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Abstract

Keywords
= lupus anticoagulant

The term “lupus anticoagulant (LA)” identifies a form of antiphospholipid antibodies
(aPLs) causing prolongation of clotting tests in a phospholipid concentration-depen-
dent manner. LA is one of the laboratory criteria identified in patients with antiphos-
pholipid (antibody) syndrome (APS). The presence of LA in patients with APS represents
a significant risk factor for both thrombosis and pregnancy morbidity. There have been
several reports of similarities between some of the pathophysiological features of
COVID-19 and APS, in particular the most severe form, catastrophic APS. There have
also been many reports identifying various aPLs, including LA, in COVID-19 patients.
Accordingly, a very pertinent question arises: “Is LA a feature of COVID-19 pathology?”
In this review, we critically appraise the literature to help answer this question. We
conclude that LA positivity is a feature of COVID-19, at least in some patients, and
potentially those who are the sickest or have the most severe infection. However, many
publications have failed to appropriately consider the many confounders to LA
identification, being assessed using clot-based assays such as the dilute Russell viper
venom time, the activated partial thromboplastin time (aPTT), and the silica clotting
time. First, most patients hospitalized with COVID-19 are placed on anticoagulant
therapy, and those with prior histories of thrombosis would possibly present to hospital
already on anticoagulant therapy. All anticoagulants, including vitamin K antagonists,
heparin (both unfractionated heparin and low-molecular-weight heparin), and direct
oral anticoagulants affect these clot-based assays. Second, Greactive protein (CRP) is
highly elevated in COVID-19 patients, and also associated with severity. CRP can also
lead to false-positive LA, particularly with the aPTT assay. Third, persistence of aPL
positivity (including LA) is required to identify APS. Fourth, those at greatest risk of
thrombosis due to aPL are those with highest titers or multiple positivity. Most

= antiphospholipid - : : I : \ : )
Sntibody publications either did not identify anticoagulation and/or CRP in their COVID-19
~ COVID-19 cohorts or did not seem to account for these as possible confounders for LA detection.
+ microthrombosis Most publications did not assess for aPL persistence, and where persistence was
+ thrombosis checked, LA appeared to represent transient aPL. Finally, high titer aPL or multiple aPL
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positivity were in the minority of COVID-19 presentations. Thus, at least some of the
reported LAs associated with COVID-19 are likely to be false positives, and the
relationship between the detected aPL/LA and COVID-19-associated coagulopathy
remains to be resolved using larger and better studies.

The term “lupus anticoagulant (LA)” identifies a form of
antiphospholipid antibodies (aPLs) causing prolongation of
clotting tests in a phospholipid concentration-dependent
manner. LA is one of the laboratory criteria identified in
patients with antiphospholipid (antibody) syndrome (APS)."?
The term “lupus anticoagulant” is actually a double misnomer,
as it represents neither a specific feature of systemic lupus
erythematosus (SLE) nor an “anticoagulant."3'4 Indeed, the
presence of LA in patients with APS represents a significant
risk factor for both thrombosis and pregnancy morbidi-
ty.1'2'5 Thus, patients with LA positivity are considered to
carry a theoretical risk of a thrombophilia-like disorder.

COVID-19 (coronavirus disease 2019) has been declared a
pandemic, and is caused by infection with SARS-CoV-2
(severe acute respiratory syndrome coronavirus 2). Thought
to have originated in Wuhan, China, in late 2019, COVID-19 is
now well-known to reflect a prothrombotic disorder,® and
thrombosis in various forms affects a high proportion of
severely infected individuals. For example, a recent meta-
analysis has suggested a venous thrombosis rate, including
deep vein thrombosis (DVT) and pulmonary embolism (PE)
of close to 30% in patients with severe COVID-19.” Acute
myocardial ischemia (infarction) and cerebrovascular acci-
dents may also develop in as many as 8 and 3% of COVID-19
patients needing intensive care,® while systemic coagulop-
athy and disseminated intravascular coagulation may onset
in as many as 7% of such patients.’ There is also evidence of
microthrombosis in multiple organs including lungs, kid-
neys, and liver, only identifiable on autopsy, in patients who
have died due to COVID-19.'""3 Anticoagulant therapy is
therefore routinely applied to nearly all patients hospitalized
with COVID-19.

There have been several reports of similarities between
some of the pathophysiological features of COVID-19 and
APS, in particular the most severe form, catastrophic APS
(CAPS).'*-"® Indeed patients with COVID-19 appear to fulfill
the main clinical diagnostic criteria for CAPS: evidence of
involvement in three or more organs, development of man-
ifestations simultaneously or in less than a week, and confir-
mation by histopathology of small vessel occlusion in at least
one organ.'® There have also been many reports identifying
various aPL, including LA, in COVID-19 patients. The search
for aPL in COVID-19 may have been sparked by an early
publication by Zhang et al 2020'7 in the New England Journal
of Medicine.

Given the above, some relevant questions would naturally
arise. Given (1) LA is associated with thrombosis, (2) patients
with COVID-19 suffer thrombosis, (3) some aspects of
COVID-19 pathology strongly resemble CAPS, and (4) aPLs,

including LA, have been identified in COVID-19 in several
studies, perhaps the most pertinent question: “Is LA a feature
of COVID-19 pathology?” In this review, we critically
appraise the literature to help answer this question.

Thrombosis-Associated LA versus
Laboratory-Detected LA

Before we specifically address this question, some additional
pertinent background information is required. First, despite
an association of LA and other aPL with thrombosis risk in
APS and in other potential autoimmune diseases, the pres-
ence of a laboratory-detected LA or/and other aPLs per se do
not, in themselves, reflect a prothrombotic risk factor, even if
persistent, and do not warrant pharmacological interven-
tion,'®1° except perhaps for those with high titer aPL and
multiple positivity.?%?" Indeed, laboratory-detected LA is
often found in asymptomatic patients, many of who will
never develop thrombosis. For example, laboratory-detected
LA often arises as a result of a follow-up to an unexpected
prolonged activated partial thromboplastin time (aPTT). This
may occur, for example, when an aPTT is ordered as a
screening assay for preoperative bleeding risk,?2 and should
an LA-sensitive APTT reagent be used for the test. This
“chance” finding may cause some angst in the requesting
clinical team, who may then be tempted to cancel or post-
pone surgery, and notwithstanding expert recommenda-
tions to not use the aPTT for such purpose,?? or else to
preferentially use an LA-insensitive aPTT reagent for general
screening purposes, and reserving LA sensitive aPTT regents
for formal LA investigations in (for example) APS Workups.23

There are many other reasons why a laboratory-identified
LA may not reflect a prothrombotic marker, in particular due
to preanalytical or analytical issues causing false-positive LA
test results. The presence of anticoagulants, in particular, can
give rise to false LA findings. This may even reflect a circular
argument of sorts, as patients with thrombosis, or at risk of
thrombosis, including those with APS, may be placed on
anticoagulant therapy for thrombosis treatment or preven-
tion. If the LA tests are performed while the patient is
undergoing anticoagulant therapy, then there is a great
risk of a false-positive LA. The possibility of a false-positive
LA is true for most anticoagulants, in part depending on how
the LA tests are performed. This is expanded on later.

Lupus Anticoagulant Testing Guidelines

There are three groups who have recently provided guide-
lines on LA testing, the International Society on Thrombosis
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and Haemostasis (ISTH), the Clinical and Laboratory Stand-
ards Institute (CLSI), and the British Committee for Standards
in Haematology (BCSH). The ISTH has prepared a series of
such guidelines, starting in 1991%* and last updated in
2020,%3 although most laboratories are probably still using
and referring to the 2009 guidelines.?®> The BCSH published
their guidance in 2012,%® and the CLSI published their
guidance in 2014.%7 All this historical context has some
relevance to LA testing in 2021, in particular as related to
anticoagulant effects. The 2009 ISTH and 2012 BCSH guide-
lines were published when the main anticoagulants were
vitamin K antagonists (VKAs; such as warfarin) and heparins,
including unfractionated heparin (UFH) and low-molecular-
weight heparin (LMWH). The presence of these anticoagu-
lants in the blood of patients on therapy taken for tests can
affect clotting assays, including those for LA. Thus, these
guidelines attempted to address strategies for assessment of
LA in the presence of these anticoagulants, but did not cover
the direct oral anticoagulants (DOACs), as these had not yet
been introduced into clinical practice.

Assays Used for LA Detection|Exclusion and
Anticoagulant Interference

The main assays used for LA identification/exclusion are the
dilute Russell viper venom time (dRVVT) and the aPTT.?%2°
The silica clotting time (SCT) represents a form of aPTT assay
marketed by at least one of the major commercial providers,
and is becoming increasingly popular for assessing LA,
sometimes instead of the “classical” aPTT.?® The strategies
employed for countering anticoagulant effects in LA inves-
tigations, as considered in the earlier LA test guidelines,?>2®
include (1) the addition of a heparin neutralizer in dRVVT
reagents, capable of neutralizing therapeutic heparin levels
up to approximately 1 U/mL and (2) the use of mixing studies
to eliminate or dampen the effects of VKAs, which essentially
create “factor deficiencies” of factors II, VII, IX, and X. Thus,
therapeutic heparin levels should not affect the dRVVT, but
will affect the aPTT, which in essence is used in many
laboratories to monitor UFH therapy. Heparin will also affect
the SCT (unless the reagent contains a heparin neutralizer).
The commercial SCT reagents in most common use do not
contain any such heparin neutralizers. There may also be a
common misconception that LMWH does not affect the LA
tests (dRVVT, aPTT, or the SCT). Like UFH, LMWH should not
affect the dRVVT unless the level is supratherapeutic, and
exceeds the heparin neutralizing capacity of the reagents in
use. Similarly, as LMWH comprises mostly anti-Xa activity, in
contrast to UFH which expresses mostly anti-Ila activity,
LMWH will have a reduced effect on aPTT and SCT compared
with UFH. However, LMWH will prolong both SCT and aPTT
in a concentration-dependent manner, especially when
therapeutic levels are exceeded. Finally, VKAs will affect
dRVVT, aPTT, and SCT, given effects on FII, FVII, FIX, and
FXI. Although mixing of patient plasma with normal plasma
was identified as an early way of “normalizing” the VKA
effect, and making both dRVVT and aPTT test results, when
performed as directed by the guidelines, more specific for
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LA,?? this is no longer recommended in the most recent ISTH
guidelines,? since, in theory, false-positive and false-nega-
tive LA findings may ensue.

