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Most biomarkers associated with severe Covid-19 disease differ
by sex when examined3 in experimental and epidemiological
studies in the non-COVID-19 population.
Sex speciﬁc genetic and hormonal modulation of the immune
and renin angiotensin aldosterone system are complex, but
important COVID-19 disease mechanisms which may provide
insight into the observed sex disparity in case fatality rates.
Future studies should address the relationship between biomarkers and COVID-19 disease severity including mortality, as
current data are scarce.

with poor COVID-19 prognosis, including
hypertension, cardiovascular disease (CVD),
and chronic obstructive pulmonary disease
(COPD).7,9,13,18,22-24 Furthermore, a stratiﬁed
analysis by sex showed that even after adjustment for age, the effect of co-morbidities on
COVID-19 mortality was greater for men
than women.16

contribute to the differing responses to the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus by sex. The size
and independence of the effect of sex on
the association between biomarkers and
COVID-19 health outcomes, however, rarely
have been rarely reported or translated into
preventive and clinical care settings. This review synthesizes the available evidence
regarding the proposed cellular and molecular markers of COVID-19 severity by sex,
including biomarkers of inﬂammation; coagulation; liver, renal, and cardiac function;
and expressions of angiotensin-converting
enzyme 2 (ACE2) and transmembrane serine
protease 2 (TMPRSS2). The available
literature on such markers in the general
population will also be discussed. The literature regarding biomarkers and COVID-19
available on PubMed, Embase, and the Chinese National Knowledge Infrastructure
published until June 7, 2020, was systematically searched and reviewed. Our review
synthesizes the current data and identiﬁes

e 1. Immune activation and mechanisms of coagulopathy in patients with coronavirus disease 2019 (COVID-19).

e processes may contribute to COVID-19-associated coagulopathy including direct infection of type II pneumocytes and endothelial cells,
to barrier dysfunction and increased permeability; inflammatory responses characterized by activation of T cells, neutrophils, monocytes,
hages, and platelets resulting in exuberant inflammatory cytokine release (including IL-1, IL-6, IL-10, TNF-α), monocyte-derived TF and PAI-1
ion; and culminating in the development of microvascular and macrovascular thrombi composed of fibrin, NETs, and platelets.
FIGURE. Cellular receptors of angiotensin II and severe acute respiratory syndrome coronavirus 2 (SARSleukin; NETs, neutrophil extracellular traps; PAI-1, plasminogen activator inhibitor-1; TF, tissue factor; TNF-α, tumor necrosis factor-alpha. CoV-2) viral entry. Angiotensin-converting enzyme 2 (ACE2) removes C-terminal amino acids from

r of disease severity. Early COVID-19 autopsy
s have also identified a possible role for neutrophils
crovascular thrombi contained numerous neutrophils,
in some cases were partially degenerated, consistent

angiotensin II (Ang II), generating Ang 1-7 which activates MAS receptors. Ang 1-7 has a range of cardiovascular protective effects, thus attenuating the effect of Ang II. SARS-CoV-2 spike protein is primed by
with a prothrombotic state
transmembrane serine protease 2 (not shown in ﬁgure) and interacts with the cell surface ACE2 receptor
facilitating endosomal entry. AT1R ¼ angiotensin type 1 receptor; AT2R ¼ angiotensin type 2 receptor.
and in alveolar fluid studies

DIC, and changes consistent
have been found both in blood
of these patients.65,66 Higher levels of FDPs and D-dimer
are seen in patients who developed2190
ARDS as compared to
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among patients with COVID-19 and further increased in those with more severe forms of the disease.

