago, IL). Continuous variables were expressed as mean
and standard deviation and compared with Student’s 7 test,
whereas categorical data were expressed as numbers and
percentages and compared by Chi test. Correlation between
C-reactive protein and LA-1, and LA-2 was assessed by
Pearson correlation. Diagnostic performance of VWF (for
COVID-19 diagnosis, prediction of COVID severity and
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prediction of thrombotic events), LA-1 (for COVID-19
diagnosis, and prediction of COVID severity) and ATIII
(for diagnosis of COVID-19) were determined by receiver
operator characteristics curve (ROC) by using MedCalc, ver-
sion 14 (MedCalc Software, Mariakerke, Belgium). Level of
confidence was kept at 95%; hence, P value was significant
if <0.05.

Results
General characteristics of enrolled patients

The mean age of enrolled patients was 45.21 + 18.98 years.
52.8% of the patients were females. Patients were divided
according to severity in a non-severe group. Severe group
includes patients with clinical signs of pneumonia plus one
of the following: respiratory rate > 30 breath/min, severe res-
piratory distress, or SpO, < 90% on room air [23].

Based on the severity of the disease of the enrolled
patients; 20 (18.9%) patients had a severe disease while
86 (81.1%) patients had a non-severe disease. Thrombotic
events in form of pulmonary embolism occurred in 12
(11.3%) patients (Table 1).

Coagulation profile among studied groups
(COVID-19 patients vs. controls)

A significantly higher activated partial thromboplastin time
(aPTT), VWF, p-dimer, and LA was observed among the

Table 1 General characteristics of the enrolled COVID-19 patients

N=106

Age (years) 45.21+18.98
Age group

<40 years 57 (53.7%)

>40 years 49 (46.3%)
Sex

Male 50 (47.2%)

Female 56 (52.8%)

Diabetes mellitus 25 (23.6%)

Hypertension 17 (16%)
Severity

Non-severe 86 (81.1%)

Severe 20 (18.9%)

Thrombotic events 12 (11.3%)

Hospital stay 11.67+7.45
Outcome

Alive 86 (81.1%)

Died 20 (18.9%)

Data expressed as frequency (percentage), mean (SD)

Table2 Coagulation profile among studied groups (COVID-19
patients vs. controls)

Patients group  Control group P value

(n=106) (n=51)
INR 2.05+0.86 0.96+0.07 0.44
aPPT (s) 3522+13.65 29.90+12.26 0.01
Fibrinogen (g/1) 3.67+1.48 3.35+0.72 0.15
p-Dimer (mg/1) 14.56 +8.98 0.45+0.11 <0.001
Factor VIII (%) 150.41+91 131.01+70.77 0.19
Von Willebrand factor 236.69 +69 127.19+60.67 <0.001
(%)
Protein C (%) 111.90+42.13 108.25+24.39 0.56
Protein S (%) 57.75+30.14  60.45+10.45 0.87
Antithrombin IIT (%) 106.83+21.55 107.45+19.28 0.86
Lupus anticoagulant-1 62.90+20.94 29.82+13.45 <0.001
(s)
Lupus anticoagulant-2 50.20+13.70 36.45+8.23 <0.001
(s
LA-1/LA-2 ratio 1.23+0.18 1.13+0.34 0.03

Data expressed as mean (SD)

s second, INR international randomized ratio, aPPT activated partial
thromboplastin time, LA lupus anticoagulant

P value was significant if <0.05

study group (Table 2). For diagnosis of COVID-19; LA-1
has better diagnostic accuracy than VWF (87.1% vs. 73.8%)
with AUC=0.88 (Table 3, Fig. 1).

Baseline characteristics of the studied COVID-19
patients based on severity

Frequency of diabetes mellitus and hypertension was higher
among the severe group. Serum ferritin level was signifi-
cantly higher among the severe group (9404 324.97 vs.
341.86+123.45; P<0.001). Other data are summarized in
Table 4.

Table 3 Diagnostic accuracy of
LA and VWF for diagnosis of

VWF LA-1

COVID-19 Sensitivity ~ 65% 88%
Specificity 93.3% 85%
PPV 96% 93%
NPV 54% 76%
Accuracy 73.8% 87.1%
Cutoff point 200 45.5
AUC 0.78 0.88

AUC area under the curve, PPV
positive predictive value, NPV
negative predictive value
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100 (16.45+5.45 vs. 10.45+2.34; P<0.001) (Table 5). ATIIL
;ﬁ has higher diagnostic accuracy for prediction severity of
85 COVID-19 (62.3%) in comparison to VWF (52.3%) and
:g LA-1 (59%) 9 (Table 6, Fig. 2).
70
65

g 22 Outcome and hospital stay among studied COVID-19

ig ig patients based on severity

- 40
35 Six (30%) patients of the severe group and 5 (5.8%)
Zg patients of the non-severe group developed thrombotic
20 events in form of pulmonary embolism. Hospital stay was

e [LA-1; AUC=0.88
VWF; AUC=0.78

0 10 20 30 40 50 60 70 80 90 100
100-Specificity

Fig.1 Accuracy of VWF and LA-1 in diagnosis of COVID-19

Coagulation profile among enrolled COVID-19
patients

Severe group has significantly higher INR, aPPT, fac-
tor VIII, VWF, LA1 and LA2 and lower ATIIIL. Level of
Dp-dimer was significantly higher among a severe group

more prolonged among the severe group. All patients were
improved with exception of one patient in a non-severe
group and 14 (70%) patients in the severe group (Table 7).

