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Hypercoagulability is a hallmark of COVID-19 and is 
accompanied by microvascular thrombosis, mainly in small 
pulmonary and renal vessels, and an elevated risk of venous 
thromboembolism, stroke and myocardial injury [1, 2]. 
Unlike conventional sepsis, a mortality benefit associated 
with anticoagulation therapy suggests an important role 
of hypercoagulability in COVID-19 outcomes [3]. In the 
absence of robust evidence from randomized clinical trials, 
physicians are often implementing institutional guidelines 
for antithrombotic therapy. Various consensus guidelines 
and recommendations have also been written addressing 
specific laboratory functional analyses to facilitate clini-
cal decision-making (Table 1) [4–8]. Both prophylactic and 
therapeutic doses of anticoagulants, depending on the sever-
ity of the disease, have been used in an attempt to attenu-
ate the risk of thrombosis [4–8]. Unlike other thrombotic 
diseases with longer disease progression, COVID-19 has a 
very rapid progression, reaching peak severity within weeks. 
Preliminary studies suggest an inadequate effect of prophy-
lactic anticoagulant therapy in a substantial percentage of 
patients. Therefore, monitoring with coagulation and platelet 
function tests may optimize antithrombotic therapy manage-
ment and reduce thrombotic risk during the critical initial 
course of the disease.

Coagulation tests

Anti‑factor (F)Xa assay

The anti-FXa assay is used to monitor effects of low-molecu-
lar-weight heparin (LMWH), unfractionated heparin (UFH), 
and FXa inhibitor therapy. The anti-FXa assay better cor-
relates with UFH concentration compared to the activated 
clotting time (ACT) or activated partial thromboplastic 
time (aPTT). In this functional assay, citrated platelet-poor 
plasma is mixed with a known amount of FXa, and a clot-
ting-based FX assay with a specific chromogenic substrate 
is used to measure the residual FXa levels. The residual FXa 
level is inversely related to the UFH/LMWH concentration.

In patients with COVID-19, LMWH monitoring based on 
anti-FXa levels is noted in the society guidelines in patients 
with severe renal impairment but not for routine monitoring 
(Table 1). This recommendation is based on the artefactual 
prolongation of aPTT secondary to lupus anticoagulants and 
the high prevalence of heparin resistance (nearly 80%) in 
patients with COVID-19 due to elevated levels of fibrinogen 
and factor VIII [7, 9, 10]. The recommended target for anti-
FXa level is 0.3–0.7 IU/mL. The personalization of LMWH 
doses based on anti-FXa assay has been reported to be inde-
pendently associated with a lower risk of COVID-19-related 
deaths (OR = 0.040, 95% CI = 0.002–0.90, p = 0.043) [10].

Prothrombin time and activated partial 
thromboplastin time

The prothrombin time (PT) assesses the effectiveness of the 
extrinsic pathway and is indicated by the time required for 
the plasma to clot after an excess of thromboplastin plus an 
optimal concentration of ionized calcium has been added. 
Although PT is recommended in the guidelines to diagnose 
disseminated intravascular coagulation (DIC), it is normal 
or near-normal in most patients with COVID-19, with few 
patients exhibiting prolonged values. aPTT is often normal 
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in patients with COVID-19 and is not associated with the 
severity of COVID-19.

Viscoelastic assays

The standard coagulation assays described above assess 
specific pathways of coagulation. Viscoelastic hemostatic 
assays, such as thromboelastography (TEG) and rotational 
thromboelastometry (ROTEM) provide a global assessment 
of hemostasis. Detailed information on dynamic changes 
in clot characteristics from the initiation of clot formation 
to platelet–fibrin clot generation, stability, and lysis is pro-
vided (Fig. 1; Table 2). These characteristics can be used 
to assess the relative contribution of coagulation proteins 
and platelets to clot formation. They can also be used to 