We also present
guidance on the preventionand
and management
of thrombosis
from a multidisciplinary
ulation
parameters,
and (3) efﬁcacy of pharprovide a description
of coagulopathy
panel of specialists from Mayo Clinic. The current certainty of evidence is generally very low and
continues to evolve.in patients with
macological anticoagulation. We excluded
the role of anticoagulants
ª 2020 Mayo Foundation for Medical Education and Research
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Patients with
COVID-19

evere acute respiratory syndrome
coronavirus (SARS-CoV) 2 causing
coronavirus disease 2019 (COVIDAnticoagulation
19) has infected more than 5.5 million individuals worldwide and caused more than
350,000 deaths.1 In the United States, there
have been nearly 1.7 million conﬁrmed cases
and nearly 100,000 deaths.1,2 A prominently
described feature of this disease has been its
hematologic manifestations and high risk of
thrombosis. The COVID-19 laboratory
signature includes lymphopenia, neutrophilia, and thrombocytopenia with elevated
ﬁbrinogen and ﬁbrin degradation products
Coagulopathy
(D-dimer). This signature is similar to that
of previous coronavirus outbreaks including
SARS-CoV-1 in China in 2002 and the

Mayo Clin Proc. 2020;95(11):2467-2486

Middle East respiratory syndrome coronavirus in 2012.3-7 The International Society on
Thrombosis and Haemostasis diagnostic
criteria for overt disseminated intravascular
coagulation (DIC)8 included a category of
coagulopathy associated with sepsis termed
sepsis-induced coagulopathy.9 Coagulopathy
in SARS-CoV-2 has distinctive features
including elevated ﬁbrinogen levels with
only modest thrombocytopenia despite
marked elevations in ﬁbrin D-dimer values,
prompting some investigators to prefer the
term
COVID-19eassociated coagulopathy.
Intermediate
Thrombotic outcomes include an apparent
outcomes
increase
in the incidence of venous thromboembolism (VTE). However, many questions
remain regarding a true difference and
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Question 1. What coagulation
abnormalities occur with
COVID-19?
• What laboratory abnormalities
occur in patients with
COVID-19?
• What is the frequency of these
abnormalities?
• Are these abnormalities
predictive of poor outcomes?

n

Question 2. What is the role
of anticoagulation in patients
with COVID-19?
• Are there any differences in
outcomes in patients receiving
thromboprophylaxis compared
to not receiving it?
• Are there any differences in
outcomes in patients receiving
therapeutic anticoagulation
compared to not receiving it?

FIGURE 1. Analytic framework for the study. COVID-19 ¼ coronavirus disease 2019.
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Question 3. What can we
learn from patients already
receiving long-term
anticoagulation?
• Are there any differences in
outcomes in patients receiving
long-term anticoagulation?
• What do their laboratory
profiles look like compared to
patients not receiving
anticoagulation?

the expression of tissue factor on monocytes/macrophages
and
Page
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Gralinski et al 34 examined the urokinase pathway in SARS-CoV-1

vascular endothelial cells. The coagulation cascades are initiated

infection using knockout mice and reported that urokinase would

mainly by the tissue factor on the cellular surface. Different from

regulate the lethality. They reported increased plasminogen peptides
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         Mechanisms of coagulation activation in Covid-19. Both pathogens (viruses) and damage-associated molecular patterns
(DAMPs) from injured host tissue can activate monocytes. Activated monocytes release inflammatory cytokines and chemokines
that stimulate neutrophils, lymphocytes, platelets, and vascular endothelial cells. Monocytes and other cells express tissue factor and
phosphatidylserine on their surfaces and initiate coagulation. Healthy endothelial cells maintain their anti-thrombogenicity by expressing
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Fig. 1 Proposed mechanisms for the increased thrombotic risk related
to SARS-CoV-2 infection. SARS-CoV-2 Severe Acute Respiratory
Syndrome-Coronavirus-2
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The unique characteristics of COVID-19
coagulopathy
Toshiaki Iba1* , Jerrold H. Levy2, Jean Marie Connors3, Theodore E. Warkentin4, Jecko Thachil5 and Marcel Levi6
Abstract
Thrombotic complications and coagulopathy frequently occur in COVID-19. However, the characteristics of COVID19-associated coagulopathy (CAC) are distinct from those seen with bacterial sepsis-induced coagulopathy (SIC) and
disseminated intravascular coagulation (DIC), with CAC usually showing increased D-dimer and fibrinogen levels but
initially minimal abnormalities in prothrombin time and platelet count. Venous thromboembolism and arterial
thrombosis are more frequent in CAC compared to SIC/DIC. Clinical and laboratory features of CAC overlap
somewhat with a hemophagocytic syndrome, antiphospholipid syndrome, and thrombotic microangiopathy. We
summarize the key characteristics of representative coagulopathies, discussing similarities and differences so as to
define the unique character of CAC.
Keywords: COVID-19, Coagulopathy, Disseminated intravascular coagulation, Hemophagocytic syndrome,
Antiphospholipid syndrome, Thrombotic microangiopathy

