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ABSTRACT The novel coronavirus infection named COVID-19 was first detected in Wuhan, China, in December 
2019, and it has been responsible for significant morbidity and mortality in scores of countries. At the time this 
article was being written, the number of infected and deceased patients continued to grow worldwide. Most 
patients with severe forms of the disease suffer from pneumonia and pulmonary insufficiency; in many cases, the 
disease is generalized and causes multiple organ failures and a dysfunction of physiological systems. One of the 
most serious and prognostically ominous complications from COVID-19 is coagulopathy, in particular, decom-
pensated hypercoagulability with the risk of developing disseminated intravascular coagulation. In most cases, 
local and diffuse macro- and microthromboses are present, a condition which causes multiple-organ failure and 
thromboembolic complications. The causes and pathogenic mechanisms of coagulopathy in COVID-19 remain 
largely unclear, but they are associated with systemic inflammation, including the so-called cytokine storm. De-
spite the relatively short period of the ongoing pandemic, laboratory signs of serious hemostatic disorders have 
been identified and measures for specific prevention and correction of thrombosis have been developed. This 
review discusses the causes of COVID-19 coagulopathies and the associated complications, as well as possible 
approaches to their early diagnosis, prevention, and treatment.
KEYWORDS coronavirus, hemostatic disorders, thrombosis, anticoagulants, cytokine storm, COVID-19.
ABBREVIATIONS COVID-19 – coronavirus disease 2019; SARS-CoV-2 – severe acute respiratory syndrome coro-
navirus 2; DIC – disseminated intravascular coagulation; IL – interleukin; G-CSF – granulocyte colony-stim-
ulating factor; MCP-1 – monocyte chemotactic factor-1; TNF-α – tumor necrosis factor-α; aPTT – activated 
partial thromboplastin time; AT – antithrombin; FDP – fibrinogen/fibrin degradation product; PT – prothrom-
bin time; INR – international normalized ratio; TT – thrombin time; LMWH – low molecular weight heparin; 
NOAC – novel oral anticoagulant; PE – pulmonary embolism.

INTRODUCTION
Coronaviruses (CoVs) are large, pleomorphic, and un-
segmented RNA viruses that are abundant in mam-
mals, especially in humans [1–3]. To date, six types of 
human coronavirus have been identified (HCoV-229E, 
-OC43, -NL63, -HKU1, MERS-CoV, SARS-CoV). 
They can cause upper respiratory-tract infection of 
varying severity, including the severe acute respira-
tory syndrome (SARS) [3]. At the end of 2019, a novel 
coronavirus was isolated from the epithelial cells of 
the human respiratory tract, which was named severe 

acute respiratory syndrome-associated coronavirus 2 
(SARS-CoV-2) [4].

From the moment the novel pneumonia, defined 
as coronavirus disease 2019 (COVID-19), started 
spreading in China and other countries, the number 
of patients worldwide has steadily increased, includ-
ing patients with severe pneumonia [2]. COVID-19 can 
lead to critical condition, with an acute respiratory 
distress syndrome and multiple-organ failure, which 
are in many cases caused by systemic coagulopathy 
[5]. Patients with the viral infection can develop sepsis 