Coagulation profile based on thrombotic events

There were significantly higher INR (2.16 +£0.81 vs.
1.05+0.19; P<0.001) and VWF (310.37 +68.37 vs.
228.41 +£106.51; P=0.02) among those with thrombotic
events (Table 8).

For prediction of thrombotic events in such patients;
VWEF at cutoff>257.7 has 83.3% sensitivity, 83.3% speci-
ficity with overall accuracy was 83.3% and area under the
curve (AUC) was 0.86 (Table 9, Fig. 3).

Table 4 Characteristics and

None-severe group Severe group P value
laboratory data of the COVID-
19 patients based on severity (n=86) (n=20)

Age (years) 40.23+18.77 56.50+17.01 <0.001
Age group <0.001
<40 years 54 (62.8%) 3 (15%)
>40 years 32 (37.2%) 17 (85%)
Male sex 39 (45.3%) 11 (55%) 0.29
Diabetes mellitus 16 (18.6%) 9 (45%) 0.01
Hypertension 9 (10.5%) 7 (35%) 0.01
Cardiac disease 5(5.8%) 3 (15%) 0.17
Hemoglobin (mg/dl) 12.99+1.39 11.77+2.17 <0.001
Leucocytes (10%/ul) 6.25+3.69 8.67+4.18 0.01
Platelets (10%/pl) 268.26 £113.25 211.26+115.98 0.06
Lymphocyte (10*/ul) 1.92+0.80 245+1.61 0.13
RDW (%) 10.66+4.90 13.18£3.23 0.01
C-reactive protein (mg/dl) 66.10+£23.45 124.94+12.34 0.07
Ferritin (ng/ml) 341.86£123.45 940+324.97 <0.001
Alanine transaminase (pm/1) 38.64 +4.95 37.54+7.88 0.92
Alanine transaminase (pm/1) 31.06+£2.85 52.93+10.51 0.06
Urea (mg/dl) 16.12+2.44 8.72+1.69 0.12
Creatinine (mg/dl) 60.31+5.80 97.14+14.20 0.25

Data expressed as frequency (percentage), mean (SD)

RDW red cell distribution width
P value was significant if <0.05
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Table 5 Coagulation profile

: None-severe group Severe group P value

among studied COVID-19 (n=86) (n=20)

patients
INR 1.03+0.15 1.34+0.63 <0.001
Prothrombin time (s) 12.98 +4.06 13.23+2.36 0.79
Prothrombin concentration (%) 96.84 +31.89 90.64 +£29.55 0.43
aPPT (s) 32.99+5.75 45.03+27.77 <0.001
Fibrinogen (g/1) 3.55+1.42 4.20+1.68 0.08
p-Dimer (mg/1) 10.45+2.34 16.45+5.45 <0.001
Factor VIII (%) 134.53+79.65 216.33+110.51 <0.001
von Willebrand factor (%) 219.26+104.87 327.13+60.04 <0.001
Protein C (%) 113.47+35.78 105.14+£63.43 0.42
Protein S (%) 59.49+31.19 49.13+23.47 0.20
Antithrombin III (%) 109.53+18.39 95.24+29.63 <0.001
Lupus anticoagulant-1 (s) 58.10+13.37 85.33+33.45 <0.001
Lupus anticoagulant-2 (s) 46.98 +7.01 65.10+24.11 <0.001
LA-1/LA-2 ratio 1.22+0.17 1.86+0.25 <0.001

Data expressed as mean (SD)

s second, INR international randomized ratio, aPPT activated partial thromboplastin time, LA lupus antico-

agulant
P value was significant if <0.05

Table 6 Accuracy of LA-1, VWF and ATIII in prediction of COVID-
19 severity

VWF LA-1 ATII
Sensitivity 75% 75% 55%
Specificity 47% 55.3% 64%
PPV 21% 28% 26%
NPV 91% 90.4% 86%
Accuracy 52.3% 59% 62.3%
Cutoff point 203 58.4 104
AUC 0.65 0.70 0.67

AUC area under the curve, PPV positive predictive value, NPV nega-
tive predictive value

Correlation between CRP and LA among COVID-19
patients: both LA-1 and LA-2 had significant positive corre-
lation with CRP (r=0.39, P <0.001 with LA-1 and r=0.61,
P <0.001 for LA-2) (Figs. 4, 5)

