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DETERMINATION OF PREDICTORS OF ADVERSE DISEASE OUTCOME 
IN PATIENTS WITH COVID-19 BASED ON HEMOSTASIS SYSTEM ANALYSIS

Olesia U. Matvienko, Olga A. Smirnova, Olga G. Golovina

Russian Research Institute of Hematology and Transfusiology, St. Petersburg, Russia

Introduction. Severe complications of the novel coronavirus infection (COVID-19) include arterial or venous thromboses, which not only 
complicate the disease course but also increase mortality. The development of hypercoagulability, which precedes the occurrence of throm-
bosis, is associated with a significant activation of the hemostasis system, as well as the appearance of microparticles in circulation. These 
microparticles, generated by activated blood cells, enhance the procoagulant orientation of hemostasis. In this regard, assessment of the 
prognostic value of changes in hemostasis system parameters associated with the progression and outcome of COVID-19 represents a rel-
evant research task.
Objective. To identify predictors of adverse outcomes of the novel coronavirus infection based on the assessment of parameters character-
izing the state of the hemostasis system. 
Materials and methods. A total of 163 patients (78 males and 85 females, aged 35–90 years, median age 69 years) were examined during 
the acute phase of the disease with severe and moderate severity. Depending on the disease outcome, the patients were divided into two 
groups: the group of survivors (n = 120) and the group of the deceased (n = 43). A study of plasma hemostasis parameters was conducted, 
including Quick’s prothrombin test, fibrinogen concentration, activated partial thromboplastin time, factor VIII activity, ristocetin cofactor activ-
ity, von Willebrand factor content, protein C activity, antithrombin, and free protein S. In addition, the characteristics of microparticles were 
studied. Statistical processing of the results was performed using the Statistica 12.0 software package.
Results. In patients with adverse disease outcomes, a significant decrease in Quick’s prothrombin time (PT) and antithrombin activity was 
observed, along with an increase in von Willebrand factor activity, D-dimer concentration, and platelet microparticle count. The analysis of 
sensitivity and specificity of these parameters allowed Quick’s PT less than 70% (sensitivity and specificity were 70% and 74.3%, respectively), 
D-dimer level more than 800 ng/ml (sensitivity and specificity — 72% and 75.2%, respectively), and platelet MP count more than 3.22% (sen-
sitivity and specificity — 77.8% and 72.7%, respectively) to be considered as threshold values associated with lethal outcome from COVID-19.
Conclusions. Based on the conducted ROC analysis, predictive models for the risk of adverse outcomes of COVID-19 associated with 
changes in hemostasis system parameters were obtained. The parameters of D-dimer concentration, Quick’s prothrombin time, and platelet 
microparticle count can be used as laboratory predictors of unfavorable disease progression.
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ОПРЕДЕЛЕНИЕ ПРЕДИКТОРОВ НЕБЛАГОПРИЯТНОГО ИСХОДА ЗАБОЛЕВАНИЯ 
У ПАЦИЕНТОВ С COVID-19 НА ОСНОВАНИИ ИССЛЕДОВАНИЯ СИСТЕМЫ ГЕМОСТАЗА

О.Ю. Матвиенко, О.А. Смирнова, О.Г. Головина

Российский научно-исследовательский институт гематологии и трансфузиологии Федерального медико-биологического агентства, 
Санкт-Петербург, Россия