Background
The high mortality and its relationship with thromboembolic diseases in COVID-19 have increasingly attracted
attention [1, 2]. D-dimer has been repeatedly reported to be
a useful biomarker associated with the severity of disease
[3] and is a predictor of adverse outcomes [4]. The high incidence of venous thromboembolism (VTE) and the importance of giving anticoagulant thromboprophylaxis is
stated in guidance documents [5] and supported by consecutive autopsy findings noting frequent deep vein thrombosis in 7 of 12 COVID-19 patients (58%) with
complicating pulmonary embolism in 4 patients (33%) [6].
An increased incidence of arterial thromboses such as
stroke and acute coronary syndromes has also been reported in COVID-19 [7]. The effectiveness of prophylactic
and therapeutic anticoagulant use in this context is controversial. The initial Wuhan description reported a lower
mortality heparin-treated patients with D-dimer levels over

3.0 μg/mL (32.8% vs 52.4% not treated, P = 0.017) or sepsisinduced coagulopathy (SIC) (40.0% vs 64.2% not treated,
P = 0.029) [8]. In another study, Paranjpe et al. [9] analyzed
2773 COVID-19 patients of whom only 28% received anticoagulant therapy; in patients requiring mechanical ventilation (n = 395), in-hospital mortality was lower in patients
who received systemic anticoagulation at 29.1% with a median survival of 21 days compared to 62.7% mortality and
median survival of 9 days in patients not treated with anticoagulation. Despite the retrospective data, the report emphasizes the role of hypercoagulability in COVID-19 and
the role of anticoagulation. However, the pathophysiology
of COVID-19-associated coagulopathy (CAC) is complex
and likely to differ in important ways from the standard
mechanisms of thrombosis reported in critically ill patients.
This review will compare and contrast various wellcharacterized types of coagulopathy with CAC (Table 1).
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Sepsis-induced coagulopathy (SIC) and
disseminated intravascular coagulation (DIC)
The pathophysiology of bacterial SIC and disseminated
intravascular coagulation (DIC) has been extensively
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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
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Fig. 1 Thrombus formation in disseminated intravascular coagulation, thrombotic thrombocytopenic purpura, and hemolytic uremic syndrome. In
bacterial sepsis, immune cells such as monocyte and macrophages are activated by pathogen-associated molecular patterns (PAMPs) and hostderived damage-associated molecular patterns (DAMPs). The immune cells initiate coagulation cascades through expressing tissue factor (TF) and
releasing extracellular vesicles (EVs). The activated neutrophils and neutrophil extracellular traps (NETs) are also involved in coagulation.
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diagnostic criteria of DIC, is usually used in order to
diagnose or exclude thrombotic events such as deep
venous thrombosis or pulmonary embolism15. Venous
thromboembolism (VTE) is a frequent complication
of critical illnesses, particularly in patients treated in
intensive care units (ICU). The frequency of VTE has
been reported to be 13% in patients of a respiratory
intensive care unit26. On the other hand, the incidence of VTE has been 25% in patients with severe
Covid-19 in the ICU, which also represents a hypercoagulable process in Covid-19 patients15. The D-dimer
levels are also higher in patients with DVT compared
to non-DVT. (5.2 vs. 0.8 µg/mL, p< 0.001) D-dimer
within normal limits has been already known to have
a higher sensitivity but lower speciﬁcity for acute
thrombosis. Since we experience higher D-dimer lev-

