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Abstract

Several thrombotic complications in patients affected with SARS-CoV-2 have been reported.

Single-centre pilot study aimed to analyse the coexistence of antiphospholipid antibodies and thrombotic events on
SARS-CoV-2 infected patients.

Antiphospholipid antibodies were measured by solid phase enzyme immunoassay. Clinical data were collected from
electronic history and clinical records.

Over 25 patients studied we report four cases of COVID-19 patients who presented circulating antiphospholipid anti-
bodies and arterial or venous thrombotic events. No patient had a previous history of thrombosis. Two cases presented
with pulmonary embolism, one with pulmonary embolism and pulmonary infarction and one with a stroke. All of them
showed positive anti-cardiolipin antibodies. One patient died and three were discharged.

The presence of antiphospholipid antibodies in these patients might represent an epiphenomenon secondary to
the immune stimulation by the virus. It could be reasonable to consider measuring antiphospholipid antibodies as
part of the study of a thrombotic event in COVID-19 patients to better understand the impact of these antibodies in
the development of thrombotic events and we highlight the value of a periodic determination to define the need of
long-term anticoagulant therapy.
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novel coronavirus disease(COVID-19), caused by SARS-

Cov-2 virus was reported at the end of 2019 and spread
globally, affecting nearly all countries in the world.™ Re-
cently, several studies have reported thrombotic complica-
tions in patients affected with SARS-CoV-2, including deep
vein thrombosis (DVT), large vessel stroke, pulmonary
embolism (PE), coronary thrombosis, and systemic arterial

and venous thromboembolism.?! While critical illness is
known to cause a hypercoagulable state due to immobi-
lization, mechanical ventilation, central venous access de-
vices, and nutritional deficiencies, COVID-19 itself appears
to cause a hypercoagulable state through a bi-directional
mechanism between inflammation and thrombosis.®

Antiphospholipid syndrome (APS)is a systemic disorder
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characterized by vascular thrombosis, recurrent miscar-
riage and the presence of antiphospholipid (aPL) antibod-
ies.”? Secondary cases of APS due to viral infections have
been reported.® An entangled and interactive relation-
ship between the viral infection and the host immune sys-
tem mediate diverse aPL antibodies responses and related
manifestations."” Cavalli et al. have hypothesized that
there is a potential contribution of SARS-CoV-2 to induce a
secondary APS in at least some cases of thrombotic events
during the infection.!

We describe four patients infected with SARS-CoV-2 who
presented with thrombotic events and circulating aPL an-
tibodies.

Methods

We study 25 patients who developed any thrombotic
event (TE) during the admission for COVID-19. TE consid-
ered were: DVT, PE and stroke. TE were confirmed by du-
plex ultrasound in case of DVT, computed tomography
(CT) in case of PE and for the stroke CT and magnetic reso-
nance imaging. SARS-CoV-2 infection was established by
real-time reverse transcriptase—polymerase chain reaction
(PCR)of nasopharyngeal swabs.

Clinical data were prospectively collected during patient
admission. We reviewed demographic information, medi-
cal history, comorbidities, and other laboratory data. We
measured aPL in serum samples of the 25 patients, these
samples were obtained for diagnostic purposes when the
thrombotic event was suspected. 19G, IgM and IgA anti-
cardiolipin antibodies (ACA) and anti-B2 glycoprotein | an-
tibodies (B2GPI) were determined by solid phase enzyme
immunoassay, ELISA (AESKULISA, AESKU DIAGNOSTICS).
Lupus anticoagulant could not be determined because
some patients started heparin very close to the TE. HLA
Class | typing (locus A, B and C) was performed using the
Sequence Specific Oligonucleotide reverse (SSO) tech-
nique through Luminexx MAP® technology. We employed
the kits RSSOW1A, RSSOW1B and RSSOW1C (One lambda
inc), which allows resolution at the level of Common and
Well-Documented (CWD) alleles in a Flexmap 3D Luminex
system. This study was approved by Ethical Committee of
Ramén y Cajal University Hospital without the need to pro-
vide written informed consent due to the pandemic situa-
tion (Approval number 211-20).

