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Abstract: Background: COVID-19 clinical features include a hypercoagulable state that resembles
the antiphospholipid syndrome (APS), a disease characterized by thrombosis and presence of an-
tiphospholipid antibodies (aPL). The relationship between aPL-presence and the appearance of
thrombi as well as the transience or permanence of aPL in COVID-19 patients is not sufficiently
clear. Methods: A group of 360 COVID-19 patients were followed-up for 6 months. Classic aPL,
anti-B2GPI IgA, anti-phosphatidylserine/prothrombin IgG/M and anti-SARS-CoV-2 antibodies were
determined at acute phase and >12 weeks later. The reference group included 143 healthy volunteers
of the same age-range distribution. Results: aPL prevalence was similar in COVID-19 patients and
the reference population. aPL presence in both determinations was significantly associated with
thrombosis (OR: 2.33 and 3.71), strong agreement being found for classic aPL and anti-B2GPI IgA
(Weighted kappa: 0.85–0.91). Thrombosis-associated aPL occurred a median of 17 days after hospital
admission (IQR: 6–28) vs. 4 days for the rest (IQR: 3–7). Although anti-SARS-CoV-2 antibodies levels
increased during convalescence, aPL hardly changed. Conclusions: Most COVID-19 patients would
carry these aPL before the infection. At least two mechanisms could be behind thrombosis, early
immune-dysregulation-mediated thrombosis after infection and belated-aPL-mediated thrombosis,
with SARS-CoV-2 behaving as a second hit.

Keywords: COVID-19; thrombosis; antiphospholipid syndrome; antiphospholipid antibodies;
autoimmunity

1. Introduction

COVID-19 is a pathology characterized by a wide spectrum of clinical profiles [1].
COVID-19 has been strongly associated with a hypercoagulable state, especially with
thrombotic events [2,3]. These coagulation abnormalities include increased D-Dimer,
prolongation of prothrombin time and thrombocytopenia [4], which are highly related to
an unfavorable outcome [2,5].
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The COVID-19 hypercoagulable state appears to be a mixture of other prothrombotic
situations [6,7]. Among these situations, the antiphospholipid syndrome (APS) is the one
that most closely resembles what happens in COVID-19 [8,9], which has led to the study of
the presence of antiphospholipid antibodies (aPL) in these patients [10–12].

Classification criteria for thrombotic APS require the presence of at least one laboratory
criterion and one clinical criterion (arterial, venous, or small vessel thrombosis). Laboratory
criteria include the following: lupus anticoagulant (LA), anti-cardiolipin (anti-CL) or anti-
B2-Glycoprotein-I (anti-B2GPI) of IgG/IgM isotypes in two consecutive determinations
distanced 12 weeks apart [13]. Recently, additional aPL associated with thrombotic events
but not listed in the classification criteria (extra-criteria aPL) have been described. Among
the extra-criteria aPL, the most commonly detected in association with thrombosis are
IgA isotype of anti-B2GPI and IgG/IgM isotype of anti-phosphatidylserine/prothrombin
(anti-PS/PT) [14–16]. Likewise, there are also other clinical manifestations of APS that are
not included in the classification criteria (extra-criteria manifestations) [17,18].

The prevalence of aPL in COVID-19 patients, with or without thrombotic events,
varies between 21–70%, according to the methods used in its detection and whether the
presence of LA is assessed or not [19–21]. In a recent meta-analysis that included 21 studies,
the pooled prevalence rate of one or more aPL (aCL or anti-B2GPI IgG/M/A, or anti-PS/PT,
or LA) was 46.8% [22]. In our country, the prevalence of aPL in COVID-19 patients at the
time of hospital admission, excluding LA (aCL or anti-B2GPI, or anti PS/PT), is 23.6%
which is higher than the 6.1% described in the control group of 201 blood donors [21] and
the 5–5.5% described in other studies [23,24]. LA is the most frequent aPL associated to
COVID-19, but its presence is transitory [25] and has not been associated with an increased
risk of thrombosis [26].

It is well known that aPL can appear in the context of various infections [27,28]. To
avoid these false positives the APS classification criteria establish the condition of persistent
positivity of aPL: a positive test must be confirmed by a second positivity a minimum of
12 weeks after the first evaluation [13].

It has been reported that some infections like hepatitis C, herpes zoster and Q fever
may be involved in triggering APS events, including the APS catastrophic form [29–31].
The same association has been reported in SARS-CoV-2 infection, which could induce
the synthesis of criteria and extra-criteria aPL (mainly IgA anti-B2GPI) [12,20]. However,
although it has been observed that the positivity of LA is transitory [25], the persistence
beyond 12 weeks of the classic aPL and especially of the extra-criteria aPL, in large series
of patients with COVID-19 has not been sufficiently addressed.

Zhang et al. reported three patients with stroke with positive anti-CL IgA and anti-
B2GPI IgG and IgA [12]. Harzallah and collaborators described 25 patients with positive
LAC and five with anti-CL or antiB2GPI IgG or IgM in a cohort of 56 COVID-19 patients [32].
Devresse et al. reported 23 of 31 patients positive for at least one criteria aPL. Repeat testing
did not confirm the positivity of those aPL in all patients one month after the infection [33].

This work has aimed to evaluate the variability in the levels of aPL at the time of
diagnosis of COVID-19 and at least 180 days after the first sample and the association
of those aPL with COVID-19 complications in a prospective series of 360 patients who
recovered from the infection. aPL dynamics were compared to the evolution of anti-SARS-
CoV-2 antibodies.

2. Materials and Methods
2.1. Study Design

We performed a prospective observational study including COVID-19 patients followed-
up for at least 180 days from hospital admission. Classic and extra-criteria aPL serum levels
were determined at admission and in a second sample obtained at least 12 weeks later.
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2.2. Patients

Patients were enrolled in the “Hospital Universitario 12 de Octubre” from March to
October 2020. Inclusion criteria were: (1) Patients over 18 years with symptoms of acute
COVID-19 infection; (2) Clinical characteristics that required hospital admission; (3) Con-
firmed diagnosis by RT-PCR; (4) Clinical follow-up for at least 6 months; (5) Quantification
of aPL in a sample taken on the first day after hospital admission and in a second sample
taken at least 12 weeks later.

A total of 201 out of the 561 patients selected initially were excluded either because
a second serum sample was not available or because clinical follow-up was interrupted).
Finally, 360 COVID-19 patients (72% Caucasian, 24% born in South and Central America
and 2% of other origins) were enrolled in this study. Age: mean 58.1 years and me-
dian 59 years (IQR: 46.5–69). The algorithm of disposition and outcomes is described in
Supplementary Figure S1.

2.3. Reference Population

A reference group formed by 143 healthy individuals with a representative age-range
of the real age-distribution in general population of the same geographic area was selected
to compare COVID-19 patients with a healthy population of the same area. Age: Mean
61.3 years; median 64 years (IQR: 50–75).

Blood donors generally constitute an excellent reference population of healthy peo-
ple; however, this entails a bias of people over 50 years and those over 65 years are not
included, so the most common age range in COVID-19 patients in our environment (over
50 years) are underrepresented. The reference group consisted of 33 blood donors and
110 volunteers recruited from people over 40 years who underwent a preoperative study
for minor conditions not related to any major disease (such as ophthalmic cataract surgery).
The selected patients had no history of serious systemic or vascular pathologies and no
symptoms other than minor age-related symptoms at the time of the medical examination.

2.4. Study Definitions

COVID-19 case was defined as a positive result for SARS-CoV-2 according to reverse
transcription polymerase chain reaction (RT-PCR) assay performed on nasal swab sampling
from patients with COVID-19 consistent symptoms.

Ventilatory failure: was defined as a PaO2/FiO2 < 300 (blood oxygen pressure/fractional
inspired oxygen), or the need for mechanical ventilation (either non-invasive positive pres-
sure ventilation or invasive mechanical ventilation).

Classic aPL: The aPL included in the Sidney’ APS classification criteria [34] excluding
LA: anti-CL or anti-B2GPI of IgG/IgM isotypes.

Extra-criteria aPL: aPL not included in the APS classification criteria [34]: IgA aβ2GPI
and aPS/PT antibodies of isotypes IgG/IgM.

2.5. Samples

Sera from coagulated whole blood samples were collected in the first 24 h after
hospitalization (First sample) and at least 12 weeks later (Second sample).