estimate hyper- or hypocoagulability and to assess response 
to antiplatelet or anticoagulant agents [11]. Since kaolin and 
other intrinsic/contact phase activators are often used to ini-
tiate clotting in standard viscoelastic assays, these assays are 
more sensitive to UFH, LMWH, and direct thrombin inhibi-
tors but less sensitive to warfarin and direct FXa inhibitors 
[12]. High platelet–fibrin clot strength and short reaction 
time (an indicator of enzymatic coagulation) despite antico-
agulation prophylaxis, high fibrinogen concentrations, and 
high fibrin clot strength have all been reported in patients 
with COVID-19 [13–17]. The diagnostic utility of the bed-
side TEG6s assay has been demonstrated where fibrin clot 
strength, fibrinogen levels, and platelet–fibrin clot strength 
were better able to discriminate patients with COVID-19 
from patients admitted with pneumonia and high D-dimer 
levels who were COVID-negative [14]. It was also demon-
strated that, compared to patients on enoxaparin prophylaxis 
(subcutaneous enoxaparin < 80 mg BID) (n = 50), COVID-
19 patients on heparin prophylaxis (subcutaneous unfrac-
tionated heparin ≤ 7500 units TID) (n = 21) and therapeu-
tic anticoagulation (intravenous unfractionated heparin or 
subcutaneous enoxaparin ≥ 80 mg BID) (n = 17) exhibited 
a significantly greater difference in reaction time (0.31 ± 0.8 
versus 1.2 ± 1.7 and 1.5 ± 1.4 min, p < 0.004 for both com-
parisons). A higher incidence of poor anticoagulant response 
(difference in reaction time (ΔR) < 1 min) with enoxaparin 
prophylaxis compared to heparin prophylaxis and intrave-
nous heparin (84% versus 62% and 53%, p < 0.05 for both 
comparisons) was also observed. Thus, there was an inad-
equate pharmacodynamic response to anticoagulants in a 
high percentage of COVID-19 patients, most of whom were 
African Americans [18].

Table 1  Major recommendations for coagulation tests

VTE receive venous thromboembolism, PTT partial thromboplastin time, aPTT activated PTT

Centers for Disease Control and Prevention (CDC) guidelines [4] Hospitalized adults with COVID-19 should receive VTE prophylaxis per the 
standard of care; hematologic and coagulation parameters are commonly 
measured, although there is insufficient data to recommend for or against 
using laboratory values to guide management

International Society for Thrombosis and Haemostasis’s interim 
guidance (ISTH-IG) [5]

Monitoring D-dimer, partial thromboplastin time (PTT), platelet count, 
and fibrinogen levels for all patients who present with COVID-19 as the 
measurements may be helpful as more aggressive critical care treatment is 
warranted and experimental therapies should be considered

(D-dimer markedly raised three- to fourfold, prothrombin time prolonged, 
platelet count < 100 × 109, and fibrinogen < 2.0 g/L)

American Society of Hematology (ASH) [6] Recommends monitoring D-dimer, PTT, platelet count, and fibrinogen
Anti-Xa activity assay, not aPTT, is recommended to monitor unfractionated 

heparin therapy
Thromboelastography and rotational thromboelastometry are currently under 

investigation for COVID associated coagulopathy and should not be used 
routinely to guide management

American College of Chest Physicians (ACCP) [7] Insufficient data to guide clinical practice for coagulation tests
American College of Cardiology (ACC) [8] Regular monitoring of platelet count, prothrombin time, D-dimer, and 

fibrinogen is important to diagnose worsening coagulopathy

Fig. 1  Thromboelastography/rotational thromboelastometry tracings
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In a study of 100 patients with COVID-19, the TEG plate-
let mapping assay (TEG-PM) results (maximum amplitude-
arachidonic acid/adenosine diphosphate > 50 mm) were 
associated with thrombotic/ischemic complications and 
TEG-PM assay guided antithrombotic therapy (n = 72) was 
associated with decreased mortality (p = 0.0002) as com-
pared to patients receiving non-guided therapy (n = 28) [19]. 
These results provide evidence to support the use of bedside 
viscoelastic assay in patients with COVID-19, but more evi-
dence is needed to include this assay for routine measure-
ment as a diagnostic and prognostic assay.

Platelet tests

The role of platelets in COVID19 has been less studied 
than inflammation and coagulation. Platelets are critically 
involved in vascular homeostasis via specific receptors and 
granule release that subsequently regulate hemostasis and 
thrombosis. In addition, platelets also play a role in infec-
tion and innate and adaptive immunity [20]. Although bone 
marrow is the main source of platelets, direct imaging of the 
lung microcirculation in mice revealed that a large number 
of megakaryocytes that originated in the bone marrow cir-
culate through the lungs and ultimately are released into cir-
culation. Approximately 50% of total platelet production is 

attributed to lung contribution [21]. The presence of angio-
tensin converting enzyme 2 (ACE2) receptors or other path-
ways of SARS-CoV-2 entry on platelets is controversial with 
some, for example, finding no mRNA for this receptor in 
platelets whilst others have reported that binding of SARS-
CoV-2 to platelet ACE2 receptors causes platelet activation 
and associated pro-inflammatory responses [22, 23].