Results

Over 25 patients evaluated, we describe four cases with
positive titers of aPL antibodies, TE and confirmed SARS-
Cov-2 infection. Demographic data of patients are sum-
marized in Table 1. All four patients were males; the mean
age of patients was 51 years (range 35-62 years). Case1p-

resented with intermediate-low risk PE, case 2presented a
pulmonary infarction secondary to a high-risk pulmonary
embolism, case 3 presented with ischemic middle cerebral
artery stroke (Fig. 1a) and case 4 showed a high-risk pul-
monary embolism with hemodynamic instability (Fig. 1b).
Three patients developed bilateral pneumonia and one
presented with mild symptoms (cough, myalgia, and chest
pain). Case 2, 3 and 4 needed intensive care unit (ICU) ad-
mission while the case 1 was admitted at medical ward. The
mean time from disease onset to thrombotic event was 32
days (range, 6-90 days).All patients received anticoagulant
therapy for the thrombotic events; three of them with low
molecular weight heparin (LMWH) and one received un-
fractionated heparin. Cases 2 and 4 had antithrombotic
prophylaxis during the admission before the thrombotic
event. No patient receives antiplatelet or anticoagulant
chronically prior to admission.

During TE, all patients had increased levels of D-dimer
(mean 28468), ferritin (mean 3553) and fibrinogen (mean
642); about complement determination, 2 cases had high
levels of C3 and one patient presented also with elevated
level of C4. All four patients showed positive titers of ACA,;
case 1 and 3 had IgG ACA, case 2 showed IgA ACA and case
4 presented IgM ACA. No patient had anti B2GPI antibod-
ies. Only in case 1 we can confirm the persistence of and
IgG ACA 2 months after the discharge with lower levels
(42.2 GPL/mL) but above the range of positivity, case 2 and
3 do not belong to this hospital area, and case 4 has died.

Discussion

COVID-19 is a good example of how a viral infection can
lead to a severe systemic inflammation and a prothrombot-
ic state."? In this work, we have illustrated serious throm-
botic events that some patients infected by SARS-Cov-2
have developed and the proposal of a possible role of aPL
antibodies to trigger a secondary APS, which certainly rais-
es the idea that measuring aPL antibodies in COVID-19 may
be worth.

The first cases of coagulopathy and aPL antibodies in pa-
tients with COVID-19 were published in April 2020, where
the authors reported these antibodies as an observation
that hardlycan explain TE in critical patients.'¥! Over the last
months, several studies have reported the presence of aPL
antibodies in patients infected with SARS-CoV-2.1'21415 By
contrast to Pineton et al. who reach an exceptionally high
frequency of aPL antibodies,'? in our series only 16% of
the patients (4/25) showed positive aPL antibodies; our re-
sults are similar to other that shows a low prevalence of aPL
antibodies in patients with TE.'>'% Devreese et al. found
transient aPL not clearly related to TE' while Zuo et al.l'”?
suggest a potential pathogenic role of aPL antibodies in a
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Table 1. clinical features and antiphospolipid antibodies’ profile in four patients with TE and COVID-19 infection.
Case 1 Case 2 Case3 Case 4
Demographical data
Age; gender 35; male 62; male 54; male 55; male
Medical history None Type 2 diabetes, overweight, Non-obstructive HC OSAHS
ex-smoker
Features related to thrombotic events
Thrombotic event PE PE + pulmonary infarction Stroke PE
Days from disease onset to TE 24 28 N/A (asymtomatic patient) 30
Anticoagulation before TE No LMWH 60mg/12h No LMWH 40mg/24h
Days of hospital stay 8 20 6 25
ICU No Yes Yes Yes
Antithrombotic therapy LMWH 80mg/12h LMWH Fibrinolysis, Acetylsalicylic acid, IV UFH
Thrombectomy, LMWH 60mg/24h
Outcome Discharge Discharge Discharge Exitus
Laboratory findings
Complement (mg/dL) C3139 C3215 C3695 C3349
C4232 C434 C4855 C4140
N/A CH50< 7.49 N/A N/A
Fibrinogen (mg/dL) 669,7 740 317,8 740
D-dimer (ng/mL) 2447 24814 1611 85000
Serum ferritin (ng/mL) 1222 9963 187 2741
Anti-cardiolipin antibodies* 1gG 70.4 GPL/pL 1gG 5.6 GPL/pL 1gG 20.3 GPL/pL 1gG 2.76 GPL/pL
IgM 5.7 MPL/pL IgM 2.48 MPL/pL IgM 2.63 MPL/pL IgM 18.6 MPL/pL
IgA 15.2 APL/uL IgA 20.4 APL/uL IgA 2.76 APL/uL IgA 0.76 APL/uL
Anti-beta2-glycoprotein IgG 8.22 U/pL IgG 2.08 U/pL IgG 4.57 U/uL 1gG 1.54 U/pL
1 antibodies * IgM 5.89 U/pL IgM 1.66 U/pL IgM 3.32 U/pL IgM 3.47 U/pL
IgA 1.76 U/pL IgA 9.52 U/pL IgA 0.46 U/uL IgA 0.35 U/pL
HLA DRB1*03 DRB1*16 DRB1*03 DRB1*04 N/A DRB1*15
DRB3+ DRB5+ DRB3+ DRB4+ DQB1*02 DRB5+ DQB1*06
DQB1*05 DQB1*02 QB1*03:02

HC: hypertrophic cardiomyopathy, hypertrroLMWH: low molecular weight heparin, N/A: not available, OSAHS: Apnea-hypopnea syndrome, PE: pulmonary
embolism, UFH: Unfractionated Heparin: *Cut-off point: negative <12, weak-positive 12-18, positive >18.