The situation with anticoagulant interference in LA test-
ing magnified considerably with the advent of the new/novel
oral anticoagulants or DOACs. These anticoagulant agents
affect all the LA clot-based assays (e.g., aPTT, dRVVT, and
SCT),3%-33 and since they are “inhibitors” (to either factor Ila
or Xa), mixing samples containing DOACs with normal
plasma only partially abrogates their effects. Moreover,
unlike the case for heparins, DOAC neutralizers>* have yet
to be formally introduced into commercial dRVVT reagents.
Although some of these compounds are now otherwise
commercially available, they are not often employed in
laboratories, nor has their effect been fully assessed in this
context. As noted, the 2009 ISTH%> and 2012 BCSH?® guide-
lines were published before the advent of the DOACs, and
thus did not provide any guidance for LA testing in their
presence. The CLSI guideline?’ was published as the DOACs
were emerging, and thus noted that these had an effect on LA
tests; here, the “simple” recommendation was to avoid
testing of LA in patients being treated by DOACs.

This is, of course, wishful thinking, and clinicians often
ignore such guidance. The situation may go like this—a
patient has a thrombosis and is quickly placed on an antico-
agulant, and subsequently there is a desire to investigate the
cause of the thrombosis. Does the patient have a thrombo-
philia, for example? Will they need to be on extended anti-
coagulation therapy? Do they have LA? And thus, tests are
often requested on patients who have already started on
anticoagulant therapy, despite recognition that the presence
or absence of one or more thrombophilic conditions will
generally have no impact on therapeutic management in the
short term (i.e., within 2-3 months).

COVID-19—A Prothrombotic Condition

Fast forward to 2020, and the world is in the grips of the
COVID-19 pandemic. At the time of this writing, COVID-19
has infected over 120 million people worldwide and has
reportedly been responsible for over 2.5 million deaths.3”
COVID-19 is now well-known to reflect a prothrombotic
disorder,® with various forms of thrombosis implicated in
the pathogenesis and morbidity/mortality of infected indi-
viduals. A high proportion of individuals (close to 30% in
patients with severe COVID-19) suffer from venous throm-
boembolism, including DVT and PE.” Acute myocardial is-
chemia (infarction), cerebrovascular events, and arterial
thrombosis may also develop in a smaller proportion of
COVID-19 patients, especially those needing intensive
care.? There is also evidence of microthrombosis in multi-
ple organs including lungs, kidneys, and liver.'%-13

As part of a search to investigate the mechanisms
that promote thrombosis in COVID-19, many tests of
hemostasis have been investigated in patients suffering
from this disease. Indeed, many tests of hemostasis are
abnormal in patients with COVID-19.3%37 Moreover,
COVID-19 appears to affect all aspects of hemostasis,
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including primary hemostasis (endothelium, platelets, von
Willebrand factor), secondary hemostasis/coagulation, and
fibrinolysis.>8-43

Literature Search

To give some additional background to this narrative review,
we searched the PubMed database (https://pubmed.ncbi.nlm.
nih.gov) using various iterations of COVID-19 together with
various iterations of LA and (anti)phospholipid antibodies.
An initial search performed on February 22, 2021, was later
updated to be current as of March 6, 2021. Of over 200
separate articles identified by this search, we then excluded
general reviews, commentaries, and articles otherwise found
to be irrelevant to the topic. We also excluded single case
reports, but small case series were included.

Results of the Literature Review—Is LA
Present in COVID-19?

A summary of the literature arising from our search is given
in ~Table 1. There was a large body of publications.'”:#4-6°
Although additional relevant articles are likely available in
the literature, the captured articles are sufficient for us to
critically review the literature. We are focusing here on LA.
Although several articles reported on aPL other than, or in
addition to, LA, these will largely not be assessed in the
current review, and instead are the proposed topic of
a second forthcoming review. There was a wide variety of
methods employed to identify LA (=Table 1), but often, the
methodology was not even reported. There was a wide
variety also in COVID-19 case numbers and type, including
in some reports “severe” COVID-19, using a variety of defi-
nitions (i.e., needing mechanical ventilation or intensive
care; mortality).

Of interest, LA was not always detected in patients with
COVID-19, as some studies clearly reported “no LA” or very
few cases of LA in their patient cohort (=Table 1). However,
many publications instead reported LA in a large proportion
of their COVID-19 cohorts, in some cases more than 80%. This
seems to identify a dichotomy of opinions around the
presence of LA in COVID-19. To put a graphical perspective
to the data, =Fig. 1 plots the findings from the literature
identified in = Table 1 according to percentage positive for LA
versus number of investigated cases. There is no obvious
pattern.

One of the earliest reports on the presence of aPL in
COVID-19 was by Zhang et al'” who published their findings
in the New England Journal of Medicine. This was a case series
report of three patients with COVID-19 in ICU who suffered
serious sequelae including multiple infarcts. Interestingly,
although aPLs were detected in all three patients, LA was not
found in any of the patients. Nevertheless, this study no
doubt prompted a wider search for aPL, including LA, in
subsequent COVID-19 cohorts. This study could be criticized
in several ways. First, the methodology used for aPL detec-
tion was not identified, nor were the levels of identified aPL
(whether high or low). Persistence of aPL was also not
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Fig.1 The relationship between COVID-19 case numbers reported in
the literature and the proportional identification of lupus anticoag-
ulant (LA) positive cases.

evaluated. As the study focused on a particular small group
of COVID-19 patients, there was also clear patient selection
bias. In other words, the study focused on three patients with
serious clinical sequelae who also happened to have aPL.
There was no evidence of cause or effect. To take a dichoto-
mous perspective, the first article that we identified as
reporting on COVID-19 in this arena was from Yasri and
Wiwanitkit.** These workers used data collected “according
to public official report of CDC of Thailand, the second
country in the timeline of this novel coronavirus outbreak”
and identified that APS was rare in COVID-19. From the
accumulated 2,369 COVID-19 patients (April 8,2020) with 30
deaths, only 1 patient (0.04%) had been identified with APS.

It can also be noted that some researchers investigating
aPL activity in COVID-19 purposely did not look for LA
because they recognized the confounders. For example,
although they investigate for aPL, Galeano-Valle et al’® pur-
posely did not assess LA “since testing is not recommended in
acutely ill patients and under anticoagulant therapy.” As
another example, Tang®® correctly noted that both the
ISTH and CLSI urge caution when interpreting LA results in
patients receiving anticoagulants. Tang further correctly
surmised “Given common use of LMWH and UFH for throm-
boprophylaxis in COVID-19 inpatients, false-positive results
resulting from interference of these anticoagulants may be
an important reason for the high positive rate of LA” other-
wise found by others, especially when this preanalytical
issue is not properly addressed.

Selection Bias in the Literature

One could hypothesize that the reported incidence of COVID-
19-associated LA would be higher in small cases series due to
potential selection bias, as identified previously for the

Seminars in Thrombosis & Hemostasis  Vol. 48 No. 1/2022 © 2021. Thieme. All rights reserved.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.


https://pubmed.ncbi.nlm.nih.gov
https://pubmed.ncbi.nlm.nih.gov

59

Favaloro et al.

