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COVID-19: a meta-analysis and
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Muhanad Taha @ , Lobelia Samavati

ABSTRACT

Background Many studies reported high prevalence

of antiphospholipid antibodies (aPL) in patients with
COVID-19 raising questions about its true prevalence and
its clinical impact on the disease course.

Methods We conducted a meta-analysis and a systematic
review to examine the prevalence of aPL and its clinical
impact in patients with COVID-19.

Results 21 studies with a total of 1159 patients were
included in our meta-analysis. Among patients hospitalised
with COVID-19, the pooled prevalence rate of one or more
aPL (IgM or IgG or IgA of anticardiolipin (aCL) or anti-B2
glycoprotein (anti-B2 GPI) or antiphosphatidylserine/
prothrombin, or lupus anticoagulant (LA)) was 46.8% (95%
Cl 36.1% to 57.8%). The most frequent type of aPL found
was LA, with pooled prevalence rate of 50.7% (95% Cl
34.8% t0 66.5%). Critically ill patients with COVID-19 had
significantly higher prevalence of aCL (IgM or lgG) (28.8%
vs 7.10%, p<0.0001) and anti-B2 GPI (IgM or IgG) (12.0%
vs 5.8%, p<0.0001) as compared with non-critically ill
patients. However, there was no association between aPL
positivity and mean levels of C reactive protein (mean
difference was 32 (95% Cl —15 to 79), p=0.18), D-dimer
(mean difference was 34 (95% Cl —194 to 273), p=0.77),
mortality (1.46 (95% Cl 0.29 to 7.29), p=0.65), invasive
ventilation (1.22 (95% Cl 0.51 to 2.91), p=0.65) and
venous thromboembolism (1.38 (95% Cl 0.57 to 3.37),
p=0.48).

Conclusions aPLs were detected in nearly half of patients
with COVID-19, and higher prevalence of aPL was found

in severe disease. However, there was no association
between aPL positivity and disease outcomes including
thrombosis, invasive ventilation and mortality. However,
further studies are required to identify the clinical and
pathological role of aPL in COVID-19.

INTRODUCTION

Hypercoagulability is one of the striking
features of COVID-19. In a recent large study,
risk of venous thromboembolism in patients
with COVID-19 was 16%, while risk of arterial
thrombosis was 11.1%." Others documented
cerebral ischaemic infarcts in these subjects.”
In addition to macrothrombi, several
autopsy studies of patients with COVID-19
revealed features of microangiopathy with

Key messages

What is already known about this subject?

» Antiphospholipid antibodies (aPLs) were frequently
reported in patients with COVID-19. However, its true
prevalence and its clinical impacts are unknown.

What does this study add?

» We conducted the largest meta-analysis to date ex-
amining the prevalence and the clinical impact of aPL
on the clinical features of patients with COVID-19.
Our significant findings are: (1) nearly half of patients
with COVID-19 were positive for one of the aPL. (2)
Most frequently reported aPL was LA. (3) aPLs were
significantly more frequently reported in critically ill
patients, and (4) aPLs were not significantly associ-
ated with disease outcomes like venous thrombosis,
invasive ventilation and mortality.

How might this impact on clinical practice or

further developments?

» The frequently reported aPL in patients with
COVID-19, especially in critically ill patients, raises
questions about its role in the pathogenesis of the
disease.

microthrombi in various organs including,
lung, kidney, heart, skin and prostate.” * Case
fatality appears to be determined by forma-
tion of vascular thrombi in association with
progressive severe endothelial injury in
COVID-19 infected subjects.” The clinical
features related to vasculopathy and throm-
boembolism in patients with COVID-19
are wide ranging from asymptomatic with
mild elevation of D-dimer to severe organ
dysfunction due to macrothrombi and micro-
thrombi.” The pathogenesis of hypercoagu-
lability in COVID-19 is not fully understood.
Yet, SARS-CoV-2 mediated coagulopathy
appears to have distinct features, such as
normal to elevated fibrinogens, elevated D-Di-
mers, normal platelets and mild prolonged
activated partial thromboplastin time.® To
identify the possible causes of macroangi-
opathy and microangiopathy in this disease,
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numerous studies evaluated the potential role of anti-
cardiolipin antibodies (aPLs).? " In the current study,
we conducted a meta-analysis and a systematic review to
investigate if there is an association between COVID-19
and aPL.

MATERIAL AND METHOD

Aims and overview

The aims of this meta-analysis study are to describe the
actual prevalence of aPL in patients with COVID-19 and
to describe the potential clinical impact of positive aPL
on the disease outcome.

Search strategy and study selection

The systematic review and meta-analysis were conducted
adhering to Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.27 We
identified articles through asearch of PubMed, MEDLINE,
Embase, Web of Science and Google Scholar from 31
December 2019 to 15 October 2020. The following search
terms were used: “COVID-19”, “SARS-COV-2”, “Antiphos-
pholipid”, “Anticardiolipin”, “Lupus anticoagulant” and
“Anti-B2 glycoprotein”. Studies reporting aPL in patients
with COVID-19 were extracted. We also reviewed the
references of each study to identify further related arti-
cles for analysis. There was no language restriction. The
two investigators independently performed the search
and determined the eligibility of studies according to
the criteria mentioned below. Data extracted from the
included studies using a data extraction form developed
in MS Excel (online supplemental table 1). Selection
results have been reported according to the PRISMA flow
chart (figure 1).

