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COVID-19 has led to more than 5 million deaths to date.’
COVID-19 presentation can range from a simple asymptom-
atic viral infection to acute respiratory distress syndrome
(ARDS)?; 15 to 20% of patients develop severe pneumonia
and experience coagulopathy disorders. Severe COVID-19
occurs in the context of hyperinflammation that could
potentially generate autoimmune disease.> We and others
have shown the presence of antiphospholipid (aPL) autoanti-
bodies in patients with COVID-19.* However, there remains
contention if these aPLs represent transient antibodies as-
sociated with infection, or “true” aPL reflective of potential
autoimmune-associated coagulopathy, namely, antiphos-
pholipid syndrome (APS).>® Thus, only if they can be shown
to persist for at least 12 weeks, can they be considered
essential markers for the diagnosis of APS.”8

We previously reported that aPLs are highly and indepen-
dently associated with disease severity particularly in
patients requiring hospitalization in intensive care units
(ICUs).*° However, the occurrence of “true” APS is still
debated in COVID-19.>° The link between the persistent
presence of aPLs and the appearance of thrombosis during
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COVID-19 or during disease follow-up is not clearly
established.'%"12

In this context, we studied the occurrence of APS after
COVID-19 in patients who were positive for aPLs. For this
purpose, we analyzed the clinical characteristics of the
patients, including thrombosis, according to the persistence
of aPLs from the acute phase of the disease to a follow-up at
12 weeks.

We retrospectively included all consecutive adult patients
hospitalized with a laboratory-confirmed SARS-CoV-2 infec-
tion assessed by RT-PCR on nasopharyngeal swabs and
systematically screened them for conventional aPLs autoan-
tibodies (lupus anticoagulant [LA], IgG/IgM anticardiolipin
[aCL], and IgG/IgM anti-B2-glycoprotein I [aB2GPI]) between
January and April 2021 in two COVID-19 units (La Concep-
tion, University Hospital of Marseille, France). All patients
positive for at least one conventional aPL were given an
appointment and were examined 12 weeks after the first
dosage of the aPL autoantibodies. A second dosage of con-
ventional aPL autoantibodies was performed at the 12-week
follow-up visit. Patients were defined as having persistent
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aPL when aPL autoantibodies were positive two times at least
12 weeks apart.

Concentrations of aPLs autoantibodies were measured
with commercially available ELISA. aCL (IgG and IgM) and
aB2GPI (IgG and IgM) were measured with CardiolisaTher-
adiag (Marne-la-Vallée, France) and Orgentec Diagnostica
(Mainz, Germany), respectively. Positive cut-offs were 15
U/mL for aCL and 8 U/mL for aB2GPI according to the
manufacturers’ recommendations and on-site validation.
To avoid nonspecific binding issues, each positive sample
was duplicated, and serum nonspecific background of un-
coated well was subtracted from the measured optical
density of the coated well. LA was determined as recom-
mended by International Society of Thrombosis and Haemo-
stasis (ISTH)® using two clotting times: partial
thromboplastin time-lupus anticoagulant (PTT-LA) by Diag-
nostica Stago (Asniéres-sur-Seine, France) and diluted Rus-
sell viper venom time (dRVVT) by Hyphen BioMed (Neuville-
sur-Oise, France). PTT reagent comprised a single LA screen-
ing reagent. The Rosner index (RI) was calculated and was
considered positive when RI was greater than 15%. The
dRVVT results were expressed with a normalized ratio
(NR) (positive value, >1.2). Patients were considered positive
for LAwhen both PTT-LA and dRVVT were positive. Screening
for aPL was performed at the time of admission to the unit;
so, the patients were mainly not anticoagulated. In case of
patients under anticoagulation, PTT was performed if anti-Xa
activity was less than 0.15. The dRVVT was not performed if
anti-Xa activity was greater than 0.8. In case of patients
under vitamin K antagonists, PTT was performed if the
international normalized ratio (INR) was less than 3, and
the dRVVT was performed in a mix with normal pooled
plasma if INR was between 2 and 3. The two tests were not
performed if INR was greater than 3. LA was not assessed in
patients under direct oral anticoagulants.

This study was approved by the Institutional Review
Board of Assistance Publique - Hdpitaux de Marseille
(GDPR number PADS21-4) and conducted according to the
declaration of Helsinki.

Quantitative data were compared using Student’s t-test or
the Mann-Whitney U-test; qualitative data were compared
with the chi-square or Fisher’s exact test when appropriate.
Multivariate logistic regression was applied to identify inde-
pendent risk factors associated with ICU transfer or death
using variables with a p-value less than 0.15 by univariate
analysis. The tests were two-sided. p-Values less than 0.05
were considered significant.