2.6. Criteria aPL Determination

IgG and IgM isotypes of anti-B2GPI and anti-CL were determined by addressable
laser bead immunoassay (ALBIA) using BioPLex 2200 multiplex immunoassay system
APLS (Bio-Rad, Hercules CA, USA). The cutoff to consider IgG and IgM anti-B2GPI and
anti-CL as positive was 18 U/mL, according to the 99th percentile evaluated in a healthy
population. LA was measured in a sample of 67 patients using HemosiL dRVVT (cutoff
ratio 1.2) and HemosiL Silica Clotting Time (cut-off ratio 1.3) assays (Instrumentation
Laboratory SpA, Milano, Italy).
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2.7. Extra-Criteria aPL Determination

IgA anti-B2GPI were quantified using the QUANTA Lite B2 GPI IgA (INOVA Diag-
nostics Inc., San Diego, CA, USA), due to the low sensitivity of bead-based immunoas-
says for these antibodies [35]. Anti-PS/PT of IgG and IgM isotypes were evaluated by
enzyme-linked immunosorbent assay (ELISA) using QUANTA Lite anti-PS/PT (INOVA
DIAGNOSTICS, San Diego, CA, USA). Cutoffs used to consider the results as positive
were: >20 U/mL for IgA anti-B2GPI, >30 U/mL for IgG anti-PS/PT and >40 U/mL for IgM
anti-PS/PT. These values correspond to the 99th percentile of a healthy population [18].

ELISA procedures were performed in a Triturus ® Analyzer (Diagnostics Grifols, S.A.
Barcelona, Spain).

2.8. Anti-SARS-CoV-2 Antibodies Determination

IgG antibodies against the receptor-binding domain (RBD), spike 1 (S1), spike 2 (S2),
and nucleocapsid (NCap) structural proteins of SARS-CoV-2 were quantified in paired
samples of 126 COVID-19 patients using ALBIA technology with the BioPlex®2200 SARS-
CoV-2 IgG Panel (Bio-Rad, Hercules CA, USA). The manufacturer’s recommended cutoff
was used. Samples showing antibody levels above the detection limit of the system were
normalized to the detection limit value.

2.9. Data Collection

Clinical data including vascular and thrombotic events, Intensive Care Unit (ICU)
admission and ventilatory failure were collected from the electronic medical records
and integrated into an anonymized database. Biological and immunological markers
were also included.

2.10. Statistical Analysis

Results of discrete variables were expressed as absolute frequency and percentage.
Association between qualitative variables was determined with Pearson’s chi-square
test or Fisher’s exact test, when appropriate. The relative measure of an effect between
subgroups of patients was expressed as relative risk based on a 95% CI when considering
the aPL positivity as the exposure.

Results of the continuous variables were expressed as median accompanied by the
interquartile range (in parentheses) and mean with standard deviation. Mann–Whitney
U test was used for comparisons. The non-parametric Wilcoxon Signed-Rank test was
used to compare continuous variables (paired data) that were not normally distributed.
Inter-rater reliability for qualitative variables was measured using weighted Cohen’s kappa
(κ); strength of agreement was interpreted using a rule of five described previously [36].

Multivariate analyses were performed through logistic regression model using vari-
ables that presented a p-value < 0.11 in a previous univariate analysis. The relative measure
of an effect was expressed as odds ratio.

Probabilities under 0.05 were considered significant. Data were analyzed with Med-
Calc for Windows version 19.3 (MedCalc Software, Ostend, Belgium).

2.11. Ethical Issues

This study was conducted in accordance with the principles of the Declaration of
Helsinki and was approved by the Clinical Research Ethics Committee of Hospital Uni-
versitario 12 de Octubre (reference numbers 20/117, 18/182 and 18/009. Oral or written
informed consent was obtained from all patients and members of the reference group.

3. Results
3.1. aPL Prevalence in COVID-19 Patients

Median age of the 360 COVID-19 patients was 59 years (IQR: 46.5–69) with a discrete
smaller proportion of women (41%), however no significant differences were observed
in ages between men and women: 59 (IQR: 47–68.3) vs. 59 (IQR: 46–70.8), p = 0.937.
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Median age in the reference population was 64 years (IQR: 51–75). The mean separation
time between the two serum samples was 21 weeks (SD: 6.2) and the median was 19.9
(IQR: 16.4–24.3).

We found 63 (17.5%) patients positive for the aPL in the first blood sample col-
lected during the acute phase of the disease. We observed that 16 (4.4%) of the pa-
tients presented as least one classic aPL, whereas 47 (13.2%) patients were positive for
at least one extra-criteria aPL, 40 patients (11.1%) for anti-B2GPI of IgA isotype and
15 (4.2%) for anti-PS/PT (any isotype). A total of 85% of IgA anti-B2GPI positive patients
(n = 34) were negative for the other aPL (Isolated positives). The number and type of
aPL positivity in the first and second samples can be seen in Supplementary Figure S2 (A,
first sample. B, second sample). No significant differences were observed in the preva-
lence of aPL in the reference population compared to COVID-19 patients, both in the
first and in the second sample (Table 1). LA was evaluated in 67 patients, 13 (19%) were
positive. The Supplementary Table S1 shows the prevalence of aPL in a group of 320 anony-
mous blood donors, comparing it with that observed in the reference population and in
COVID-19 patients.

Table 1. Prevalence of antiphospholipid antibodies in reference population compared to COVID-19
patients (first and second serum samples). p values refer to the reference population.

Antibodies
Reference

Population
n = 143

COVID-19 Patients (n = 360)

First Sample p-Value Second Sample p-Value
1 Any aPL 20 (14%) 63 (17.5%) 0.338 63 (17.5%) 0.338

1 Classic aPL 4 (2.8%) 16 (4.4%) 0.460 15 (4.2%) 0.608
2 Anti-B2GPI IgG 1 (0.7%) 4 (1.1%) 1.0 5 (1.4%) 1.0
2 Anti-B2GPI IgM 4 (2.8%) 10 (2.8%) 1.0 11 (3.1%) 1.0

3 Anti-CL IgG 2 (1.4%) 8 (2.2%) 0.732 12 (3.3%) 0.368
3 Anti-CL IgM 4 (2.8%) 10 (2.8%) 1.0 16 (4.4%) 0.460

2 Anti-B2GPI IgA 9 (6.3%) 40 (11.1%) 0.100 42 (11.7%) 0.072
4 Anti-PS/PT 7 (4.9%) 15 (4.2%) 0.719 16 (4.4%) 0.827

4 Anti-PS/PT IgG 4 (2.8%) 7 (1.9%) 0.517 8 (2.2%) 0.748
4 Anti-PS/PT IgM 3 (2.1%) 9 (2.5%) 1.0 9 (2.5%) 1.0

1 aPL, antiphospholipid antibody. 2 B2GPI, β2-glycoprotein-I. 3 CL, cardiolipin. 4 PS/PT, phosphatidylser-
ine/prothrombin.

Median D-dimer levels in COVID19 patients was 715 ng/mL (IQR: 434–1349), 70% of
patient had D-dimer above the cutoff (500 ng/mL). No significant differences
(p = 0.663) were observed D-dimer levels in aPL positive (758 ng/mL, IQR: 484–1579)
versus aPL negative (696 ng/mL, IQR: 430–1323). Patients with thrombotic events, had
higher levels (4082.5 ng/mL, IQR: 1579.8–7004.6) than those without thrombi (665 ng/mL,
IQR: 586.9–751.2, p < 0.001).

3.2. Variability of Antibodies over the Time in COVID-19 Patients

On analyzing the aPL levels in paired samples we observed that the Hodges–Lehman
median difference between first and second samples for all studied aPL was discrete, with
all below 1 U/mL (Table 2). The maximum median difference was 0.11 times the value
of the median in the first sample (median difference Index). However, when the levels
of antibodies against RBD, S1, S2 and Ncap antigens of SARS-CoV-2 were evaluated, a
significant increase in the titer was observed against all of them (Table 2), with median
difference index between 2.82 and 7.33.