Discussion

We aimed in this study to evaluate the COVID-19-associated
coagulopathy and DIC among patients of Upper Egypt. The
study included 106 COVID-19 patients and 51 apparently
healthy controls. Twenty (18.9%) of the patients had a severe
disease while 86 (81.1%) patients had a non-severe disease.
We found that patients with severe disease had significantly
higher age with a higher frequency of diabetes mellitus and

Sensitivity
0
=

- VWWF; AUC=0.65
LA-1; AUC=0.70
e Anti-TIII; AUC=0.67

0 10 20 30 40 50 60 70 80 90 100
100-Specificity

Fig.2 Accuracy of LA-1, ATIII, and VWF for prediction of COVID-
19 severity

hypertension. Serum ferritin and CBC; leucocytes, RDW
were significantly higher among a severe group.

Coagulation screen and p-dimer
aPTT, p-dimer results were significantly higher among the
patients. Fibrinogen was more elevated in a severe group

but not yet statistically significant. Severe group has signifi-
cantly prolonged INR, aPPT and p-dimer.
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Table 7 Outcome and hospital stay among studied COVID-19
patients

None-severe
group (n=_86)

Severe group (n=20) P value

Thrombotic events 8 (9.3%) 4(20%) <0.16
Hospital stay (days) 10.25+8.34  14.84+7.1745 0.01
Outcome <0.001
Alive 85 (98.85%) 6 (30%)
Died 1(1.2%) 14 (70%)

Data expressed as frequency (percentage), mean (SD)
P value was significant if <0.05

According to the American society of hematology (ASH)
COVID-19 resources, the COVID -19 associated coagulopa-
thy is commonly presented with a slight increase in PT/aPTT
with more elevations in fibrinogen and p-dimer. In addition,
there is a corresponding increase in inflammation mark-
ers e.g., CRP [2]. Gomez-Mesa et al. described COVID-
19-associated coagulopathy as a mixture of a mild form of
DIC and pulmonary thrombotic microangiopathy that might
intensely determine the prognosis of the disease [1].

failure. Depletion of coagulation factors and platelets may
occur, resulting in overt bleeding from various sites. DIC is
constantly happens on top of an underlying disorder, such
as malignancies, trauma, or obstetric complications [26].

Seventy-eight (73.6%) of our total cases had changes in
their basic coagulation profile that range from mild prolon-
gation of PT and or aPTT, abnormal fibrinogen level and
elevated p-dimer up to severe changes in form of highly
elevated p-dimer or full criteria meeting overt DIC-ISTH
lab score [27]. Among the 78 patients, 16 had low fibrinogen
level and 39 patients had high fibrinogen level.

Ferrri et al. Stoichitoiu et al. are other studies did not
find a significant change in fibrinogen levels according to
severity or association with harmful outcome [18, 21]. Yet,
fibrinogen is still a valuable marker because high fibrinogen
level can differentiate between COVID-19-associated coagu-
lopathy from the hypofibrinogenemia [27] associated with
DIC in COVID-19 patients.

Concerning platelet count, COVID-19 associated coagu-
lopathy is depicted by marked elevation of p-dimer deprived

Table 9 Accuracy of VWF in prediction of thrombotic events

Some reports showed significantly higher p-dimer and VWF
FDP levels, longer PT and aPTT in COVID-19 non-sur- —

. . . S Sensitivity 83.3%
vivors compared to survivors at patient’s admission [24, Soecifici 8337,
25]. In other reports, 20-50% of hospitalized patients was Ppe.m. ety dicti ' 45'5(;
described to have increased p-dimer, prolonged PT, throm- Osm\"e pre @“fe value =

. . . Negative predictive value 97%
bocytopenia, and/or low fibrinogen levels with more throm-
. . Accuracy 83.3%
botic than hemorrhagic events [1]. Cutoff oo 2577
DIC is typically characterized by the concurrent occur- utolt point )
. . . . Area under the curve 0.86
rence of widespread thrombosis, contributing to organ
Table 8 Coagulatic.)n profile Thrombotic events (n=12) No-thrombotic events P value
based on thrombotic events (n=94)
INR 2.16+0.81 1.05+0.19 <0.001
aPPT (s) 35.76+16.91 35.16+13.32 0.89
Fibrinogen (g/1) 394+1.44 3.64+1.49 0.52
p-Dimer (mg/1) 15.75+6.67 13.67+7.56 0.90
Factor VIII (%) 197.35+107 144.79 +88.82 0.07
Von Willebrand factor (%) 310.37 +68.37 228.41+106.51 0.02
Protein C (%) 115.29 +68.80 111.51+38.44 0.78
Protein S (%) 63.79+23.41 57.18+30.87 0.58
Antithrombin III (%) 100.03 +20.66 107.62+21.61 0.27
Lupus anticoagulant-1 (s) 69.81+15.79 62.08+21.39 0.25
Lupus anticoagulant-2 (s) 55.46+12.01 49.63+13.81 0.20
LA-1/LA-2 ratio 1.26 +0.08 1.23+0.19 0.63

