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Abstract

Coronavirus disease 2019 (COVID-19) is associated with a high rate of thrombosis. Prolonged
activated partial thromboplastin times (aPTT) and antiphospholipid antibodies (aPL) are reported
in COVID-19 patients. The majority of publications have not reported whether patients develop
clinically relevant persistent aPL, and the clinical significance of new aPL-positivity in COVID-19
is currently unknown. However, the reports of aPL-positivity in COVID-19 raised the question
whether common mechanisms exist in the pathogenesis of COVID-19 and antiphospholipid
syndrome (APS). In both conditions, thrombotic microangiopathy resulting in microvascular
injury and thrombosis is hypothesized to occur through multiple pathways, including endothelial
damage, complement activation, and release of neutrophil extracellular traps (NETosis). APS-
ACTION, an international APS research network, created a COVID-19 working group that
reviewed common mechanisms, positive aPL tests in COVID-19 patients, and implications of
COVID-19 infection for patients with known aPL positivity or APS, with the goals of proposing
guidance for clinical management and monitoring of aPL-positive COVID-19 patients. This
guidance also serves as a call and focus for clinical and basic scientific research.
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Scientific background

Since the initial cases of the coronavirus disease 2019 (COVID-19), severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) resulted in a worldwide pandemic.
Venous thromboembolism (VTE) occurs more frequently in hospitalized COVID-19
patients, compared to those without COVID-19.1 Coagulation abnormalities include
increased frequency of prolonged activated partial thromboplastin times (aPTT) and lupus
anticoagulant (LA),2 as seen in antiphospholipid syndrome (APS) and its severe variant,
catastrophic antiphospholipid syndrome (CAPS), which is characterized by inflammatory
cytokine signals and microthrombi in multiple organs. Autopsies from patients with
COVID-19 showed similar abnormalities.

Antiphospholipid Syndrome Alliance for Clinical Trials and International Networking (APS
ACTION), an international network created to design and conduct large-scale, multicenter
studies and clinical trials in persistently aPL-positive patients, created a COVID-19 working
group to examine the relationships between the two entities to propose guidance for clinical
management and monitoring. This guidance also serves as a call and focus for clinical and

Lupus. Author manuscript; available in PMC 2023 December 11.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Wang et al. Page 3

basic scientific research. The APS ACTION COVID-19 working group started by asking the
questions that follow.

What are the clinical similarities between APS and COVID-19?

Compared to non-COVID-19 ICU patients, who have VTE rates of 2-15%, COVID-19

ICU patients have VTE incidence rates of 24—-49% despite prophylaxis.*® Events are
mostly VTE, though ischemic strokes also occur.4® In ischemic stroke patients, the

Global COVID-19 Stroke Registry (174 patients hospitalized at 28 sites in 16 countries)
reported that COVID-19-associated ischemic strokes have worse functional outcomes

and higher mortality than non-COVID-19 ischemic strokes. Possible reasons include
viral-induced endotheliopathy, immune-mediated platelet activation, dehydration, infection-
induced cardiac arrhythmias, and stay-at-home recommendations.

Although COVID-19 and APS are two different diseases, severe COVID-19 may result in
a thrombotic syndrome with pulmonary, cardiovascular, renal, and central nervous system
abnormalities, similar to CAPS. Elevated lactate dehydrogenase and D-dimer levels, and
thrombocytopenia occur in both CAPS and COVID-19; most patients with COVID-19
have elevated fibrinogen levels. Thrombotic microangiopathy (TMA) in both conditions
may occur through endothelial damage, complement activation, and release of neutrophil
extracellular traps (NETosis).6-10

What common mechanisms are shared by APS and COVID-19?