No significant differences were observed in the proportion of positive patients for
aPL between the first and second samples (Figure 1a). In the analysis of the agreement
of aPL in the first and second samples, we found a strong consensus for the classic aPL
and IgA anti-B2GPI (Weighted kappa 0.85–0.91) (Table 3). Patients who were negative
in the first sample and positive in the second sample were located in a grey area very
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close to the cutoff. Concordance between the measurements of anti-PS/PT was weak
(Weighted kappa 0.43–0.52).

Table 2. Paired samples analysis (Wilcoxon test) of antiphospholipid and IgG anti-SARS-CoV-2 virus levels in serum of
COVID-19 patients. Median difference index is calculated by dividing Hodges–Lehmann by the value of the median of the
first sample.

First Sample Second Sample Wicolxon Test

Antibodies Mean SEM Median IQR Mean SEM Median IQR Hodges–Lehmann
Median Difference p-Value

Median
Difference

Index
1 Anti-B2GPI IgG 3.1 14.7 1.4 (1.4–1.4) 3.1 14.6 1.4 (1.4–1.4) 0 0.396 0
1 Anti-B2GPI IgM 2.9 5.9 1.1 (0.4–2.6) 2.9 7.8 1 (0.4–2.3) −0.1 0.153 −0.09

2 Anti-CL IgG 3.9 16.9 1.6 (1.6–1.6) 3.8 16.8 1.6 (1.6–1.6) 0 0.275 0
2 Anti-CL IgM 3.1 5.7 1.2 (0.5–2.7) 2.7 5.9 0.9 (0.3–2.3) −0.1 0.019 −0.08

1 Anti-B2GPI IgA 10.5 20.4 4.4 (2.9–7.2) 10.6 21.1 4.4 (3.2–6.9) 0.13 0.440 0.03
3 Anti-PS/PT IgG 8 12.2 6 (5.2–7.4) 9 12.7 6.7 (5.8–8.1) 0.67 <0.001 0.11
3 Anti-PS/PT IgM 13.3 18.4 9.3 (6.5–14.3) 13.9 16.9 9.5 (7–14.9) 0.54 0.141 0.06

4 Anti-NCap-SARS-CoV2 34.2 38.6 14 (1–65.3) 70.4 37.3 95 (31.8–101) 39.5 <0.001 2.82
5 Anti-RBD-SARS-CoV2 37.2 41.1 15.5 (1–86) 91.8 26.7 101 (101–101) 50.3 <0.001 3.25

6 Anti-S1-SARS-CoV2 30.7 39.2 7.5 (0.6–70) 89.2 29.7 101 (101–101) 55 <0.001 7.33
7 Anti-S2-SARS-CoV2 13.3 22.7 4 (0.6–15) 30.8 26.5 23 (12–40) 15.2 <0.001 3.8

1 B2GPI, β2-glycoprotein-I. 2 CL, cardiolipin. 3 PS/PT, phosphatidylserine/prothrombin. 4 NCap, nucleocapsid. 5 RBD, receptor-binding
domain. 6 S1, Spike 1. 7 S2, spike 2.

Figure 1. Prevalence of antibodies in first (Light blue) and second serum samples (dark blue). (a). Antiphospholipid
antibodies. (b). Anti-SARS-CoV-2 antibodies. Classic aPL: Anti-Cardiolipin or anti-B2GPI (aB2GPI) of isotypes IgG/M.
Anti-B2GPI IgA (aB2GPI IgA), anti-PS/PT (aPS/PT): Anti-phosphatidylserine/prothrombin antibodies of IgG/M isotypes.

Table 3. Analysis of the agreement between the evaluations of aPL in the first and second samples. Strength of Agreement
was rated according McHugh recommendations [36].

Antibodies Positive Patients
First Sample

Positive Patients
Second Sample Weighted Kappa 95% CI Strength Agreement

1 Any aPL 63 (17.5%) 63 (17.5%) 0.75 (0.66–0.84) Moderate
1 Any classic aPL 16 (4.4%) 15 (4.2%) 0.90 (0.79–1) Strong
2 Anti-B2GPI IgG 4 (1.1%) 5 (1.4%) 0.89 (0.67–1) Strong
2 Anti-B2GPI IgM 10 (2.8%) 11 (3.1%) 0.85 (0.69–1) Strong

3 Anti-CL IgG 8 (2.2%) 12 (3.3%) 0.93 (0.80–1) Almost Perfect
3 Anti-CL IgM 10 (2.8%) 16 (4.4%) 0.91 (0.78–1) Almost Perfect

2 Anti-B2GPI IgA 40 (11.1%) 42 (11.7%) 0.92 (0.85–0.98) Almost Perfect
4 Any anti-PS/PT 15 (4.2%) 16 (4.4%) 0.43 (0.20–0.65) Weak
4 Anti-PS/PT IgG 7 (1.9%) 8 (2.2%) 0.52 (0.21–0.83) Weak
4 Anti-PS/PT IgM 9 (2.5%) 9 (2.5%) 0.43 (0.14–0.72) Weak

1 aPL, antiphospholipid antibody. 2 B2GPI, β2-glycoprotein-I. 3 CL, cardiolipin. 4 PS/PT, phosphatidylserine/prothrombin.
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The high concordance in the aPL contrasts with the increase levels of anti-SARS-CoV-2
IgG antibodies in the second sample (Figure 1b).

3.3. Clinical Evolution of COVID-19 Patients

During the follow-up, 97 patients (27%) had ventilatory failure and 36 (10%) patients
required admission to the ICU, however, no association was found between these outcomes
and the presence of aPL (Supplementary Table S2). A total of 37 patients (10.3%) suffered
thrombotic events (TE). No association was observed between clinical outputs, ethnic
origin or the presence of antibodies against specific antigens of the virus (not shown). Only
one of the 37 patients with thrombosis had systemic lupus erythematosus (SLE).

The most common TE was pulmonary embolism (PE) with 24 patients, followed by
eight who had had thrombotic stroke, and four patients who had deep vein thrombosis
(DVT and 1 arterial thrombosis). Two PE patients also had DVT (they were classified in
the subgroup of PE). Median time of onset of the first TE with respect to the patient’s
admission was 6 days (IQR: 3–12.8) and mean time was 12.5 days. Figure 2a shows the
time of appearance of the first thrombotic event according to the type of thrombosis.
The thrombotic events that occurred in patients admitted to the ICU were later (median
14 days, IQR: 5.8–25 than in the rest of the patients (median 5.5 days, IQR: 3.0–8.5), although
these differences were not significant (p = 0.174).

Patients with TE were younger than the rest of the patients. No significant differences
were observed in the sex ratio, cardiovascular risk factors or ICU requirement (Table 4A).

In the acute phase (first sample), aPL positivity was not associated with the devel-
opment of TE (Table 4A), ventilatory failure or ICU admission (Supplementary Table S2).
However, if only classic aPL are considered, the incidence of thrombotic events in aPL
positive patients is significantly higher compared to aPL negative patients (RR: 3.36, 95%CI:
1.51–7.46; Table 4A). There was no significant association of LA with thrombosis, ventilatory
failure or admission to the ICU.

The presence of aPL in the second sample was significantly associated with the
occurrence of thrombotic events (RR: 2.55, 95%CI: 1.38–4.74, p = 0.003). Dot and Line
diagram of the paired samples for each aPL in patients with thrombotic events is shown
in Figure 3.

When the three types of aPL were analyzed separately, thrombosis was significantly
associated with the presence of classic aPL (RR: 3.59, 95%CI: 1.61–7.9, p = 0.003), anti-
B2GPI IgA (RR: 2.09, 95%CI: 1.02–4.26, p = 0.047) and anti-PS/PT (RR: 3.36, 95%CI:
1.51–7.46, p = 0.005). The positivity of anti-SARS-CoV-2 antibodies in the first and
second samples was not associated with thrombosis (Table 4A).

The appearance of thrombotic events after hospital admission occurred signifi-
cantly earlier in aPL negative patients in the first sample (median 4 days, IQR: 3–7) than
in aPL positive patients (median 17 days, IQR: 6–28, p = 0.016) (see Figure 2b). When
aPL positivity in the second sample was considered, TE also occurred significantly
earlier in aPL-negative patients (Figure 2c), median 4 days (IQR: 2.5–7), than in aPL
positive (median 9 days, IQR: 6–25, p = 0.006). Analyzing the three types of aPL (classic
aPL, IgA anti-B2GPI and anti-PS/PT), only IgA anti-B2GPI positive patients showed a
significantly longer time to the onset of the first thrombotic event than the negative aPL
patients (Supplementary Table S3).