Data expressed as mean (SD)

s second, INR international randomized ratio, aPPT activated partial thromboplastin time, LA lupus antico-
agulant, aPPT activated partial thromboplastin

P value was significant if <0.05
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VWF; AUC=0.86
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Fig.3 Accuracy of VWF in prediction of thrombotic events in
COVID-19
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Fig.4 Correlation between LA-1 and CRP among COVID-19
patients
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Fig.5 Correlation between LA-2 and CRP among COVID-19
patients

of thrombocytopenia or a clotting times impairment, which
suggests a process of thrombin generation and local fibrinol-
ysis [1]. Our results as in previous studies suggest that
COVID-19-associated coagulopathy/DIC thrombocytope-
nia is low compared to sepsis-induced coagulopathy/DIC
[2]. Additionally, we did not find a significant difference
in platelets count associated with increased risk of disease
severity and mortality.

p-Dimer elevation is a chief marker that is correlated to
COVID-19-associated coagulopathy diagnosis, severity, risk
of intensive care unit (ICU) and mortality [7]. Many studies
approved the significance of b-dimer, for instance, Han et al.
have studied 94 COVID-19 patients. b-Dimer was (10.36 vs.
0.26 ng/l; P<0.001) in patients compared to healthy con-
trols respectively and the rise in p-dimer value was more
significant in critically ill patients [25].

Guan et al. studied a large COVID-19 sample (1099
patients) in whom he found p-dimer levels elevated in
43% of the non-severe patients vs. 60% in intensive care
unit (ICU) patients [28]. Other studies linked the increase
in D-dimers at admission, without signs DIC, to increased
risk of death [29, 30]. In our study, 57% of all patients had
elevated p-dimer at admission, 45% in the severe group, and
the percentage among non survivors was 80%.

Tang et al. reported that only 0.6% of the COVID-19
survivors in his study met the criteria of DIC while 71.4%
of non-surviving patients have fulfilled the criteria [24].
Amid the non-survivors, the score in the DIC parameters
was as follows; 85.7%, 47.6%, 28.6%, 23.8% for p-dimer,
PT, fibrinogen and platelet count respectively and explained
it as secondary hyperfibrinolysis following the coagula-
tion activation. In contrary to this data, in our study only
two patients (13.3%) of the non survivors and one patient
(1.09%) among survivors have developed DIC. Both DIC
non-survivor patients had 6 ISTH lab score and Liver cir-
rhosis and were among the severe group and one of them
suffered also from sepsis [24]. The survivor patient who
developed DIC was belonged to a non-severe group and had
a score of 5 by ISTH criteria. Noticeably none of the three
patients had overt bleeding symptoms.

Acute-phase reactants (FVIll and VWF)

In our study, VWF results are significantly higher among
the patients compared to controls. Both VIII and VWF are
significantly higher among the severe group. Our result is
consistent with Rauch A et al. who proved that coagulation
biomarkers are associated with the severity of COVID-19.
In addition to VWF, they recognized that CRP, p-dimers,
fibrinogen, levels were highest for patients straightforwardly
admitted to the ICU rather than FVIII [8].

Likewise, Philippe et al. studied 4 different endothelial
markers for the prediction of COVID-19 hospital mortality
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and identified VWF:Ag as the best of them. In addition,
VWF Antigen (VWF:Ag) in his patients was significantly
higher compared to non-COVID-19 patients and in critical
patients to non-critical patients [7]. In our study, we had
4 patients whose VWF:Ag exceeded 600%, which is the
upper border of the instrument linearity. All of them were
among the severe group, two of them died and one of the
non-survivors had PE.

Acquired thrombophilia (LA, PC, S, ATIII)

Most of the studies confirmed a high prevalence of acquired
thrombophilia in COVID-19 patients [10, 18-22, 31]. The
data are contradictory about its significance and relation to
the disease severity and prognosis.

First, as regard to LA; Gazzaruso et al. found that LA
is common among COVID-19 patients and it may be an
adverse effect of severe inflammation rather than a cause of
thrombosis [10]. Vollmer et al. stated that LA was frequent
in COVID-19 in the acute phase but with controversial sig-
nificance and that it was transient and strongly associated
with thrombosis [31]. Pineton et al. found that patients were
positive for LA which is the most anti phospholipid antibody
(aPLA) strongly associated with thrombosis [14]. Alterna-
tively, Galeano-Valle et al. showed that antiphospholipid
antibodies (aPLA) are not frequent in COVID-19 patients
[32].

In our study, only five (4.7%) patients are considered LA
positive by DRVVT (LA is prolonged, LA2 is normal with
LA1/LA2 ratio> 1.2) vs. 4 subjects out of 51 healthy control
group. Most of patients, 83 patients (78%) had prolonged
LA1, LA2 and ratio. Interestingly the degree of prolonga-
tion of LA1 is striking as most of the samples were between
60-100 s.