80 | ACTA NATURAE |   VOL. 13  № 2 (49)  2021

REVIEWS

that causes disseminated intravascular coagulation 
(DIC) in 30–50% of cases [6]. The DIC syndrome is an 
acquired clinical-biological syndrome characterized 
by a systemic intravascular activation of coagulation, 
which is induced by various causes, and thrombosis 
in the microvasculature, leading to organ dysfunction 
[7]. Clinical variants of the DIC syndrome are diverse, 
and its pathogenesis is very complex and not yet fully 
understood. In particular, in the sepsis-associated 
DIC syndrome, monocytes and endothelial cells are 
activated, which is accompanied by the release of cy-
tokines, expression of the tissue factor, and secretion of 
the von Willebrand factor. Massive thrombi formation 
leads to the consumption of fibrinogen, antithrombin 
III, and other blood coagulation factors, as well as to 
thrombocytopenia, which are collectively referred to as 
“consumption coagulopathy” and can manifest itself in 
the form of hemorrhagic diathesis. The later stages of 
the DIC syndrome are associated with fibrinolysis ac-
tivation aimed at recanalization of blood vessels, which 
can aggravate bleeding. Typical laboratory signs of the 
DIC syndrome include hypofibrinogenemia, thrombo-
cytopenia, antithrombin III deficiency, and prolonged 
clotting tests, in combination with the clinical picture 
of blood circulatory disorders. The typical features are 
increased levels of the D-dimer and fibrin degradation 
products (FDPs), which are markers of fibrin deposi-
tion and secondary fibrinolysis [8]. A number of studies 
have indicated that the DIC syndrome is characteristic 
of COVID-19 and is, especially, often associated with 
mortality; however, the bleeding component, unlike in 
septic DIC, is absent in COVID-19 [8].

There is a close relationship between hemostatic dis-
orders and the systemic inflammatory response to viral 
infection [9]. Clinical and laboratory signs of thrombotic 
conditions and their severity correlate directly with 
the production of inflammatory cytokines such as IL-2, 
IL-6, IL-7, IL-10, G-CSF, IP10, MCP-1, MIP-1A, and 
TNF-α, although the causes and mechanisms of “cyto-
kine storm” development in either COVID-19 or other 
viral infections are not yet fully understood [10]. The 
relationship between inflammation and thrombosis and 
the ability of these two processes to exacerbate each 
other have been described in many pathological condi-
tions [11, 12]. Physiological pro- and anticoagulants, 
as well as platelets, have pro-inflammatory proper-
ties independent of their hemostatic functions [13–17]. 
The interdependence of thrombotic complications and 
the systemic inflammatory response is one of the main 
links in COVID-19 pathogenesis [18–20].

This review provides data on the changes in the 
laboratory parameters of hemostasis in COVID-19 pa-
tients. According to the published data, routine labora-
tory tests enable the identification of threatening and 

existing hemostatic disorders and the development of 
adequate and relevant approaches to the prevention 
and treatment of hemostatic disorders in COVID-19 
patients. All the data on coagulopathies in COVID-19 
reported to date have been obtained in relatively small 
patient cohorts. The findings obtained at the peak of 
the pandemic are preliminary and require a careful 
retrospective analysis.

COVID-19 AND BLOOD COAGULATION DISORDERS
A study by Guan et al., who reported data on 1,099 
patients with a laboratory-confirmed COVID-19 infec-
tion, showed that blood D-dimer levels in COVID-19 
patients were significantly higher than the normal 
values and were consistent with high levels of the 
C-reactive protein. In severe cases, deviations of lab-
oratory parameters (leukopenia, lymphopenia, throm-
bocytopenia) were more pronounced than those in mild 
symptoms of the disease [20].

Researchers from a Chinese clinical hospital ex-
amined 94 patients diagnosed with COVID-19 and 40 
individuals in the control group, in accordance with 
the “pneumonia diagnosis protocol for novel corona-
virus infection” that included coagulation tests [21]. 
The coagulation tests included the following labora-
tory parameters: activated partial thromboplastin time 
(aPTT), antithrombin (AT), fibrinogen/fibrin degra-
dation products (FDP), fibrinogen, prothrombin time 
(PT), international normalized ratio (INR), thrombin 
time (TT), and D-dimer. Then, the COVID-19 pa-
tients were divided into three subgroups with mild, 
severe, and critical clinical symptoms of the disease, 
respectively. No significant differences in aPTT, PT, 
and INR were found between the three subgroups and 
the control group. The antithrombin value in all three 
subgroups was lower than that in the control group, 
but there was no difference among the COVID-19 sub-
groups. The blood D-dimer level in the patients with 
severe symptoms was significantly higher than that in 
the control group [21]. Tang et al. conducted an analysis 
of coagulation tests in 183 COVID-19 patients. It re-
vealed that the D-dimer value in patients with severe 
symptoms who died was almost 3.5-fold higher, on av-
erage, than the normal values. The FDP, PT, and aPTT 
values were also higher than those in the survived 
patients. These results showed that the coagulation pa-
rameters in the deceased patients were similar to those 
in the DIC syndrome [8]. Thus, excessive activation of 
blood coagulation leads to the development of the DIC 
syndrome, which is an unfavorable prognostic factor in 
COVID-19 [22].