Platelet count

Near normal levels of platelet count are usually observed in 
COVID-19 that may be due to a balance between increased 
consumption by microthrombosis and increased production 
driven by hepatic thrombopoietin release due to cytokine 
storm. Thrombocytopenia becomes progressively more fre-
quent with increasing severity of disease [23–25]. Liao et al. 
reported 49% of patients with critical disease having plate-
let count < 100 ×  109/L compared with only 9% of patients 
with moderate disease [24]. COVID-19 patients have been 
found to have increased mean platelet volume and increased 
platelet reactivity [22, 23]. In particular, adult non-survivors 
have been noted to have progressive increase in platelet dis-
tribution width coupled with progressive thrombocytopenia 
whereas these indices may remain normal in survivors [25]. 
Consequently, determination of platelet count and indices 
may help with characterising severity of the disease. An 

Table 2  Viscoelastic assay characteristics

Indices TEG ROTEM COVID-19 findings

Clot Initiation:
Initial clot generation-
Time to develop 2 mm clot 

amplitude

Enzymatic phase; depends 
on concentration and 
function of coagulation 
factors

R (Reaction time)
Normal: 4.6–9.1 min; 

Citrate/kaolin

CL (clotting time)
Normal-INTEM:122–208 s
EXTEM:43–82 s

Shorter R-value despite 
widespread use of 
anticoagulants

Clot Kinetics:
Time to develop 20 mm 

from 2 mm amplitude

Depends on coagulation 
factors, fibrinogen, plate-
lets, FVIII activity

K—Normal: 0.8–2.1 min CFT (clot formation time)
Normal-INTEM:45–110 s
EXTEM: 48–127 s

–

Fibrinogen concentration/ 
function

Α (angle),
Normal: 63–78 degrees

αA (alpha angle)
Normal: INTEM:70–81 

degrees
EXTEM:65–80 degrees

Shorter angle reflecting 
elevated fibrinogen con-
centration/function

Clot Strength:
Maximum clot strength/

firmness

Platelet and fibrinogen 
function

MA (maximum amplitude)
Normal: 52–69 mm

MCF (Maximum clot firm-
ness)

Normal-INTEM:51–72 mm
EXTEM:52–70 mm

Elevated clot strength

Clot Stability:
Lysis (%) at fixed time

Fibrinolytic activity
Depends on plasmin/plas-

minogen and activators

LYS30/LYS60—(lysis at 
30/60 min)

LYS30 = 0–2.6%

LY30/45/60 (Lysis at 
30/45/60 min)

Absence of lysis indicate 
fibrinolysis shutdown 
(?)

Fibrinogen Level Functional fibrinogen M-FCS): (maximum fibrin 
clot strength measured in 
the presence of glycopro-
tein inhibitor

Normal: 15–32 mm
FLEV (Functional fibrino-

gen level)
Normal: 278-581 mg/dL

FIBTEM-Normal:7–24 mm Very high levels of 
fibrinogen and fibrin-
clot strength
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increased incidence of immune thrombocytopenia has also 
been associated with SARS-CoV-2 infection [26].

Circulating platelet-leukocyte aggregates as well as other 
markers of in vivo platelet activation point to a contribution 
of platelets in the inflammatory response in COVID-19 [27, 
28]. The potential role of antiplatelet agents such as aspirin 
and oral  P2Y12 receptor antagonists is the subject of numer-
ous ongoing clinical studies.

Platelet activation markers

During innate immunity, platelets are activated by pathogens 
and release inflammatory and bioactive molecules stored in 
dense and alpha granules that promote inflammation and 
coagulation. These processes stimulate thrombotic and 
thromboembolic complications [27–29].

In vivo platelet activation can be determined by studying 
the activation-dependent platelet surface receptor expression 
using flow cytometry in whole blood samples or by released 
platelet activation markers in plasma samples by enzyme-
linked immunoassay. Some of the most widely investigated 
markers in clinical studies are P-selectin and the active con-
formation of the GPIIb/IIa receptor. In these assays, washed 
platelets or whole blood samples are incubated with fluores-
cence-labeled monoclonal antibodies directed against the 
specific surface receptor and receptor expression is quanti-
fied using flow cytometry. In addition, flow cytometry can 
also be used to quantitate microparticles released by acti-
vated platelets and circulating platelet-leukocyte/monocyte 
aggregates [30]. Flow cytometry is an expensive, time-con-
suming assay and requires careful collection and handling 
of blood samples to avoid laboratory artifacts.

