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Abstract
Purpose of the Review Elevated levels of anti-phospholipid (aPL) antibodies are the most important criterion in the diagnosis of
anti-phospholipid syndrome (APS) and are usually responsible for promoting the risk of thrombotic complications. Now, in the
course of the global coronavirus disease 2019 (COVID-19) pandemic, measurable aPL antibodies have also been detected in a
noticeable number of patients showing a variety ranging from studies with only isolated positive tests to cohorts with very high
positivity. Thus, the question arises as to whether these two different clinical pictures may be linked.
Recent Findings The ambivalent results showed a frequent occurrence of the investigated aPL antibodies in COVID-19 patients
to an individually varying degree. While some question a substantial correlation according to their results, a number of studies
raise questions about the significance of a correlation of aPL antibodies in COVID-19 patients. Within the scope of this review,
these have now been described and compared with each other.
Summary Ultimately, it is necessary to conduct further studies that specifically test aPL antibodies in a larger context in order to make
subsequent important statements about the role of APS in COVID-19 and to further strengthen the significance of the described
comparisons.
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Introduction

COVID-19 is an infectious disease, which can occur as a result
of an infection with the novel severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2). While a large proportion
of COVID-19 patients remain in the clinical state of a viral
respiratory infection, in some a development into a much more
drastic and systematic illness leading to severe lung damage,
multiple organ failure, and coagulopathy can be observed [1].

The COVID-19-associated coagulopathy (CAC) is of partic-
ular interest due to the fact that it could represent a new type of
coagulopathy, which has many points overlapping with sepsis-
induced coagulopathy (SIC), disseminated intravascular

coagulation (DIC), hemophagocytic syndrome (HPS), throm-
botic microangiopathy (TMA), and APS being of particular rel-
evance for the subsequent analysis of APS in COVID-19, but in
addition, showing numerous characteristics of its own [2].
Especially in patients treated in intensive care units (ICUs), a
high incidence of thrombotic complications, manifesting mainly
as pulmonary embolisms, can be assumed as seen in the exem-
plary figure of 31% during a series of 184 patients diagnosed
with COVID-19 pneumonia in three Dutch hospitals [3].

On the contrary, APS is an autoimmune disease characterized
by the formation of aPL antibodies such as anti-cardiolipin
(aCL), anti-β2 glycoprotein I (anti-β2GPI), and lupus anticoag-
ulant (LAC), leading to thrombophilia [4]. Clinically, APS often
manifests itself in thromboembolism, miscarriages, or diseases
during pregnancy and further non-criteria symptoms associated
with APS such as thrombocytopenia and pulmonary hemor-
rhage [4, 5]. The prevalence figures of aPL antibodies involving
a healthy population are found in studies with relatively low
percentages; e.g., in a healthy control cohort of 200 people,
IgG/IgM/IgA aCL 1%/1%/3%, and IgG/IgM/IgA anti-β2GPI
4%/1%/1% showed elevated levels [6].

In another review,which also reported about antibody studies
of a healthy population, these were observed to be in a range
from 1 to 5.6% [7].
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Furthermore, the diagnostic criteria for the confirmation of
APS should be mentioned, which correspond to the revised
Sapporo criteria. Thus, it is necessary that one clinical and one
laboratory criterion are met; this requirement and its problems
are discussed in more detail in the “Discussion” [8].

Interestingly, infections may even be a possible trigger for
the occurrence of APS, stimulating the production of APL
antibodies, i.e., through molecular mimicry, viral examples
of which possibly include human immunodeficiency virus,
hepatitis B virus, and hepatitis C virus [4, 9].

Since clinical research suggests that the sole presence of
APL antibodies rarely leads directly to thrombotic complica-
tions, only the induction of a general thrombotic stage is
suspected, the clotting of which is subsequently triggered by
infection or other effects such as pregnancy [4]. Thus, the
etiopathology and clinical effects of APS remain a very com-
plex medical condition, which will stay a relevant subject of
research in the future.