The D-dimer is a product of fibrinolytic degrada-
tion of fibrin cross-linked by factor XIIIa; therefore, 
an increase in the blood D-dimer concentration is used 
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in clinical laboratory diagnostics of micro- and macro-
thrombosis [23]. Examination of 191 COVID-19 patients 
showed that D-dimer values in non-survived patients 
were almost 9-fold higher [24]. Clinical data, laboratory 
parameters, and results of chest-computed tomogra-
phy of 248 COVID-19 patients were retrospectively 
analyzed. The D-dimer level was high (≥ 0.5 mg/L) 
in 75% of the patients. In hospitalized patients, the 
D-dimer level climbed significantly as the severity of 
COVID-19 increased. In moderately severe patients, 
the median level of D-dimer was approximately 7-fold 
higher than the normal values and increased to critical 
values in severe patients. Other researchers have also 
identified changes in hemostasis; in particular, an in-
crease in the blood D-dimer level in COVID-19 patients 
[25, 26]. Higher D-dimer levels are found in patients 
with concomitant critical diseases (chronic heart fail-
ure, respiratory diseases, malignant neoplasms, etc.); 
therefore, the D-dimer level may be used as a prognos-
tic marker of mortality in COVID-19 [27].

The clinical and laboratory data of 41 patients hospi-
talized with a confirmed diagnosis of COVID-19 were 
reported. Higher PT values and D-dimer levels were 
noted in patients requiring transfer to an intensive care 
unit [28].

Zhang et al. reported three COVID-19 cases with 
severe pneumonia and coagulopathy. All the patients 
had a hypertension history; two patients had a coro-
nary heart disease; one patient had a stroke. On ex-
amination, there were signs of ischemia in the lower 
extremities on both sides. Laboratory tests showed 
increased PT, aPTT, fibrinogen, and D-dimer levels, 
leukocytosis, and thrombocytopenia [29]. The presence 
of antiphospholipid antibodies in the blood indicates 
development of the antiphospholipid syndrome; how-
ever, these antibodies can be temporarily produced in 
patients with various infections [30]. The presence of 
these antibodies can lead to thrombotic complications 
that, in critical patients, are difficult to differentiate 
from other types of diffuse microthrombosis, such as 
DIC, heparin-induced thrombocytopenia, and throm-
botic microangiopathy.

Therefore, COVID-19 is associated with pronounced 
changes in the laboratory parameters of hemostasis; an 
elevated D-dimer level (≥ 1 μg/mL) is considered an 
unfavorable prognostic factor [24, 31–33].

COVID-19 AND THROMBOCYTOPENIA
A meta-analysis by Lippi et al. revealed a decrease in 
the platelet count in patients with severe COVID-19 
(mean 31 × 109/L, 95% CI: 29 × 109 to 35 × 109/L), with 
thrombocytopenia being associated with a five-fold 
increase in the risk of a severe form of the disease 
[34]. Thrombocytopenia often occurs in patients with 

a critical course of the disease and is usually combined 
with multiple-organ pathology and coagulopathy in 
the form of the DIC syndrome [35]. Thrombocytopenia, 
which is considered a mortality risk factor, was found 
in 55% of the patients with the severe acute respiratory 
syndrome [36].

Along with consumption of platelets for the forma-
tion of thrombi, thrombocytopenia in COVID-19 is as-
sociated with the ability of the coronavirus to directly 
affect the bone marrow, which leads to abnormal he-
matopoiesis or triggers an autoimmune response to 
hematopoietic and stromal bone marrow cells [36, 37]. 
The platelet count in COVID-19 is a simple and readily 
available biomarker associated with the clinical picture 
and mortality risk [38, 39]. It should be noted that a low 
blood platelet count correlates with elevated indica-
tors of disease severity and multiple organ dysfunction, 
such as the New Simplified Acute Physiology Score II 
(SAPS II) and Acute Physiology and Chronic Health 
Evaluation II (APACHE II) [39].