Введение. Среди тяжелых осложнений новой коронавирусной инфекции (COVID-19) выделяют артериальные или венозные тром-
бозы, которые приводят не только к более тяжелому течению заболевания, но и к увеличению летальности. Развитие гиперкоа-
гуляции, предшествующее реализации тромбоза, обусловлено выраженной активацией системы гемостаза, а также появлением 
в циркуляции микрочастиц  (МЧ), которые генерируются активированными клетками крови и увеличивают прокоагулянтную на-
правленность гемостаза. В связи с этим оценка прогностического значения изменений показателей системы гемостаза, связанных 
с течением и исходом COVID-19, представляет большой интерес.
Цель. Выявить предикторы неблагоприятного исхода новой коронавирусной инфекции на основе оценки параметров, характери-
зующих состояние системы гемостаза.
Материалы и методы. Обследовано 163 пациента (78 мужчин и 85 женщин, возраст которых колебался от 35 до 90 лет, медиана 
возраста — 69 лет) в остром периоде с тяжелым и среднетяжелым течением заболевания. В зависимости от исхода заболевания 
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пациенты были разделены на две группы: группа «выжившие пациенты» (n = 120); группа «умершие пациенты» (n = 43). Проведено 
исследование показателей плазменного гемостаза (протромбинового теста по Квику, концентрации фибриногена, активирован-
ного парциального тромбопластинового времени, активности фактора  VIII, ристоцетин-кофакторной активности и содержания 
фактора Виллебранда, активности протеина С, антитромбина, уровня свободного протеина S), а также оценка характеристик МЧ. 
Статистическую обработку полученных результатов выполняли с помощью пакета программного обеспечения Statistica 12.0.
Результаты. У пациентов с неблагоприятным исходом заболевания получено значимое снижение протромбинового теста  (ПТ) 
по Квику и активности антитромбина, повышение активности фактора Виллебранда, концентрации D-димера и количества тромбо-
цитарных МЧ. Проведенный анализ чувствительности и специфичности данных параметров позволил рассматривать ПТ по Квику 
менее 70% (чувствительность и специфичность составили 70 и 74,3% соответственно), уровень D-димера более 800 нг/мл (чувстви-
тельность и специфичность — 72 и 75,2% соответственно) и количество тромбоцитарных МЧ более 3,22% (чувствительность и спе
цифичность — 77,8 и 72,7% соответственно) в качестве пороговых значений, ассоциированных с летальным исходом от СOVID-19.
Выводы. На основании проведенного ROC-анализа получены прогностические модели риска возникновения неблагоприятного 
исхода COVID-19, сопряженные с изменениями параметров системы гемостаза: концентрации D-димера, ПТ по Квику и количества 
тромбоцитарных МЧ, которые могут быть использованы в качестве лабораторных предикторов неблагоприятного течения забо-
левания.

Ключевые слова: неблагоприятный исход; COVID-19; гиперкоагуляция; протромбиновый тест по Квику; D-димер; тромбоцитарные 
микрочастицы
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INTRODUCTION

It has been established that the novel coronavirus in-
fection (COVID-19) is associated with the development 
of endothelial dysfunction, activation of blood cells with 
the formation of blood plasma microparticles, plasma 
fibrinolytic failure, and the development of a cytokine 
storm syndrome [1, 2]. Such pathological changes lead 
to a procoagulant shift in the hemostatic system, which 
may be associated with the development of hyperco-
agulability followed by thrombosis in the microvascu-
lature, distress syndrome, and multiple organ failure. 
Thromboembolic complications are among the leading 
causes of increased mortality in patients with COVID-19.

Studies have shown that the frequency of thrombotic 
complications reaches 18% in patients treated in inten-
sive care units [3, 4]. During COVID-19, activation of the 
hemostatic system occurs, affecting both its plasma and 
cellular components, leading to a prothrombotic state 
[5–8]. Microparticles derived from various blood cells 
and capable of participating in a range of biological re-
actions may play a significant role in these procoagulant 
changes. Plasma microparticles are phospholipid mi-
crovesicles ranging 0.1–1 μm in size. They are surround-
ed by a cell membrane, lack a nucleus, and vary sig-
nificantly in the composition of antigenic determinants 
on their surface, depending on the mechanism of their 

formation and the nature of the stimulating influence. 
Due to the negatively charged phospholipids and tissue 
factor localized on their surface, MPs actively participate 
in hemostatic reactions, which may be a significant fac-
tor in the development of thrombotic complications in 
various pathologies, including COVID-19 [9–11].