The variables associated to TE with a p-value less than 0.11 were subjected to a
multivariate analysis with a logistic regression model: presence of aPL in the first sam-
ple, age and hypertension (Table 4B). Presence of any aPL in the first sample (OR: 2.33,
95% CI: 1.03–5.29, p = 0.043) was identified as a significant and independent variable.
(Table 4B). The multivariate analysis including aPL evaluation in the second sample more
clearly showed that aPL positivity (OR: 3.71, 95% 1.71–8.05, p = 0.001) was a thrombosis-
associated independent variable (Table 4B). The multivariate analysis using the three types
of aPL independently (second sample, Supplementary Table S4) showed that only patients
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who were positive for IgA anti-B2GPI in the second sample had a significant increase in
the risk of thrombosis (OR: 2.67, 95% (CI: 1.02–7, p = 0.046).

Figure 2. Days of appearance of thrombotic events counted from the day of hospital admission.
(a). Depending on the type of event. (b). Time to onset of thrombotic events in patients who were
positive (red) and negative (blue). (c). Time to onset of thrombotic events depending on aPL positivity
in second sample. Red: aPL positive patients. The number at risk on the different days is indicated in
the lower lines. DVT: Deep venous thrombosis. PE: Pulmonary embolism AT: Arterial thrombosis.



Biomedicines 2021, 9, 899 9 of 16

Table 4. Characteristics of the patients who developed thrombotic events during the first six months from the diagnosis
of COVID-19. A. Univariate analysis of thrombosis associated factors. B. Multivariate analysis of factors associated to
thrombosis events during follow-up (6 months).

Variables Thrombosis
(n = 37)

No Thrombosis
(n = 323) p-Value Relative Risk 95% CI

A. Thrombosis Associated Factors.

Sex (men) 24 (64.9%) 189 (58.5%) 0.457
Age years (median and IQR) 54 (45.5–61.3) 60 (47.3–70.0) 0.050

Diabetes 6 (16.2%) 31 (9.6%) 0.209
Smoker 4 (10.8%) 69 (21.4%) 0.193

Hypertension 7 (18.9%) 108 (33.4%) 0.073
Obesity 13 (35.1.9%) 87 (27.9%) 0.292

Treated at ICU 5 (13.5%) 32 (9.9%) 0.494
Antibodies First sample

1 Any aPL positive 10 (27%) 53 (16.4%) 0.107
1 Classic aPL 5 (13.5%) 11 (3.4%) 0.005 3.36 1.51–7.46

2 Anti-B2GPI IgA 6 (16.2%) 34 (10.5%) 0.297
3 Any anti-PS/PT 4 (10.8%) 11 (3.4%) 0.056

Lupus anticoagulant (n = 67) 5 (16.7%) 8 (21.6%) 0.750
Anti-SARS-CoV2 (n = 128)

4 Anti-Ncap 7 (63.6%) 62 (53.9%) 0.536
5 Anti-RBD 8 (72.7%) 62 (53.9%) 0.230

6 Anti-S1 6 (54.5%) 53 (46.1%) 0.591
7 Anti-S2 4 (36.4%) 40 (34.8%) 0.916

Antibodies Second sample
1 Any aPL positive 13 (35.1%) 50 (15.5%) 0.003 2.55 1.38–4.74

1 Classic aPL 5 (13.5%) 10 (3.1%) 0.003 3.59 1.61–7.9
2 Anti-B2GPI IgA 8 (21.6%) 34 (10.5%) 0.047 2.09 1.02–4.26
3 Any anti-PS/PT 5 (13.5%) 11 (3.4%) 0.005 3.36 1.51–7.46

Anti-SARS-CoV2 (n = 128)
4 Anti-Ncap 7 (63.6%) 62 (53.9%) 0.536
5 Anti-RBD 8 (72.7%) 62 (53.9%) 0.230

6 Anti-S1 6 (54.5%) 53 (46.1%) 0.591
7 Anti-S2 4 (36.4%) 40 (34.8%) 0.916

B. Logistic Regression Multivariate Analysis.

Variable Odds Ratio 95%CI p-Value

First serum sample
1 Any aPL positive 2.33 1.03–5.29 0.043

Hypertension 0.49 0.21–1.17 0.107
Age years 0.98 0.96–1 0.067

Second serum sample
1 Any aPL positive 3.71 1.71–8.05 0.001

Hypertension 0.45 0.19–1.08 0.075
Age years 0.98 0.95–1 0.053

1 aPL, antiphospholipid antibody. 2 B2GPI, β2-glycoprotein-I. 3 PS/PT, phosphatidylserine/prothrombin. 4 Ncap, nucleocapsid. 5 RBD,
receptor-binding domain. 6 S1, Spike 1. 7 S2, spike 2.
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Figure 3. Dot and line diagram representing the Wilcoxon test of the paired samples of antiphos-
pholipid antibodies in COVID-19 patients with thrombotic events. (a). Anti-cardiolipin (aCL)
IgG. (b). aCL IgM. (c). Anti-B2GPI (aB2GPI) IgG. (d). aB2GPI IgM. (e). Anti-Phosphatidyl ser-
ine/Prothrombin (aPS/PT) IgG. (f). aPS/PT IgM. (g). aB2GPI IgA. Left, sample1, Right, sample 2.
The ordinate axis represents the level of antibodies in U / ml. Red line represent negative sera in
the first sample that become positive in second sample. Dotted line represents the cutoff.
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4. Discussion

In this study we have demonstrated that the presence of aPL in COVID-19 patients
is similar to that observed in the general population of the same geographical area and
that these antibodies persist after the appearance of the disease with very small variations.
Additionally, we have observed that aPL positive patients have a higher incidence of throm-
bosis compared to aPL negative patients and that thrombotic events occurred significantly
later in the first group.

The presence of aPL in APS is necessary but not sufficient to induce thrombosis
formation. The concurrence of a “second hit” that involves activation of innate immunity
and a proinflammatory microenvironment is necessary to trigger thrombotic episodes.
This second hit could be severe infection, surgery, vascular procedures or trauma [37–39].
In patients with aPL, the immune response to SARS-CoV-2 infection acts as a second hit
that increases the risk of triggering a thrombotic event, which would be added to the fact
that the disease predisposes to thrombotic complications. The role of the inflammatory
response as a second hit in the generation of thrombosis, is currently the subject of intense
research in various fields, not only aPL related but also COVID-19 associated and cancer
associated thrombosis [40,41].

Among the main inflammation-associated molecules that are proposed as activators
of thrombosis, the High mobility group box-1 (HMGB-1) stands out. HMGB-1 is a damage-
associated molecular pattern protein that, when is secreted by damaged cells, exerts a
strongly inflammatory activity binding to receptors as receptor for advanced glycation
end products (RAGE) and Toll-like receptors 3 and 4. The link between HMGB-1 and
thrombosis appears to be focused on the interaction with platelets, NET and coagulation
and fibrinolysis factors [42–44].

The fact that thrombotic events in aPL patients occurred later than in aPL negative
ones suggests that the mechanism involved in these aPL positive patients may be different
and additional to that directly related to the infection.

The presence of autoantibodies (antinuclear, aPL and anti-thyroids) is more frequent
in the elderly than in young individuals [45,46]. Most of these antibodies are not part of
an autoimmune response but are elaborated in response to an increase in apoptotic cells
in the context of tissue damage (scavenger antibodies) from the senescence process [47].
Even though blood donors are a very homogeneous group of people in good health, those
65 years and older and people between 50 and 65 years old are underrepresented (most are
between 30 and 50 years old) so the prevalence of autoantibodies in blood donors is lower
than in the real population. To avoid the bias that using blood donors would entail, we have
used a control population elaborated with an age distribution representative of the general
population of the area from which the patients come. We have not observed significant
differences in the prevalence of aPL when we compare with reference population but a
significantly higher prevalence when compared to a group of blood donors (not matched
by age). The higher prevalence of aPL reported in other studies with COVID-19 patients
versus their own control population may be due to the lower mean age of the control
populations with which they were compared, which evidently have a lower prevalence
of autoantibodies. In the meta-analysis, carried out by Taha and Samavati, in which the
prevalence of aPL in COVID-19 patients was assessed by evaluating 21 publications, all
studies reported prevalence without a control group [22]. Therefore, it must be assumed
that in these 21 studies, the comparisons were made using the aPL prevalence published in
the literature, which are based on blood donor cohorts. In the few published studies that
report a control population, most of them do not use age-matched control populations and
when they use matched groups, these are very small [48].