Figure 1 summarizes common mechanisms shared by APS and COVID-19. SARS-CoV-2
enters cells by binding to angiotensin converting enzyme-2 (ACE-2) receptor, causing
downregulation of ACE2 and over-activation of both the kallikrein—bradykinin pathways,
cytokine release, and the renin-angiotensin system (RAS) pathways.1! The result is
increased ACE2 substrate angiotensin 1l and decreased level of the product, Ang 1-7,
which promotes vasodilation and has anti-inflammatory properties.12 By upregulating
tissue factor, plasma activator inhibitor 1, and angiotensin Il (Ang 1-8), SARS-CoV-2 has
vasoconstrictive and prothrombotic effects. Similar to CAPS, autopsies in COVID-19 show
severe endothelial injury and widespread thrombosis with microangiopathy (TMA).3

Endothelial injury

The role of binding of SARS-CoV-2’s spike protein to ACE-2 receptors, thus activating
endothelium, is controversial, as endothelial cells express low levels of the primary SARS-
CoV-2 receptor, ACE2, and its cofactor, transmembrane protease serine 2 (TMPRSS2).

In addition, primary cultures of endothelial cells are resistant to infection.!3 The counter
argument is that in vitro studies and autopsies from patients with COVID-19 demonstrate
viral elements and inflammatory cells in the endothelium.1! In APS, endothelial injury is
mediated through the exposure of endothelial cells to antiphospholipid antibodies (aPL).14
In both cases, inhibition of endothelial nitric oxide synthase (eNOS) production decreases
production of nitric oxide (NO), an anti-inflammatory and vasodilatory agent, increasing
susceptibility of the endothelium to injury. In COVID-19, markers of endothelial activation/
damage including von Willebrand factor (vVWF), tissue-type plasminogen activator (t-PA),
and soluble thrombomodulin (sTM) correlate with disease severity.® Endothelial injury
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causes activation of inflammatory cytokines and recruitment of neutrophils via increased
neutrophil adhesion in the setting of decreased NO and complement activation,? leading to
loss of vascular integrity and increased platelet aggregation and thrombosis. Angiotensin 11,
which mediates endothelial dysfunction in patients with pre-eclampsia, is also implicated
in endothelial damage in COVID-19, as it increases secretion of sFlt-1 (soluble FMS-like
tyrosine kinase),1° and correlates with survival and thrombosis.

Complement activation

Complement activation plays a key role in both COVID-19 and CAPS. SARS-CoV-2
activates the three complement pathways. Viral antigens activate the classical pathway
through immune complexes, while the binding of the mannose-binding lectin (MBL)

with the spike protein of SARS-CoV-2 triggers the lectin pathway,® generating C3
convertase. F-spike proteins (subunit 1 and 2) activate the alternative complement pathway
on cell surfaces, an effect that can be blocked by a Factor D inhibitor.1” The alternative
pathway can also be activated when its component binds to the surface of a pathogen,
resulting in C3 convertase production. Activation of any of these pathways results in C5
convertase production, catalyzing the splitting of C5 to C5a, which increases leukocyte
recruitment, and C5b, which initiates the formation of C5b-9 (membrane attack complex/
MAC). Histologic samples of both lung and skin tissues,® and elevated MAC levels in
serum of patients implicate these pathways in COVID-19 as in thrombotic APS.8 In APS,
anti-p2-glycoprotein-1 (ap2GPI) complexed with f2GP1 activates the classical complement
pathway by binding to C1q, activating C3b and engaging the alternative pathway through
the amplification loop,” demonstrated, for instance, by high serum levels of soluble MAC
in APS patients with strokes and CAPS.” Addition of phospholipid vesicles to APS

plasma causes formation of macroimmune complexes that activate complement.1® A higher
rate of mutations in complement regulating genes occurs in CAPS patients than in APS
patients without CAPS.20 A variant in regulatory genes may be associated with enhanced
complement activation and severe COVID-19 symptoms.2 Heparin, an established drug for
APS treatment with anticoagulant as well as complement inhibiting activities, may improve
prognosis in COVID-19 patients with moderately severe disease.??

NETosis

Neutrophil extracellular traps (NETS) are extracellular webs of chromatin and microbicidal
proteins that serve as a first line of defense against infections by corralling and killing
pathogens. However, NETosis may result in endothelial damage and accelerated thrombosis
when it occurs in the intravascular space. In COVID-19, unchecked inflammatory

signals lead to the recruitment of neutrophils and excessive NETosis, resulting in
microvascular occlusions.® The involvement of NETs in COVID-19 is supported by
increased myeloperoxidase-DNA (MPO-DNA) complexes and citrullinated histone H3 (Cit-
H3) in blood, which track closely with disease severity.2324 By expressing tissue factor

and promoting thrombin generation,24 circulating neutrophils/NETSs are thrombogenic.
Tissue samples from COVID-19 patients demonstrate NET-containing microthrombi with
neutrophil-platelet infiltrates in both pulmonary and coronary tissues. Both APS patient sera
and purified IgG increase neutrophil adhesion and NETosis.%10.25
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Coagulopathy in COVID-19 and crosstalk between inflammation and coagulation