The use of various laboratory and instrumental stud-
ies to identify predictors of adverse outcomes and pro-
gression of the novel coronavirus infection is of great in-
terest. Thus, determination of the SARS-CoV-2 viral load 
and assessment of lung CT results upon hospitalization 
using artificial intelligence have shown good prognostic 
value; however, these methods are not widely available 
for clinical use [12, 13]. Certain informativeness is offered 
by the level of lymphopenia and changes in lymphocyte 
subpopulations, as well as such indicators as C-reactive 
protein, procalcitonin, and ferritin, which are nonspecific 
markers of inflammation [14–17]. Given the character-
istic changes in the blood coagulation system accom-
panying COVID-19, the search for such markers is also 
conducted among hemostatic parameters. A number 
of researchers have noted a correlation between high 
D-dimer levels and mortality, although its threshold 
prognostic values vary widely [18–20].

The selection of parameters characterizing the state 
of plasma hemostasis and the degree of blood cell acti-
vation, which can be used for prognostic assessment of 
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disease severity and outcome, will contribute to a more 
rational management of patients with COVID-19.

This study is aimed at identifying predictors of ad-
verse outcomes of the novel coronavirus infection based 
on the assessment of parameters characterizing the 
state of the hemostasis system. 

MATERIALS AND METHODS 

The study group included 163 patients (78 males and 
85  females, aged 35–90  years, median age 69  years) 
with severe or moderate forms of COVID-19. All the pa-
tients were treated in intensive care units. The inclusion 
criteria were the age over 18 years old and confirmed 
novel coronavirus infection with a positive laboratory test 
for SARS-CoV-2 RNA. The exclusion criteria were the 
age under 18 years, history or presence of oncological 
disease, HIV infection, hepatitis B and C, liver pathology 
with impaired function, kidney disease with altered glo-
merular filtration rate, and regular use of any anticoagu-
lant drugs prior to the onset of the disease.

The severity of the disease was determined by the 
degree of lung involvement, which exceeded 25%, as 
well as patient comorbidities. Among the examined 
patients, 120  (74%) recovered, while 43  (26%) had an 
adverse (fatal) outcome. Depending on the disease out-
come, patients were divided into two groups for the as-
sessment of hemostasis parameters and microparticle 
(MP) characteristics: the group of survivors (n = 120) and 
the group of deceased patients (n = 43).

Blood samples for the study were collected upon pa-
tients’ admission to the hospital, prior to the initiation of 
specific therapy and anticoagulant prophylaxis, using a 
vacuum system with Vacutest vacuum tubes containing 
3.2% sodium citrate as an anticoagulant.

The following parameters characterizing the state of 
plasma hemostasis were evaluated: Quick’s prothrombin 
time (PT), fibrinogen concentration (Fg), activated partial 
thromboplastin time (APTT), factor VIII activity (f.VIII), ris-
tocetin cofactor activity and von Willebrand factor con-
tent (vWF:RCof and vWF:Ag, respectively), protein C ac-
tivity (PC) and antithrombin (AT), as well as free protein S 
level (PS). Reagents from HemosIL (Instrumentation 
Laboratory, USA) were used, and all studies were per-
formed in accordance with the manufacturer’s instruc-
tions for reagents and equipment. The listed parameters 
were determined using automated coagulometers of the 
ACL series, including ACL Top 300 CTS and ACL Elite 
Pro (Automated Coagulation Laboratory, Instrumentation 
Laboratory, USA). 

For the analysis of microparticle characteristics using 
flow cytometry, platelet-poor plasma was centrifuged 
using a ThermoFisherScientific centrifuge (Germany) at 
22°C for 30 min at 14,000 g. After high-speed centrifuga-
tion, the supernatant was aspirated, and the pellet was 
collected and resuspended by adding 100 μL of phos-
phate-buffered saline (PBS). The resulting microparticle 

suspension was used for further analysis. To determine 
the quantity and origin of microparticles, a laser flow cy-
tometer Cytoflex (Beckman Coulter, USA) was employed 
using fluorescently labeled antibodies against surface 
markers of cells as follows: platelet-derived (CD41), leu-
kocyte-derived (CD45), and endothelial-derived (CD144).