Elevated levels of platelet surface expression of P-selec-
tin, soluble P-selectin and circulating microparticles released 
from platelets has been reported in patients with COVID-
19 compared to healthy controls indicate hyperactive plate-
lets [31]. Activated platelets crosstalk with neutrophils and 
thereby induce the release of neutrophil extracellular traps 
(NETs) and microparticles that are involved in inflamma-
tion and endothelial damage. Moreover, normalization of 
platelet and neutrophil activation in patients recovered from 
COVID-9 further indicates their potential role in COVID-19 
pathophysiology [31]. It has also been reported that elevated 
levels of platelet surface expression of P-selectin and CD63 
are more evident in patients with severe COVID-19 and 
strongly associated with D-dimer and lactate dehydrogenase 
(LDH), but others could not find a similar relation between 
P-selectin expression and D-dimer [32].

In a study of 54 patients with COVID-19, soluble CD40L 
but not P-selectin levels were higher in patients with 
COVID-19, and, by day 14, both CD40L and P-selectin lev-
els decreased but remained higher in patients with severe 
COVID-19. Both CD40L and P-selectin levels were higher 

in patients with myocardial injury (37% of patients) and in 
those who died (30%) [33]. In another study of 100 ran-
domly selected patients with COVID-19, soluble P-selectin, 
CD40L, serum thromboxane (Tx)  B2 and mean platelet vol-
ume were independently associated with the composite of 
thrombosis or death [34].

The stable urinary metabolite of thromboxane A2  (TxA2), 
urinary 11-dehydro thromboxane  B2 (u 11-dh  TxB2) has been 
used as a marker of platelet activation and also response to 
aspirin therapy. U 11-dh  TxB2, in addition to platelet COX-1 
activity, also reflects a low-grade inflammatory process of 
atherosclerosis and activation of inflammatory white cells 
thus reflecting the whole-body inflammatory state [35]. In a 
recent study of 120 patients with COVID-19, patients who 
were on chronic aspirin therapy (mostly 81 mg/day, 29% of 
patients) had lower u11-dh  TxB2 levels compared to patients 
not on aspirin therapy (p = 0.003). However, an inadequate 
therapeutic aspirin response (> 1520 pg/mg creatinine) was 
observed in 91% of COVID-19 patients on 81 mg daily aspi-
rin [18]. The frequency of thromboinflammation (> 4200 pg/
mg creatinine) was highest in COVID-19 patients not on 
aspirin (81%) and lower on 81 mg daily (55%). In addition, 
compared to COVID-19 patients not on aspirin, patients on 
81 mg daily aspirin exhibited a trend for lower whole blood 
aggregation in response to 5 μg/mL collagen (p = 0.08) 
and 50 μmol/L epinephrine (5.0 ± 4.3% versus 6.7 ± 4.1%, 
p = 0.1). With Total thrombus generation assay with platelet 
chip, COVID-19 patients on 81 mg daily aspirin exhibited 
lower area under the curve compared to patients not on aspi-
rin (p = 0.01). These results suggest that low dose aspirin 
is insufficient to provide a meaningful clinical effect in the 
presence of elevated systemic inflammation (cytokine storm) 
and hypercoagulability [18].

Expression of ACE2, a receptor for SARS-CoV-2, and 
TMPRSS2, a serine protease for spike protein priming, has 
been demonstrated on platelets and is associated with plate-
let activation, platelet aggregation, PAC-1 binding, P-selec-
tin expression, α-granule secretion, dense granule release, 
platelet spreading, and clot retraction in in vitro experiments 
using blood samples from patients with COVID-19 [32]. 
Following internalization, SARS-CoV-2 activates platelets 
by binding to Toll-like receptor (TLR) present in the platelet 
endolysosomes [36].

Platelet aggregation

Platelet aggregation in response to various agonists is the 
gold standard to study platelet reactivity and response to 
antiplatelet agents in various disease conditions. Although 
light transmittance aggregometry with platelet-rich plasma 
is the most widely accepted measure to assess platelet 
function, due to concerns regarding safety during sample 
handling, whole blood aggregometry using Chronolog, 
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Multiplate analyzer, or Aggredyne may be considered. The 
response to antiplatelet agents can be evaluated with the Ver-
ifyNow assay, TEG with platelet Mapping assay, or PFA-100 
with collagen/EPI or collagen/ADP cartridges. Moreover, 
since platelet function assays need to be performed within 
2–3 h of blood collection and require experienced laboratory 
technicians, very few studies have assessed platelet aggrega-
tion in patients with COVID-19. Platelet aggregation under 
arterial flow with α-thrombin as an agonist suggested that 
platelets might be hyperresponsive in COVID-19 compared 
to platelets from healthy subjects [33]. It has been reported 
that platelet aggregation in response to adenosine diphos-
phate, arachidonic acid, or thrombin-receptor-activating pep-
tide was similar between the patients with COVID-19 and 
patients with respiratory failure but without COVID-19 and 
also did not change over 14 days after hospital presentation 
in COVID-19 patients [33].