Lupus Anticoagulant and COVID-19

(panunuod)

1youd Apoiis si uonnguisip pazioyineun “Ajuo asn feuosiad o} PAPEOJUMOP SeM JUBWNJ0P SIYL

uonejnbeodyue bupieys
910J9q JUdWAINSEAW
JUaMIIpUN OYM
syuaned ui Ajuo a|qeljas

Luondajul
T-\0D-SYVS 23nde
bunp Buipuy yons
Jo anjea dusboyed
anuy ay3 buluonsanb
Agaiayy ‘sjuaned
61-QIAOD 40 31040d
abue| Ajpanejal

SIY3 Ul sisoquiosyy
pue Jde aanisod
U93MI3q UOI]eIDOSSE

pazijeydsoyuou
(%0°0€)

0€/6 ‘pazijendsoy
(%L°91) 2¥/L ‘lesr0

*annisod d1am s1533

wuyuod pue buxiw ‘bujusalds
125 10/pue L AAYP Y3 uaym
anisod v paJapisuod sjudned
*spidijoydsoyd jo ssadxa

40 uolIppe AQq uoleLLIUOD
10} pa15a) d1am ewse|d

pajood [ewiou yym buixiw

Aq pa31231103 jou 3593 Bujusalds
pabuojoid e yym sa|dwes
‘sajdwes ewse|d 1ood 3393e|d
(TIsowaH) 13S pue LAAYP

33 “(HLSI 6002) sauljapinb
|euopjeulajul pajepdn
Buimo|oy s3593 uone|nbeod

pazijendsoyuou
69 ‘paziexdsoy

Pa13pIsu0d 1531 ¥ AN AN juedyiubis oN,, ‘oN (%222 2Ll9L a|dninw Aq passasse v1 €5 '61-AIN0D TTL ocl® 32 018D
aniisod may
Asan pue syuaned 61-QIAOD
AN AN AN AN M3y KIaA,, AN .suazoq, Jo suazop uj pawuoyiad v 6yDUBL
5359 (Wiyuod /uaaids
1DS |IsowaH) 11de aAnIsod v alom
AN AN AN AN (%5v) 9s/sz AAINISUIS PUE (|ISOWAH) LAAYP 9 (%S¥) ST *61-AINOD 95 gpl® 39 Ye||BzieH
(3593 A103RWILIHUOD
Ul U01IDR1I0D %01 < ¥y
|BJ0] 3A0QE XIW 0S/QS JO onel
Pazi|ewIou *yy [BI0| IAOQE 159)
J13z1jenau uleday 1004 13]91B|d dUOPOUII] JO annisod a1am (%16) LE pue
B uleju0d pasn syuabeas sawin|oA |enba yum paunioyiad ‘syuaned ¢ ul pawlojiad
13Y30 ON *(s)nsas uo L1de 9AISUds-y] pue sAesse v “1ay1iny
129)J9 ou aAey Wi/ | 03 ‘LAAYP ‘1Lde 10 saipms buixiw pajebnsanul a19m Gg
dn sjaa9) ulleday) jusbe ‘AjaAndadsal | | de pue [AAYP ansod wolj 35041 pue ‘papnpdxa
bujzijesynau uieday 104 syuabeal Aiojewnyuod se 1M (%16) alam syuaned g wouy
e ujeju0d suabeal [ ANYP Pasn S4 Undy pue gy suswais LE pue ‘pg suawidads *] | de pabuojoid
11de pabuojoid yym syusnged suawals “sajdwes gg/gz “11de 10j 3uabeal y1-1 |4 obeis Ul pa3say B AL 0O} PUNO) dI9M
61-0IAOD S€ ‘selq uoid3|as Uy pa3da3ap ueday AN AN AN (%16) ve/LE ‘LAAYP Judbeal |y suawals V11912 (%02) v¥ "61-AINOD 91T p|B 32 S3mog
uone|nbeodnue “a1) papnpxa
a1am aanisod asjey Jo sasned anisod
|e pue z'| < sem (0nes wiyuod/ 919M 0S ‘v 10} pa1sal
U23.15) 011BJ | AAYP Pazijewliou £6 3O “Aeas nD| buunp uans
au J1 Ajuo aanisod se pasapisuod 510qUIOIL] B JO 3DUDLINDI0
.(suonipuod SeM Y/ "WLJUOD AAYP 93 UO J0 uoissiwpe
uonenbeodnue *a'1) 10]PBIS-V 1S PUB ‘dNd 23Y20A1) nDI 38 |1 de pabuojoid
papnxa alam aanisod XIW | 1] U3y} Jayyd yum annisod e U0 paseq ‘padadsns
payadsns 3s|ey Jo sasned e, onel ‘U0IIN|OAT ¥-V1S Uo Juabeal (V1 sem 1apJosip uonejnbeod e
sem 1apiosip uonenbeod e ‘61-AIAOD Ym syuaned WLIU0d/uda1ds uo V1 Ldd-V1S L1de aniisuas 10} pajsay UayM paydIeas sem v "nd|
UBYM PaLDIeas /] {Seiq uo3dajas ur juasald se payiuap| AN AN AN paseq (%£°£8) L5/0S V1 Pue AAYP 10PRISY 1S 0bels £8) 0SL ur syuaned 61-AIAOD 051 oplB 32 SWIAH
Aue u
Pa12339p 10U /7 SUOIS3| 31|
“UIBIQIYD L3IM Sjusdsajope
AN N AN N (lre ur jewsou,) o AN 44 pue ua.pjiy 61-AIAOD ZZ op12 32 BUIPUY
(.S3uaned ayy
Jo Aue ur pajdaap
SElq uond9|es VN YN VN AN j0u sem v/1,) 0 AN € NDI 61-AIAOD YUM $3s€D ¢ RS bueyz
Sdv Pey (%70°0)
juaned | ‘syjeap o€ yum
(02/v/8) suaned 61-aIN0D ppIPIUEMIM
AN AN AN AN (%%0°0) L AN 69¢€°C 69€°7 pa3e|nwndde Wwouy pue LiseA
sased
passasse ujsisiad anes 61-QINOD sbuipuy uiew
SjuUaWIWOD) sjuejnbeodnuy d¥d V1 passassy 61-AINOD 03 dur] V1 Jaquiny V1 40} poyiain Jo JaquinN pue suondidsap ase) ERIIEIEIEN]

6 1-AIAOD Ul Buiisay v 03 pajejas ainjesay| jo Alewwng | ajqeg

Vol. 48 No. 1/2022 © 2021. Thieme. All rights reserved.

Seminars in Thrombosis & Hemostasis



Favaloro et al.

Lupus Anticoagulant and COVID-19

60

‘pangiyosd AjoLas si uonNquISIp pazuoyineun "AjUo asn [euosiad Joj PapPLOJUMOP SeM JUBWNJ0P SIY L

Luueday wouy
dualayIAUl d|qissod
Buneuiwis siazijennau
uneday urejuod syuabeal
LANAYP., *Buiissy 03

Joud sajduwes ewsed |je
uo (01yQ ‘eleiuy) anowy

(100=d
HLSPL-GPL
‘1D %56 ‘6€y ‘0nel
Sppo) sisoquiolyy
YlIm pajeidosse
Apuapuadap
3q 03 punoj sem
V1 ‘d¥D 104 bunsnipe
13)Jy "sasoquioIy}
ou y1m asoy) ueyy
S|9A3| d¥D 19ybl
Apuesyiubis aney
J0U pIp S350qUI0IY]
ym sjuaijed
(10°0>d 1p/bwg L
SA p7L) LAASP
Aq 1 10} anyisod

b

Sdv 10} u:.mtcaE.

(€00=4)

%€ 40 suaned
annebau-y7 10}

3kt e yym pasedwod
Se ‘%€9 JO 1Bl JUIAD
ue ‘(snouan pue
|el311e) sisoquioayy

1591 V1-LOTDVLS

Aq aanisod osje atom
(%68) LL "LAAYP
£q v1 annisod
sjuaned annisod
—61-AIAOD 0€ 343
340 "(zoo'0=4d) 61
-AIAOD 104 aAnisod
pa3sa3 oym syuaned
Ul (89/0€) %y
sA(6LL[22) %TT
Sem 61-AIAOD 104

LAAYP pabuojoid

Jo asned urew ayy se Aouapyap
10328} 3PN|IX3 03 3NSAI XIW Y}
uoneIapisuod ojul bupjey pue
sadualaIaul bnup enuajod
Bueurwija 1a34e 7| < ones
Pazi[eWIou B U0 paseq sem
Auanisod v jo uonelaidiaug
‘uonejndod [ewlou jo
9uadiad U166 3yl 1e dnias (v1
-LOTDVLS Pue | AAYP) @Anisod
V140§ §03n] “AeSSe VI-1OTDVLS
(uonezijennau pidijoydsoyd
|euobexay) yum paisay os|e
sa|dwes 3o\ ‘s1533 JAAYP ||B
uo pautioyad salpnis XIN “11de
AA1NISUS-y] B pue Aesse | AAYA
S YyIMm pauaalds a1am sajduwies
IV "sau1Ppinb H1S| buisn
pajaidiajul pue pajiodal synsal