Hospitalized COVID-19 patients (n = 238) were analyzed as
presented in =Fig. 1; 185 (77.7%) were screened for conven-
tional aPLs, and 66 (35.7%) were positive for at least one aPL
(=Fig. 1). The main characteristics of the cohort are presented
in =Table 1. The mean age was 64.1 + 16.4 years (range: 19—
103) with 109 male patients (58.9%). All patients were treated
with heparin during COVID-19 according to the current rec-
ommendations from the French Society of Critical Care'? and
received usual thromboprophylaxis for 14 days following
discharge. There were 36 of 167 eligible patients (21.6%)
transferred to the ICU, and 7 patients out of 167 eligible

patients (4.2%) required mechanical ventilation; 58 patients
(31.4%) needed supplemental oxygen flow greater than 6
L/minute. Sixteen patients (8.6%) died during hospitalization.
Ten patients (5.4%) experienced at least one thrombosis during
hospitalization (four strokes, four deep venous thromboses,
one central catheter-related thrombosis, and one coronary
thrombosis) despite thromboprophylaxis.

LA was positive in 39 patients (21.1%), aCL autoantibodies
were positive in 28 patients (15.1%; 22 aCL IgG and 6 aCL
IgM), and aB2GPI was positive in 15 patients (8.1%; 5 aB2GPI
IgG and 10 aB2GPI IgM). There were 53 patients (28.6%) with
only one aPL; 10 patients (5.4%) had two aPLs, and three
patients (1.6%) were triple-aPL positive. After multivariate
logistic regression, we found that the presence of aPL was
associated only with ICU transfer (odds ratio [OR]: 2.75, 95%
confidence interval [CI]: 1.27-6.01, p=0.01). We also found
that the age (OR: 1.049, 95% CI: 1.003-1.097, p =0.038) and
the presence of an active cancer (OR: 4.55, 95% CI: 1.27-
16.34, p=0.020) were independently associated with death.

Clinical data were compared between 66 aPLs patients
(59.1% with LA, 33.3% with aCL IgG, 9.1% with aCL IgM, 7.6%
with aB2GPI IgG, and 15.2% with aB2GPI IgM) and 119
patients without aPLs. A higher rate of transfer to the ICU
(32.7 vs. 16.1%, p=0.014) was observed in patients with
positive aPLs. No significant differences were observed re-
garding the mortality of patients with aPLs versus those
without aPLs (7.6 vs. 9.2%, p=0.67). During the acute phase
of the disease, there was a higher rate of thrombosis in
patients with aPL, but this was not statistically significant
(9.1 vs. 3.4%, p=0.17).

Of the 66 aPLs patients, 45 patients were followed up for
12 weeks. The mean time between the two aPLs tests was
14.6 + 3.4 weeks. Thirteen patients (28.9%) had at least one
persistent aPL with a single positivity in 69.2%, double
positivity in 15.4%, and triple positivity in 15.4%. Most
patients (10/13, 76.9%) had persistently positive aCL (7
patients with aCLIgG and 3 patients with aCLIgM), 5 patients
(38.5%) had persistent LA, and 4 patients (30.8%) had persis-
tently positive aB2GPL.

A comparison between patients with persistent positive
aPLs (n=13) to 151 patients with negative aPL (including 32
patients with transient aPLs) showed that patients with
persistent positive aPLs were more frequently female (69.2
vs. 34.4%, p=0.013) and less frequently had diabetes (0 vs.
27.8%, p=0.027). Interestingly, they had more frequent
histories of cardiovascular diseases (30.8 vs. 9.3%,
p=0.039). Importantly they had a significantly higher oc-
currence of thrombotic events (23.1 vs. 4%, p=0.025) than
negative aPL patients (=Table 2). Of the 13 patients with
persistent aPLs, two had a thrombosis during hospitalization
for COVID-19 (two strokes); one patient developed a throm-
bosis during the follow-up (portal vein thrombosis), and no
thrombosis was observed during the follow-up of patients
with transient aPLs (n=32). Therefore, out of 45 patients
with two screenings for aPLs 12 weeks apart, 3 patients
(6.7%) fulfilled the APS/Sydney criteria.”

Of the 10 patients who experienced thrombosis during
the acute phase of COVID-19, two of them developed a “true”
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Patients hospitalized for
COVID-19 (n=238)

l

Patients hospitalized for
COVID-19 and screened
for aPL (n= 185)

Thrombosis: 3.4% Patients Patients with aPL (n= Thrombosis: 9.1%

ICU transfer: 16.1% |« without aPL 66, 35.7%) : ICU transfer: 32.7%
- 9.49 =119 ) Death: 7.6%

Dedii9a% (@ ) - simple positivity: 80.3% . ’

- double positivity: 15.2%
- triple positivity: 4.5%

Lost to follow-up n=21

Follow-up
>12 weeks

Transient aPL (n= 32):

New thrombosis: 0

Persistent aPL (n= 13):

New thrombosis: 1

Fig. 1 Flow chart of the cohort.