In very rare cases, around less than 1%, there also appears a
clinically more drastic variant of APS, the most common
cause of which is an underlying infection: catastrophic anti-
phospholipid syndrome (cAPS) [10].

Thus, the pending question to be answered in the context of
the review concerns the prevalence of aPL antibodies in re-
ported COVID-19 patients, in order to get an indication of
their significance in COVID-19.

Methods

To obtain the information used in this review, the PubMed
Database was searched with the keywords “COVID-19” and
“antiphospholipid syndrome” on 26/03/21; case reports and
reviews were excluded beforehand from further analysis.

Of the studies found, only those addressing connections
between APS and COVID-19, in particular the occurrence
of APS typical antibodies in COVID-19, were included in
further investigation.

In the following, the appearance of aPL antibodies and
possible interactions in COVID-19 patients will be examined,
and finally discussed in the “Conclusion” section.

Results

For the initial search on PubMed, 114 search results were
found in the mentioned period. In order to be shortlisted, the
publications should investigate the prevalence of APS anti-
bodies in a larger patient cohort and, at best, make statements
on occurring thrombotic events. Accordingly, antiphospholip-
id antibody measurements from single patients were not men-
tioned here. These criteria were met by 18 publications at the
end, the results of which are listed in Table 1. As an exception,

the publication from Harzallah et al. was discovered through a
published response, which was listed in the initial PubMed
search. In addition, because of a recent review by Cavalli
et al. [11], which raises the question of diagnostic and thera-
peutic perspectives of a secondary induced APS by COVID-
19, two additional studies with important data on LAC prev-
alence, which were not included in the PubMed results, are
mentioned.

These publications have investigated the occurrence of
APS-associated antibodies and have each come to different
conclusions about their significance. Specifically, critical
aPL antibodies such as LAC, anti-β2GPIb, and aCL were
examined.

On the one hand, there were studies that found few positive
aPL test results in their patient cohorts and were therefore
critical of a pathogenic role of aPL antibodies in COVID-19.
These included an examination of 31 patients with severe
COVID-19 symptoms, who had to be treated at an ICU, in
which antibodies were measured and then related to the oc-
currence of thrombosis [12]. The measured values did not
suggest a direct connection of the aPL antibodies to thrombot-
ic complications and lead to the assumption that the apparent
LAC elevation occurred only intermittently because of the
severe infection [12].

A similar result was obtained in a French publication con-
centrating mainly on LAC prevalence of the aPL antibodies,
which tested 56 hospitalized patients. Again, a tendency for a
transient increase in LAC due to primary COVID-19 infection
was observed [13].

Furthermore, on LAC prevalence, one study in a group of
34 patients with prolonged activated partial thromboplastin
time (aPTT) and COVID-19 infection found LAC in 31 pa-
tients, and consequently recommended further investigation
of LAC in COVID-19-associated thrombotic events [14].

Another study also discovered detectable LAC levels in 50
out of 57 patients examined, but emphasized on the fact that
the presence of LAC prior to the test cannot be ruled out [15].

A study based on the observation of 122 patients, whose
measured aPL levels were subsequently compared with those
of 157 primary anti-phospholipid syndrome (PAPS) patients
and 91 other autoimmune rheumatic diseases (oARD), led to
comparable conclusions [16]. To give special attention to the
comparison with the studies already discussed, the LAC mea-
surement resulted in a percentage of 22.2%, which is signifi-
cantly higher in contrast to 14.6% in oARD, but does not
show any comparison to the 64.1% in PAPS [16].

Finally, the prevalence of the measured antibodies was
compared to the thrombosis occurring in 39.1% of 46
COVID-19 patients leading to no recognizable association,
although it was not clear which specific group these 46 pa-
tients out of the initial 122 represent; aPL antibodies were
therefore rejected as a useful indicator for thrombosis in
COVID-19 patients [16].
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A more critical judgement was reached after examination
of 24 patients, who additionally had thrombotic complications
during their treatment [17]. These patients were accordingly in
an acute condition, but were not treated on an ICU. The fol-
lowing conclusion was in favor of denying the important role
in the pathogenesis of VTE in severe cases of COVID-19
pneumonia by those aPL antibodies [17].