The prevalence differences found in the literature are mainly due to the number of
parameters analyzed and the methodology used. There are studies where only anti-CL and
anti B2GPI IgG/M are compared, other groups also incorporate the IgA isotype and others
include LA. Very few also incorporate anti-PS/PT.



Biomedicines 2021, 9, 899 12 of 16

The prevalence and the titer of aPL scarcely varied between the acute phase of the
disease and post-convalesce, while the antibodies against SARS-CoV-2 antigens were
strongly increased. These facts suggest that the presence of aPL is independent of infection
in most patients with aPL. SARS-CoV-2 infection, in patients who carried aPL, hardly
affects the presence of these antibodies.

In a minority of patients with aPL with a low titer close to the cutoff, SARS-CoV-2
infection has been a stimulus to increase the production of antibodies to place them above
the cutoff point in the second sample. The SARS-CoV-2 infection had a dual role, main as a
“second hit” and in some patients as a stimulus for the production of aPL.

The fact that the association of aPL with thrombosis is significant only when we assess
the post-event serum sample (second sample) does not imply any limitation since the
presence of aPL is being assessed a posteriori. In the APS patients the determination of aPL
is usually done after the occurrence of the thrombotic event. Except in cases of aPL-related
thrombosis in SLE and after transplant surgery, it is extremely rare to find aPL evaluations
prior to the second hit [49].

The classic aPL were the main subgroup of aPL significantly involved in COVID-19
associated thrombosis. Secondly, the association with anti-B2GPI of the IgA isotype also
stands out. The detection of these IgA antibodies was not carried out with ALBIA (as
was done with the classic aPL) but rather was done with a solid phase assay test because
the tests based on antigen coated-beads have low sensitivity for this antibodies [50]. The
studies that demonstrate a greater association of IgA anti-B2GPI presence with thrombosis
in COVID patients used solid phase assays [51].

Some authors have proposed that the presence of aPL and thrombotic events in
COVID-19 patients could represent a secondary form of APS [52,53]. The aPL associated
with secondary APS caused by infections usually disappeared in a short period of
time [7,43–45]. Xiao et al. propose that the dynamics of aPL in COVID-19 are similar
to those in other infections [20]. By contrast, our results showed that the dynamics
of aPL in COVID-19 patients are clearly different from that antibodies linked to the
infection. Most of these patients are already positive at the beginning of the infection
and continue to be so at least 12 weeks later. Our data suggest that the aPL-related
COVID-19 thrombopathy is a primary APS which debuts in the context of a strong
response to infection that acts as a second hit. In addition to this mechanism, in the
acute phase of the disease, the production of thrombi would occur after a vascular
dysfunction secondary to an imbalance in the molecules that regulate immune activity
and tissue cleaning and repair [21,54,55].

Based on the data provided here, the presence of aPL in COVID-19 patients cannot
continue to be considered as an epiphenomenon. Patients with aPL in our study who
had thrombotic events after SARS-CoV-2 infection strictly comply with the Sidney criteria:
presence of an event and positivity of aPL in two samples separated by 12 weeks. What
remains to be determined is whether these patients can continue to suffer new thrombotic
events in the face of future activations of the immune response that act as a second hit.
Faced with this possibility, we suggest that, as has been done in Primary-APS patients,
aPL positive patients should be kept under observation during a longer period as well as
that 4 months of prophylaxis should be considered (as done in any other APS patient) [56]
especially when d-dimer level was greater than 500 ng/mL [57]. More studies are needed
about the necessity of prophylaxis.

The two main strengths of this work are the size of the cohort, one of the largest
prospective cohorts that analyzes the effect of aPL on COVID-19 thrombosis, and that
comparisons of prevalence and levels of aPL in patients with COVID -19 are performed in
front of a healthy people group who have the same age structure as the general population,
so they are more real and not as artificially high as when compared with blood donors.
However, this work has several limitations. One of the main limitations is that it is a
single-center study with a relatively small sample size. Although the size is sufficient to
assess the influence of aPL in convalescence and determine the association of the presence
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of aPL with thrombotic events, further investigation is needed to assess the individual
impact of different aPL on thrombosis risk. Therefore, the association of the presence of
aPL with thrombotic events should be studied more carefully in subsequent studies with a
greater number of patients.

The presence of LA was only evaluated in 67 patients. Although these patients only
represent 20% of the cohort, this is a sufficient number to verify the prevalence and the lack
of association with COVID-19 complications. Our results are in line with many studies that
have highlighted the increased positivity rate in LA in COVID-19 patients [32,58,59] and
have shown that many patients with COVID-19 have false positives of LA, related to the
state of inflammation [26,60] and that these did not correlate with thrombotic risk [61].

5. Conclusions

Prevalence of aPL in COVID-19 patients is similar to the healthy population of the
same age range. The majority of aPL carriers at the onset of the disease remain positive
after more than 12 weeks of convalesce. Moreover, aPL in COVID-19 are associated with
belated thrombotic risk. Thrombotic events in COVID-19 patients might be produced
by at least two mechanisms: early thrombus mediated by thrombophilia and immune
dysregulation inherent to tissue damage after infection and the belated thrombus mediated
by the activation of a latent APS before the concurrence of a second hit, as is the strong
immune response to infection. These conclusions should be validated by subsequent
studies with a larger multicenter series.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/biomedicines9080899/s1, Figure S1: Algorithm of disposition and outcomes, Figure S2: Num-
ber and type of aPL positivity in the COVID-19 patients Table S1: Prevalence of antiphospholipid
antibodies in a group of anonymous blood donors compared to reference population and COVID-19
patients. Table S2: Outputs during the follow-up in patients with antiphospholipid antibodies * calcu-
lated in comparison with the rest of the patients, Table S3: Time of appearance of the first thrombotic
event (from hospital admission), depending on the presence of antiphospholipid antibodies, Table S4:
Logistic regression multivariate analysis of thrombosis associated factors.

Author Contributions: Conceptualization, A.S.; methodology, F.J.G.-E. and S.G.; formal analysis,
A.S., F.J.G.-E. and S.G.; investigation, A.S., F.J.G.-E. and S.G.; resources, D.E.P., A.P.-R., A.G.-R. and
R.D.-S.; data curation, A.S.; writing—original draft preparation, F.J.G.-E. and S.G.; writing—review
and editing, A.S., A.L., O.C.-M. and E.A.R.-F.; supervision, A.S. and M.S.; project administration, A.S.
All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by “Fondo de Investigaciones Sanitarias, Instituto de Salud
Carlos III” (Spanish Ministry of Economy, Industry and Competitiveness, co-funded with European
Regional Development Funds), grant number PI17-00147 and PI20-01361.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Institutional Review Board (or Ethics Committee)
of Clinical Research Ethics Committee of University Hospital 12 de Octubre (reference num-bers
20/117, approval date 10 May 2020, 18/182, approval date 29 May 2018 and 18/009, approval
date 30 January 2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. You might also choose to exclude this statement if the study did not involve humans. Written
informed consent has been obtained from the patient(s) to publish this paper.

Data Availability Statement: The raw data supporting the conclusions of this article will be made
available by the authors, without undue reservation.

Acknowledgments: We thank Carmen Caballero for her excellent technical assistance and Barbara
Shapiro for her exceptional work in the revision of the article.