In a previous study, LA was found in up to 90% of
patients associated with prolonged aPTT [12]. We did not
find a similar correlation between LA with prolonged aPTT.
We found both LA-1 and LA-2 had a significant positive
correlation with CRP (r=0.39, P<0.001 with LA-1 and
r=0.61, P <0.001 for LA-2) similar to the previous study
[11] and we agree to Pineton de Chambrun et al. [14] that
CRP may be a cause of false positive LA.

Second, with regard to other causes of acquired throm-
bophilia, Ferrari et al. [18] detected a 20% prevalence of PS
deficiency, again, without prognostic significance. Stoichi-
toiu et al. found that 59(65%) out of 91 patients had low PS-
level and was negatively correlated with clinical severity
and lung damage in CT. PC wasn’t associated with harmful
outcome [21].

ATIII deficiency was observed in COVID-19 patients as
described in case series and case reports [19-22] with curi-
ous concerns about the efficacy of Heparin with patients
of ATIII deficiency. Gazzaruso and his colleagues also

@ Springer

correlated ATIII with poor outcomes and found its level in
non-survivor significantly lower than survivors [19]. In our
study, no significant difference was found between COVID-
19 patients and normal controls with regard to Protein C,
S and ATIII levels, with a 60% cut off for PS similar to
Stoichitoiu et al. study [21]. Only three patients of ours had
ATII<70% (3 of the DIC patients) but we found a signifi-
cant decrease in ATIII levels in a severe group than non-
severe COVID-19 patients(95.24 +£29.63 vs. 109.53 +18.39;
P<0.001).

Thrombotic marker

The high incidence of VTE in COVID-19 particularly criti-
cally ill patients is supported by several studies [2]. The inci-
dence of thrombosis in COVID-19 ICU patients is described
to be 20% to 30% [33, 34]. Tan et al. evaluated 102 studies
and estimated 14.7% for VTE which was significantly higher
in intensive care unit (ICU) and 0.9-3.9% for ATE [35].

Large percentage of the patients who received a thera-
peutic dose of anticoagulation developed thromboses is
considered evidence that the abnormal hemostasis seen in
COVID-19 patients are fairly distinctive [21]. Many assump-
tions were postulated to explain the pathology and risk fac-
tors of VTE in COVID-19 patients. LA was found to be
independently associated with thrombosis [36], Hypoxia and
IL6 lead to a severe decrease in PS that might aggravate the
thrombosis risk [17]. Acute phase reactants; FVIII, VWF,
fibrinogen and higher p-dimer value are examples [1].

We had 8 patients (9.3%) in the non-severe group vs.
4 patients (20%) among the severe group who developed
VTE. All in form of PE, ranging from sub-segmental to main
branch PE by CT angiography. Comparing the coagulation
profile results of the group of patients who developed PE
with the rest of the patients, we found significantly higher
INR among those with thrombotic events.

The cause of higher INR among the thrombosis group
is not clear as only one patient was on Marian therapy but
could be the presence of other combined and long-term
comorbidities like DM, hypertension and cardiac diseases.
In addition, 2 of the thrombotic patients have a history of
hepatitis C virus infection. Our results are highly consistent
with the idea that acute respiratory distress syndrome and
thrombotic complications of COVID-19 could be elucidated
through VWF-related mechanism [6]. On contrary to Rauch
A et al. results who did not find VWF levels at admission
predictive of thrombotic events [8].

Finally, we used the ROC curve to estimate a cut-off value
for the diagnosis of COVID-19; LA-1 has better diagnostic
accuracy than VWF (87.1% vs. 73.8%) with AUC was 0.88.
For prediction severity of COVID-19, ATIII has higher diag-
nostic accuracy (62.3%) in comparison to VWF (52.3%) and
LA-1 (59%). For prediction of thrombotic events in such
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patients; VWF at cutoff >257.7 has 83.3% sensitivity, 83.3%
specificity with overall accuracy was 83.3% and area under
the curve (AUC) was 0.86.

Limitation of this study

Could be the lack of follow-up samples during the progress
of the disease to identify any persistence of impaired param-
eters and corelate them with deleterious effects throughout
the course of the disease. Although prolonged results of the
most patient for LA1 did not require enhancement of sen-
sitivity by another screening test with different principal,
absence of the sample mixing with normal plasma did not
allow us to further recognise the causes behind the prolonga-
tion of LA1 test. Furthermore, lack of correlation between
the comorbidities and abnormal hemostatic profile. Finally,
not all coagulation parameters are readily available in all
hospitals.

