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Introduction: Long COVID is a public health issue with complex pathophysiology,
potentially involving immunoinflammatory and prothrombotic mechanisms.
Antiphospholipid antibodies (aPL) have been observed in acute COVID-19 and
speculated to contribute to long COVID development. Our goal was to determine
if the presence of aPL was associated with the progression towards long COVID.

Methods: We retrospectively analyzed all adult patients screened for aPL during
acute COVID-19 in our institution between April 2020 and April 2022. Only
patients with at least one follow-up >3 months post-infection were included.

Results: Among 114 patients (median age 64.0 years, 44.7% female), 19 (16.7%)
developed long COVID. Those with long COVID were younger and more
frequently admitted to ICU than those who recovered. However, aPL positivity
did not differ significantly between patients with and without long COVID (63.2%
vs. 66.3%, p = 0.79).

Conclusion: Our findings suggest no association between aPL and the

development of long COVID. Prior associations may reflect confounding
factors such as ICU admission.
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1 Introduction

Long COVID, also called “chronic COVID-19” or “post-
COVID-19 condition,” represents a major global health challenge,
with an estimated cumulative global incidence of 400 million
individuals and an annual economic burden approaching $1
trillion (1). The persistent sequelae and long-term complications
of COVID-19 may result from various putative pathophysiological
mechanisms. Among these, immunoinflammatory mechanisms
and immunothrombosis have been proposed as key contributors
to the pathogenesis of long COVID (2).

Antiphospholipid autoantibodies (aPL)—including lupus
anticoagulant (LA), IgG and/or IgM anti-cardiolipin autoantibodies
(aCL), and IgG and/or IgM anti-B2 glycoprotein I antibodies
(aP2GPI)—are central to the diagnosis of antiphospholipid
syndrome (APS), an autoimmune thrombotic disorder (3). These
autoantibodies are also considered as vascular risk factors via
immunoinflammatory mechanisms (4, 5). Previous studies have
reported an association between the presence of aPL during acute
COVID-19 and disease severity (6, 7).

Furthermore, our team and others (8, 9) have suggested a
potential link between aPL and the development of long COVID.
We previously reported the case of a 58-year-old woman with long
COVID, characterized by persistent aCL positivity over one year
and presenting with unexplained fatigue, insomnia, headache, and
chronic memory impairment since the onset of COVID-19. This
case illustrates the possibility that sustained immune activation may
be one of the mechanisms underlying long COVID.

To further investigate this hypothesis, we conducted a
retrospective cohort study to assess whether the presence of aPL
during acute COVID-19 is associated with the development of
long COVID.

2 Method
2.1 Patients

We conducted a retrospective study on all adult patients who
underwent criteria aPL screening (LA, IgG and IgM aCL, IgG and
IgM aB2GPI) during the acute phase of COVID-19 (confirmed by
nasopharyngeal RT-PCR) between April 2020 and April 2022 at our
institution (Assistance Publique-Hopitaux de Marseille, France)
and who had at least one follow-up visit more than three months
after the acute infection (Figure 1). Patients were classified as having
long COVID if they had a history of SARS-CoV-2 infection
confirmed by RT-PCR within the previous three months before
symptom onset, with symptoms lasting at least two months and not
explained by an alternative diagnosis, according to the WHO
definition (10). Clinical, biological, and follow-up data of these
patients were collected from electronic medical records.

2.2 Biological data

aPL concentrations were measured using commercially
available ELISA kits. IgG/IgM aCL and af2GPI were measured
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on sera using Cardiolisa® (Theradiag, Marne-la-Vallée, France) and
Orgentec Diagnostika® (Mainz, Germany), respectively. According
to manufacturer recommendations and in-house validation,
positivity cut-offs were 15 U/mL for aCL and 8 U/mL for
aPf2GPL. To minimize nonspecific binding, all positive samples
were tested in duplicate, and background absorbance from
uncoated wells was subtracted from the coated well optical
density. We use the cut-off provided by the kit supplier. These
cut-offs were confirmed by using a control group (composed by
healthy controls from blood donation).

LA was assessed on blood following ISTH guidelines using two
clotting assays: the Partial Thromboplastin Time-Lupus
Anticoagulant (PTT-LA, Diagnostica Stago®, Asnieéres-sur-Seine,
France) and the Dilute Russell Viper Venom Time (dRVVT,
Hyphen BioMed®, Neuville-sur-Oise, France). A positive lupus
anticoagulant was defined as simultaneous positivity of both
assays. The Rosner Index (RI) was considered positive when >15.
The dRVVT was interpreted as positive when the normalized ratio
(NR) exceeded 1.2. The anti-Xa activity was systematically checked
on all samples. When anti-Xa activity was positive, the LA result
was reported as uninterpretable.

The aPL screening was performed reproducibly for all patients,
using the same assays ensuring comparability across the cohort.