Decreased
Lymphocytes
Platelets
Albumin
Serum Na

The serum level of D-dimer has been also reported to
be higher if the severity of the disease increases16-19.
Despite expectancy of higher D-dimer levels in severe
Covid-19 patients, it is important to observe statistically signiﬁcant D-dimer levels in moderate Covid19 pediatric patients compared to milder ones (0.36
vs. 0.21µg/mL, p< 0.028)17. However, in a different
cohort with fewer patients, there has been no difference in terms of D-dimer level in Covid-19 patients
without or with aggravation (0.29 vs. 0.28 mg/dL, p=
0.922) 20. Nevertheless, if we consider D-dimer as a
prognostic marker, it has been signiﬁcantly higher
in patients with ARDS and independently associated
with a higher risk of ARDS development (1.16 vs.
0.52 µg/mL, p< 0.001; OR= 1.03, 95%: 1.01 – 1.04; p<
0.001)21. Noteworthy, D-dimer has been proved to be

Evidence of clinically severe illness requiring hospitalization with multisystem (>

Maciej M. Kowalik et al., Understanding COVID-19

COVID-19 COAGULOPATHY
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synthesized and tested through the first and second
and in whom the virus has successfully evaded the
phase of approval, which prove sufficiently effective
forces of their immunity. It would be an inapproprito block the virus entry and/or stop or slow down its
ate waste of time if we did not take advantage of
multiplication to gain time for the innate and adapted
the accumulated knowledge on the pathogenesis of
reaction of the whole immune system. Within this
a variety of viral diseases, observe, make analogies,
approach, a list of agents have already been tested,
and draw conclusions. COVID-19 is not an entirely
including the combination of chloroquine or hynew disease. The closest relatives are SARS and
droxychloroquine with azithromycin, oseltamivir,
MERS, and the stages of the disease resemble
lopinavir/ritonavir, darunavir, favipiravir, remdesivir,
already known syndromes [27, 47]. Nonetheless,
and ivermectin [15, 121–124]. With different, either
a timely prediction of the subsequent events and
unspecific or targeted mechanisms of action, each
appropriate choices and timing of the intervention
of them had been successfully used against other
still pose the main challenges of supportive treatviruses or parasites. However, up to the date of
ment. Curbing or modifying the inflammation phase
completion of this manuscript, only chloroquine in
requires a detailed understanding of the processes
Poland and remdesivir in the United States, have
that take place down to the molecular signal levels.
gained recommendation as the first-line treatment
Antiviral therapies often prove ineffective in late
against COVID-19 [15, 125].
phases of viral diseases, as they are more loosely
It is obvious that the success of direct antiviral
linked to the viral presence. The phenomena which
treatment relies upon its application during the
are observed in the advanced stages of COVID-19
phase
of
viral
entry
and
replication.
The
main
fault
are rather due to the insufficient, over-induced,
Figure 2. Phases and severity grading of COVID-19 — after Siddiqi and Mehra [47], modified. During early infection
of many clinical trials of antiviral agents lies in the
or dysregulated response of the immune system
virus replication and shedding is rapidly accelerating within the first 4–10 days (Phase I). Together with the cytopathic
fact that the treatment, for a variety of reasons,
and its counterparts in the human body, the most
effect of the virus replication clinical symptoms occur and the first immunological mechanisms are triggered (Phase II).
begins too late. First symptoms and/or signs of
important of them being the coagulation system.
With an occurrence of the first non-neutralizing antibodies, antibody-dependent augmentation of inflammation oc-

D-dimer
< 3.0 μg/mL FEU

≥ 3.0 μg/mL FEU

Prophylaxis
Enoxaparin
Unfractionated heparin
if acute kidney injury

Point-of-care
ultrasonography

Measure D-dimer
every 48 hours

Positive

Negative or
not available

Intravenous heparin or
subcutaneous enoxaparin

High-intensity
prophylaxis

Figure 4. Algorithm for preventing and treating COVID-19associated coagulopathy.
FEU = fibrinogen equivalent units
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TABLE 1