Conflicts of Interest: The authors declare no conflict of interest.

https://www.mdpi.com/article/10.3390/biomedicines9080899/s1
https://www.mdpi.com/article/10.3390/biomedicines9080899/s1


Biomedicines 2021, 9, 899 14 of 16

References
1. Diao, B.; Wang, C.; Tan, Y.; Chen, X.; Liu, Y.; Ning, L.; Chen, L.; Li, M.; Liu, Y.; Wang, G.; et al. Reduction and Functional

Exhaustion of T Cells in Patients with Coronavirus Disease 2019 (COVID-19). Front. Immunol. 2020, 11, 827. [CrossRef]
2. Tan, L.; Wang, Q.; Zhang, D.; Ding, J.; Huang, Q.; Tang, Y.; Wang, Q.; Miao, H. Lymphopenia predicts disease severity of

COVID-19: A descriptive and predictive study. Signal Transduct. Target. Ther. 2020, 5, 33. [CrossRef]
3. Wu, C.; Chen, X.; Cai, Y.; Xia, J.; Zhou, X.; Xu, S.; Huang, H.; Zhang, L.; Zhou, X.; Du, C.; et al. Risk Factors Associated with Acute

Respiratory Distress Syndrome and Death in Patients with Coronavirus Disease 2019 Pneumonia in Wuhan, China. JAMA Intern.
Med. 2020, 180, 934. [CrossRef]

4. Marchandot, B.; Sattler, L.; Jesel, L.; Matsushita, K.; Schini-Kerth, V.; Grunebaum, L.; Morel, O. COVID-19 Related Coagulopathy:
A Distinct Entity? J. Clin. Med. 2020, 9, 1651. [CrossRef]

5. Helms, J.; CRICS TRIGGERSEP Group (Clinical Research in Intensive Care and Sepsis Trial Group for Global Evaluation and
Research in Sepsis); Tacquard, C.; Severac, F.; Leonard-Lorant, I.; Ohana, M.; Delabranche, X.; Merdji, H.; Clere-Jehl, R.; Schenck,
M.; et al. High risk of thrombosis in patients with severe SARS-CoV-2 infection: A multicenter prospective cohort study. Intensive
Care Med. 2020, 46, 1089–1098. [CrossRef]

6. Levi, M.; Iba, T. COVID-19 coagulopathy: Is it disseminated intravascular coagulation? Intern. Emerg. Med. 2020, 16, 309–312.
[CrossRef] [PubMed]

7. Ortega-Paz, L.; Capodanno, D.; Montalescot, G.; Angiolillo, D.J. Coronavirus Disease 2019–Associated Thrombosis and Coagu-
lopathy: Review of the Pathophysiological Characteristics and Implications for Antithrombotic Management. J. Am. Heart Assoc.
2021, 10, e019650. [CrossRef]

8. Merrill, J.T.; Erkan, D.; Winakur, J.; James, J.A. Emerging evidence of a COVID-19 thrombotic syndrome has treatment implications.
Nat. Rev. Rheumatol. 2020, 16, 581–589. [CrossRef]

9. Mendoza-Pinto, C.; Escárcega, R.O.; García-Carrasco, M.; Bailey, D.J.; Gálvez-Romero, J.L.; Cervera, R. Viral infections and their
relationship with catastrophic antiphospholipid syndrome: A possible pathogenic mechanism of severe COVID-19 thrombotic
complications. J. Intern. Med. 2020, 288, 737–739. [CrossRef] [PubMed]

10. Hossri, S.; Shadi, M.; Hamarsha, Z.; Schneider, R.; El-Sayegh, D. Clinically significant anticardiolipin antibodies associated with
COVID-19. J. Crit. Care 2020, 59, 32–34. [CrossRef]

11. de Chambrun, M.P.; Frere, C.; Miyara, M.; Amoura, Z.; Martin-Toutain, I.; Mathian, A.; Hekimian, G.; Combes, A. High frequency
of antiphospholipid antibodies in critically ill COVID-19 patients: A link with hypercoagulability? J. Intern. Med. 2020, 289,
422–424. [CrossRef]

12. Zhang, Y.; Xiao, M.; Zhang, S.; Xia, P.; Cao, W.; Jiang, W.; Chen, H.; Ding, X.; Zhao, H.; Zhang, H.; et al. Coagulopathy and
Antiphospholipid Antibodies in Patients with COVID-19. N. Engl. J. Med. 2020, 382, e38. [CrossRef] [PubMed]

13. Gómez-Puerta, J.A.; Cervera, R. Diagnosis and classification of the antiphospholipid syndrome. J. Autoimmun. 2014, 48–49, 20–25.
[CrossRef] [PubMed]

14. Pérez, D.; Tincani, A.; Serrano, M.; Shoenfeld, Y.; Serrano, A. Antiphospholipid syndrome and IgA anti-beta2-glycoprotein I
antibodies: When Cinderella becomes a princess. Lupus 2017, 27, 177–178. [CrossRef]

15. Lakos, G.; Favaloro, E.J.; Harris, E.N.; Meroni, P.L.; Tincani, A.; Wong, R.C.; Pierangeli, S.S. International consensus guidelines on
anticardiolipin and anti-β2-glycoprotein I testing: Report from the 13th International Congress on Antiphospholipid Antibodies.
Arthritis Rheum. 2011, 64, 1–10. [CrossRef]

16. Delgado, J.F.; Serrano, M.; Morán, L.; Enguita, A.B.; Martínez-Flores, J.A.; Ortiz-Bautista, C.; Rodríguez-Chaverri, A.; de Antonio,
I.P.; Cosio, M.D.G.; Panete, M.J.C.; et al. Early mortality after heart transplantation related to IgA anti–β2-glycoprotein I antibodies.
J. Heart Lung Transplant. 2017, 36, 1258–1265. [CrossRef]

17. Giordano, P.; Tesse, R. Clinical and laboratory characteristics of children positive for antiphospholipid antibodies. Blood Transfus.
2012, 10, 296–301. [CrossRef]

18. Sciascia, S.; Amigo, M.-C.; Roccatello, D.; Khamashta, M. Diagnosing antiphospholipid syndrome: ‘extra-criteria’ manifestations
and technical advances. Nat. Rev. Rheumatol. 2017, 13, 548–560. [CrossRef] [PubMed]

19. Zuo, Y.; Estes, S.K.; Ali, R.A.; Gandhi, A.A.; Yalavarthi, S.; Shi, H.; Sule, G.; Gockman, K.; Madison, J.A.; Zuo, M.; et al.
Prothrombotic autoantibodies in serum from patients hospitalized with COVID-19. Sci. Transl. Med. 2020, 12, eabd3876.
[CrossRef]

20. Xiao, M.; Zhang, Y.; Zhang, S.; Qin, X.; Xia, P.; Cao, W.; Jiang, W.; Chen, H.; Ding, X.; Zhao, H.; et al. Antiphospholipid Antibodies
in Critically Ill Patients with COVID-19. Arthritis Rheumatol. 2020, 72, 1998–2004. [CrossRef]

21. Serrano, M.; Espinosa, G.; Lalueza, A.; Bravo-Gallego, L.Y.; Diaz-Simón, R.; Bs, S.G.; Bs, J.G.; Moises, J.; Bs, L.N.; Prieto-González,
S.; et al. Beta-2-Glycoprotein-I Deficiency Could Precipitate an Antiphospholipid Syndrome-like Prothrombotic Situation in
Patients With Coronavirus Disease 2019. ACR Open Rheumatol. 2021, 3, 267–276. [CrossRef] [PubMed]

22. Taha, M.; Samavati, L. Antiphospholipid antibodies in COVID-19: A meta-analysis and systematic review. RMD Open 2021,
7, e001580. [CrossRef] [PubMed]

23. Shi, W.; Krilis, S.A.; Chong, B.H.; Gordon, S.; Chesterman, C.N. Prevalence of lupus anticoagulant and anticardiolipin antibodies
in a healthy population. Aust. N. Z. J. Med. 1990, 20, 231–236. [CrossRef] [PubMed]

http://doi.org/10.3389/fimmu.2020.00827
http://doi.org/10.1038/s41392-020-0148-4
http://doi.org/10.1001/jamainternmed.2020.0994
http://doi.org/10.3390/jcm9061651
http://doi.org/10.1007/s00134-020-06062-x
http://doi.org/10.1007/s11739-020-02601-y
http://www.ncbi.nlm.nih.gov/pubmed/33368021
http://doi.org/10.1161/jaha.120.019650
http://doi.org/10.1038/s41584-020-0474-5
http://doi.org/10.1111/joim.13123
http://www.ncbi.nlm.nih.gov/pubmed/32506640
http://doi.org/10.1016/j.jcrc.2020.05.017
http://doi.org/10.1111/joim.13126
http://doi.org/10.1056/NEJMc2007575
http://www.ncbi.nlm.nih.gov/pubmed/32268022
http://doi.org/10.1016/j.jaut.2014.01.006
http://www.ncbi.nlm.nih.gov/pubmed/24461539
http://doi.org/10.1177/0961203317738227
http://doi.org/10.1002/art.33349
http://doi.org/10.1016/j.healun.2017.05.016
http://doi.org/10.2450/2011.0069-11
http://doi.org/10.1038/nrrheum.2017.124
http://www.ncbi.nlm.nih.gov/pubmed/28769114
http://doi.org/10.1126/scitranslmed.abd3876
http://doi.org/10.1002/art.41425
http://doi.org/10.1002/acr2.11245
http://www.ncbi.nlm.nih.gov/pubmed/33738987
http://doi.org/10.1136/rmdopen-2021-001580
http://www.ncbi.nlm.nih.gov/pubmed/33958439
http://doi.org/10.1111/j.1445-5994.1990.tb01025.x
http://www.ncbi.nlm.nih.gov/pubmed/2115326