One particularly noteworthy study compared critically ill
COVID-19 patients with non-COVID-19 critically ill patients
and concluded that the prevalence of aPLs was about equal;
only LAC showed an increased proportion in COVID-19 [18].

A similar result was obtained in a study focusing on the
prevalence of thrombotic complications in a larger cohort of
122 patients, 16 of whom had severe thrombotic complica-
tions; anti-β2GPI IgG/IgA/IgM were at 15.6/6.6/9.0%, and
aCL IgG/IgM at 5.7/6.6%; no relationship to thromboses
could be observed [19].

In a further study, the course of APS antibodies of 20 crit-
ically ill patients without COVID-19 was compared with that
of 22 critically ill COVID-19 patients. IgG aCL and IgM aCL
were found most frequently with an increased occurrence of
13/22 and 7/22 in COVID-19 [20].

On the other hand, however, there was a study, the results
of which suggest a greater influence of aPL than previously
apparent; in a total of 172 COVID-19 patients undergoing
treatment in hospital, a significantly high result of a positive
detection of any of these antibodies in 52%, with varied
stricter testing limits still in 30%, was observed indicating
relevant involvement in the pathogenesis of COVID-19 [21].

Another study from Paris focused on non-ICU COVID-19
patients. In 47.1%, at least one of the aPL antibodies was
detected. However, it was emphasized that persistency could
not be excluded through repeated testing. It was concluded
that aPL antibodies are common in moderate COVID-19 [22].

A case series study focused on the detection of aPL anti-
bodies without LAC measurement and showed a high propor-
tion with 57% [23].

Another study was able to detect a significant proportion of
aPLs in ICU referrals with an aPL positive proportion of 7 out
of 41 patients tested [24].

A study from New York retrospectively examined 187 pa-
tients tested for LAC within 2 months, only a part of whom
had a positive COVID-19 test and found 30 increased LAC
values in these 68 COVID-19-positive patients; interestingly,

Table 1 Summarized study results

Authors Examined patients Antibody prevalence Thrombotic
complications

Devreese et al. 31 16/31 LAC; 23/31 any aPL 9, thereof 7 positive
for any aPL

Harzallah et al. 56 25/56 LAC; 5/56 IgG/IgM aCL or IgG/IgM anti-β2GPI –

Gatto et al. 122 22.2% LAC; 13.4% IgG aCL; 2.7% IgM aCL, 6.3% IgG
anti-β2GPI; 7.1% IgM anti-β2GPI

18/46

Galeano-Valle et al. 24 2/24 IgM aCL and IgM anti-β2GPI 24

Le Joncour et al. 104 35/104 aCL; 9/104 anti-β2GPI; 21/104 LAC; 49/104 any aPL 11; 64% positive for
any aPL

Karahan et al. 31 8/31 any aPL; 6/26 LAC; 2/31 IgM aCL;
0/31 IgG/IgM anti-β2GPI; 2/31 IgA anti-β2GPI

–

Bowles et al. 34 31/34 LAC –

Helms et al. 57 50/57 LAC –

Borghi et al. 122 5.7/6.6% IgG/IgM aCL; 15.6/6.6/9.0%, IgG/IgA/IgM anti-β2GPI 16

Trahtemberg et al. 22 13/22 IgG aCL; 7/22 IgM aCL –

Zuo et al. 172 52% any aPL –

Amezcua-Guerra
et al.

21 12/21 any aPL; 10%/14% IgG/IgM aCL 2

Hamadé et al. 41 7/41 any aPL; 5/41 LAC 9, thereof 2 positive
for any aPL

Cristiano et al. 92 2/44 (early infection); 3/48 (late infection) –

Reyes Gil et al. 68 30/68 LAC; 1/68 IgM aCL and IgM anti-β2GPI 19/30 (positive LAC)

Pineton de
Chambrun et al.