Statistical analysis of the results obtained was per-
formed using the Statistica 12.0 software (StatSoft Inc., 
USA). Asymmetrical data distribution was identified us-
ing the Shapiro–Wilk test; the results are presented as 
median  (M

e
) and interquartile [25–75 percentile] range 

[Q
1
–Q

3
]. Comparison between the two groups was 

conducted using the non-parametric Mann–Whitney 
U-test. To identify the threshold values of variables as-
sociated with adverse outcomes of COVID-19, ROC 
analysis was performed with the construction of ROC 
curves. The quantitative interpretation of ROC curves 
was assessed using the Area Under the Curve (AUC) 
metric, which represents the area bounded by the ROC 
curve and the axis of false positive rates. An AUC value 
below  0.5 indicated the unsuitability of the selected 
classification method, while an AUC above  0.7 char-
acterized the high predictive power of the constructed 
model. The Youden index was used as a criterion for 
determining the optimal threshold point or cutoff value 
along the ROC curve, allowing evaluation of the differ-
ence between the proportion of true positive results 
(sensitivity) and the proportion of false positive results 
(specificity) to select the optimal threshold value. The 
critical level of statistical significance was set at 0.05.

RESULTS

The results obtained by comparing the plasma hemo-
stasis parameters of the examined patients, depending 
on the disease outcome, are presented in Table 1.

The results presented in Table 1 indicate significant 
differences between the two groups of examined pa-
tients. Thus, an adverse disease outcome was associ-
ated with a 1.4-fold increase in von Willebrand factor 
activity (340.0 [260.1–420.0]; p = 0.01), a 1.2-fold de-
crease in Quick’s prothrombin time (65.3  [51.0–73.9]; 
p  =  0.00), and a reduction in antithrombin activity to 
85.3  [71.0–97.5]; p  =  0.034 when compared to the 
group of survivors. The most significant differences in-
volved the concentration of D-dimer, which was nearly 
four times higher in deceased patients (1670.0 [715.0–
4334.5]; p ≤ 0.0001) relative to levels in patients with a 
favorable disease outcome. These findings are consist-
ent with data obtained by other researchers who have 
also identified a significant increase in D-dimer levels 
as a marker of adverse progression and outcome of the 
novel coronavirus infection [21, 22].

Additionally, we conducted an analysis of plasma 
microparticle characteristics in the examined patients 
based on disease outcome. The obtained results are 
presented in Table 2.
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The data presented in Table 2 indicate a significant 
increase in platelet-derived microparticles in patients 
with adverse disease outcomes compared to survivors. 
No significant differences were observed between the 
two groups in the number of endothelial-derived MPs. 
Leukocyte-derived microparticles were detected in 
negligible quantities, which precluded robust statistical 
analysis.

For further analysis, results from tests with param-
eters that significantly differed between patient groups 
based on disease outcome were selected, namely: 
•	 D-dimer concentration,
•	 von Willebrand factor (vWF) activity,
•	 antithrombin (AT) activity,
•	 Quick’s prothrombin time (PT),
•	 platelet-derived MP count.

ROC analysis of vWF activity and antithrombin activ-
ity did not yield high-quality predictive models for ad-
verse outcomes of COVID-19. Conversely, ROC analy-
sis for parameters such as D-dimer, Quick’s PT, and 

platelet-derived MP count — which are directly associat-
ed with adverse COVID-19 outcomes — demonstrated 
models with a high predictive power:
•	 AUC for D-dimer 0.787;
•	 AUC for Quick’s PT 0.747;
•	 AUC for platelet-derived MPs 0.798.

The results allowed the determination of threshold 
values for these parameters, indicating a high probability 
of lethal outcome. For D-dimer levels, the highest Youden 
index  (47.2), corresponding to a sensitivity of 72% and 
specificity of 75.2%, was achieved at a threshold value 
of **800 ng/mL** (Fig. 1).