Cleveland Clinic approach to anticoagulation prophylaxis and management
in COVID-19
Category 1
D-dimer < 3.0 μg/mL FEU
Standard prophylaxis

Category 2
D-dimer ≥ 3.0 μg/mL FEU
High-intensity prophylaxis

Category 3
Confirmed VTE
Full anticoagulation

Standard

Enoxaparin 40 mg
subcutaneously every 24 hours

Enoxaparin 40 mg
subcutaneously every 12 hours

IV heparin per DVT/PE nomogram
or enoxaparin 1 mg/kg
subcutaneously every 12 hours

Renal failure

CrCl 10–30 mL/min:
Enoxaparin 30 mg
subcutaneously every 24 hours

CrCl < 30 mL/min or AKI:
Enoxaparin 40 mg
subcutaneously every 24 hours

of Vascular Surgery: Venous and Lymphatic Disorders
IV heparin per DVT/VTEJournal
nomogram

CrCl < 10 mL/min or AKIa:
Unfractionated heparin 5,000 U
subcutaneously every 12 hours

CrCl < 10 mL/min or AKIa:

CRRT:
Unfractionated heparin
500 U/hour through circuit

CRRT:
Unfractionated heparin
500 U/hour through circuit

Circuit clotting:
IV heparin per ACS nomograma

Circuit clotting:
IV heparin per ACS nomograma

> 100 kg:
Enoxaparin 40 mg
subcutaneously every 12 hours

> 100 kg:
Enoxaparin 60 mg
subcutaneously every 12 hours

IV heparin per DVT/PE nomogram

> 120 kg:
Enoxaparin 60 mg
subcutaneously every 12 hours

> 120 kg:
Enoxaparin 80 mg
subcutaneously every 12 hours

Enoxaparin 1 mg/kg
subcutaneously every 12 hours,
up to 150 mg

Costanzo

Volume 8, Number 5

Unfractionated heparin 7,500 U
subcutaneously every 12 hours

Obesity
Standard

or

Above 150 kg
use unfractionated heparin
Renal failure

≤ 120 kg: 7,500 U every 12 hours ≤ 120 kg: 7,500 U every 8 hours

CrCl < 30 mL/
min or AKIb

> 120 kg: 10,000 U every 12
hours

> 120 kg: 10,000 U every 8
hours

CRRT:
500 U/h through circuit

CRRT:
500 U/h through circuit

IV heparin per DVT/PE nomogram

Fig 1. Mechanisms of coagulation impairment in COVID-19 infection. *Elevated levels of plasminogen/plasm
found in several medical conditions, including hypertension, diabetes, cardiovascular disease, cerebrovas
disease, and chronic renal disease. IL6, Interleukin 6; IL8, interleukin 8; TNF-a, tumor necrosis factor a.

replication could be hypothesized as age-dependent
defects in T-cell and B-cell function have been
described.31
a
IV heparin ACS nomogram: initial dose 60-U/kg bolus, then 12 U/kg/hour; target aPTT 49–67 seconds; target heparin anti-Xa 0.2–0.5 units/mL. Potential mechanisms of impaired coagulation in
b
AKI definition: doubling of creatinine in 48 hours or anuria.
COVID-19 infection are summarized in Fig 1.

Circuit clotting:
IV heparin per ACS nomograma

Circuit clotting:
IV heparin per ACS nomograma

ACS = acute coronary syndrome; AKI = acute kidney injury; aPTT = activated partial thromboplastin time; CrCl = creatinine clearance; CRRT = continuous renal
replacement therapy; DVT = deep vein thrombosis; FEU = fibrinogen equivalent units; IV = intravenous; PE = pulmonary embolism; VTE = venous thromboemHISTOPATHOLOGIC
bolism