25 92% LAC; 52% IgG/IgM aCL; 12% IgG/IgM anti-β2GPI 6, thereof all positive
for any aPL

Xiao et al. 66 (critical condition); 13
(non-critical condition)

31/66 any aPL(IgG/IgM/IgA aCL and anti-β2GPI); 0/13 any aPL –

Previtali et al. 35 (PM) 5/35 any aPL(IgG/IgA/IgM aCL and anti-β2GPI) 35
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only 27 of 119 patients with negative COVID-19 test results
were positive for LAC [25]. In addition, examination of the 30
patients with positive LAC and COVID-19 revealed 19 arte-
rial or venous thrombotic events (63%), in notable contrast to
34% with LAC-negative results [25]. Subsequently, IgG/IgM
aCL and anti-β2GPI antibodies were also tested in the LAC-
positive patients, and IgM antibodies were found in only one
patient [25]. Thus, in this study, it was concluded that there
was a detectable association of elevated LAC levels in
COVID-19 patients with thrombotic events [25].

Another study retrospectively evaluated 25 COVID-19-
positive and ICU-treated patients, all suffering from acute re-
spiratory distress syndrome (ARDS), for the presence of aPL
antibodies. The results showed particularly high values for
LAC with 92%, aCL with 52%, 12% anti-β2GPI, and 72%
antiphospholipid antibodies [26]. Pulmonary embolism was
observed in six patients, all of whom were also positive for
all APL antibodies [26].

Another study found only a small number of detectable
aPLs, but further raised the question of a “COVID-19-induced
APS syndrome” due to increased non-criteria aPLs [27].

A further noticeable result originated from testing 66 pa-
tients in critical condition and 13 in non-critical condition for
aPL antibodies [28]. The result showed that in the non-critical
cases no elevated aPL antibodies were seen and in the 66
critical cases aPL antibodies were found in 31 [28]. This led
to the assumption that despite the probably only transient in-
crease caused by COVID-19, an APS-like syndrome could
possibly be connected to COVID-19 [28].

Further investigation did explore the possibility of cAPS in
COVID-19, using the clinical course and autopsies of 75 pa-
tients, who died of COVID-19 in Bergamo, as a basis [29].
Post-mortem, the serum of 35 patients, who were suspected of
a possible cAPS, was tested. The results showed that the basic
conditions of cAPS were indeed mostly fulfilled, including
multi-organ involvement in a short time period and small vas-
cular occlusions [29]. However, for cAPS to be confirmed,
high levels of aPL antibodies would also have to be
present—a condition that was not found to be existent; only
in 5 cases could positive antibodies be detected, but these were
only slightly above the threshold value [29]. Accordingly,
cAPS involvement in pathogenesis was excluded.

Discussion

Overall, the studies reviewed provide a concise general over-
view of the occurrence of aPL antibodies in COVID-19 pa-
tients showing a noticeably increased prevalence compared to
a healthy population [11]. To come to a conclusion, the doc-
umented results will be compared in the following.

In total, 10 of the 18 publications analyzed cast doubt on a
greater correlation between the formations of aPL antibodies

in COVID-19 coagulopathy. Devreese et al. and Harzallah
et al. showed a larger proportion of their patients with elevated
LAC values, but few involvement in aCL and anti-β2GPI.
Accordingly, both publications concluded that LAC levels
alone may only be increased as a result of systematic viral
infections, as the mechanism of forming of aCL and LAC in
viral infections remains a matter of debate [30].

Gatto et al. also showed an increased LAC level, but of
much greater importance, this study compared the antibody
readings with existing rheumatic disease and especially with
APS patients. This comparison showed that only few anti-
bodies were comparable with these patient groups, and es-
pecially LAC in the COVID-19 cohort was far below that
with APS. This shows that the occurrence of aPL antibodies,
an important criterion for the diagnosis of APS, is therefore
obviously much more drastic in APS than in COVID-19
patients indicating that the prevalence of acute COVID-19
with measurable aPL antibodies is not at all on the level of a
distinctive clinical picture of an APS. Thus, LAC may be
elevated due to the infection, but does not compare with
APS.