Biomedicines 2021, 9, 899 15 of 16

24. Naranjo, L.; Ostos, F.; Gil-Etayo, F.J.; Hernández-Gallego, J.; Cabrera-Marante, Ó.; Pleguezuelo, D.E.; Díaz-Simón, R.; Cerro, M.;
Lora, D.; Martínez-Salio, A.; et al. Presence of Extra-Criteria Antiphospholipid Antibodies Is an Independent Risk Factor for
Ischemic Stroke. Front. Cardiovasc. Med. 2021, 8, 360. [CrossRef]

25. Vollmer, O.; Tacquard, C.; Dieudonné, Y.; Nespola, B.; Sattler, L.; Grunebaum, L.; Gies, V.; Radosavljevic, M.; Kaeuffer, C.;
Hansmann, Y.; et al. Follow-up of COVID-19 patients: LA is transient but other aPLs are persistent. Autoimmun. Rev. 2021,
20, 102822. [CrossRef] [PubMed]

26. Siguret, V.; Voicu, S.; Neuwirth, M.; Delrue, M.; Gayat, E.; Stépanian, A.; Mégarbane, B. Are antiphospholipid antibodies
associated with thrombotic complications in critically ill COVID-19 patients? Thromb. Res. 2020, 195, 74–76. [CrossRef] [PubMed]

27. Hanly, J.G. Antiphospholipid syndrome: An overview. Can. Med. Assoc. J. 2003, 168, 1675–1682.
28. Mendoza-Pinto, C.; García-Carrasco, M.; Cervera, R. Role of Infectious Diseases in the Antiphospholipid Syndrome (Including Its

Catastrophic Variant). Curr. Rheumatol. Rep. 2018, 20, 62. [CrossRef] [PubMed]
29. Harel, M.; Aron-Maor, A.; Sherer, Y.; Blank, M.; Shoenfeld, Y. The infectious etiology of the antiphospholipid syndrome: Links

between infection and autoimmunity. Immunobiology 2005, 210, 743–747. [CrossRef]
30. Million, M.; Bardin, N.; Bessis, S.; Nouiakh, N.; Douliery, C.; Edouard, S.; Angelakis, E.; Bosseray, A.; Epaulard, O.; Branger, S.;

et al. Thrombosis and antiphospholipid antibody syndrome during acute Q fever. Medicine 2017, 96, e7578. [CrossRef]
31. Asherson, R.A. Antiphospholipid antibodies and infections. Ann. Rheum. Dis. 2003, 62, 388–393. [CrossRef]
32. Harzallah, I.; Debliquis, A.; Drénou, B. Lupus anticoagulant is frequent in patients with COVID-19. J. Thromb. Haemost. 2020, 18,

2064–2065. [CrossRef]
33. Devreese, K.M.J.; Linskens, E.A.; Benoit, D.; Peperstraete, H. Antiphospholipid antibodies in patients with COVID-19: A relevant

observation? J. Thromb. Haemost. 2020, 18, 2191–2201. [CrossRef]
34. Miyakis, S.; Lockshin, M.D.; Atsumi, T.; Branch, D.W.; Brey, R.L.; Cervera, R.; Derksen, R.H.W.M.; De Groot, P.G.; Koike, T.;

Meroni, P.L.; et al. International consensus statement on an update of the classification criteria for definite antiphospholipid
syndrome (APS). J. Thromb. Haemost. 2006, 4, 295–306. [CrossRef] [PubMed]

35. Pérez, D.; Martínez-Flores, J.A.; Serrano, A.; Lora, D.; Paz-Artal, E.; Morales, J.M. Evaluation of three fully automated im-
munoassay systems for detection of IgA anti-beta 2-glycoprotein I antibodies. Int. J. Lab. Hematol. 2016, 38, 560–568. [CrossRef]
[PubMed]

36. McHugh, M.L. Interrater reliability: The kappa statistic. Biochem. Med. 2012, 276–282. [CrossRef]
37. Li, J.; Kim, K.; Barazia, A.; Tseng, A.; Cho, J. Platelet–neutrophil interactions under thromboinflammatory conditions. Cell. Mol.

Life Sci. 2015, 72, 2627–2643. [CrossRef]
38. Keller, A.K.; Jorgensen, T.M.; Jespersen, B. Identification of Risk Factors for Vascular Thrombosis May Reduce Early Renal Graft

Loss: A Review of Recent Literature. J. Transplant. 2012, 2012, 793461. [CrossRef] [PubMed]
39. Meroni, P.L.; Borghi, M.O.; Raschi, E.; Tedesco, F. Pathogenesis of antiphospholipid syndrome: Understanding the antibodies.

Nat. Rev. Rheumatol. 2011, 7, 330–339. [CrossRef] [PubMed]
40. Stark, K.; Massberg, S. Interplay between inflammation and thrombosis in cardiovascular pathology. Nat. Rev. Cardiol. 2021, 1–17.

[CrossRef]
41. Connors, J.M.; Levy, J.H. COVID-19 and its implications for thrombosis and anticoagulation. Blood 2020, 135, 2033–2040.

[CrossRef]
42. Wu, H.; Li, R.; Pei, L.-G.; Wei, Z.-H.; Kang, L.-N.; Wang, L.; Xie, J.; Xu, B. Emerging Role of High Mobility Group Box-1 in

Thrombosis-Related Diseases. Cell. Physiol. Biochem. 2018, 47, 1319–1337. [CrossRef] [PubMed]
43. Kim, S.-W.; Lee, J.-K. Role of HMGB1 in the Interplay between NETosis and Thrombosis in Ischemic Stroke: A Review. Cells 2020,

9, 1794. [CrossRef]
44. Chiappalupi, S.; Salvadori, L.; Donato, R.; Riuzzi, F.; Sorci, G. Hyperactivated RAGE in Comorbidities as a Risk Factor for Severe

COVID-19—The Role of RAGE-RAS Crosstalk. Biomolecules 2021, 11, 876. [CrossRef]
45. Fields, R.A.; Toubbeh, H.; Searles, R.P.; Bankhurst, A.D. The prevalence of anticardiolipin antibodies in a healthy elderly

population and its association with antinuclear antibodies. J. Rheumatol. 1989, 16, 623–625. [PubMed]
46. Manoussakis, M.N.; Tzioufas, A.G.; Silis, M.P.; Pange, P.J.; Goudevenos, J.; Moutsopoulos, H.M. High prevalence of anti-

cardiolipin and other autoantibodies in a healthy elderly population. Clin. Exp. Immunol. 1987, 69, 557–565.
47. Vadasz, Z.; Haj, T.; Kessel, A.; Toubi, E. Age-related autoimmunity. BMC Med. 2013, 11, 94. [CrossRef] [PubMed]
48. Amezcua-Guerra, L.M.; Rojas-Velasco, G.; Brianza-Padilla, M.; Vázquez-Rangel, A.; Márquez-Velasco, R.; Baranda-Tovar, F.;

Springall, R.; Gonzalez-Pacheco, H.; Juárez-Vicuña, Y.; Tavera-Alonso, C.; et al. Presence of antiphospholipid antibodies in
COVID-19: A case series study. Ann. Rheum. Dis. 2020, 80, e73. [CrossRef] [PubMed]

49. Morales, J.M.; Serrano, M.; Martínez-Flores, J.A.; Pérez, D.; Castro, M.J.; Sánchez, E.; García, F.; Rodríguez-Antolín, A.; Alonso,
M.; Gutierrez, E.; et al. The Presence of Pretransplant Antiphospholipid Antibodies IgA Anti-β-2-Glycoprotein I as a Predictor of
Graft Thrombosis After Renal Transplantation. Transplant. 2017, 101, 597–607. [CrossRef]