FINDINGS

Fibrin accumulation in the lung is a hallmark of acute

RATIONALE FOR THE USE OF HEPARINS
COVID-19 INFECTION

Heparins are anticoagulant drugs currently u
prophylaxis and therapy of venous thrombo
and are classiﬁed according to their molecula
Heparin reversibly binds antithrombin III and
its subsequent inhibitory effect on activated
and thrombin (factor Xa).37,38 Only unfractiona

lite of ASA, have already been described in plants. SaliAnother study showed that ASA could reduce the pathocylic acid, either produced by plants or applied to them, can
genic eﬀects of HCV through the down-regulation of celinduce resistance to viral infections; through this and other
lular oxidative stress and the enhancement of the expresimmune-modulating functions, salicylic acid is currently
sion and activity of Cu/Zn superoxide dismutase (SOD1)
considered a plant protector from viruses and other kind of
in infected cells [103]. Additionally, ASA showed a sigbiotic and abiotic stresses [95].
nificant and dose-dependent antiviral activity against sevIn humans, the antiviral action of ASA has been
eral other RNA viruses, including influenza A H1N1 virus,
714
Costanzo et al
extensively documented against both DNA and RNA
human rhinoviruses, and coxsackie virus subtype A9, this
viruses (Fig. 2). ASA reduced cytomegalovirus-induced
eﬀect was observed with non-cytotoxic doses of ASA [19].
reactive oxygen species production and NF‐κ B activaIt is noteworthy that the beneficial eﬀects of ASA against
tion, thus resulting in the inhibition of cytomegalovirus
influenza virus infection have been in part attributed to
replication in smooth muscle cells [96]. Also, high doses
ASA-mediated inhibition of PGE2 activity in macrophages
of ASA have been shown to be able to reduce varicellaand subsequent upregulation of interferon type I (IFN-1)
zoster virus replication in a partially reversible manner
production, leading to restricted viral replication and pro[97, 98], with ASA concentration and duration of exposure
moting T-cell-mediated immune response [104].
Importantly, ASA-induced overactivation of HO-1 may
result in the degradation of heme, which plays a role as
a pro-inflammatory mediator [67, 105]. This anti-inflammatory mechanism of action of ASA is important in the
light of two main findings: (1) the reduced lung inflammation and mortality in mice over-expressing HO-1 that are
subsequently infected with influenza virus [106], (2) the
decreased HO-1 expression and/or activity due to human
polymorphisms of the HO-1 gene have been associated
with poor outcomes in diﬀerent states of overactivation
of the inflammation cascade [107]. Furthermore, nontoxic concentrations of D , L -lysine acetylsalicylate, the
water-soluble salt of ASA and lysine, reduced the titer,
viral RNA synthesis, and protein accumulation, as well as
Fig. 2 Hypothetical mechanisms explaining the antiviral eﬀects of
the2.replication
of human
in vitro [20]. In the
ASA. In the grey circle are included: three main antiviral pathways Fig
Potential
effectsCoV-229E
of low-molecular-weight
heparin
modulated by ASA, including COX-2, NF-kB, and HO-1, and the
same experimental
conditions,
D,L-lysine acetylsalicylate
) in COVID-19
disease.
(LMWH
proposed mechanisms mediating the antiviral eﬀects of ASA. The
reduced MERS-CoV titer in Huh7-infected cells [20].
external area includes the viruses whose replication is inhibithed by

sis and Haemostasis (ISTH) on management of coagulopathy in
COVID-19 patients [101]
Scenario

Recommendations TAKE HOME MESSAGE

Monitoring of
coagulation
markers

Monitor D-dimers, PT, platelet count, and
fibrinogen can help to stratify patients who
may need admission and close monitoring

Thromboprophylaxis

Prophylactic dose LMWH should be given to
all patients (including non-critically ill) who
require hospital admission unless contraindicated (active bleeding and platelet count
<25 × 109/L)

Management
of bleeding

Transfuse and aim platelet count above 50
× 109/L; fibrinogen above 2.0 g/L; PT <1.5

LMWH, low-molecular-weight heparin; PT, prothrombin