Platelet proteomics

Proteomics, the study of various proteins during disease, 
may provide a “blueprint” of the risk of the disease and 
underlying mechanistic pathways [37]. Stable isotope-
labeled proteomics strategy with TMTpro (16plex) assay, 
ultra-performance liquid chromatography/tandem mass 
spectrometry, and immunoassays followed by machine-
learning models have been used in proteomics studies. 
Among 894 proteins and 941 metabolites analyzed in sera 
from 46 patients with COVID-19 and 53 controls, substan-
tial downregulation of proteins related to platelet degranula-
tion, importantly platelet-expressing chemokines proplatelet 
basic protein (PPBP; also called macrophage-derived growth 
factor), and platelet factor 4 (PF4) was found in patients 
with severe disease [38]. In another study of 22 patients 
with COVID-19, 11 among 8472 proteins analyzed includ-
ing acute-phase proteins (APPs), cholesteryl ester transfer 
protein (CETP), and peptidase inhibitor 16 (PI16) (that are 
involved in platelet dysfunction/aggregation and activation 
of coagulation) were associated with COVID-19 [39]. In a 
cohort of 31 hospitalized patients with COVID-19, 27 poten-
tial proteins associated with the complement system, coagu-
lation, and inflammation markers upstream and downstream 
of interleukin-6 but not PF4 were differentially expressed 
depending on the severity of COVID-19 [40].

Platelet histopathology studies

Histology and autopsy studies provide further insight into 
the role of coagulation, complement system, inflammation 
(cytokine storm), and platelet function in COVID-19. The 
presence of dense granules and platelet aggregates in blood 
films suggests heightened platelet reactivity [41]. A review 
of 40 postmortem examinations found that intravascular 
fibrin or platelet-rich aggregates in lungs are present in 
90% of cases followed by acute lung injury in 73% of cases. 
These observations suggest the critical role of platelets in 
COVID-19 [42]. A review of 27 publications involving 226 
autopsies and 9 biopsies revealed that the main histopatho-
logical findings involve the lung (diffuse alveolar damage 
and microthrombi/thrombi), heart (lymphocytic myocardi-
tis), kidney (acute tubular injury), central nervous system 
(microthrombi, ischemic necrosis, acute hemorrhagic infarc-
tion, congestion, and vascular edema), and vasculature (deep 
vein thrombosis) [43]. These results further highlight the 
potential central role of platelets in COVID-19 (Table 3).

Conclusions

The presence of hypercoagulability has been unequivocally 
demonstrated in many patients with COVID-19. An inad-
equate response to guideline-based antithrombotic therapy 
has also been observed in many patients and the latter phe-
nomenon may be associated with poorer clinical outcomes 
including, mortality. Preliminary data also suggests a role for 
platelets in ischemic complications and mortality associated 
with COVID-19. Assays to assess coagulation and platelet 
function have been proposed to better discriminate patients 
with COVID-19 from patients admitted with COVID-19-like 
symptoms (influenza and high D-dimer levels) at the time 
of admission, and to assist in early identification of high-
risk patients, and most importantly, to guide antithrombotic 
therapy. In this line, United States, Food and Drug Admin-
istration (FDA) issued a guidance to regarding the availabil-
ity of coagulation systems for measurement of whole blood 
viscoelastic properties that are used to assess hemostasis in 
COVID-19 patients [44]. However, more focused studies are 
needed to establish the precise role of these tests in patients 
with COVID-19 with respect to diagnostic, prognostic, and 
management capabilities.

Acknowledgements None.

Author contributions All the authors equally contributed to this 
manuscript.

Funding None.



997International COVID-19 thrombosis biomarkers colloquium: COVID-19 diagnostic tests  

1 3

Declarations 

Conflict of interest Dr. Gurbel reports grants and personal fees from 
Bayer HealthCare LLC, Otitopic Inc, Amgen, Janssen, and US World-
Meds LLC; grants from Instrumentation Laboratory, Haemonetics, 
Medicure Inc, Idorsia Pharmaceuticals, and Hikari Dx; personal fees 
from UpToDate; Dr Gurbel is a relator and expert witness in litigation 
involving clopidogrel; in addition, Dr. Gurbel has two patents, Detec-
tion of restenosis risk in patients issued and Assessment of cardiac 
health and thrombotic risk in a patient. Dr. Tantry reports receiving 
honoraria from UptoDate. RF Storey reports institutional research 
grants/support from AstraZeneca, Cytosorbents, GlyCardial Diagnos-
tics and Thromboserin; consultancy fees from Amgen, AstraZeneca, 
Bayer, Bristol Myers Squibb/Pfizer, Cytosorbents, GlyCardial Diag-
nostics, Haemonetics, HengRui, Idorsia, PhaseBio, Portola, Sanofi 
Aventis and Thromboserin; and honoraria from AstraZeneca, Bayer, 
Bristol Myers Squibb/Pfizer, Intas Pharmaceuticals and Medscape.