“CYTOKINE STORM” IN COVID-19
There is growing evidence of “cytokine storm” de-
velopment in severe COVID-19 [40], as a response to 
systemic inflammation [9]. Inflammation is an integral 
part of an effective immune response, which enables 
the neutralization and elimination of the infectious 
agent. Massive formation of inflammatory cytokines 
accompanies a pronounced inflammation and leads to 
a high permeability of blood vessels, multiple-organ 
failure, and, probably, death at very high blood cy-
tokine concentrations [41]. The term “cytokine storm” 
in relation to infectious diseases was introduced for the 
first time in the early 2000s during a study of the cyto-
megalovirus infection [42], Epstein-Barr virus-associ-
ated hemophagocytic lymphohistiocytosis [43], group 
A streptococcus [44], influenza virus [45], hantavirus 
[46], variola virus [47], and the severe acute respiratory 
syndrome coronavirus (SARS-CoV) [48].

Cytokines are a diverse group of small proteins that 
are secreted by cells for intercellular communication 
[49]. A complex cytokine response is considered as a se-
ries of overlapping reactions, each with its own degree 
of redundancy and alternative pathway. This combina-
tion of overlap and redundancy is important in identi-
fying key steps in the cytokine response to the infection 
and in identifying specific cytokines for therapeutic 
intervention.

There have been many studies in humans and ex-
perimental models that have convincingly proven the 
pathogenic role of inflammatory cytokines/chemo-
kines derived from inflammatory monocyte-macro-
phages and neutrophils. The effect of coronavirus on 
cytokine production in the acute phase of the disease 
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was characterized by measuring the levels of the plas-
ma cytokines IL-1B, IL-1RA, IL-2, IL-4, IL-5, IL-6, 
IL-7, IL-8 (known as CXCL8), IL-9, IL-10, IL-12p70, 
IL-13, IL-15, IL-17A, eotaxin (known as CCL11), 
basic FGF2, G-CSF (CSF3), GM-CSF (CSF2), IFN-γ, 
IP10 (CXCL10), MCP-1 (CCL2), MIP-1A (CCL3), 
MIP-1B (CCL4), PDGFB, RANTES (CCL5), TNF-α, 
and VEGFA [28]. Critical care patients were found to 
have higher plasma levels of IL-2, IL-7, IL-10, G-SCF, 
IP10, MCP-1, MIP1-A, and TNF-α. These findings 
suggest that the “cytokine storm” is associated with 
a severity of the disease [28]. Therefore, therapeutic 
interventions targeting pro-inflammatory cytokines 
can attenuate excessive inflammatory responses. It 
is also important to note that high viral titers at the 
early and later stages of the infection are strongly cor-
related with the severity of the disease. Therefore, 
strategies aimed at controlling the viral load and at-
tenuating the inflammatory responses are very im-
portant in the treatment and management of patients. 
This approach requires more research to identify the 
specific signaling pathways that mediate inflamma-
tory responses in coronavirus patients [50].

OTHER HEMATOLOGICAL CHANGES IN COVID-19
The most common hematologic findings include lym-
phocytopenia [51–53], neutrophilia [54], eosinopenia 
[55], mild thrombocytopenia [53], and, less common-
ly, thrombocytosis [34]. The leukocyte counts can be 
normal, decreased [28], or increased [24]. According to 
a meta-analysis [56], leukocytosis, lymphopenia, and 
thrombocytopenia in a COVID-19 infection are asso-
ciated with a more severe course of the disease and 
even death. According to Terpos et al., during the first 
days of the disease, when non-specific symptoms are 
present, the leukocyte and lymphocyte counts are 
normal or slightly reduced [57]. Later, on days 7–14 of 
the infection, the disease affects organs with a high-
er expression of the angiotensin-converting enzyme 
2 (ACE2) [58], a SARS-CoV-2 receptor, such as the 
lungs, heart, and gastrointestinal tract. At this stage, 
more pronounced hematological changes, in particular 
a significant decrease in the lymphocyte count, are 
present. This is more typical of non-survived patients. 
In survived patients, the lowest lymphocyte count 
was encountered around day 7 of symptoms onset, 
followed by recovery [24]. Thus, the dynamics of the 
lymphocyte count, i.e. their serial count over time, 
may be a predictor of the disease’s clinical outcome. 
An analysis of the published data showed that, among 
all hematological changes, lymphopenia is one of the 
most frequent indicators of a lethal outcome. Ratios 
of blood cell counts are of great clinical importance: 
e.g., a reduced lymphocyte/leukocyte ratio indicates 