ainod

pajsanbau 2Jv0a buisn parowsai 13593 sjuaned pajuawndop an3ebau pajsay oym 1AAYP "SUOIIEPUSWILLIODA) UM 89 "SA gJAQD-Uou
QUaM sy woym i syuaned 6| aIam 3say sHvY0Qd ul 1aybiy sem [9A3] se uondNpo.Ul pey 61 ‘@Anisod v syuaned ur JAAYP Ja1nydejnuew 1ad se syuabeas 6L1 ‘020z jo pouad ow
-QIAQD PIssasse iseiq UolI3|as uo al1am sjuaned Auepy d¥D ueaw ybnoyyy ur 3dadxa YN sjuaned og JO "SIA Aq a1e1 anyIsod-y] 0DVI1S buisn xepy ¥-v1S 89 -z U1 pa3sanbal s1591 1 £8L e 12 sakay
sjuaned (%z6) £z uaanisod
Sdv V1 °NDI 01 pajjiwpe Z-A0D
11de pabuojoid Aq Wwiuod 03 salpnis -S¥VYS PaULIUod pue | |de
paunuapiide pue 61-AIAOD YIm a1mny 1oy Jueiodw (19zAjeue pabuojoid yum syuaned el® 39 uniquieyd
sjuajed passasse selq U033 AN AN pauonuaw Ing ‘aN AN (%z6) szlez 001GSD UO ‘sudwa|s) IAAYP (14 Gz ul 3|yoid 1de passassy 9p uojauld
. SuoISNPU0d 3s|ey
PIOAR 0] [9A3] BX-lJUB
ay1 payIayd am ‘gjduwies dais uopewnyuod ayy ui padde
yoea uj ‘syuabeal ayy jo 219M SO13E] XIW WIU0D [XIW
sanijiqeded buiziennau ¥ UD31DS ‘SaN|eA JJoInd
uueday ay) paadxa Aq saduasaylaul |B20] PaPaIIXd WLIJUOD | AANYP
18Y3 S[2A3] A3iAIoR 03 auoud si wajsAs 3|duy om3 wayy uaym ‘syuabeal v jopeis
ex-ijue di3nadesayierdns 159) paseq-1 | de buowe ‘annisod pue ‘yi-11d ‘wiyuod pue
Lsuonedydwod 18 DV paseq-1 [ de ayj asnedaq annisod 1de a19m U3312s AAYP 10]PEIS-V 1S 0bels
J130quiolyy 03 pajejal AjJespd jou aAIsod-as|ey sasned SI Wa3sAs | | de sy Jnoym sjuapzed buisn (obeis) uonnjoag Yvis e
‘JI9ABMOY (U01IIRJUI 6 [-AIAOD uriedexoua searaym Ajuo 41 suoisnpuod uoISeId0 puod3s e (%L°2L) zz/ol U0 9UOp 53593 ||V *(UOISI9A 6007)
ul pan1asqo (aseyd aynoe) buunp ‘v 9n1s0d-as|ey ui 3nsal anisod-as|e} pioae uo aAnebau alam “1de dU0 1se3| e pey saulapinb H1s| 03 buipiodde NDI 01 paniwipe
Aynisod v 9)buis Juanbauy J0U S0P H4N ‘anpadoid 0] S|9A3| d¥D FI3Yd sjuaned anysod sjualied dnoquioiyy SWAsAs 31591 paseq-1 [ de sjuaned 61-AINOD
3y 1oddns suopiealasqo unQ, dajs-aauy3 ayy buik|ddy, 03 juepoduw st 3, -y Pa31sa3a1 0L /6 (%8°LL) 6/L (%L°19) L€/LT ‘LAAYP ‘bunsay v dais-aauyy L€ PaWIUOD SAINIISUOD | € ¢cIB 39 35931030
Adeiayy juejnbeodnue
panadal S|y (500> d ‘%6'9¢ SIv
UM sjuaned ||y ‘sjuans ‘SA £°€8) M0.S syuaned (%£°€8)
21|0qUIA0qUIOIYY 10 INOYIIM IS0y Ul ueyy 9/g Sl IN0yIIM SIV yam
Ayzedojnbeod buiApapun SIV yum sjuaned sjuaned (%6°92) sjuapied “+a°1) J1WAYISI d19M
Jo asnedaq Adesayy ul paAIasqo 1de 08/. :jpued sdy S9SED (%L) 9 pUB 90115 MaU
uonejnbeodue panadal Jo duaeaald 1aybiy yum aanisod aram (spoyiaw paydadsun) Pa11qIyx 98/, "61-AINOD
syuaned (%8°5S) 98/8% AN AN Apuesyubis v “sap (%5°2€) 98/z1) AN V1 buipnput ‘spued sqv, 98 pauLIyuod yum sjuaned 98 zcle 19 ueg
Of1el Wijuod/onel uaalds
‘annisod Ji ‘pue ones uaalds
410q 10§ 07| SEM 3N[eA J403nD) sisoquioly}
(L0=d) *s3|nsal ewse|d 9dUIYR “SA 19191382 SNOUIA JAISUIIXD
(%£8) (9r/ov) sonjel se passaldxa alam s3jnsal L pue ‘0115 | ‘Id ¥ ‘1AQ
suorjedtjdwod WUOd pue uaauds | AAYP 9z buipnpour (%8¢) syuaned
Ji30quoyy juaned ‘papasu Ji (obeis) 8 Ul parodal sjuans
noym syuaned (1) dNd buisn s3sa3 paseq-1 | 4e pue 0qQUIOIY] "UOISSIWIpE
sjuaned 61-QIAOD Ul (%28) LAAYP 4304 10§ s31pn3s Buixiw uo H4N 10 HMINT
sjuaned 61-QIAQD 2593 Ul papN|PXa 9q 10U P|Nod s3jNsal aAlIsod po1iodal 3dua1n20 8z/€z :uonesydwod Buipnjpui “(0be3s) viaopeis (%£2) >nnadesayy 10 (%€L)
-35|BJ 18U 05 S|]9A3| d¥D PIILA3|d Aq Paldayye ale /] -10[2BIS Pue V-1 Id Yioq (11) ‘uondafu sisoquioay) s0quoly) U3Y] ‘UIIDS 10§ | | 4B IAINSUIS sioejAydoid paniaday
210J3q 3sn[ pawuoysad A|qesasaid buyduwes aydsap Ajianoe ex-nnue uedexous/H4n U3IM pajeldosse ym syuaned (1) -y (SUBWIAIS) Wiyuod/udalds *61-QIAOD Yam syuaned
u10q Aq pa1dajje si Aesse y1-11d (1) se paiaidiaul aq 10u pjnod s3nsal ] paseq-1 | de j0u 1nq JudjeAdld (%1°58) vL]€9 LAAYP paiesbagul paie|nuaA Ajjedstueydaw
‘35e13U0D Ag "WIIsAs 1531 [ AAYP Pa1e1Baul 3Y3 YIIM 2134133Ul JOU PIP S|9A3]| d¥D PIIRA3[] AN Ajybiy v1 "oN T AAYP dAINISOd Buisn apew sisoubeip v 74 JAIINIISUOD f/. L¢I® 39 32106,
sased
passasse uajsisiad ¢M1anas (%) aanisod 61-AINOD sbuipuiy urew
sjuaWWo) sjuejnbeodnuy d¥d V] passassy 61-dIAOD 03 djur] V1 Jaquinpy V1 10} poyzapy J0 1_3quIny pue suondudsap ase) EITEYETEN]

(panunuod) 1 ajqey

Vol. 48 No. 1/2022 © 2021. Thieme. All rights reserved.

Seminars in Thrombosis & Hemostasis



61

Favaloro et al.

Lupus Anticoagulant and COVID-19

(panuguod)

‘pangiyosd AjoLas si uonNquISIp pazuoyineun "AjUo asn [euosiad Joj PapPLOJUMOP SeM JUBWNJ0P SIY L

Aep

e 9du0 bui of ‘ulledexoud
PaAIadaI W0} d13AISUOU
e 1oy pazijeydsoy asoyy
seasaym ‘quawbeuew
61-AIAOD Ul sauljepinb
U331 Y}IM SDUBPIOIIE
ul (Aep e 3d1m3
Ajsnoaueinaqgns buwi oy
“uredexoua) HMINT

40 asop dndejhydoud
yb1y e panladas uond3yUI
61-QIAQD JO WI0J 313N

(58°0=4d) (8Lz-9v1)
181 anyisod

1de “sa (852-2Z1)
81 aA1ebau 1de)
Aunisod 1de yum
sjuaned ur19ybiyjou
SeM UOljeljuaduod
d¥D "H0Y0d
6L-QIAOD 68 241
uryoI) uelpaw) /6w

uopezijeyidsoy
buunp Ayjeyiow
Yam Jou ‘34

10 | AQ 4O 9JU31INID0
oy pue Ayaiisod 14e
U33M33q UOIJe|31I0D
ou “1de jo duasaid
ayy 03 buipiodde
payipow uaaq

10U pey JUAWIe]
juejnbeodue 3soym
sjuaned Jo4 "6
-QIAQD d13A3suUOU
puB 313A3S

uaam3aq A3 od

sg0=d

(%69)

wm\ov 919A3SUON
(%€°19) LE/61 19135
(%€°99)

68/66 syuaned ||y

AAndadsal ‘g1 > pue gz' 1>
219m sabuel [ew.ou ‘soes
WHU0d/uda13s 33 se passaldxd
S}|NS3Y "WUOD pUe UIIDS
(11s0WwaH) 1S pue LAAYP

Jo sueaw Aq 5359 UOIBWLIUOD
pue ‘buixiw ‘bujuaaids buisn
‘SUOIJEPUSWILLIODAI H]S| Y3 0}