Mild to moderate thrombocytopenia occurs in severe COVID-19 patients, with mildly
prolonged prothrombin time in a minority, and high fibrinogen levels in the majority of
COVID-19 patients. Very elevated D-dimer levels, possibly explained by systemic thrombin
generation with subsequent fibrin formation and breakdown and/or enhanced fibrin turnover
in the lung due to severe inflammation, are associated with high 28-day mortality.22:26

COVID-19 initiates complex systemic inflammatory response as part of innate immunity,
resulting in crosstalk between inflammation and coagulation. The raised levels of factor
VI and fibrinogen reflect a marked acute phase response. Severe COVID-19 induces
proinflammatory cytokines, such as tumor necrosis factor-a (TNF-a)) and interleukins (IL),
including I1L-1 and I1L-6.26:27 |L-6 can induce tissue factor expression on mononuclear
cells, leading to coagulation activation and thrombin generation.2® A subgroup of patients
with severe COVID-19 may have cytokine storm, characterized by high levels of
proinflammatory cytokines and chemokines.

Do COVID-19 patients have increased frequency of antiphospholipid antibodies?

Initial studies in hospitalized COVID-19 patients with thrombosis despite DVT prophylaxis
noted prolonged aPTT. Subsequent testing showed positive aPL, especially in critically ill
patients. In some studies, LA was positive in up to half of ICU patients.2:29 However, these
results are difficult to interpret due to limitations of LA tests in the critical care setting.

Criteria antiphospholipid antibodies in COVID-19

Three universally accepted APS classification criteria tests to detect aPL are LA, ap2GPI
IgG/M, and anticardiolipin antibodies (aCL) 1gG/M.30 The LA test was positive in 5-90%
of patients infected with COVID-19,29:31 the wide range possibly due to the test being

a functional coagulation assay influenced by multiple factors, particularly elevated FVIII
and C-reactive protein,32 use of anticoagulants, including heparin, vitamin K antagonists
(VKAs) and direct oral anticoagulants (DOACs),33:34 and pregnancy.3?

Positive tests for anticardiolipin IgM occur in 3-23% and 1gG in 5-13% of critically ill
patients with COVID-19, while aB2GPI IgM occurs in 2-16% and IgG in 3-18%.31:33.35-37
However, patients with clinically meaningful/relevant aPL profiles (high aCL/ap2GPI titers
or triple positive aPL (LA, aCL, and aB2GPI)) are rarely reported.2® Two studies of ICU
patients with prolonged aPTT reported positive LA rates of 53—77% but did not describe
results of aCL or ap2GP1.38

In most studies, aPL were measured at a single time point, and without specific information
provided about the methods and quantitative results. Studies that retested patients noted a
change from positive aPL to negative or different levels of positive aPL at retesting.29-35
Studies that reported titer levels showed that all criteria aPL tests except for aCL 1gG were
lower in COVID-19 patients than in APS patients,33:36 and they differed in reactivity to the
domains of B2GP1.33
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Non-criteria antiphospholipid antibodies in COVID-19

Several other antibodies target anionic phospholipids, phospholipid-binding plasma proteins,
or phospholipid-protein complexes, for instance, antibodies directed against prothrombin
(aPT) or phosphatidylserine/prothrombin complex (aPS/PT), IgA aCL or ap2GPlI, and
antibodies against specific domains of p2GPI.