severe symptoms and/or a lethal outcome [59]. Similar-
ly, increased neutrophil/lymphocyte and neutrophil/
platelet ratios may indicate myocardial damage and 
increased mortality [60]. Therefore, it is important to 
monitor hematological parameters to assess COVID-19 
progression and prognosis.

PROPHYLAXIS AND TREATMENT OF 
COAGULOPATHY IN COVID-19 
A high rate of thrombotic complications has spurred 
interest in thromboprophylaxis and anticoagulant 
therapy in COVID-19. Data on systemic hypercoagula-
bility, in particular massive thrombinemia and diffuse 
microthrombosis accompanied by multiple organ fail-
ures, are used as a pathogenic rationale for treatment. 
Therefore, inhibition of thrombin formation and/or 
activity in the blood may potentially decrease the risk 
and prevalence of thrombosis and reduce mortality in 
COVID-19 [23, 37].

The most common method for the prophylaxis 
and treatment of thrombosis in COVID-19 patients 
is the use of low-molecular-weight heparin (LMWH) 
[61]. LMWH should be administered to all patients 
(including non-critical ones) who require hospitaliza-
tion for COVID-19 in the absence of contraindica-
tions (active bleeding and a platelet count of less than 
25 × 109/L). The efficacy of prophylactic heparin 
therapy was shown in a study of 449 patients with se-
vere COVID-19; of those, 99 patients received heparin 
(mainly LMWH) at prophylactic doses [62]. Although 
there were no differences in the 28-day mortality in 
patients untreated and treated with heparin, LMWH 
in patients with more pronounced hemostatic disorders 
(sepsis-induced coagulopathy score ≥ 4) reduced signif-
icantly the mortality rate (40% versus 64%, p = 0.029). 
Heparin therapy reduced mortality in patients with a 
6-fold or more elevated level of D-dimer (33% versus 
52%, p = 0.017) [62]. In addition, LMWH administra-
tion reduced the risk of pulmonary embolism in critical 
patients.

The possible effect of other drugs received by 
patients should be considered when evaluating the 
dose of LMWH. Approximately 50% of the patients 
who died from COVID-19 in Italy had multiple co-
morbidities, such as atrial fibrillation or coronary 
heart disease, which required anticoagulant or anti-
platelet treatment. The treatment of these patients is 
particularly challenging due to potential interactions 
between heparin and other drugs, such as new oral 
anticoagulants [63] that have proven themselves well 
in the prophylaxis and treatment of venous throm-
boembolism; these drugs may also be promising for 
reducing the risk of thrombosisin in COVID-19 pa-
tients [41].
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CONCLUSIONS
COVID-19 patients often develop hemostatic disorders: 
in particular, hypercoagulability of varying severity. 
Typical laboratory signs of these disorders are throm-
bocytopenia, increased D-dimer and fibrinogen con-
centrations in the blood, and prolonged PT and aPTT, 
especially in patients with severe COVID-19. Dynamic 
monitoring of these hemostatic parameters may reflect 
a transformation of the clinical course of the disease 
into a more severe case. The most pronounced chang-
es in hemostasis in COVID-19 have an unfavorable 
prognostic value. Given the increased risk of thrombo-
embolic complications in COVID-19 patients, prophy-
lactic and therapeutic use of anticoagulants, primarily 
low-molecular-weight heparins, is justified. 
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