61-QIAOD 104 pazijeydsoy

e bujuasaid syuaned,, (€01-58) SOL=d¥D AN V1 Ul 92U313J4Ip ON (u) % ‘anmsod v Buipiodoe pawioyiad shesse v 68 sjualjed aAINIASUOD 68 6l€ 19 Helidy
(2unrey
|eual 03 anp Ajiep aduo
b /bw | uuedexous auo (Lo=d) 1 LFT8
pue Ajiep a31m3 63 /bw | (Lz=u) annebau-y
unedexous sjuaijed 8F T8
£) uonenbeodue (91 =u) anysod-y1 aseasip
|In} paARda1 g pue ‘(Ajiep (@S ¥ ueaw) 43D 213A3s YIM (%Z)
2du0 buw o uledexoua) syuaned 61-AINOD 61/8 pue ‘aseasip
asop cnaejhydosd aAiebau *sa aaisod 9jeIPOW YUM
paAIedal sjualjed V1 U99M13q S[an3| (%S1) €1 [z ‘aseasip
8 "HMINT U0 319m d¥D Ul dURYIP plw yim (%4s) aanisod sAesse WLIUOD pue udaIds
sjuaned aaisod-y1 ||y uesyubis oN AN L1/9 :9n150d 1 "ON V1 (%LE) €v/91 (TISOWSH) 1DS pue LAAYP a4 61-QIAOD 2ANNIISUO £ty gl 32 OUAL
61-dIAOD YaMm payiuap!
133B| G "SUOISI| UIS
9y Jo1asuo joudymz oydn
U0I3IBYUI Z-A0D-SYYS YIM
Pa3e1D0SSE SUOIJE}SI)IUBLL
[e31ul> pey pey
OUM JO 3WOS ‘SUOIS| 1| JcIB 39 Z2€S
AN N AN AN AN AN S -ueiqiyd yym syusned || exUIN)
V1 pauLIuod e pey |
Ajuo Juana dnoquuoiyy
| 35e3] 38 pasayns
Jle ‘a1njiey Aiojeuidsal
o paip syuaned aaiyy
40 |e303 i "9AIIS0d sem
V1(%08) 9/€ ul *(%95)
juanbayy 3sow buiaq
3d JUaA9 doquuoIY)
e paduauadxa oym jo g
‘Sayy Bumojjoy aunjey
Kiozendsal 03 anp D
0} uoissiwpe panbas
(%z°z) syusned
9 4O [B10} V/ “13dUBD
10 ‘uqey bupjows
“A1s9qo ‘sajaqelp
‘eiuapidiisAp
105 10y ‘uoisuanadAy se yons
papnpxa 13punojuod 3|qissod 510308} 3{SL JOQUUIOIL}
219M SHVYOQ( 10 ulieyiem e se payiuapl pey syuaned
Buiniadas syuaned "asop 30U 3Inq [05°0-0L°0 SL/€L V1 anmsod
158 Y3 191e Yz apew -¥¥] 1p/bw ([9'9¢ Pey Z Ajuo ypiym woy
Aeys [endsoy 11243 9I9M SUOIJRUILLIAIRP Y} -£0°0] z€'2) syuaned JUaA3 djOqUUIOIY} Aeys [eydsoy 11243
buunp v 10j paisal uaaq pey pue ‘uneday dnoejAydoid 61-AIAOD LZ 3W1 e pey (%5°SS) syuaned (T1SOWaH ‘wyuod/uaaids buinp vy 10} pa1sa] usaq
1843 61-dINOD :selq uond3|as uo a1am sjuaned ||y 10} pajsodau sanjeA AN Gl 40 B30y "ON (%z°Te) LTy 1410q) 1DS pue (11SOWaH) LAAYP Lz pey 3ey3 sased 6 L-AINOD LT ogl® 39 211830 9p
sased
passasse uajsisiad ¢M1anas (%) aanisod 61-AINOD sbuipuiy urew
sjuaWWo) sjuejnbeodnuy d¥d V] passassy 61-dIAOD 03 djur] V1 Jaquinpy V1 10} poyzapy J0 1_3quIny pue suondudsap ase) EITEYETEN]

(panunuod) 1 ajqey

Vol. 48 No. 1/2022 © 2021. Thieme. All rights reserved.

Seminars in Thrombosis & Hemostasis



Favaloro et al.

Lupus Anticoagulant and COVID-19

62

‘pangiyosd AjoLas si uonNquISIp pazuoyineun "AjUo asn [euosiad Joj PapPLOJUMOP SeM JUBWNJ0P SIY L

zL000=d
LLOLFOETL
(L6=u) V1 aA3ebau
Yam sjuaned

UOIIB|IIUIA

LJuasaid S LOLFO'LSL |eatueydaw buninbal
jou sem uopze|nbeodiue (s6=u) V1 ?soy3 10 “(spLy'0=d
0] aNp DU annisod yym syuarieqd 1%TEG "SA
EIGENJEIEIT 08LLFZZHL /1) SI0AIAINSUOU
pue uone|nbeodnue (z6L=u) 79 "SA SIOAIAINS Q€ (pay1dads asimiayio jou Z-\0D
31043q pue sjuanied |ejo U33M]3q PaAIISqo spoyiaw Inq) (UOISIdA 6007) -S¥vs 03 anp ejuownaud
UOISSIWIPE UO pajen|eAd s>y V1 Yyam sjuaned (%5°6%) syuaned LH1SI 3Y3 JO suolepUAWIWOIL 61-QIAQD 10} paziendsoy
sem y1 ‘Apn3s 1no uj,, (1/6w) d¥> AN JO % Ul dUIRYIP ON Z61/S6 Ul punoy v 01 buipiodde, pajenjens v 61 sjuaned aANdasuod 76| yolB 39 Osniezzen
~/MD
pue s3s33 dl3eISOWAY
woly Ajjiqe|nbeodsadAy
10J DUIPIAS pue I|A
40151 ybuy Jayy uanib
e|Aydoidoquiolyy
|ea1bojooeuneyd
uo pajieys alam sjuanzed
Z1L ||B “JUIWISSISSE Y
1314V "JUIWISSISSE JO AW
ay3 1e uonejnbeodnue (uabAxo moy-ybiy uo
10 sixe|Aydosdoquiolyy XVIN 10 UOIIE|I3UdA [BDjUBLDAW
uo jou 313m,, sjuaned 6| [CIEIER syuaned (%06) VLS U0 Y-L1d Pue ‘wiyuod 12y12) 61-AINOD
-QIAOD I Aljearid z1L YL AN AN a1am sjuaned [le) 3N ZL/9 ut pa1dalep v pue u99135 (102e1S V1S) LAAYP cl 219135 Lym syuaied ND) ZL £gl® 39 UB]
8'1SF 666 (5L =)
(461 /winipaw)
(%09) a|dnniy (q)
(SL/6) (ybry/wnipaw) 9'/SF 1'86 (€200=4d)
aydiinpy (q) (91 =u) dnoib 1de s7de 10} annnebau
(%52) (91/z1) dnob 14e (mo)) aydinw/3)buis a1am oym sjuaned oy
(moy) ajdijnw/a|buis () (e) ur d¥d :(LE=U) patedwod uonaiejul
:(LE =U) Ss1de 10§ dAINSOd S1de 10} dA1ISOd |B1Q13D JO AdUIPIOUI 11t Ajpe:
(%€'1S) €v8F L88 (SE=U) 1aybiy Apuesyiubis «HLSI oym sjuaned 61-QIAOD
(G€/61) s1de 10} anreban s1de 10} anizeban e pey side a|dinw 1 319m sjuaned Aq papusawiwiodal se,, ‘Wiuod €1 pue || Ajjea131d 1am
:Adesayy Juejnbeoonuy 1/bw 4y AN Y3m sjuaned Ajlea1id (%0°€) 99/ pue uaa1ds (71SOWaH) IAAYP 6L oym syuaned 61-AINOD 99 29l® 39 OBIX
%L’ L sem
«(SIV 61-QIA0D u1) sjuaned 61-QIAOD UI SIV JO
pajiodas sem (%8€) 9duappul pajood :sjuaned
ajed Ayjenow ybiy geL buisudwod saipnis
(%LzL) (1/Bw) e pue 1de 10} annisod sjuaned pajiodal 6¢€ "syuaned 61-AIAOD
L££]95 u payiuap} (L°16) 9°50L (as) pa1s3] sased (S|y) (%L°1¥) TLlS Ut U1 95u31N330 S|y bunlodal
uone|nbeodnuy ueaw 08 =u ‘d¥d AN 4O Jaquinu 3|qejou e, juasaid pajiodal v payidadsun/patiep GelL SIIPNIS |[B JO MIIADY LglE 39 ueL
Aep 19d ad1m1
‘uo13d3ful snosuendqns
‘N1000°9-000Y HMIN Sdv H1SI Aq papuauwiwodal
paniadal syuaned /| Wwiyuod 03 sapnis se ‘sABsse Wiiyuod
‘snje3s a|qejnbeodsadAy 91n3ny 104 Jueliodu dnoub abejs-jeuiuniay pue uaa1ds [ AAYP 1ISOWH NDI 03 paniwpe
ueoyiubis ayy 03 anq, AN pauoijuaw Ing ‘aN AN ur (%5)3uaned | Aluo Aq pautiopiad v jo uondaleq 0z syuaned 61-QIAOD 0C ool® 39 Bueyz
sased
passasse dua)sisiad PZSTIEVEN (%) aanisod 61-aINOD sbuipuly urew
SjuaWIWOo) sjuejnbeodnuy d¥d V1 passassy 61-dINOD 03 djun V1 Jaquiny V1 40} poyiapy Jo 1_quIny pue suondidsap ase) UIJRY

(panunuod) | a1qel

Vol. 48 No. 1/2022 © 2021. Thieme. All rights reserved.

Seminars in Thrombosis & Hemostasis



63

Favaloro et al.