APS (20%). Of the 185 patients screened for aPLs, the inci-
dence of APS was 1.6%. Assuming that the estimated preva-
lence of APS in the general population is 50 per 100,000
inhabitants,'* the relative risk of developing APS could be
estimated (1.6/0.05). This indicates that the relative risk of
developing APS in COVID-19 patients is 32.

The high prevalence of aPLs and thrombosis reported in
COVID-19, a pathology with a strong thromboinflammatory
response, has questioned the risk of developing “true” APS, a
prothrombotic autoimmune disease, in COVID-19.>® Al-
though APS is a rare autoimmune disease, we are able to
show here a higher risk of developing APS during COVID-19,
although the absolute event rate for APS was only 1.6%.

We also confirm the high prevalence of aPLs in COVID-19
and their association with severe disease. According to the
APS criteria, we checked for aPL persistence 12 weeks apart
and established persistence in almost 30% of initially positive
COVID-19 patients. Very few groups have reported a follow-
up of aPL testing in patients with COVID-19. Gil-Etayo et al'?

APS according to
Sydney criteria: 3

reported no decrease in aPL prevalence during follow-up,
and Vollmer et al'' showed that LA was transient and that no
patients had a new episode of thrombosis. Our results appear
quite similar with a clear decrease in LA positivity (from 39
patients to 5 patients).

We found that persistent aPLs were associated with
thrombotic events as defined for the APS diagnosis’ in three
patients from the time of hospitalization for COVID-19 to the
end of the follow-up, that is, 1.6% of patients corresponded to
a “true” APS. Considering a 0.05% prevalence of APS in the
general population,14 our results suggest that the relative
risk of developing APS is significantly increased in patients
with COVID-19. Vollmer et al'! found similar results with an
APS diagnosed in 7 of 42 patients after a 12-week follow-up.
However, we observed no new thrombosis after patient
discharge with transient aPLs during the follow-up. There
was only one thrombotic event in a patient with persistent
aPLs. The risk of thrombosis may be relatively low after
discharge even in patients with aPLs during COVID-19.
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Table 1 Main characteristics of the studied population

Characteristics Whole cohort (n=185) aPL— (n=119) aPL+ (n=66) p-Value®
Age (mean +SD) 64.1+16.4 63.6+16.9 65+15.6 0.57
Gender (male) 109 (58.9) 71 (59.7) 38 (57.6) 0.78
Length of hospitalization 12.24+11.7 13.7+13.6 9.6+6.5 0.0064
Comorbidities

- Obesity 38/175 (21.7) 18/109 (16.5) 20 (30.3) 0.032

- Pregnancy 2 (1.1) 1 (0.84) 1(1.5) 0.67

- Diabetes 8(31.4) 3(27.7) 25 (37.9) 0.15

- Hypertension 9 (42.7) 49 (41.2) 30 (45.5) 0.57

- Chronic lung disease 8 (15.1) 7 (14.3) 11 (16.7) 0.26

- Dyslipidemia 4(18.4) 2 (18.5) 12 (18.2) 1

- Cardiovascular disease 1(11.4) 8 (6.7) 13 (19.7) 0.0077

- History of thromboembolic 6 (3 2) 1(0.84) 5(7.6) 0.013

venous disease

- Autoimmune disease 5(2.7) 1(0.84) 4 (6.1) 0.036

- Chronic kidney failure 14 (7.6) 7 (5.9) 7 (10.6) 0.24

- Immunosuppression 5 (8.1) 7 (5.9) 8(12.1) 0.14

- Cancer 24 (13) 13 (10.9) 11 (16.7) 0.27

- Dementia 9 (4.9) 6 (5.0) 3 (4.5) 0.88
aPLs autoantibodies

-LA 39 (59.1)

-aCl IgG 22 (33.3)

-aCl IgM 6 (9.1)

- aB2GPI IgG 5(7.6)

- aB2GPI IgM 10 (15.2)
02 >6 L/min 58 (31.4) 33 (27.7) 25 (37.9) 0.15
ICU transfer 36/167 (21.6) 18/112 (16.1) 18/55 (32.7) 0.014
Thrombosis 10 (5.4) 4 (3.4) 6 (9.1) 0.17
Mechanical ventilation 7/167 (4.2) 5/112 (4.5) 2/55 (4.0) 0.69
Death 16 (8.6) 11 (9.2) 5(7.6) 0.67

Abbreviations: aB2GPI, anti-beta-2 glycoprotein I; aCL, anticardiolipin; aPL, antiphospholipid; ICU, intensive care unit; LA, lupus anticoagulant; SD,

standard deviation.
“Bold indicates statistical significance.