In conclusion

Our results are confirming the relationship between COVID-
19-associated coagulopathy with severity and poor outcome
of the patients; prolonged INR, aPPT and p-dimer are the
bad prognostic markers. b-Dimer elevation at admission is
a chief tool in diagnosis, and severity evaluation but not for
prediction of thrombosis. Patients with COVID-19 should be
tested during their hospital stay, especially if were admitted
to the intensive care unit, for coagulation disorders. Future
comparative studies to assess the severity and range of coag-
ulopathy in patients with COVID-19 infection and patients
without COVID-19 infection.

Author contributions Conceptualization: AA, AA-E, LMB, HGA,
HFH, ERB. Methodology: AA, AA-E, LMB, HGA, HFH, ERB. Val-
idation: AA, AA-E, LMB, HGA, HFH, ERB, investigation: AA-E,
LMB, writing original draft and editing: AA, AA-E, LMB, HGA, HFH,
ERB, All authors have read and agreed to the published version of the
manuscript.

Funding Open access funding provided by The Science, Technology
& Innovation Funding Authority (STDF) in cooperation with The
Egyptian Knowledge Bank (EKB). This research received no external
funding.

Data availability All generated are included in this manuscript.

Declarations

Conflicts of interest The authors declare no conflict of interest.

Institutional review board statement The study was conducted accord-
ing to the guidelines of the Declaration of Helsinki, and approved by
the Institutional Review Board of Assiut University College of Medi-

cine (IRB. 17300413). Informed consent was taken from all partici-
pants prior to the enrollment.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Gomez-Mesa JE, Galindo-Coral S, Montes MC, Martin AJM.
Thrombosis and coagulopathy in COVID-19. Curr Probl Cardiol.
2021;46: 100742.

2. IbaT, Levy JH, Levi M, Thachil J. Coagulopathy in COVID-19.
J Thromb Haemost. 2020;18:2103-9.

3. Mousa N, Abdel-Razik A, Mousa E, Elbadrawy T, Hosni K,
Mousa A, et al. Coagulopathy in COVID-19 from pathogenesis
until treatment: a systemic review. Med J Viral Hepat. 2021;5:3-8.

4. Jayarangaiah A, Kariyanna PT, Chen X, Jayarangaiah A,
Kumar A. COVID-19-associated coagulopathy: an exacer-
bated immunothrombosis response. Clin Appl Thromb Hemost.
2020;26:1076029620943293. https://doi.org/10.1177/1076029620
943293.

5. Portier I, Campbell RA, Denorme F. Mechanisms of immuno-
thrombosis in COVID-19. Curr Opin Hematol. 2021;28:445-53.
https://doi.org/10.1097/moh.0000000000000666.

6. Ladikou EE, Sivaloganathan H, Milne KM, Arter WE, Ramasamy
R, Saad R, et al. Von Willebrand factor (vWF): marker of endothe-
lial damage and thrombotic risk in COVID-19? Clin Med (Lond).
2020;20:e178-82. https://doi.org/10.7861/clinmed.2020-0346.

7. Philippe A, Chocron R, Gendron N, Bory O, Beauvais A, Peron
N, et al. Circulating Von Willebrand factor and high molecu-
lar weight multimers as markers of endothelial injury predict
COVID-19 in-hospital mortality. Angiogenesis. 2021;24:505-17.
https://doi.org/10.1007/s10456-020-09762-6.

8. Rauch A, Labreuche J, Lassalle F, Goutay J, Caplan M, Char-
bonnier L, et al. Coagulation biomarkers are independent
predictors of increased oxygen requirements in COVID-19. ]
Thromb Haemost. 2020;18:2942-53. https://doi.org/10.1111/
jth.15067.

9. Yu AA. Von Willebrand factor and endothelial damage: a pos-
sible association with COVID-19. Dkojoruueckasi reHeTHKa.
2020;18(2):135-8.

10. Gazzaruso C, Mariani G, Ravetto C, Malinverni L, Tondelli E,
Cerrone M, et al. Lupus anticoagulant and mortality in patients
hospitalized for COVID-19. J Thromb Thrombolysis. 2021;52:85—
91. https://doi.org/10.1007/s11239-020-02335-w.

11. Amezcua-Guerra LM, Rojas-Velasco G, Brianza-Padilla M,
Véazquez-Rangel A, Marquez-Velasco R, Baranda-Tovar F, et al.
Presence of antiphospholipid antibodies in COVID-19: a case
series study. Ann Rheum Dis. 2021;80: e73. https://doi.org/10.
1136/annrheumdis-2020-218100.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1177/1076029620943293
https://doi.org/10.1177/1076029620943293
https://doi.org/10.1097/moh.0000000000000666
https://doi.org/10.7861/clinmed.2020-0346
https://doi.org/10.1007/s10456-020-09762-6
https://doi.org/10.1111/jth.15067
https://doi.org/10.1111/jth.15067
https://doi.org/10.1007/s11239-020-02335-w
https://doi.org/10.1136/annrheumdis-2020-218100
https://doi.org/10.1136/annrheumdis-2020-218100

664

A. Abdelaal et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Gao ZW, Zhang HZ, Liu C, Dong K. Autoantibodies in COVID-
19: frequency and function. Autoimmun Rev. 2021;20: 102754.
https://doi.org/10.1016/j.autrev.2021.102754.