Lupus Anticoagulant and COVID-19

(panunuod)

‘pangiyosd AjoLas si uonNquISIp pazuoyineun "AjUo asn [euosiad Joj PapPLOJUMOP SeM JUBWNJ0P SIY L

Lutiedexous yum
HMIAT Buisn uoissiwpe
uodn sixejAydoud
Jpoquioiyinue

(1/6wzzs F901)
sjuaned %88

Sdv
WiIuod 03 S3IpN3s
a1mny 104 Jueliodu

PaAI9SqO am Os|e Inq
14040d 1IN0 UIyIM
Juedyiubis a3nb sem
1de jo 3duapdUl 3y}
Ajuo 30N "g8L0°0=d
‘SNDI 01 Jaysuey

3Y3 YuMm pajerosse
Ajpuedyiubis

a1am s1de “(v€/L)
%9°07 se juedyiubis
os|e sem Jde

10y aniebau syusned
Ul 31A 40 duapiut
a3 ‘JIAIMOH

‘1A PRY

(%9°82) T “1de yum
sjuaned 7 buowy
“1dB 13410 Yum v
pey | pue y7aapisod
paje|os! pey g yaiym
0 1de 10y aansod
auam (%L1) Ly/L
pue 31 A padojpaap

(1de 104

annisod a1am (%2 1)
L¥[2) .sa1poqnue
1de,, Jo ajsoduwiod
se pajiodal osje

(.Aesse

Paseq-1AAYP,, pauonuaw
:aN) (lIsowan) 1S pue LAAYP
AQ H1SI Aq papuswiwiodal

pey sjuaned v, Ul pa1eAdJd d¥D pauonuaw Ing ‘aN (%22) Lvl6 e1ep {(%9'vL) Li/9 se pawuoyiad bunsay v Iy syuaned 61-AINOD L /glB 12 9pewey
(yzi/inoot) (uosuedwod
HMIAT snoauejnaqns Aue 10§ SN =d)
Buisn uonenbeosnue (£90Z ‘T’61)
SAIRIND Y)IM PaIea.) JIA 6°LL QIAOD NDI
40 10151y e yum syusned (£95 “1°12)
‘6001 < s3uaned 0°9€ dIAOD NDI-uou
104 Yz A19A3 N1000°9 (6L °L°81)
10 By 001 > syuaned 9°'9€ ‘||e AIA0D (%52) ¥/L AIA0D NDI
10} 4z A19n3 unedexouy (€°00L ‘v'9L) (%02)
N1000'Y) #°59 NDI AIAOD-UON «dnoub juaped 0l/z QIA0D NDI-uou
HMINT 0 s3sop plepueis (0'soL “L'ot) 61-QIA0D-uou (%12) vL/€ :lle dINOD
J0 uonessiuIWpe +°G6S NDl-uou 3yl yum pasedwod (%L1)
Aq pauyap QIAOD-UON 61-AIAOD 243 9/1 NI AINOD-UON no pajni
Adesayy uonenbeodnue (z'soL ‘z'zL) 8'95 U93IMIDQ DIURIDYIP (%L1) L2le SeM 61-QIAOD L Ul 3jiym
ondejhydod disse|d |e AIAOD-UON juesyubis ou yum v NDI-uou @IAOD-UON ‘T-A\0D-S¥VS 10} annisod
‘UOISSILLIPE U0 JUSWIeaL) (L'soL annisod Jo Aduanbauy (%z1) paisa) Apuanbasqns /| "a3
uonenbeodnue pey ‘L°ZL) SoF IV ajesapow Jayel €€/ :l1e AIAOD-UON 19zAjeue XyIN 9u1 Ul 61-AIAOD pa12adsns
sjuaned pazijendsoy ||y /6w 43D AN e pa1233ap IM,, (%S1) Ly[L v AVLS ‘Olel pazijewiou ‘I AAYP LL Aleauip yum syuaned gg gol® 39 J13neg
(Llzoo=d
/6w z'v9
pauonuaw jou upeday SA 47 1) d¥D 4O [9A3]
(905°0=d) 12ybiy pue (%6°€L "sA
(%1°6) LL[L 3uaAd #'9€) I1A J0 A103sly
2130qQUIOIY} YIIM SIUled |eaipawi 3sed e (pLE0=d)
(%1°G1) Ajjusnbayy atow pey IN0Y3IMm Isouy
€6/¥71 3UdA3 dOqUIOIY} JUdA3 d130qUIOIYY 40 (8¥/81) %S°LE
IN0OYIIM Sjua1led e YuMm sjuanied “SA JUSAS d130qUIOIY3 payidads jou
(%'v1) [z01-0€] 1/bw 69 yam syuaned jo (s/€) Spoy3aw Inq ,sauldpinb H1s| v110) sjuaned (%9°6¢€) €£5/1T
sjuaned 0 L/SL [eI0L 4O 3N|eA UBIPAW YIIM uoneywi| Apnis se %09 ul 9aisod aq sjuaned 01 buipiodde, 19zAjeue 00 1SSD passasse £G Ul punoy 1 "y 104 passasse
:juejnbeodnue |e1Q pasealnul S|aAd| d¥D paziubodal Ing ‘anN 03 punoyj sem y7 "oN (%9°6€) €5/LT e uo pawuloyiad bunsay v UYim ‘p0 L €6 ‘sjuaned 61-QINOD Y0L I CRE] anoduof a7
sased
passasse uajsisiad ¢M1anas (%) aanisod 61-AINOD sbuipuiy urew
SJUIWIWO) sjue|nbeodnuy d¥D V1 passassy 61-dINOD 03 )jurn] V1 Jaquiny V1 10§ poyia |\ 40 1_quIny pue suondudsap ase) ERICIETEN]

(panunuod) 1 ajqey

Vol. 48 No. 1/2022 © 2021. Thieme. All rights reserved.

Seminars in Thrombosis & Hemostasis



‘pangiyosd AjoLas si uonNquISIp pazuoyineun "AjUo asn [euosiad Joj PapPLOJUMOP SeM JUBWNJ0P SIY L

*SM3IAR. |BUOISEII0 WOy sbuipuly moys osje ejeq ‘sbuipuy uo 310dal oym sioyine Aq pooisiapun shemje
jou sI s1y3 3nq ‘sbuipuly uo duUBNUI UB IARY [|IM SIY] V] SSISSE 03 pasn 9q Aew (pajusawindop sAem|e Jou) spoyiaw Jo A3aLieA apim eyl 3o “builsi) pajNgnd Jo 19pJo Ul paisi| pue ‘salpnis 9sed 3|buls apn|dxe eleq,
"WISI|oquIa0qLUIOIY3} SNOUIA ‘J| A ‘ulleday pajeuoiidelun ‘H4n ‘UOIIBIASP piepue)s ‘gs ‘awil buiop edijis ‘1 )s abuel adualayal
“¥¥ ‘ewse|d jewou jood ‘dNd ‘wsijoquwia Ateuow|nd ‘34 :patodaljou ‘YN auop jou ‘gn ‘utieday 3ybiam-1e|ndsjow-mo| ‘HAMINT :3ueinbeodijue sndnj ‘7 (SISeISOWIBH PUB SISOQUUIOIY | U0 A33120S [euOIIeUIRIU| ‘H]S]
tabuel 9j131enbiazul Y| {HuN 3183 dAISUAUL ‘N SJuswiedap Aduabiawa ‘@3 {s1soquuodyy uida daap ‘| AQ Wi} WoudA J13dIA [[9ssNY 3IN|IP ‘L AAYP (SIuenbeodijue |10 19311p ‘SOYOQ :SISA|BUR WIORABM 30D ‘YAND
Jjoydsoydijue “14e ‘93013s JIWAYIS! 9INIE ‘S|y SUOIIRIARIGQY

Favaloro et al.

Lupus Anticoagulant and COVID-19

64

{awolpuAs ssalysip Alojelidsal ande ‘sgyy ‘awiy unisejdoquiolyy |erzed pajean3oe ‘| | e awolpuAs (Apoqiaue) pidijoydsoydiue ‘sdy saipoqiue p

sased
7 13430 Ul pauonuaw
jou 3sed | u ueqexide 61-QIAOD pue j011s
£S3SED € Ul PAJOU HMINT dIWAYISI 3INJE YIM 0Z0Z Ul
yum uonejnbeodjue annisod pouad 3m-z 190 passasse
onnadesayy AN AN AN v1(%€°€8) 9/s payidads 10N 9 sjualjed aA[INIASUOD 9 608 32 13noJAag
(Lv0o'0=d) (82/1)
annisod vy sem
dnoib giAQD-uou
93 40 %9°¢ 9iym
.S1oqiyul 101oe) ‘(Papn|Pxa JuaWwean
bunjop pue sidpew uneday uo s13y10)
Kiojewiweyul (9z/9) awainseawt
13430 pue juaned Aue JUIMISpUN oYM
d¥D PaieAdpd 03 anp Ul pauLIuod 3q jou *dnoib 61-QIA0D
paJapIaiul 3q Aew p|no> y1°paip dnoib syuaned 61-QIA0D Ay} Jo %L gz Ul
53591 quabeal | AAYP yoea uj syuanjed Ul 310W PanIdsqo Juasaid 1de uowwod
Apnis siy1 ur papnpxa pue 1531 buixiw buisn |BIDAIS IINIMOH sem 7 Ajuo I50W 3y} sem ] uonNquIsIp Jo ajuadiad
alam sisiuobejue Aq paquanaid aq ‘pajeadal a1am $3593 ‘syuaned 61-QINOD *(8¢/L) dnoib qIAOD 166< S 195 /1 104 3aN|eA JJo3nd (dnoib
3 UIWEYIA 10 HMINT 03 patiy st 31 ybnoyyje 1de ‘dn-mojj03 ND| -uou 10 61-dIAOD -uou 3y} Jo %67 1207 *sda3s Wiyuod pue udIds AIAOD-uou) syuaized
10 H4N pasn oym asouyy ey s1 Apnis bupinbas saseasip Buowe sjuaned pue (L¢/g) dnoib XVIA V1S uo (v 130)eIS) | A||e211112 6 1-QIAOD-Uou
“buysal vy uamiapun 1no Jo uonew| 13430 pue 61-aIN0D A 15 ul dasod dIAOD 943 JO %8°GT spidijoydsoyd aseyd [euobexay gz pue (dnoib gIAOD)
oym ‘sjuaped ayy jo -, J9ylouy, ‘AN 40 A13A0331 191y |enba a1am side ur aanisod asam side UM | 1 de pue | AAYP obeis L nDI utsyuaned 61-AIAOD LE ggl® 39 UEyRIRY
sased
passasse dudjsisiad PZSTIEYEN (%) annisod 61-aINOD sbuipuly uiew
SjudaWIWOo) sjuejnbeodnuy d¥d V1 passassy 61-AIAOD 03 dur V1 Jaquiny V1 10} poyiain Jo Jaquiny pue suondidsap ase) ERIIEIEIEN]

(panunuod) | a|qel

Vol. 48 No. 1/2022 © 2021. Thieme. All rights reserved.