A similar approach was taken by Karahan et al. who, after a
comparison with non-COVID-19 critical patients, found only
a slight increase in LAC, thus strengthening this assumption.

To also support these observations on the critical outcome
side, the publication of Galeano-Valle et al., who did not test
for LAC, again did not show a significant amount of elevated
aPL antibodies, nor did Borghi et al.

Bowles et al. and Helms et al. showed relatively high
values of positive LAC in their COVID-19 cohorts, although
without further testing of other aPL antibodies for
comparison.

On the other hand, however, 8 studies indicate that aPL
antibodies can also take up a larger overall share in measure-
ments, as shown for example in Zuo et al. and Reyes Gil et al.
However, special attention is given to the observations of
Pineton de Chambrun et al. and Xiao et al., whose publica-
tions show that the patient cohorts in these studies are related
to patients in critical condition and treated on ICU. Thus,
Pineton de Chambrun et al. indicate remarkably high values
for aPL antibodies, especially for the almost ubiquitous LAC.
And the comparison made by Xiao et al. also reveals a signif-
icantly higher proportion of aPL antibodies in COVID-19
patients in a more critical and acute condition.

In addition, it is also useful to put the thrombotic events in
relation to the measured aPL antibodies. Unfortunately, not all
publications provided clear figures on the incidence of throm-
bosis, which makes a precise analysis difficult. Pineton de
Chambrun et al. and Reyes Gil et al. show that the majority
of the detected thromboses also contained detectable aPL an-
tibodies and a connection may be possible; but the results of
Previtali et al. and Galeano-Valle et al. only found few anti-
bodies despite many thromboses in their investigated group.
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In his publication, Devreese et al. also questioned the effect of
aPL antibodies on thrombosis, although finding antibodies in
most of them.

A recent study, of Trahtemberg et al., takes a special posi-
tion, which is dedicated to a longitudinal observation of APS
antibodies and compares these of COVID-19 ill patients with
those of critically ill non-COVID-19 patients. The study
showed that regardless of COVID-19, APS antibodies were
detectable in many cases, but with a higher probability in
COVID-19 patients [20]. Also striking was the fact that some
of the patients, especially with COVID-19, already had aCL
antibodies on admission [20]. Finally, the study also found a
correlation between IgG aCL and general disease severity
[20].

Another question to be answered concerns the close
similarities in the pathogenesis of the COVID-19 and
APS and, moreover, whether the COVID-19 infection
could also induct cAPS. This question is based primarily
on the fundamental changes in the COVID-19 coagulopa-
thy already described above, and the induced hypercoagu-
lable state in patients with COVID-19, suggesting the pro-
duction of aPL antibodies and subsequent cAPS could be
the cause of thrombosis as a previously unrecognized
mechanism in critical disease states [31]. These assump-
tions of cAPS in COVID-19 could be challenged by the
observations of Previtali et al. on the basis of a low level of
detected aPL antibodies, but still at 6.7%, which is slightly
higher than that in healthy patients. Thus, a role of cAPS in
most of the 35 patients could be excluded by Previtali
et al., but the percentage of positive aPL antibodies is nev-
ertheless noticeable.

An important point also to be mentioned before the con-
clusion, regarding the assessment of a “COVID-19 induced
APS,” concerns the necessity to remind here again of the
cr i ter ion for APS. As already ment ioned in the
“Introduction,” according to the revised Sapporo classifica-
tion, at least one clinical and one laboratory criterion are re-
quired [8]; thus, if transferred to the analyzed studies, only
patients with the clinical criterion of vascular thrombosis can
be considered. The laboratory criteria, on the other hand, re-
quire two successful measurements of LAC, aCL, or
anti-β2GPI at an interval of 12 weeks, which was not per-
formed in the analyzed studies. Also, the given titer limits,
which are listed in the revised Sapporo classification, are only
to be compared in isolated studies, so that also here no infor-
mation is available on the basis of which an evaluation could
take place.