2.3 Ethics

The study was approved by the Institutional Review Board of
Assistance Publique-Hopitaux de Marseille (GDPR approvals:
PADS21-4 and PADS22-15) and conducted in accordance with
the Declaration of Helsinki.

2.4 Statistical analysis

Quantitative variables were described using medians and
interquartile ranges (IQR), while categorical variables were
described using numbers and percentages. Quantitative data were
compared using the Student’s t- or Mann-Whitney U test, while
qualitative data were compared with the Chi-square or Fisher’s
exact test when appropriate. The tests were two-sided. P-values
<0.05 were considered significant. All analyses were performed
with R software (R Foundation for Statistical Computing,
Vienna, Austria).

3 Results

During the acute COVID-19, detection of aPL (LA, IgG and
IgM aCL, IgG and IgM aB2GPI) was performed in 114 patients who
had at least one follow-up visit more than 3 months after the acute
COVID-19 (Table 1). Among them, 51 (44.7%) were female, and
the median age was 64.0 years (IQR: 55-75). Because of the severity
of COVID-19, forty-seven patients (41.2%) were hospitalized
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during the acute phase of COVID-19 and 31 patients (27.2%) were
admitted to the intensive care unit (ICU).

Seventy-five patients (65.8%) were tested positive for at least
one aPL during acute phase of COVID-19. We found LA, aCL IgG,
aCL IgM, aP2GPI IgG and aP2GPI IgM in 24.6%, 30.7%, 11.4%,
7.0% and 13.2% of the patients, respectively.

Nineteen patients (16.7%) developed long COVID during
follow-up. Compared to patients who recovered, those who
developed long COVID were more likely to have been
hospitalized (68.4% vs. 35.8%, p= 0.008), to have required ICU
care (52.6% vs. 21.1%, p= 0.006) and were significantly younger
(median age: 58.0 vs. 67.0 years, p= 0.020). They were also more
frequently treated with hydroxychloroquine during the acute phase
of COVID-19 (76.5% vs. 38.0%, p = 0.003). In 48 patients who
received hydroxychloroquine, 29 were hospitalized for acute
COVID-19 (60.4%) whom 17 were hospitalized in ICU (35.4%).
Patients who did not receive hydroxychloroquine were less
hospitalized (29.5%) and have less required ICU care (23.0%).

However, the prevalence of aPL positivity did not differ
significantly between patients who developed long COVID and
those who did not (63.2% vs. 66.3%, p = 0.79). No statistically
significant differences were observed for any individual aPL subtype
between the two groups.

We assessed the prevalence of aPL, at least 12 weeks after the
initial screening, in 55 patients (23 who developed long COVID and
32 who did not). aPL positivity was found in 7 of 23 patients with
long COVID (30.4%) compared to 12 of 32 patients without long

TABLE 1 Comparison between cured COVID and long COVID.

10.3389/fimmu.2025.1634663

COVID (37.5%). This difference was not statistically significant (p
= 0.59).

Among the patients who were screened positive during the
acute phase of COVID-19, 45 underwent repeat aPL screening at
least 12 weeks after the initial measurement. Among them, aPL
positivity was found in 5 of 13 patients with long COVID (38.5%)
compared to 12 of 32 patients without long COVID (37.5%). This
difference was not statistically significant (p = 0.95).

4 Discussion

We present the largest cohort of patients screened for aPL
during acute COVID-19 and followed more than three months later
to assess their progression to long COVID. Our findings do not
support a role for aPL in the pathogenesis of long COVID. The links
between aPL and long COVID found in previous studies (9) are
potentially a statistical relationship related to the higher presence of
aPL in patients who were admitted to the ICU (6) and to the
association between long COVID and ICU admission, as we have
just demonstrated here. It therefore does not appear that aPL
screening should be considered as a useful marker for diagnosing
or predicting the occurrence of long COVID. This is not surprising,
as these antibodies, although present in both acute COVID-19 and
long COVID, are not consistently associated with clinical events
such as thrombosis (7, 11).

The incidence of long COVID in our cohort is consistent with
that reported in other studies (ranging from 10% to 35%, and up to

Covid (N=95) Long Covid (N=19) Total (N=114) P value

Sex — F (%) 41 (43.2) 10 (52.6) 51 (44.7) 0.45"
Age - Median (IQR) 67.0 (56-79.5) 58.0 (49.5-64.5) 64.0 (55-75) 0.020°
Antiphospholipid positivity — N (%) 63 (66.3) 12 (63.2) 75 (65.8) 0.79"
Lupus Anticoagulant — N (%) 26 (27.4) 2 (10.5) 28 (24.6) 0.12"
Anticardiolipin IgG - N (%) 29 (30.5) 6 (31.6) 35 (30.7) 0.93"
Anticardiolipin IgM - N (%) 9 (9.5) 4 (21.1) 13 (11.4) 0.15
Anti-B2GPI IgG - N (%) 7 (7.4) 1(53) 8 (7.0) 0.74"
Anti-B2GPI IgM - N (%) 13 (13.7) 2 (10.5) 15 (13.2) 0.71"
Antinuclear antibodies positivity - N (%) 9/20 (45.0) 5/11 (45.5) 14/31 (45.2) 0.98"
Admission to the intensive care unit - N (%) 21 (22.1) 10 (52.6) 31(27.2) 0.006"
Hospitalization for SARS-CoV-2 infection at the acute 34 (35.8) 13 (68.4) 47 (41.2) 0.008"
COVID-19