Seminars in Thrombosis & Hemostasis



Zhang et al's report for aPL.'” Thus, there is likely to be
additional selection bias in the literature where authors
investigate LA (and other aPL). This bias can take two forms.
First, researchers are more likely to publish positive findings
than to publish negative findings. As an example, Tang*’
responding to a comment on one of his earlier articles
indicated that “they had assessed LA in dozens of their
COVID-19 patients and very few were positive.”
The second form of selection bias was apparent in several
publications. Here, researchers actively looked for LA in
select COVID-19 patient cohorts. This may include those
who had raised aPTTs, or with clinical or laboratory suspicion
of LA. In these studies, a relatively high level of LA was
naturally identified in the studied COVID-19 population*®#7.
One can propose that this might be anticipated, and indeed
findings of LA in patients investigated for prolonged aPTT or
under clinical or laboratory suspicion of LA would be not
unexpected, irrespective of the presence of COVID-19.

C-Reactive Protein

Creactive protein(CRP)iswellrecognized byexpertsinthefield
to potentially generate false-positive LA findings, in particular
usingthe aPTT.”"7?Indeed, ifLAisidentified only with the aPTT
method, thenCRPshould beexcluded asacauseoffalse-positive
LA.>371.72]tisimportant to note that CRPis also highly elevated
in patients with COVID-19, including those with reported
LA>1:5%:56,58,59.616264-67  |pterestingly, however, most
researchers reporting on LA in COVID-19 did not mention
CRP, nor report data on this biomarker. In some cases, these
data may have possibly been reported elsewhere, and in other
casesmay not havebeengathered orevenconsidered. Of further
interest, even when investigated or reported, CRP was not
always contemplated by the researchers as a potential con-
founder for LA identification. Where reported, levels of CRP did
not differ between COVID-19 cohorts found positive versus
negative for LA,>3°%62 or else a statistically significant differ-
ence was reported.”>%* For example, Reyes et al>® identified
higher levels of CRP in patients testing positive for LAby dRVVT
(14.4 vs. 7.5 mg/dL; p < 0.01). They also reported that patients
with thromboses did not have significantly higher CRP levels
than those with no thromboses, and after adjusting for CRP, LA
was found to be independently associated with thrombosis
(odds ratio, 4.39; 95% confidence interval: 1.45-14.57;
p=0.01). Gazzaruso et al®* also identified higher levels of CRP
in patients with positive LA(n =95; 151.6 + 101.5 mg/L) versus
those with negative LA (n=97; 123.0+101.7; p=0.0072). Of
course, none of this is the same as saying that the raised CRP in
COVID-19 patients did not influence LA positivity, at least in a
portion of “LA-positive” COVID-19 patients. However, it proba-
blydoessuggestthat CRPisnotinitselfamajordriverofanyfalse
LA positivity in COVID-19 patients.

Anticoagulants as a Confounder to LA
Testing

Similarly, many publications did not identify whether their
COVID-19 cohorts were anticoagulated, or where patients

Lupus Anticoagulant and COVID-19 Favaloro et al.

were identified as anticoagulated, what anticoagulants were
used for treatment. Some publications did identify the anti-
coagulants used for treatments, but failed to consider that
these same anticoagulants could represent a confounder for
LA testing. A few publications identified anticoagulants used
for treatments and their possible presence as a confounder
for LA testing.

In COVID-19, most patients would be under heparin
therapy, with most under therapy with LMWH. Alternatively,
some patients would be under DOAC therapy, and some
under VKA therapy. Here, we need to reflect on treatment
applied to prevent or treat thrombosis arising from COVID-
19 or its complications once admitted to hospital, which is
likely to be LMWH(/UFH), versus patients who were already
on an anticoagulant to treat or prevent thrombosis prior to
contracting COVID-19, which then would more likely be a
DOAC or a VKA. As mentioned previously, all anticoagulants
affect LA testing, as summarized in =Table 2. Thus, the aPTT
component of the LA test panel (or the SCT component, as
used in some laboratories) would be sensitive to all the
anticoagulants (VKAs, all heparins, DOACs). Mitigation of
any anticoagulant effect on aPTT or SCT, as used for LA
testing, is difficult, as also outlined in =Table 2. Note that
the aPTT in particular is also used to monitor UFH therapy,
and thus may be purposely designed to be particularly
sensitive to UFH. Nonetheless, the SCT would also be very
sensitive to UFH. Although it is generally considered that the
aPTT is not highly sensitive to LMWH, given the predominant
anti-Xa activity (as opposed to predominant anti-Ila activity
of UFH), both aPTT and SCT would have some sensitivity to
LMWH, according to the concentration present. The dRVVT
would be sensitive to VKAs and DOACs, and less sensitive to
UFH/LMWH because most commercial reagents contain
heparin neutralizers, quenching the heparin activity when
within the therapeutic range, and generally up to 1 U/mL
heparin. Nevertheless, higher concentrations will affect the
dRVVT, which, in the absence of heparin neutralization,
becomes very sensitive to heparin.

Some researchers had different strategies for mitigating
heparin interference. For example, Devreese et al®>> surmised
that “applying the three-step procedure, UFH does not result
in false-positive LA, whereas enoxaparin (LMWH) causes
false-positive LA at supratherapeutic anti-Xa activity levels
that exceed the heparin neutralizing capabilities of the
reagents.73’74"

For VKAs, the only solution is to either avoid testing or
perform mixing studies with normal plasma2® to correct for
the VKA-induced factor deficiency (factors II, VII, IX, X),
although this is no longer recommended by the ISTH
Scientific and Standardization Committee (SSC) on LA.23
This would apply to all the LA assays (dRVVT, aPTT, SCT).
For heparin, mixing would reduce the effect on the aPTT and
SCT, and possibly correct any effect on the dRVVT, should the
dilution then lead to a heparin level within a therapeutic
range (or generally <1 U/mL). For DOACs, one could use DOAC
neutralizers such as DOAC Stop or DOAC Remove,>* although
this in itself may have an unexpected effect on LA detec-
tion. Irrespective, laboratories would need to apply such
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Table 2 Effects of anticoagulants on main assays used to investigate LA

(e.g., warfarin)

Anticoagulant | Affects Affects Affects dRVVT Strategies for mitigating effects
aPTT SCT
VKAs ++ ++ +++ 1. Avoid testing while on therapy

2. Use mixing with normal plasma to normalize
factor levels (but may still lead to false-positive or
-negative LA, and no longer recommended by
the ISTH?374)

UFH +++ ++++ — (therapeutic level) 1. Avoid testing while on therapy
to +++ (supratherapeutic | 2. Use heparin neutralizer (present in dRVVT
level) reagent)—but won’t eliminate all heparin if
supratherapeutic
3. Use “3-step procedure” for LA testingzs’74
LMWH + to ++ ++ — (therapeutic level) 1. Avoid testing while on therapy
to +++ (supratherapeutic | 2. Use heparin neutralizer (present in dRVVT
level) reagent)—but won’t eliminate all heparin if
supratherapeutic
3. Test at trough (prior to next dose)
DOACs +to+++ | +to+++ | +to+++ 1. Avoid testing while on therapy

2. Use DOAC neutralizer (not present in dRVVT
reagents; purchased separately)

Abbreviations: aPTT, activated partial thromboplastin time; dRVVT, dilute Russell viper venom time; DOACs, direct oral anticoagulants; LA, lupus
anticoagulant; LMWH, low-molecular-weight heparin; ISTH, International Society on Thrombosis and Haemostasis?>74; SCT, silica clotting time (a

form of aPTT); UFH, unfractionated heparin; VKA, vitamin K antagonist.

strategies to mitigate the effect of any anticoagulant and
ensure appropriate detection of LA. Thus, laboratories
would need to be aware of any anticoagulant effect on
the potential for false-positive identification of LA, and also
then attempt to mitigate for said effect prior to identifica-
tion of LA, otherwise a false positive can ensue.
Furthermore, anticoagulants, especially DOACs, but po-
tentially also heparin, may have a different effect on the
screen versus confirm assays, and this will affect any resul-
tant ratio value. It is often the ratio value that is used for
identification versus exclusion of LA, which for dRVVT
screen/confirm is often a cutoff value of around 1.2.7°
Thus, values below would normally exclude LA, whereas
values above would infer LA positivity. Complicating this
further, the best approach would be a normalized ratio,
which to some extent could mitigate the differential effect
on screen versus confirm reagents, but it is not clear if this
strategy is used in all laboratories reporting LA in COVID-19.
~Figs. 2 and 3 show some examples of these concepts
applied in practice, respectively, for LMWH and one of the
DOACs, rivaroxaban. Note the differential effect of LMWH on
the aPTT reagents used as the screen and confirm component
(=Fig. 2). Similarly, note the differential effect of rivaroxaban
on the dRVVT reagents used as the screen and confirm
component (=Fig. 3). For this aPTT example, the greater
effect was observed on the confirm component than on the
screen, and thus a false-positive LA by aPTT in a patient using
LMWH seems less likely. However, other aPTT reagent pairs
may show the reverse pattern. For the dRVVT example, the
interference effect is greater on the screen than the confirm
component, and thus an LA ratio above 1.2 is certainly
possible, leading to possible false-positive LA by dRVVT.