Severe COVID-19 patients have increased phosphatidylserine expression on platelets
promoting sustained inflammation, which may trigger aPL. One study stated that high titer
IgM and IgG aPS/PT associate with markers of endothelial activation in moderate-to-severe
COVID-19 patients.39 In another study, anti-PS/PT IgG were detected in 24% of COVID-19
hospitalized patients, whereas the IgM in 18%,37 but only 12% had both IgM and 1gG titers
>40 units.3” In this study, aPS/PT was not associated with thrombosis and was transient in
nature, but the IgG fractions from high and low titer aPS/PT COVID-19 patients accelerated
thrombosis in vivo.3” Similar proportion of critically ill COVID-19 patients was found
positive for aPS/PT in a different study, most of which had the IgM isotype at a low titer.33

Although IgA antibodies are not part of APS classification criteria, both ap2GPI IgA and
aCL 1gA have occurred in COVID-19.29:31 In one cohort, both IgA aCL and ap2GPI were
significantly higher in severely ill patients on both screening and confirmatory tests 4°;
and IgA aCL and ap2GPI were positive at low titer in hospitalized COVID-19 patients
but negative in non-hospitalized patients. A different cohort reported only IgA ap2GPI
positivity.33 Except for a few cases with VTE occurring in combination to other criteria
aPL,2? there has been no direct cause-effect relationship between IgA aB2GPI or IgA aCL
and thrombosis in COVID-19 patients.

Is antiphospholipid antibody positivity in COVID-19 associated with increased risk of
thrombosis?

The clinical significance of positive aPL tests in COVID-19 patients remains undefined.
Antiphospholipid antibody tests, elevated in viral and bacterial infections such as hepatitis
B/C, HIV, and syphilis, are typically transient and are not associated with thrombosis.
Antiphospholipid antibodies in COVID-19 may also be transient and mostly of low titers.36
One study reported that aPL in COVID-19 is against the D4-5 domain of ap2GPI, rather
than the D1 domain, which is associated with thrombaosis risk and pregnancy complications
in APS.33 Anti-D5 lacks thrombogenicity in rat models. Thus, published studies do not yet
support a correlation between thrombosis and positive aPL tests.33

However, the pathogenic nature of COVID-19-associated aPL may be supported by the fact
that, as with traditional APS patients,10 COVID-19-associated 1gG fractions isolated from
patients induce thrombosis in mouse models.3” Also, some clinical studies note correlation
between positive aPL and thrombosis.2%:31 Furthermore, the possible transient nature of aPL
in COVID-19 does not preclude pathogenicity: transient aPL in hepatitis C correlates with
increased risk of thrombotic events in a meta-analysis.

In summary, it remains unclear whether aPL-positivity is just an epiphenomenon of an
upregulated inflammatory state triggered by COVID-19, or a true player in the thrombotic
storm of severe COVID-19 patients.
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Is COVID-19 infection in aPL-positive patients (with or without APS) associated with
increased risk of complications?

Data on COVID-19 outcomes in patients with aPL (with or without APS) are limited to a
few case reports and subject to publication bias. In primary APS, a case report described
a patient on therapeutic anticoagulation who developed adrenal hemorrhage and arterial
thrombosis after COVID-19; another had suspected recurrent diffuse alveolar hemorrhage
complicated by fungal pneumonia. A patient with systemic lupus erythematosus (SLE)
and APS developed severe thrombocytopenia during COVID-19 infection; another SLE
patient with triple aPL-positivity but no APS developed VTE during a mild infection
with COVID-19. Two cases described new diagnosis of APS in patients with COVID-19
infection, one also with new SLE diagnosis, and another with history of miscarriages
who presented with adrenal hemorrhage and had a triple positive aPL profile. Outcomes
in patients with established APS and COVID-19 infection remain to be reported from
established large cohorts.

APS ACTION management guidance recommendations

Risk assessment and prognosis in patients with APS and COVID-19 infection is extrapolated
from data on patients with other rheumatic diseases or the general public. There are no
specific treatments recommended for COVID-19 in patients with APS. The guidance below
is based on expert consensus; recommendations should be provided on a case-by-case basis
by clinicians. Patients with APS should continue to practice general COVID-19 precautions
even if previously diagnosed with COVID-19 and communicate with their doctors should
they develop recurrent APS symptoms.

A. Management of antiphospholipid antibody positive (with or without APS) COVID-19

patients

1. To guide long-term management in COVID-19 patients with newly detected
aPL, patients should be retested after 12 weeks, and management decisions
should be based on the clinical presentation and assessment of their full aPL
profile.