Consent to publication All the authors provide consent to publish this 
article.

References

 1. McBane RD 2nd, Torres Roldan VD, Niven AS, Pruthi RK, 
Franco PM, Linderbaum JA et  al (2020) Anticoagulation in 
COVID-19: a systematic review, meta-analysis, and rapid guid-
ance from Mayo clinic. Mayo Clin Proc 95(11):2467–2486

 2. Moutchia J, Pokharel P, Kerri A, McGaw K, Uchai S, Nji M et al 
(2020) Clinical laboratory parameters associated with severe or 
critical novel coronavirus disease 2019 (COVID-19): a systematic 
review and meta-analysis. PLoS ONE 15(10):e0239802

 3. Connors JM, Levy JH (2020) COVID-19 and its implications for 
thrombosis and anticoagulation. Blood 135(23):2033–2040

 4. Coronavirus Disease 2019 (COVID-19) treatment guidelines. 
Available at https:// www. covid 19tre atmen tguid elines. nih. gov/

 5. American Society of Hematology. COVID-19 and VTE/antico-
agulation: frequently asked questions. Available at https:// www. 
hemat ology. org/ covid- 19/ covid- 19- and- vte- antic oagul ation

 6. Bikdeli B, Madhavan MV, Jimenez D, Chuich T, Dreyfus I, Drig-
gin E et al (2020) COVID-19 and thrombotic or thromboembolic 
disease: implications for prevention, antithrombotic therapy, 
and follow-up: JACC state-of-the-art review. J Am Coll Cardiol 
75(23):2950–2973

 7. Moores LK, Tritschler T, Brosnahan S, Carrier M, Collen JF, 
Doerschug K et al (2020) Prevention, diagnosis, and treatment 
of VTE in patients with coronavirus disease 2019: CHEST 
guideline and expert panel report. Chest 158(3):1143–1163

 8. Thachil J, Tang N, Gando S, Falanga A, Cattaneo M, Levi M 
et al (2020) ISTH interim guidance on recognition and man-
agement of coagulopathy in COVID-19. J Thromb Haemost 
18(5):1023–1026

 9. Barnes GD, Burnett A, Allen A, Blumenstein M, Clark NP, Cuker 
A et al (2020) Thromboembolism and anticoagulant therapy dur-
ing the COVID-19 pandemic: interim clinical guidance from the 
anticoagulation forum. J Thromb Thrombolysis 50(1):72–81

 10. Trunfio M, Salvador E, Cabodi D, Marinaro L, Alcantarini C, 
Gaviraghi A et al (2020) Anti-Xa monitoring improves low-
molecular-weight heparin effectiveness in patients with SARS-
CoV-2 infection. Thromb Res 196:432–434

 11. Mahla E, Tantry US, Schoerghuber M, Gurbel PA (2020) Platelet 
function testing in patients on antiplatelet therapy before cardiac 
surgery. Anesthesiology 133(6):1263–1276

 12. Dunham CM, Rabel C, Hileman BM, Schiraldi J, Chance EA, 
Shima MT et al (2014) TEG® and RapidTEG® are unreliable 
for detecting warfarin-coagulopathy: a prospective cohort study. 
Thromb J 12(1):4

Table 3  Diagnostic, prognostic and management capabilities of coagulation and platelet assays in COVID-19

Tests Diagnostic capability Prognostic Capability Management Capability

Coagulation Tests
 Anti-FXa assay No Personalization of LMWH doses 

based on anti-FXa levels associ-
ated with lower risk of mortality

Preferred assay to monitor LMWH, 
UFH, FXa inhibitor therapy

 Prothrombin Time Normal or near normal in most 
patients

No No

 Activated partial prothrombin 
time (aPTT)

No No No

Viscoelastic assays
 Thrombo-elastography/Thromb-

elastometry
High platelet–fibrin clot strength, 

high fibrinogen levels and high 
fibrinogen clot strength dis-
criminate COVID-19 patients

Insufficient evidence Preliminary data suggest use of 
TEG to personalize antiplatelet/
antithrombotic therapy to improve 
outcomes, but more data needed 
to implement in routine practice

Platelet studies
 Platelet Aggregation Insufficient evidence No No
 Platelet proteomics Insufficient evidence PF4 found in severe COVID19 

patients
No

 Platelet histopathology studies Insufficient evidence Presence of intravascular fibrin or 
platelet rich aggregates in lungs 
in post-mortem studies