Le Joncour A, Frere C, Martin-Toutain I, Gougis P, Ghillani-
Dalbin P, Maalouf G, et al. Antiphospholipid antibodies and
thrombotic events in COVID-19 patients hospitalized in medi-
cine ward. Autoimmun Rev. 2021;20: 102729. https://doi.org/10.
1016/j.autrev.2020.102729.

Pineton de Chambrun M, Frere C, Miyara M, Amoura Z, Martin-
Toutain I, Mathian A, et al. Response to Letter: reply to high
frequency of antiphospholipid antibodies in critically ill COVID-
19 patients: a link with hypercoagulability? J Intern Med.
2021;289:427-9. https://doi.org/10.1111/joim.13166.

Roncati L, Corsi L, Barbolini G. Abnormal immunothrombosis
and lupus anticoagulant in a catastrophic COVID-19 recalling
Asherson’s syndrome. J Thromb Thrombolysis. 2021;52:1043-6.
https://doi.org/10.1007/s11239-021-02444-0.

Tvito A, Ben-Chetrit E, Zimmerman FS, Asher E, Helviz Y. Lupus
anticoagulant in patients with COVID-19. Int J Lab Hematol.
2021;43:e17-8. https://doi.org/10.1111/ijlh.13334.

Chatterjee S, Sengupta T, Majumder S, Majumder R. COVID-
19: a probable role of the anticoagulant protein S in managing
COVID-19-associated coagulopathy. Aging. 2020;12:15954-61.
https://doi.org/10.18632/aging.103869.

Ferrari E, Sartre B, Squara F, Contenti J, Occelli C, Lemoel F,
et al. High prevalence of acquired thrombophilia without progno-
sis value in patients with coronavirus disease 2019. J Am Heart
Assoc. 2020;9: e017773. https://doi.org/10.1161/jaha.120.017773.
Gazzaruso C, Paolozzi E, Valenti C, Brocchetta M, Naldani D,
Grignani C, et al. Association between antithrombin and mortality
in patients with COVID-19 a possible link with obesity. Nutrition,
Metab, Cardiovasc Dis: NMCD. 2020;30:1914-9. https://doi.org/
10.1016/j.numecd.2020.07.040.

Mills K, Sobukonla T, Lee M, Odebunmi I, Chang E. Decoding
Covid-19: a novel role of antithrombin deficiency in the novel
coronavirus. Chest. 2020;158:A517-8. https://doi.org/10.1016/j.
chest.2020.08.493.

Stoichitoiu LE, Pinte L, Balea MI, Nedelcu V, Badea C, Baicus C.
Anticoagulant protein S in COVID-19: low activity, and associ-
ated with outcome. Rom J Intern Med. 2020;58:251-8. https://doi.
org/10.2478/rjim-2020-0024.

Gardner AJ, Kirkin DJ, Rodriguez-Villar S, Leoz Abellanas G,
Tee A, Valentin A. Antithrombin III deficiency-induced coagu-
lopathy in the context of COVID-19: a case series. Br J Haematol.
2021;194:1007-9. https://doi.org/10.1111/bjh.17575.

WHO. Clinical management of COVID-19: interim guidance, 27
May 2020. Geneva: World Health Organization; 2020.

Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters
are associated with poor prognosis in patients with novel coro-
navirus pneumonia. J] Thromb Haemost: JTH. 2020;18:844-7.
https://doi.org/10.1111/jth.14768.

@ Springer

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Han H, Yang L, Liu R, Liu F, Wu KL, Li J, et al. Prominent
changes in blood coagulation of patients with SARS-CoV-2 infec-
tion. Clin Chem Lab Med. 2020;58:1116-20. https://doi.org/10.
1515/cclm-2020-0188.

Levi M, Scully M. How I treat disseminated intravascular
coagulation. Blood. 2018;131:845-54. https://doi.org/10.1182/
blood-2017-10-804096.

Taylor FB Jr, Toh CH, Hoots WK, Wada H, Levi M. Towards
definition, clinical and laboratory criteria, and a scoring system
for disseminated intravascular coagulation. Thromb Haemost.
2001;86:1327-30.

Chen L, Li Q, Zheng D, Jiang H, Wei Y, Zou L, et al. Clini-
cal characteristics of pregnant women with Covid-19 in Wuhan,
China. N Engl J Med. 2020;382: ¢100. https://doi.org/10.1056/
NEJMc2009226.

Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and
risk factors for mortality of adult inpatients with COVID-19 in
Wuhan, China: a retrospective cohort study. Lancet (Lond, Engl).
2020;395:1054-62. https://doi.org/10.1016/s0140-6736(20)
30566-3.