50. Cabrera-Marante, O.; De Frías, E.R.; Serrano, M.; Morillo, F.L.; Naranjo, L.; Gil-Etayo, F.; Paz-Artal, E.; Pleguezuelo, D.; Serrano,
A. The Weight of IgA Anti-β2glycoprotein I in the Antiphospholipid Syndrome Pathogenesis: Closing the Gap of Seronegative
Antiphospholipid Syndrome. Int. J. Mol. Sci. 2020, 21, 8972. [CrossRef] [PubMed]

http://doi.org/10.3389/fcvm.2021.665741
http://doi.org/10.1016/j.autrev.2021.102822
http://www.ncbi.nlm.nih.gov/pubmed/33872769
http://doi.org/10.1016/j.thromres.2020.07.016
http://www.ncbi.nlm.nih.gov/pubmed/32663703
http://doi.org/10.1007/s11926-018-0773-x
http://www.ncbi.nlm.nih.gov/pubmed/30123926
http://doi.org/10.1016/j.imbio.2005.10.004
http://doi.org/10.1097/MD.0000000000007578
http://doi.org/10.1136/ard.62.5.388
http://doi.org/10.1111/jth.14867
http://doi.org/10.1111/jth.14994
http://doi.org/10.1111/j.1538-7836.2006.01753.x
http://www.ncbi.nlm.nih.gov/pubmed/16420554
http://doi.org/10.1111/ijlh.12543
http://www.ncbi.nlm.nih.gov/pubmed/27435259
http://doi.org/10.11613/BM.2012.031
http://doi.org/10.1007/s00018-015-1845-y
http://doi.org/10.1155/2012/793461
http://www.ncbi.nlm.nih.gov/pubmed/22701162
http://doi.org/10.1038/nrrheum.2011.52
http://www.ncbi.nlm.nih.gov/pubmed/21556027
http://doi.org/10.1038/s41569-021-00552-1
http://doi.org/10.1182/blood.2020006000
http://doi.org/10.1159/000490818
http://www.ncbi.nlm.nih.gov/pubmed/29940562
http://doi.org/10.3390/cells9081794
http://doi.org/10.3390/biom11060876
http://www.ncbi.nlm.nih.gov/pubmed/2787862
http://doi.org/10.1186/1741-7015-11-94
http://www.ncbi.nlm.nih.gov/pubmed/23556986
http://doi.org/10.1136/annrheumdis-2020-218100
http://www.ncbi.nlm.nih.gov/pubmed/32753426
http://doi.org/10.1097/TP.0000000000001199
http://doi.org/10.3390/ijms21238972
http://www.ncbi.nlm.nih.gov/pubmed/33255963


Biomedicines 2021, 9, 899 16 of 16

51. Ali, O.H.; Bomze, D.; Risch, L.; Brugger, S.D.; Paprotny, M.; Weber, M.; Thiel, S.; Kern, L.; Albrich, W.C.; Kohler, P.; et al. Severe
Coronavirus Disease 2019 (COVID-19) is Associated with Elevated Serum Immunoglobulin (Ig) A and Antiphospholipid IgA
Antibodies. Clin. Infect. Dis. 2020. [CrossRef]

52. Castillo-Martínez, D.; Torres, Z.; Amezcua-Guerra, L.M.; Pineda, C. Are antiphospholipid antibodies just a common epiphe-
nomenon or are they causative of immune-mediated coagulopathy in COVID-19? Clin. Rheumatol. 2021, 40, 3015–3019. [CrossRef]

53. Cavalli, E.; Bramanti, A.; Ciurleo, R.; Tchorbanov, A.I.; Giordano, A.; Fagone, P.; Belizna, C.; Bramanti, P.; Shoenfeld, Y.; Nicoletti, F.
Entangling COVID-19 associated thrombosis into a secondary antiphospholipid antibody syndrome: Diagnostic and therapeutic
perspectives (Review). Int. J. Mol. Med. 2020, 46, 903–912. [CrossRef]

54. Nakano, H.; Shiina, K.; Tomiyama, H. Cardiovascular Outcomes in the Acute Phase of COVID-19. Int. J. Mol. Sci. 2021, 22, 4071.
[CrossRef] [PubMed]

55. Ackermann, M.; Verleden, S.; Kuehnel, M.; Haverich, A.; Welte, T.; Laenger, F.; Vanstapel, A.; Werlein, C.; Stark, H.; Tzankov,
A.; et al. Pulmonary Vascular Endothelialitis, Thrombosis, and Angiogenesis in COVID-19. N. Engl. J. Med. 2020, 383, 120–128.
[CrossRef]

56. Calcaterra, I.; Ambrosino, P.; Vitelli, N.; Lupoli, R.; Orsini, R.; Chiurazzi, M.; Maniscalco, M.; Di Minno, M. Risk Assessment and
Antithrombotic Strategies in Antiphospholipid Antibody Carriers. Biomedicines 2021, 9, 122. [CrossRef]

57. Molinari, A.C.; Banov, L.; Bertamino, M.; Barabino, P.; Lassandro, G.; Giordano, P. A Practical Approach to the Use of Low
Molecular Weight Heparins in VTE Treatment and Prophylaxis in Children and Newborns. Pediatr. Hematol. Oncol. 2014, 32, 1–10.
[CrossRef]

58. Bowles, L.; Platton, S.; Yartey, N.; Dave, M.; Lee, K.; Hart, D.P.; Macdonald, V.; Green, L.; Sivapalaratnam, S.; Pasi, K.J.; et al.
Lupus Anticoagulant and Abnormal Coagulation Tests in Patients with COVID-19. N. Engl. J. Med. 2020, 383, 288–290. [CrossRef]
[PubMed]

59. Ferrari, E.; Sartre, B.; Squara, F.; Contenti, J.; Occelli, C.; Lemoel, F.; Levraut, J.; Doyen, D.; Dellamonica, J.; Mondain, V.; et al.
High Prevalence of Acquired Thrombophilia without Prognosis Value in Patients with Coronavirus Disease 2019. J. Am. Hear.
Assoc. 2020, 9, e017773. [CrossRef] [PubMed]

60. Schouwers, S.M.; Delanghe, J.R.; Devreese, K.M. Lupus Anticoagulant (LAC) testing in patients with inflammatory status: Does
C-reactive protein interfere with LAC test results? Thromb. Res. 2010, 125, 102–104. [CrossRef]

61. De Ocáriz, X.G.L.; Quismondo, N.C.; Guerrero, E.V.; Rodríguez, M.R.; Díaz, R.A.; López, J.M. Thrombosis and antiphospholipid
antibodies in patients with SARS-CoV-2 infection (COVID-19). Int. J. Lab. Hematol. 2020, 42, e280–e282. [CrossRef]

http://doi.org/10.1093/cid/ciaa1496
http://doi.org/10.1007/s10067-021-05724-5
http://doi.org/10.3892/ijmm.2020.4659
http://doi.org/10.3390/ijms22084071
http://www.ncbi.nlm.nih.gov/pubmed/33920790
http://doi.org/10.1056/NEJMoa2015432
http://doi.org/10.3390/biomedicines9020122
http://doi.org/10.3109/08880018.2014.960119
http://doi.org/10.1056/NEJMc2013656
http://www.ncbi.nlm.nih.gov/pubmed/32369280
http://doi.org/10.1161/JAHA.120.017773
http://www.ncbi.nlm.nih.gov/pubmed/32972320
http://doi.org/10.1016/j.thromres.2009.09.001
http://doi.org/10.1111/ijlh.13320

	Introduction 
	Materials and Methods 
	Study Design 
	Patients 
	Reference Population 
	Study Definitions 
	Samples 
	Criteria aPL Determination 
	Extra-Criteria aPL Determination 
	Anti-SARS-CoV-2 Antibodies Determination 
	Data Collection 
	Statistical Analysis 
	Ethical Issues 

	Results 
	aPL Prevalence in COVID-19 Patients 
	Variability of Antibodies over the Time in COVID-19 Patients 
	Clinical Evolution of COVID-19 Patients 

	Discussion 
	Conclusions 
	References