Comment: Newly detected aPL in patients with COVID-19 infection may be
false positive and/or transient; published data on the frequency of persistent LA
and/or moderate-to-high titers of aCL/aB,GPI are limited.29 Low aCL/af,GPI
titers are generally not clinically relevant for thrombosis. Persistent triple aPL-
positivity (LA, aCL, and ap,GPI) provides better confidence that aPL profile is
clinically relevant.

2a. Hospitalized COVID-19 patients with newly detected aPL should receive at least
prophylactic dose anticoagulation with low-molecular-weight heparin (LMWH)
or unfractionated heparin (UFH) unless there are contraindications.

2b. Hospitalized COVID-19 patients known to have persistently positive aPL.:
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. but not on anticoagulation should receive at least prophylactic
dose anticoagulation with LMWH or UFH unless there are
contraindications.

. and on oral anticoagulation (warfarin, alternative VKA, or DOAC)
should be transitioned to therapeutic dose LMWH or UFH.

Comment: Hospitalized patients have an increased frequency of thrombosis;
thus, VTE prophylaxis is recommended for all patients, including those

with COVID-19. Ongoing studies are examining the benefit of therapeutic

or intermediate dose versus prophylactic dose anticoagulation; one trial has
shown no benefit of intermediate dose over prophylactic dose anticoagulation
in ICU patients with COVID-19. The role of continued thromboprophylaxis
after hospital discharge for aPL-negative COVID-19 patients remains under
investigation; although it is generally recommended for at least 14 days for
patients at high thrombotic risk,#! the decision should be individualized after
balancing risks and benefits.

3. Non-hospitalized patients with COVID-19 and known to have persistent aPL:

. Not on anticoagulation, should be considered for prophylactic dose
anticoagulation with LMWH, especially in the setting of additional
VTE risk factors, for example, reduced mobility, high body mass index,
or malignancy) unless there are contraindications.

. On anticoagulation (warfarin, alternative VKA, LWMH, or DOAC),
should keep their prescribed anticoagulation.

Comment: The benefit of anticoagulation and anti-platelet agents is uncertain
in non-hospitalized patients without aPL; medical specialty societies provide
conflicting guidance. The topic is currently being researched. Given that
prophylactic anticoagulation is recommended for asymptomatic aPL-positive
patients during high-risk periods such as surgeries, physicians should assess the
risks and benefits of prophylactic dose anticoagulation on a case-by-case basis.

4, All COVID-19 pregnant patients known to have persistently positive aPL should
follow the recommendations above with strong consideration of prophylactic
dose LMWH in those who are not on anticoagulation, and a low threshold to
investigate suspected thrombosis.

Comment: Pregnancy is an independent risk factor for severe COVID-19,

with increased risk for ICU admissions, mechanical ventilation, extracorporeal
membrane oxygenation, and death.42 The absolute risk of the above adverse
events during pregnancy is small and substantially lower than those reported
during the HIN1 influenza pandemic, with generally good outcomes in patients
with mild to moderate COVID-19.

Venous thromboembolism prophylaxis with LMWH or UFH should be given
to all hospitalized pregnant women with suspected or confirmed COVID-19
unless delivery is anticipated within 12-24 h; prophylaxis should be considered
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on a case-by-case basis in the outpatient setting. In pregnant aPL-positive
patients with COVID-19 infection and on prophylactic dose anticoagulation,
there is no evidence that increasing the prophylactic dose to therapeutic dose
anticoagulation improves outcomes.

5. All aPL-positive patients with or without APS are recommended to receive a
COVID-19 vaccine given the critical importance for public health.

Comment: Reports of thrombosis with thrombocytopenia following two
adenoviral vaccines (AstraZeneca and Johnson & Johnson) are rare. These cases
bear a resemblance to autoimmune heparin-induced thrombocytopenia with
positive antibodies to platelet factor 4—polyanion complexes (PF4).43 Based on
the suggested pathogenetic mechanism, the use of non-heparin anticoagulation
and IVIG is recommended, while platelet transfusion should be avoided.

Currently, no evidence exists that patients with a history of thrombosis or known
risk factors for thrombosis (including APS) are at higher risk of developing

this complication following vaccination. Regulatory agencies both in the United
States and Europe confirm that the benefits of the vaccines significantly
outweigh the extremely low risk of thrombosis. Therefore, APS patients should
be vaccinated with any of the available vaccines in line with national policies.
These policies depend on a variety of factors and may well be subject to change
with time.