This might be due to the thromboprophylaxis given after
discharge.

Our results support the hypothesis that severe forms of
COVID-19 induce an autoimmune mechanism. Although
reports are consistent with this hypothesis,> one caution
of our study is that we are unaware of the aPL status before
COVID-19 infection. However, aPLs are very rarely seen in the
general population, ¥ and most of our patients had no history
of previous thrombosis. Moreover, the pathophysiological
hypothesis underlying thrombosis related to aPLs proposed
the involvement of two events'®: a “first hit,” consisting of
the presence of aPLs, and another one associated with a
“second hit” such as vascular damage or proinflammatory
environment; COVID-19 meets the conditions of this second
hit.

aPLs have also recently been identified as important link
between thrombosis and inflammation. A new described
mechanism showed that aCL recognizes a cell surface complex
composed of lysophosphatidic acid and endothelial protein C
receptor, thus activating toll-like receptors 7 and 8 (TLR-7 and
TLR-8) and type I IFN signaling.!” Thus, one can speculate that
autoimmunity in COVID-19, in particular aPLs, could exacer-
bate inflammatory pathways and worsen the disease.

As a limitation, we acknowledge that the study was
performed over a year ago. Although thromboprophylaxis
management did not change, we cannot assess whether the
change in COVID variant (mainly delta variant during the
study) over time influenced the risk of developing APS. The
patients with aPL had a reduced length of hospitalization,
which is counterintuitive. Due to a higher incidence of
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Table 2 Characteristics of the followed-up cohort at 12 weeks

Characteristics Persistent Transient No aPL or transient p-Value
aPL (n=13) aPL (n=32) aPL (n=151)

Age (mean £SD) 68.3+17 63.1+13.6 63.5+16.2 NS
Gender (female) 9 (69.2) 10 (31.2) 52 (34.4) <0.05%°
Comorbidities

- Obesity 2 (15.4) 11 (34.4) 29/141 (20.6) NS

- Pregnancy 0 (0) 1(3.1) 2(1.3) NS

- Diabetes 0 (0) 9 (28.1) 42 (27.8) <0.05*°

- Hypertension 5 (38.5) 14 (43.8) 63 (41.7) NS

- Chronic lung disease 3(23.1) 3(9.4) 0(13.2) NS

- Dyslipidemia 3(23.1) 6 (18.8) 8 (18.5) NS

- Cardiovascular disease 4 (30.8) 6 (18.8) 4(9.3) 0.039°

- History of thromboembolic 1(7.7) 1(3.1) 2 (1 .3) NS

venous disease

- Autoimmune disease 2 (15.4) 2 (6.3) 3(2.0) NS

- Chronic kidney failure 0 (0) 4 (12.5) 11(7.3) NS

- Immunosuppression 3(23.1) 4 (12.5) 11 (7.3) NS

- Cancer 3(23.1) 5(15.7) 18 (11.9) NS

- Dementia 1(7.7) 0 (0) 6 (4.0) NS
Corticosteroid therapy 9 (69.2) 20 (62.5) NS
02>6 L/min 5 (38.5) 7 (21.9) 40 (26.5) NS
ICU transfer 3/10 (30.0) 7/28 (25.0) 25/140 (17.9) NS
Thrombosis 3(23.1) 2 (6.3) 6 (4.0) 0.025°
Mechanical ventilation 0 (0) 1/28 (3.6) 6/140 (4.3) NS

Abbreviations: aB2GPI, anti-beta 2 glycoprotein I; aCL, anticardiolipin; aPL, antiphospholipid; ICU, intensive care unit.; LA, lupus anticoagulant; NS,

nonsignificant; SD, standard deviation.
2Comparison between “persistent aPL” and “transient aPL.”
bComparison between “persistent aPL” and “no aPL or transient aPL.”

thrombosis (stroke, acute coronary syndrome) or to a higher
severity of the patients, more aPL patients were transferred
to rehabilitation centers. When transferred to rehabilitation
centers, they could have been discharged earlier than
patients who were sent home because they were being
monitored in the rehabilitation center.

In conclusion, APS remains a rare autoimmune disease
but, its incidence is increased in COVID-19—particularly in
patients who have experienced a thrombosis. Follow-up of
aPLs should be recommended. Additional studies are needed
to analyze how such patients could be better fitted into a
thromboprophylaxis therapy.
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