Accordingly, the question of an APS syndrome induced by
COVID-19 must clearly be discarded in the context of this
review and can only be approached by follow-up studies that
include consistent retesting of aPL antibodies. Only the ques-
tion of an accumulation of aPL antibodies can be discussed
properly.

Due to the apparent fact that LAC values are very frequent-
ly found in COVID-19 patients, it should be noted that they
can also be distorted by false positive measurements, especial-
ly in the case of an increase in CRP, which is also to be
expected in severe COVID-19 [32].

It is also problematic to reasonably interpret LAC values
measured with concomitant anticoagulation therapy such as
unfractionated heparin or vitamin K antagonists [33].

It is essential to further comment on the tested different
antibodies that many of the studies described; i.e., IgAs were
not always additionally included. Exact titers of the antibodies
used as limits for positive results were not communicated in
all cases. Thus, despite a wide range of studies, the direct
comparability of the results is limited due to different test
parameters and varying patient cohorts.

In order to summarize the previous findings before the
conclusion, it is helpful to mention and include the results of
other reviews in the same field.

Cavalli et al. who also examined APS and COVID-19 in-
terestingly paid special attention to examining the prevalence
of APS antibodies in a healthy population offering a compar-
ison to COVID-19 patients, which showed overall higher
values of aPL antibodies [11]. It called for further analysis
of COVID-19 cohorts, which should be required to expand
their observations to include measurement of aPL antibodies
in relation to thrombosis and disease progression [11]. Also, a
more detailed examination of the course of antibody presence
was proclaimed to be performed for possibly confirming the
disappearance or persistence of the antibodies after the acute
phase [11].

Finally, further recent reviews that have addressed the same
topic as this review, after assessing the published literature,
have come to a similar conclusion to that reached here and
from Cavalli et al. Pavoni et al. and Favaloro et al. elaborated
in their conclusions on the limitations of the current data re-
garding a long-term existence of aPL antibodies [34, 35].
Likewise, Castillo-Martinez et al. discussed the question of
an “epiphenomenon” [36] of the antibodies in contrast to a
possible causality; as also mentioned here in the
“Conclusion,” this review insists on longitudinal observations
of the antibodies (with regard to the Revised Sapporo
Classification), as it was implemented, e.g., by Trahtemberg
et al. [36].

Conclusion

In order to build on this discussion with the results found, the
demand for more studies can only be urgently confirmed. A
large-scale analysis of a COVID-19 cohort, whose antibody
composition is put into context with the course of the disease
and necessarily with thrombotic events, is essential [11]. In
addition, the origin of aPL antibodies should also be given
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more attention: Some patients may already have APS before
or APS may manifest after COVID-19, two questions that
could not be discussed satisfactorily within the scope of this
review. Subsequent studies with more frequent aPL testing
and thus longitudinal observations in the course of the infec-
tion and most importantly at least 12 weeks afterwards may
provide more answers. The results could also provide APS
antibodies as a negative prognostic factor for a severe disease
progression as Trahtemberg et al. have shown in their study.

The studies with the comparatively highest measurement
results are noticeably more likely to be found in patients in a
critical COVID condition. Consequently, the conclusions of
many studies indicated an only transient increase of aPL anti-
bodies due to COVID-19; the high proportion of positive
LAC levels and discussions about aPL antibody formation
after viral infections therefore lead to the need for additional
investigation aimed at comparing the aPL antibody composi-
tion of LAC, aCL, and anti-β2GPI in COVID-19 with other
viral infections.

Overall, most of the studies analyzed showed a significant
proportion of detectable aPL antibodies, which was particu-
larly noticeable in patients with severe disease progression
and was much higher than the percentages of aPL antibodies
in healthy subjects. On this basis, further clarifying studies are
needed in order to explore the still unclear role of aPL anti-
bodies and APS in COVID-19, thereby helping to better un-
derstand the pathomechanisms and pathogenesis of COVID-
19.
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