Comorbidities

Previous history of thrombosis - N (%) 10/92 (10.9) 1/18 (5.6) 11/110 (10.0) 0.49"
Previous history of stroke - N (%) 6/92 (6.5) 1/18 (5.6) 7/110 (6.4) 0.88"
Diabetes - N (%) 23/92 (25.0) 2/18 (11.1) 25/110 (22.7) 0.20"
High blood pressure - N (%) 47/92 (51.1) 4/18 (22.2) 51/110 (46.4) 0.025"
Coronary heart disease - N (%) 11/92 (12.0) 0/18 (0) 11/110 (10.0) 0.12
Chronic kidney disease - N (%) 12/92 (13.0) 0/18 (0.0) 12/110 (10.9) 0.11"
Chronic respiratory disease - N (%) 11/93 (11.8) 2/18 (11.1) 13/111 (11.7) 0.93"
Cancer - N (%) 7192 (7.6) 0/18 (0) 7/110 (6.4) 0.23
Hydroxychloroquine treatment — N (%) 35/92 (38.0) 13/17 (76.5) 48/109 (44.0) 0.003"

1. Pearson’s Chi-squared test.
2. Student t-test.
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[ April 2020 — April 2022 ]

Acute COVID-19 (nasopharyngeal RT-PCR confirmed)
Criteria aPL screening

(Assistance Publique-Hopitaux de Marseille)

+

At least one follow-up visit

Long COVID (WHO criteria)
N=19

At least 3 months after acute COVID-19

No symptoms of long COVID
N=95

——

FIGURE 1
Flow diagram of patients’ selection.

56.9% in some series) (12, 13), although more recent data seem to
suggest a lower incidence, in the range of just a few percent (2). This
wide variability is mainly explained by the diagnostic criteria used
to define long COVID, highlighting the need for robust and
internationally recognized definitions.

In our cohort, we observed a higher incidence of long COVID
compared to other recent studies, likely because a significant
proportion of our patients presented with severe forms of the
disease requiring admission to the ICU, as our study was
conducted in a tertiary university hospital that primarily admitted
the most critically ill patients.

Moreover, the incidence of aPL positivity in our cohort is relatively
high but remains within the range of incidences reported in the
literature (from 35 to 92% in ICU) (6, 14, 15). In our cohort, it is
probably due to the high prevalence of patients with severe COVID-19.

In addition, we found a statistical link between hydroxychloroquine
use and progression to long COVID. However, this cannot be definitively
established due to the retrospective design of our study and the little
number of patients treated with hydroxychloroquine. Moreover, patients
who received hydroxychloroquine were more severe than those who did
not. The severity of acute COVID-19 is a well-known risk factor to
develop long COVID. Furthermore, we did not perform a multivariate
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analysis to neutralize potential confounding bias, this finding should be
interpreted with caution. Nevertheless, these data support the need for
further exploration of the potential impact of acute-phase treatments on
the risk of long COVID. For instance, antiviral therapies have been
associated with a reduced incidence of long COVID (9). This is an
important issue, as it could influence therapeutic decisions during the
acute COVID-19, which continues to affect many people worldwide.

Our study has some limitations. Its retrospective design and
limited sample size constrain the power and the generalizability of
our findings. These results should therefore be considered
exploratory. Nonetheless, it remains the largest cohort exploring
the association between aPL and long COVID. We would have
wished to investigate the association between aPL positivity and the
different types of symptoms experienced by patients with long
COVID. Unfortunately, due to the small number of patients with
long COVID in our cohort, the analyses lacked statistical
significance. These analyses would have been particularly
interesting, as the symptoms reported by patients with long
COVID are highly heterogeneous, suggesting that the underlying
pathophysiological mechanisms may differ depending on the organ
systems involved. Larger studies will be necessary to further explore
this question.
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Finally, the lack of a control group precludes definitive
exclusion of the involvement of aPL and immunoreactivity in
other post-acute infectious syndromes, warranting further
comprehensive investigations.

5 Conclusion

Our study adds to the growing body of evidence suggesting that
aPL are not implicated in the pathogenesis of long COVID. These
findings argue against the routine use of aPL screening to predict
long COVID risk.
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