No

https://www.covid19treatmentguidelines.nih.gov/
https://www.hematology.org/covid-19/covid-19-and-vte-anticoagulation
https://www.hematology.org/covid-19/covid-19-and-vte-anticoagulation


998 P. A. Gurbel et al.

1 3

 13. Almskog LM, Wikman A, Svensson J, Wanecek M, Bottai M, van 
der Linden J et al (2021) Rotational thromboelastometry results 
are associated with care level in COVID-19. J Thromb Throm-
bolysis 51(2):437–445

 14. Bliden KRA, Chaudhary R (2020) Abstract 16676: heightened 
platelet function: an unrecognized component of the Covid hyper-
coagulability state. Circulation. https:// doi. org/ 10. 1161/ circ. 142. 
suppl_3. 16676

 15. Bocci MG, Maviglia R, Consalvo LM, Grieco DL, Montini L, 
Mercurio G et al (2020) Thromboelastography clot strength pro-
files and effect of systemic anticoagulation in COVID-19 acute 
respiratory distress syndrome: a prospective, observational study. 
Eur Rev Med Pharmacol Sci 24(23):12466–12479

 16. Corrêa TD, Cordioli RL, Campos Guerra JC, Caldin da Silva B, 
Dos Reis Rodrigues R, de Souza GM et al (2020) Coagulation 
profile of COVID-19 patients admitted to the ICU: an exploratory 
study. PLoS ONE 15(12):e0243604

 17. Panigada M, Bottino N, Tagliabue P, Grasselli G, Novembrino C, 
Chantarangkul V et al (2020) Hypercoagulability of COVID-19 
patients in intensive care unit: a report of thromboelastography 
findings and other parameters of hemostasis. J Thromb Haemost 
18(7):1738–1742

 18. Gurbel PA, Bliden KP, Rout R et al (2021) Bedside thromboe-
lastography to rapidly assess the pharmacodynamic response of 
anticoagulants and aspirin in COVID-19: evidence of inadequate 
therapy in a predominantly minority population. J Thromb Throm-
bolysis 51(4):902–904

 19. Hranjec T, Estreicher M, Rogers B, Kohler L, Solomon R, Hen-
nessy S et al (2020) Integral use of thromboelastography with 
platelet mapping to guide appropriate treatment, avoid complica-
tions, and improve survival of patients with coronavirus disease 
2019-related coagulopathy. Crit Care Explor 2(12):e0287

 20. Koupenova M, Clancy L, Corkrey HA, Freedman JE (2018) Cir-
culating platelets as mediators of immunity, inflammation, and 
thrombosis. Circ Res 122(2):337–351

 21. Lefrançais E, Ortiz-Muñoz G, Caudrillier A, Mallavia B, Liu 
F, Sayah DM et al (2017) The lung is a site of platelet biogen-
esis and a reservoir for haematopoietic progenitors. Nature 
544(7648):105–109

 22. Manne BK, Denorme F, Middleton EA, Portier I, Rowley JW, 
Stubben C et al (2020) Platelet gene expression and function in 
patients with COVID-19. Blood 136(11):1317–1329

 23. Zhang S, Liu Y, Wang X, Yang L, Li H, Wang Y et al (2020) 
SARS-CoV-2 binds platelet ACE2 to enhance thrombosis in 
COVID-19. J Hematol Oncol 13(1):120

 24. Liao D, Zhou F, Luo L, Xu M, Wang H, Xia J et al (2020) Haema-
tological characteristics and risk factors in the classification and 
prognosis evaluation of COVID-19: a retrospective cohort study. 
Lancet Haematol 7(9):e671–e678

 25. Ouyang SM, Zhu HQ, Xie YN, Zou ZS, Zuo HM, Rao YW et al 
(2020) Temporal changes in laboratory markers of survivors and 
non-survivors of adult inpatients with COVID-19. BMC Infect 
Dis 20(1):952

 26. Bhattacharjee S, Banerjee M (2020) Immune thrombocytopenia 
secondary to COVID-19: a systematic review. SN Compr Clin 
Med 2:2048

 27. Hottz ED, Azevedo-Quintanilha IG, Palhinha L, Teixeira L, Bar-
reto EA, Pão CRR et al (2020) Platelet activation and platelet-
monocyte aggregate formation trigger tissue factor expression in 
patients with severe COVID-19. Blood 136(11):1330–1341

 28. Taus F, Salvagno G, Canè S, Fava C, Mazzaferri F, Carrara E et al 
(2020) Platelets promote thromboinflammation in SARS-CoV-2 
pneumonia. Arterioscler Thromb Vasc Biol 40(12):2975–2989