In summary, then, it is likely that at least some of the
positive LA findings reported in the literature reflect false
positives due to anticoagulant effects that have not been
appropriately accounted for by some researchers.

Persistence of LA Positivity versus Transient
Positivity

To identify LA or other aPL as a specific feature of an
autoimmune disorder such as APS, one has to prove the
persistence of that positivity, generally by repeating the
test(s) on a second sample some 12 weeks after the first
positive test result.’23 Again, most researchers reporting
on LA positivity in COVID-19 either did not mention this or
did not undertake repeated testing. Thus, persistence of LA
positivity was not evaluated in most studies, and hence not
proven. In the few studies that did attempt to look at
persistence, most cases initially positive for LA then became
negative for LA,3 or else repeat testing was complicated by
the ongoing patient morbidity or their death.%® Thus, it
seems that any LA positivity that may be identified in
COVID-19 patients is mostly transient.

Transient aPLs Are a Common Feature of
Severe Viral Infections

It is well known among those looking after sick patients with
various viral infections that aPL may transiently appear in a
range of conditions.”®’” It may be possible to separate
groups of patients and aPL profiles. For example, in one
meta-analysis, Abdel-Wahab et al’”’ reported that three
different groups of patients could be identified: “group 1
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Fig. 2 The effect of low-molecular-weight heparin (LMWH) on some
common lupus anticoagulant (LA) tests. Normal plasma was spiked
with increasing concentrations of enoxaparin, ranging from 0 to 1.5
U/mL, and then tests for aPTT (activated partial thromboplastin time)
and dRVVT (dilute Russell viper venom time) were performed. While it
is recognized that LMWH spiked samples do not behave exactly the
same as ex vivo samples, this exercise is useful to show some
anomalies in LA test results. (A) Effect on aPTT and dRVVT clotting
times: (i) note differential effect on aPTTscreen (Sc, Siemens Actin FSL

Lupus Anticoagulant and COVID-19 Favaloro et al.

included patients who fulfilled the criteria for definitive APS
(24.6%), group 2 included patients who developed transient
aPL with thromboembolic phenomena (43.7%), and group 3
included patients who developed transient aPL without
thromboembolic events (31.7%). Thus, secondary cases of
APS due to viral infections have been reported.78 Secondary
cases of APS due to infectious agents potentially evolving into
CAPS have also been reported and include infections from
hepatitis C virus, herpes zoster, as well as bacteria, fungi,
parasites, and acute Q fever.”® The induction of molecular
mimicry that leads to production of anti-beta2 glycoprotein I
(ap2GPI) autoantibodies has been proposed as putative cause
of secondary APS and CAPS.808

Thus, the finding of LA positivity in COVID-19 is not
unique to COVID-19. To our knowledge, there is no evidence
available on comparative infections with other viral agents to
identify if the situation in COVID-19 in regard to aPL and LA
positivity is worse or greater than that of other severe viral
infections. In part, it is also likely that other viral diseases
have not been as extensively studied as COVID-19.

reagent; LA sensitive) vs. that on aPTT confirm assay (Con, Siemens
Actin FS reagent; LA insensitive due to added phospholipid). For this
reagent pair, LMWH affects the confirm assay (FS) more than the
screen assay (FSL); (ii) a reduced effect is seen on the aPTT assays
when performed as mixes with normal plasma; here, the essential
consequence is a reduction in LMWH concentration; however, the
effect is still greater on the confirm assay (FS) than the screen assay
(FSL). Although for the aPTT pair evaluated here, the effect was
greater on the confirm assay than on screen, not all aPTT reagent pairs
may show this pattern, and the reverse (greater effect on the screen
than confirm) is also possible. (iii) A reduced effect is seen with the
dRVVT assay, since the reagents contain a heparin neutralizer. Es-
sentially, an effectis seen only for the high LMWH concentration of 1.5
U/mL, and is not seen when the RVVT is performed as a mix test, since
the resultant diluted LMWH is able to then be neutralized by the
reagent. Nevertheless, the LMWH effect is greater on the screen
reagent than the confirm reagent. (B) Effect on aPTT and dRVVT
ratios. Data from (A) plotted as assay ratios (i.e., aPTT and dRVVT
clotting times in (A) in comparison with normal plasma test times). All
aPTTratios, being the screen and confirm, and also when performed as
a mix with normal plasma, are >1.2. Although this in itself cannot be
used to identify LA, it may be used to decide on further evaluation for
LA by additional testing. Only the dRVVT ratios for the highest LMWH
concentration are above 1.2, and only when performed as neat plasma
(not when performed as a mix with normal plasma) (due to the
presence of heparin neutralizer in the reagents). (C) Effect on aPTT
and dRVVT final ratios including normalized ratios. Data from (A and
B) plotting screen/confirm ratios including normalized ratios, which
essentially normalize the test results by taking into account clotting
times obtained with normal plasma. The normalized ratios are similar
and close to 1.0 irrespective of the LMWH concentration. Normalized
ratios are recommended for use by the LA guidelines. In contrast, the
nonnormalized ratios vary according to LMWH concentration. In this
example, the highest LMWH concentration has differential effects on
screen vs confirm reagents, and also differential effects on aPTT vs.
dRVVT. Thus, for aPTT, the non-normalized ratio is <1.0, and for the
dRVVT the non-normalized ratio is >1.0. It is possible that for some
aPTT and dRVVT reagent pairs, the differential could be so great as to
create ratios >1.2, or at least greater than a laboratory determined
cut-off value, and thus increase the potential for false-positive LA,
should nonnormalized ratios be utilized by a laboratory for assessing
the presence of LA.
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Fig. 3 The effect of rivaroxaban on lupus anticoagulant (LA) testing by dilute Russell viper venom time (dRVVT). Increasing concentrations of
rivaroxaban (x-axis) have a corresponding effect on both dRVVT screen (left portion of figure) and dRVVT confirm (middle portion of figure).
However, the effect is greater on dRVVT screen than on dRVVT confirm. Thus, dRVVT screen/confirm ratios (even if normalization) can exceed
1.2, or the cutoff used in laboratories to determine LA, and therefore lead to a false conclusion of LA. This occurs at concentrations of rivaroxaban

seen in patients on rivaroxaban therapy.

Does LA Positivity in COVID-19 Reflect a Risk
Factor for Thrombosis?

Only a few studies investigated whether LA positivity in-
ferred additional thrombotic risk. Few studies identified a
statistical difference in thrombotic risk for LA-positive
versus LA-negative patients,?>> whereas most did
not,>0:31:56.58.59.64-67 There are many potential confounders
in this evaluation, and it is unclear if these confounders were
considered in all published comparisons. Thus, transient aPL
(or LA) positivity may develop in the sickest patients, who
will then be most at risk of thrombosis, and therefore LA may
just reflect an association with, rather than be responsible
for, the pathophysiological events. Irrespective, whether LA
positivity in COVID-19 truly reflects an additional risk factor
for thrombosis remains currently unresolved.

General Discussion

Taking all this information into consideration, we would
propose that LA positivity is a feature of COVID-19, at least in
some patients, and potentially those who are the sickest or
have the most severe infection. However, we also believe that
a proportion of cases identified in the literature as being LA
positive reflect false positives, and potentially due to con-
founding by preanalytical issues, such as patients being on
anticoagulants at the time of blood sampling, as well as
analytical issues, which are not always easy to identify from
the published studies. All anticoagulants affect LA testing,

and it is unlikely that all studies took these anticoagulants
into account in regard when performing tests and reporting
findings, or else perhaps assumed no effect because patients
were on therapeutic LMWH therapy. Such assumptions may
not be valid, as shown in =Fig. 2, depending on which assays
are performed, and how they are performed and reported.
Mitigation of DOAC effects would be difficult, and although
achievable using DOAC neutralizers, 37482 may again not
have been recognized by researchers reporting their results.

Repeat testing for persistence of LA was rarely performed
or reported, and where reported suggested a transient
nature of the identified “LA.” Such transient LA does not
identify an autoimmune disease in the classic sense of APS."+?
Such transient aPLs are also commonly observed in other
viral infections,’®”” and thus do not seem to be unique to
COVID-19. There are also questions remaining over the
“additional” thrombotic risk imposed by the LA identified
in COVID-19 in these studies, as transient aPLs developed
from viral infections are often not associated with
thrombosis.

Conclusion

Larger and better studies are needed to address the residual
question regarding the true frequency of LA in COVID-19, and
whether these laboratory-detected LA would actually con-
tribute to enhance the thrombotic risk in COVID-19. Never-
theless, we believe that some good-quality studies have
already been published, and these should likely guide

Seminars in Thrombosis & Hemostasis  Vol. 48 No. 1/2022 © 2021. Thieme. All rights reserved.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



opinion. These studies are those that reported on LA cogni-
zant of the potential confounders, including CRP and antico-
agulant therapy, and which also looked at persistence of
antibodies. However, they were in the minority of published
studies. All this is not to say that APS cannot develop in
patients with COVID-19. As already mentioned, there are
certainly similarities between the worst presentation of APS,
namely CAPS, and what occurs in the sickest patients with
COVID-19. But there are also some notable differences,
including general lack of high titer aPL, lack of persistence
for LA and other aPL, and unclear relationship between the
detected aPL/LA and COVID-19-associated coagulopathy.
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