Given that some APS patients receive immunosuppression, mostly for non-
thrombotic or microvascular diseases, clinicians should be aware that (a) it

is unknown if one vaccine is superior or safer over another in patients on
immunosuppressive medications; (b) hydroxychloroquine use should not have
any effect on the vaccine response; (c) rituximab may correlate with severe
COVID-19 manifestations and persistent viremia®**; thus, the American College
of Rheumatology (ACR) recommends scheduling the vaccine dose 4 weeks
prior to rituximab dose and delaying rituximab dose by 2—4 weeks after
vaccination; and (d) reductions in vaccine response have been noted in patients
on potent immunosuppression, for example, mycophenolate mofetil4®; thus,
ACR recommends holding the dose for 1 week after each vaccine dose if the
disease is stable.

B. Basic Science and Clinical Research Agenda

1. Basic science studies should investigate the mechanisms leading to aPL
positivity in COVID-19 patients, and how these aPL may contribute to increased
thrombosis risk.

Comment: The clinical significance and the duration of aPL positivity, as well as
the pathogenicity of aPL in COVID-19 remains controversial. Further research
is necessary to determine whether and how aPL emerging during COVID-19
infection increases risk for thrombosis. Determination of persistence of such
aPL tests at 12 weeks and beyond, and long-term outcomes in these patients

are necessary to understand whether infection with SARS-CoV-2 triggers long-
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lasting effects on the hemostasis and immune systems and could be responsible
for development of autoimmune syndromes such as APS.

The observation of positive LA in patients with severe COVID-19 has
emphasized weaknesses of current LA assays. Projects addressing the
interference of anticoagulation with LA assays are underway by APS ACTION.

Clinical research should focus on defining poor prognostic factors, optimal
management, and potential therapeutic targets in aPL-positive COVID-19
patients

Comment: The literature suggests common mechanisms between CAPS and
severe COVID-19, which represent possible targets of intervention in the
treatment of both COVID-19 and APS; treatment strategies used in CAPS
patients, for example, IVVIG or plasma exchange, may have a role in the
management of COVID-19 patients; clinical trials are in progress.

Numerous opportunities exist to investigate the role of complement in both
APS and COVID-19. Case reports suggest eculizumab as an effective therapy
for both COVID-19 and APS.#6 In addition, the role of blockade of C3,

given its position at convergence point of all complement activation pathways,
is investigated in COVID-19; early clinical data indicate that compstatins
(small peptides that bind C3 preventing its activation) are associated with
rapid normalization of inflammatory markers, reduction in circulating NETS,
and respiratory improvement in COVID-19.47 Mechanistic studies showed that
complement C3 inhibition with compstatin Cp40 disrupted neutrophil-derived
tissue factor expression at both the mRNA and protein levels.24

Restraining NET formation may be a therapeutic approach in both conditions.
Heparin neutralizes NET-derived cytotoxic histones and also potentiates

NET clearance via DNase 1.9 At the same time, glucocorticoids such as
dexamethasone reduce NETosis in vivo,*8 most likely via suppression of various
mediators of neutrophil activation. In terms of novel therapies, recombinant
DNase I dismantles NETs and thereby has the potential to mitigate both

airway obstruction and intravascular thrombosis.? Another strategy might be

the activation of surface adenosine receptors, which suppresses NETosis via
cyclic AMP-dependent signaling.® Dipyridamole is an inexpensive drug with

a favorable safety profile that potentiates adenosine receptor signaling by both
inhibition of nucleoside reuptake and stabilization of intracellular cyclic AMP. In
models of APS, dipyridamole restrains NET release /n vitro, while suppressing
NET-dependent thrombosis in mice.*® In a small study, dipyridamole suppressed
D-dimer levels in patients with COVID-19.

Clinical research should define the outcomes in pregnant aPL-positive
COVID-19 patients.

Comment: The effect of COVID-19 on pregnancy requires further research.
In this context, prior coronavirus infections, such as Middle East Respiratory
Syndrome (MERS), are associated with preterm birth,0
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4, Clinical research should also focus on COVID-19 vaccine outcomes in
persistently aPL-positive patients, including thrombosis and thrombocytopenia.