 29. Ali RA, Wuescher LM, Worth RG (2015) Platelets: essential com-
ponents of the immune system. Curr Trends Immunol 16:65–78

 30. Gurbel PA, Bliden KP, Hayes KM, Tantry U (2004) Platelet acti-
vation in myocardial ischemic syndromes. Expert Rev Cardiovasc 
Ther 2(4):535–545

 31. Petito E, Falcinelli E, Paliani U, Cesari E, Vaudo G, Sebastiano 
M et al (2020) Neutrophil more than platelet activation associates 
with thrombotic complications in COVID-19 patients. J Infect Dis 
223(6):933–944

 32. Zaid Y, Puhm F, Allaeys I, Naya A, Oudghiri M, Khalki L et al 
(2020) Platelets can associate with SARS-Cov-2 RNA and are 
hyperactivated in COVID-19. Circ Res 127(11):1404–1418

 33. Campo G, Contoli M, Fogagnolo A, Vieceli Dalla Sega F, Zuc-
chetti O, Ronzoni L et al (2020) Over time relationship between 
platelet reactivity, myocardial injury and mortality in patients with 
SARS-CoV-2-associated respiratory failure. Platelets. https:// doi. 
org/ 10. 1080/ 09537 104. 2020. 18525 43

 34. Barrett TJ, Lee AH, Xia Y, Lin LH, Black M, Cotzia P et al (2020) 
Platelet and vascular biomarkers associate with thrombosis and 
death in coronavirus disease. Circ Res 127(7):945–947

 35. Schrör K (1997) Aspirin and platelets: the antiplatelet action 
of aspirin and its role in thrombosis treatment and prophylaxis. 
Semin Thromb Hemost 23(4):349–356

 36. Koupenova M (2020) Potential role of platelets in COVID-
19: implications for thrombosis. Res Pract Thromb Haemost 
4(5):737–740

 37. Whetton AD, Preston GW, Abubeker S, Geifman N (2020) 
Proteomics and informatics for understanding phases and 
identifying biomarkers in COVID-19 disease. J Proteome Res 
19(11):4219–4232

 38. Shen B, Yi X, Sun Y, Bi X, Du J, Zhang C et al (2020) Proteomic 
and metabolomic characterization of COVID-19 patient sera. Cell 
182(1):59-72.e15

 39. Shu T, Ning W, Wu D, Xu J, Han Q, Huang M et al (2020) Plasma 
proteomics identify biomarkers and pathogenesis of COVID-19. 
Immunity 53(5):1108–22.e5

 40. Messner CB, Demichev V, Wendisch D, Michalick L, White M, 
Freiwald A et al (2020) Ultra-high-throughput clinical proteomics 
reveals classifiers of COVID-19 infection. Cell Syst 11(1):11-24.
e4

 41. Rampotas A, Pavord S (2020) Platelet aggregates, a marker of 
severe COVID-19 disease. J Clin Pathol. https:// doi. org/ 10. 1136/ 
jclin path- 2020- 206933

 42. De Michele S, Sun Y, Yilmaz MM, Katsyv I, Salvatore M, Dzi-
erba AL et al (2020) Forty postmortem examinations in COVID-
19 patients. Am J Clin Pathol 154(6):748–760

 43. Vasquez-Bonilla WO, Orozco R, Argueta V, Sierra M, Zam-
brano LI, Muñoz-Lara F et al (2020) A review of the main his-
topathological findings in coronavirus disease 2019. Hum Pathol 
105:74–83

 44. Coagulation systems for measurement of viscoelastic properties: 
enforcement policy during the coronavirus disease 2019 (COVID-
19); public health emergency 2021. Available at https:// www. fda. 
gov/ media/ 145135/ downl oad

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1161/circ.142.suppl_3.16676
https://doi.org/10.1161/circ.142.suppl_3.16676
https://doi.org/10.1080/09537104.2020.1852543
https://doi.org/10.1080/09537104.2020.1852543
https://doi.org/10.1136/jclinpath-2020-206933
https://doi.org/10.1136/jclinpath-2020-206933
https://www.fda.gov/media/145135/download
https://www.fda.gov/media/145135/download

	International COVID-19 thrombosis biomarkers colloquium: COVID-19 diagnostic tests
	Coagulation tests
	Anti-factor (F)Xa assay
	Prothrombin time and activated partial thromboplastin time
	Viscoelastic assays

	Platelet tests
	Platelet count
	Platelet activation markers
	Platelet aggregation
	Platelet proteomics
	Platelet histopathology studies

	Conclusions
	Acknowledgements 
	References