Wu C, Chen X, Cai Y, Xia J, Zhou X, Xu S, et al. Risk factors
associated with acute respiratory distress syndrome and death
in patients with coronavirus disease 2019 pneumonia in Wuhan
China. JAMA Intern Med. 2020;180:934—43. https://doi.org/10.
1001/jamainternmed.2020.0994.

Vollmer O, Tacquard C, Dieudonné Y, Nespola B, Sattler L,
Grunebaum L, et al. Follow-up of COVID-19 patients: LA is
transient but other aPLs are persistent. Autoimmun Rev. 2021;20:
102822. https://doi.org/10.1016/j.autrev.2021.102822.
Galeano-Valle F, Oblitas CM, Ferreiro-Mazén MM, Alonso-
Muiioz J, Del Toro-Cervera J, di Natale M, et al. Antiphospho-
lipid antibodies are not elevated in patients with severe COVID-
19 pneumonia and venous thromboembolism. Thromb Res.
2020;192:113-5. https://doi.org/10.1016/j.thromres.2020.05.017.
Klok FA, Kruip M, van der Meer NJM, Arbous MS, Gom-
mers D, Kant KM, et al. Incidence of thrombotic complica-
tions in critically ill ICU patients with COVID-19. Thromb Res.
2020;191:145-7. https://doi.org/10.1016/j.thromres.2020.04.013.
Poissy J, Goutay J, Caplan M, Parmentier E, Duburcq T, Lassalle
F, et al. Pulmonary embolism in patients with COVID-19: aware-
ness of an increased prevalence. Circulation. 2020;142:184-6.
https://doi.org/10.1161/circulationaha.120.047430.

Tan BK, Mainbourg S, Friggeri A, Bertoletti L, Douplat M, Dar-
gaud Y, et al. Arterial and venous thromboembolism in COVID-
19: a study-level meta-analysis. Thorax. 2021;76:970-9. https://
doi.org/10.1136/thoraxjnl-2020-215383.

Reyes Gil M, Barouqa M, Szymanski J, Gonzalez-Lugo JD, Rah-
man S, Billett HH. Assessment of lupus anticoagulant positivity
in patients with coronavirus disease 2019 (COVID-19). JAMA
Netw Open. 2020;3: €2017539. https://doi.org/10.1001/jaman
etworkopen.2020.17539.


https://doi.org/10.1016/j.autrev.2021.102754
https://doi.org/10.1016/j.autrev.2020.102729
https://doi.org/10.1016/j.autrev.2020.102729
https://doi.org/10.1111/joim.13166
https://doi.org/10.1007/s11239-021-02444-0
https://doi.org/10.1111/ijlh.13334
https://doi.org/10.18632/aging.103869
https://doi.org/10.1161/jaha.120.017773
https://doi.org/10.1016/j.numecd.2020.07.040
https://doi.org/10.1016/j.numecd.2020.07.040
https://doi.org/10.1016/j.chest.2020.08.493
https://doi.org/10.1016/j.chest.2020.08.493
https://doi.org/10.2478/rjim-2020-0024
https://doi.org/10.2478/rjim-2020-0024
https://doi.org/10.1111/bjh.17575
https://doi.org/10.1111/jth.14768
https://doi.org/10.1515/cclm-2020-0188
https://doi.org/10.1515/cclm-2020-0188
https://doi.org/10.1182/blood-2017-10-804096
https://doi.org/10.1182/blood-2017-10-804096
https://doi.org/10.1056/NEJMc2009226
https://doi.org/10.1056/NEJMc2009226
https://doi.org/10.1016/s0140-6736(20)30566-3
https://doi.org/10.1016/s0140-6736(20)30566-3
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1016/j.autrev.2021.102822
https://doi.org/10.1016/j.thromres.2020.05.017
https://doi.org/10.1016/j.thromres.2020.04.013
https://doi.org/10.1161/circulationaha.120.047430
https://doi.org/10.1136/thoraxjnl-2020-215383
https://doi.org/10.1136/thoraxjnl-2020-215383
https://doi.org/10.1001/jamanetworkopen.2020.17539
https://doi.org/10.1001/jamanetworkopen.2020.17539

	Assessment of COVID -19 associated coagulopathy and multiple hemostatic markers: a single center study in Egypt
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Statistical analysis

	Results
	General characteristics of enrolled patients
	Coagulation profile among studied groups (COVID-19 patients vs. controls)
	Baseline characteristics of the studied COVID-19 patients based on severity
	Coagulation profile among enrolled COVID-19 patients
	Outcome and hospital stay among studied COVID-19 patients based on severity

	Coagulation profile based on thrombotic events

	Discussion
	Coagulation screen and d-dimer
	Acute-phase reactants (FVIII and VWF)
	Acquired thrombophilia (LA, PC, S, ATIII)
	Thrombotic marker
	Limitation of this study

	In conclusion
	References