For the indicator of Quick’s prothrombin time (PT), 
the highest Youden index of  44.3, corresponding to a 
model sensitivity of 70% and specificity of 74.3%, was 
achieved at a threshold value of 70% (Fig. 2).

For the platelet-derived microparticle count, the high-
est Youden index of 50.5, corresponding to a sensitivity 
of  77.8% and specificity of  72.7%, was achieved at a 
threshold value of 3.22% of events (Fig. 3).

Table 1. Parameters characterizing the plasma hemostasis status of COVID-19 patients 

Parameters Survivors (n = 120) Deceased (n = 43)
Level of statistical 

significance*, p

APTT 0.88 [0.82–0.97] 0.88 [0.82–1.08] 0.407

PT, % 79.0 [70.2–85.1] 65.3 [51.0–73.9] 0.000

FG, g/L 5.4 [4.1–6.9] 5.5 [3.6–8.0] 0.931

F.VIII, % 112.4 [85.8–165.5] 150.0 [80.3–217.2] 0.08

vWF:RCo, % 250.5 [180.0–350.1] 340.0 [260.1–420.0] 0.01

vWF:Ag, % 219.6 [198.3–321.2] 340.0 [260.1–420.0] 0.08

D-dimer, ng/mL 387.0 [220.0–724.5] 1670.0 [715.0–4334.5] <0.0001

АТ, % 97.7 [84.3–105.0] 85.3 [71.0–97.5] 0.034

PC, % 97.0 [79.7–117.3] 88.0 [67.2–102.0] 0.185

PS, % 75.2 [56.5–90.0] 62.7 [48.2–86.3] 0.138

Table compiled by the authors based on original data

Note: * — comparison was performed between groups of COVID-19 patients; APTT — activated partial thromboplastin time, PT — Quick’s 
prothrombin time, FG — fibrinogen concentration, f.VIII — factor VIII activity, vWF:RCo — ristocetin cofactor activity, vWF:Ag — von Willebrand 
factor antigen, АТ — antithrombin activity, PC — protein C activity, PS — free protein S.

Table 2. Characterization of microparticles in COVID-19 patients

Cellular Marker Survivors (n = 15) Deceased (n = 9)
Level of statistical 

significance*, p

CD41+ (% of events) 2.22 [1.385–3.25] 4.27 [3.48–4.61] 0.025

CD144+ (% of events) 0.03 [0.02–0.03] 0.05 [0.03–0.06] 0.8

Table compiled by the authors based on original data 

Note: * — comparison was performed between the study groups of COVID-19 patients. 
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Thus, the analysis of sensitivity and specificity of 
the selected parameters allows us to consider the fol-
lowing markers as predictors of an adverse outcome in 
COVID-19:
•	 Quick’s prothrombin time (PT) below 70%,
•	 D-dimer level above 800 ng/mL,
•	 Platelet-derived microparticle  (MP) count 

above 3.22% of events.

CONCLUSION

Disturbances in the hemostatic system play a key 
role in the pathogenesis of COVID-19 complications. 
Prothrombotic changes lead to the development of 
thrombotic processes in vessels of various types and 
calibers, thus aggravating the disease prognosis. Our 
study revealed that a number of parameters characteriz-
ing the state of the hemostasis system, namely D-dimer 
concentration and Quick’s prothrombin time (PT), can 
be used as laboratory predictors of lethal disease out-
comes. Given the limited size of the patient sample in 
which microparticle characteristics were determined, 
further research is needed to establish their significance 
for the development of adverse COVID-19 progression 
and outcomes.

Figure prepared by the authors based on original data

Fig. 1. ROC curves for evaluating the predictive model 
of elevated D-dimer levels and adverse outcomes in 
COVID-19

Figure prepared by the authors based on original data

Fig. 2. ROC curves for evaluating the predictive model 
of Quick’s prothrombin test (PT) reduction and adverse 
outcome in COVID-19

Figure prepared by the authors based on original data

Fig. 3. ROC curves for evaluating the predictive 
model of platelet-derived microparticles and adverse 
outcomes in COVID-19
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