Comment: Given rare reports of vaccine-induced immune thrombocytopenia
and thrombosis (VITT), independent of a history of APS, it is important to
monitor vaccination-related thrombotic and non-thrombotic adverse outcomes,
particularly in patients with rheumatic diseases, and to elucidate the mechanism
of these adverse effects. Studies are underway.

Conclusion

The role of aPL in SARS-CoV-2-related thrombosis remains to be elucidated. While the
COVID-19 pandemic is devastating, it provides a unique opportunity to better characterize
the short- and long-term effects of the disease on the immune and hemostatic systems, and
the common mechanisms, with the potential to guide targeted strategies in both COVID-19
and APS. APS ACTION recommendations for the management of aPL-positive COVID-19
patients are summarized in the Table 1. As these recommendations are extrapolated from
limited existing literature, particularly for COVID-19 infection in APS patients, clinicians
should tailor the management based on each patient’s COVID-19 disease severity, aPL
profile, and APS clinical phenotype, as guided by clinical judgment and discussion with the
patient.
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Figure 1.
Common Mechanisms of Thrombosis Shared by Antiphospholipid Syndrome and

COVID-19. SARS-CoV-2 enters cells by binding to angiotensin converting enzyme-2
(ACE-2) receptor, whereas in APS, endothelial injury is mediated through the exposure

of endothelial cells to antiphospholipid antibodies (aPL). In both cases, inhibition of
endothelial nitric oxide synthase (eNOS) production decreases production of nitric oxide
(NO), an anti-inflammatory and vasodilatory agent, increasing susceptibility of the
endothelium to injury. Complement activation plays a key role in both COVID-19 and
CAPS. In COVID-19, unchecked inflammatory signals lead to the recruitment of neutrophils
and excessive NETosis, resulting in microvascular occlusions, which have been also
demonstrated in APS. Both COVID-19 and aPL induce proinflammatory and prothrombotic
cytokines; a subgroup of both COVID-19 and APS patients may have cytokine storm,
characterized by high levels of proinflammatory cytokines and chemokines.
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General management recommendations for persistently antiphospholipid antibody positive patients with new

COVID-19 infection.

Inpatient

Outpatient

No history of thrombosis and/or not
on long-term anticoagulation

Start at least prophylactic dose anticoagulation
with LMWH or UFH.

Consider prophylactic dose anticoagulation
depending on additional non-aPL VTE risk
factors

History of thrombosis on long-term
anticoagulation

Switch to therapeutic dose LMWH or intravenous
UFH.

Continue anticoagulation with regular INR
monitoring if on warfarin with INR checks as
appropriate

Pregnant—not on anticoagulation

Start at least prophylactic dose anticoagulation
with LMWH or UFH.

Consider prophylactic dose anticoagulation,
given the increased risk of thrombosis during
pregnancy and postpartum (at least 6 weeks after
delivery)

Pregnant—on anticoagulation
(LMWH or UFH) with or without
low dose aspirin

Continue anticoagulation: At least prophylactic
dose LMWH or UFH for patients on prophylactic
dose anticoagulation; and therapeutic dose
LMWH or UFH for patients on therapeutic dose
anticoagulation

Continue anticoagulation based on the original
dosing strategy

Prophylactic dose LMWH is preferred over UFH as a) once daily versus twice or three times daily injections: more convenient for the patient and
fewer subcutaneous administrations required from nursing staff (hence less avoidable direct contact with a patient with COVID-19 infection) and b)
lower risk of heparin-induced thrombocytopenia. LMWH is generally preferable to VKAs in hospitalized patients because of potential variability of
the INR due to acute illness-related factors. LMWH is also preferable to oral anticoagulants (VKAs and DOACS) in patients with thrombocytopenia
or coagulopathy, in view of its shorter half-life. For all patients, there should be a low threshold to investigate suspected thrombosis. VTE
prevention patient information should be provided for inpatients and outpatients.

aPL: antiphospholipid antibodies, DOACs: direct oral anticoagulants, LMWH: low-molecular-weight heparin, UFH: unfractionated heparin, VTE:
venous thromboembolism, INR: international normalized ratio.
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