Figure 1. (a) 3D reconstruction of supra-aortic trunk angiography
and circle of Willis, the arrow shows a repletion defect in left middle
cerebral artery. (b) Torax- CT: the arrow shows a filling defect in the
right pulmonary artery.

significant percentage of patients with COVID-19. Borghi et
al. found by ELISA a higher frequency of anti-B2-GPI over
ACA, differing to our results that show ACA positive in all

four cases."™ About the clinical features of the TE, we found
a higher frequency of PE rather than other thrombotic
complications, these results are in line with other previ-
ously published.l'®

Although the specific factors resulting in the induction of
aPL and the associated thrombotic event are still unknown,
we analyze the immunological pathways that could ratio-
nalize the presence of aPL antibodies and TE in patients
with COVID-19. SARS-Cov-2 infection. It may represent a
clinical epiphenomenon of a viral-induced secondary APS.
M For years, the relationship of infectious diseases in the
development of APS has been known.'? It has been report-
ed that infections may trigger the production of pathogen-
ic aPL in certain predisposed individuals.®! One proposal is
that aPL antibodies may emerge by a molecular mimicry
mechanism due to the similarity of certain peptides of vi-
ruses and bacteria with 2-GPL'>2 The presence of these
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autoantibodies can promote, on the one hand, a state of
hypercoagulability, and on the other, a systemic inflamma-
tory response by the activation of the Toll-Like receptor 4
(TLR-4)2" that can cause the massive production IL-1, IL-5,
IL-6, IFN-y and TNF-a.'"! SARS-Cov-2 upregulates the re-
lease of proinflammatory cytokines by the innate immune
system leading to a systemic inflammatory response,''" fol-
lowed by endothelial alterations that induce a procoagu-
lant state." This state is mainly mediated by the increased
synthesis of tissue factor and thromboxane A2 as well as an
activation of the complement cascade that might close the
loop and provoke thrombosis.'"" Most of the patients stud-
ied also had elevated levels of ferritin. There is evidence that
ferritin levels not only reflect an acute phase response, but
rather they have an active role in the inflammation process.
091 Ferritin acts as a signalling molecule and mediator of
immune processes, probably through binding to its T-cell
immunoglobulin and mucin domain 2 (TIM-2) receptor???
and also negatively regulates cells involved in Th2 immune
reaction, influencing immune tolerance and autoimmu-
nity." At the same time, macrophage-mediated ferritin
secretion has been correlated with thrombosis through the
induction of inflammatory molecules such as ICAM1 (inter-
cellular adhesion molecule 1) which can contribute to the
development of a cytokine storm and the activation of en-
dothelial cells.>?* Severe cases of SARS-CoV-2 have shown
extreme levels of D-dimer elevation, thrombocytopenia
and coagulopathy regulated by pro-inflammatory soluble
mediators which could be an early indicator for hospitaliza-
tion, disease severity, prognosis and may help physicians
take timely clinical decisions.?”

Additionally, several studies have revealed the existence
of a genetic predisposition for the development of APS,
specially by its association with various human leukocyte
antigen (HLA) alleles.?52"1 Sebastiani et al. reported the as-
sociation of HLA DR4, DR7, DRw53, and DQB1*0302 with
the production of aPL antibodies.?”? In this regard, one case
presented in our work showed a risk genotype (Table 1).

Conclusion

The presence of aPL antibodiesmight represent an epiphe-
nomenon secondary to the immune stimulation by the
SARS-CoV-2; since the role of aPL antibodies in the devel-
opment of thrombosis is still controversial. If some or most
cases of TE in COVID 19 represent a secondary APS, this
could raise the idea that aPL antibodies can be measured
as part of the study of a thrombotic event. In positive pa-
tients, a second determination, once the infection has been
resolved, would be recommended because, if aPL antibod-
ies persist positive, they could determine a long-term anti-
coagulation. Further studies to demonstrate a pathogenic

correlation between thrombosis, SARS-Cov-2 and the pres-
ence of aPL antibodies are necessary.
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