38 records identified
via PUBMED

I

Inclusion and exclusion criteria

All studies met the following criteria: (1) subjects
were adults and diagnosed with COVID-19 based on
RT-PCR or serum serological testing, (2) any of the
following aPL tests performed: IgM or IgG of anticar-
diolipin (aCL) or anti-B2 glycoprotein (anti-B2 GPI) or
lupus anticoagulant (LA) or antiphosphatidylserine/
prothrombin (aPS/PT), (3) study sample was larger
than 10 and (4) subjects had been randomly selected.
We excluded articles with <10 subjects, case reports and
paediatric population (<18 years old). In addition, we
excluded articles with non-randomly selected popula-
tion (eg, COVID-19 with cerebrovascular accidents or
thromboembolism).

Antiphospholipid assay

aCL, anti-82 GPI and aPS/PT were detected in all studies
using either ELISA or chemiluminescent immunoassay.
The cut-off value for positive result was >20 U for aCL
and anti-82 GPI and >30U for aPS/PT (except for
study,” the cut-off value for positive result was >15 U for
aCL and >8U for anti-B82 GPI). Seven studies’ '*~15 181922
did not mention the cut-off value for positive result. We
considered positive titre according to the authors’ defi-
nition.

All studies mentioned the diagnostic method for
detecting LA except two studies.”’ ** The rest of the
studies detected LA using dilute Russell’s viper venom
time (dRVVT) screen, mixing and confirm assay. Not all
studies reported details about heparin dose. Among the
studies for which LA testing was conducted and details
about heparin dose were reported, 71% subjects were
on prophylactic dose, while the rest received therapeutic
dose.

9 records identified via ISI Web of
Science and Google Scholar

Articles were excluded based on the
following criteria:
1) casereports(4)

Identification

2) Review articles (3)
3) Editorials, letters and comments (5)
4) Duplicate studies (3)

21 studies were selected for |
“ﬁjuaﬁﬁ'ﬁﬁw evaluation

21 studies were selected for
meta-analysis

Inclusion [Eligihility:\-

Figure 1 Searching and selection process.
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Statistical analysis

The statistical analysis was performed using Review
Manager (V.5.4.1) provided by The Cochrane Collabo-
ration. P value was two tailed, and the statistical signif-
icance set at <0.05. Weighted pooled prevalence and
95% ClIs of aPL, aCL, LA and anti-82 GPI were calculated
using a random-effects model. Weighted pooled prev-
alence of aPL, aCL, LA and anti-B2 GPI was compared
between intensive care unit (ICU) and non-ICU patients.
All studies reported prevalence of aPL without a control
group, so OR was not calculated. The association between
aPL status and hospital outcomes (thrombosis, invasive
ventilation and in-hospital mortality) was studied and
expressed as OR with pertinent 95% CI. The association
between aPL status and D-dimer and C reactive protein
(CRP) was also examined and expressed as OR with
pertinent 95% Cls. D-dimer and CRP were described
using mean and SD. Unit discordance for variables was
resolved by converting all units to a standard measure-
ment for that variable. A random-effects model was used
to combine data. We assessed the heterogeneity in this
meta-analysis by using the I statistical test. Assessment for
publication bias was not done as less than 10 studies were
included in each analysis so the power of the tests is too
low to distinguish chance from real asymmetry.

RESULTS

Study selection

After searching database, we identified a total of 47
studies. After scanning the title/abstract, case reports,
review articles, editorials, letters and comments, and
duplicate studies were excluded. Further selection
yielded to 32 potentially relevant studies that we accessed
for further eligibility. Of these, 11 studies were excluded
for the following reasons: paediatric population <18 years
old, the study population was not randomly selected, and
study sample was <10 subjects. Thus, 21 articles reflecting
1159 patients were included for analysis (online supple-
mental table 1). The searching and selection process is
summarised in (figure 1).

Study characteristics
The selected articles and extracted data are
included in (online supplemental table 1). All the

2 7-26

studies were either cross-sectional or retrospective obser-
vational studies. The frequency of aPL was reported
in all studies. aPLs were reported in hospitalised
patients, either critically ill patients or non-critically ill
patients or both: 10 studies conducted on critically ill
patients,? 7 1012 15 18192425 1 g1y in non-critically ill
patients” and 10 studies in both ® ' 13 142022252628 29y
found nine studies were comparing patients with posi-
tive and negative aPL.” 1?1?1822 24 2529 GARS (o V-2 infec-
tion was confirmed in all studies, and the predomi-
nate reported confirmation method was RI-PCR test.
However, few studies,” " ' 192 ® did not specify which
method was used to confirm SARS-CoV-2 infection. Infor-
mation about when the laboratory testing for cardiolipin
antibodies was performed as well as information about
in-hospital treatment with antiviral, corticosteroids or
heparin during hospitalisation was not available in most
of the studies.

Prevalence rates of aPL in patients with COVID-19

In this analysis, we included the prevalence of antibodies
for all studies. A total of 1159 patients (from 21 studies)
hospitalised with COVID-19 and had one of the aPLs
reported were included in this analysis. The pooled prev-
alence rate of one or more aPL (IgM or IgG of aCL or
anti-B2 GPI or aPS/PT, or LA) was 46.8% (95% CI 36.1%
to 57.8%) (table 1). The most frequent type of aPL found
was LA, with pooled prevalence rate of 50.7% (95% CI
34.8% to 66.5%) (table 1). The pooled prevalence rate
of aCL. (IgM or IgG) and anti-B2 GPI (IgM or IgG) were
13.9% (95% CI17.5% to 24.1%) and 6.7% (95% CI 3.5%
to 12.5%), respectively (table 1). Four studies’ 17 20 22
reported double and triple aPL positivity. Pooled preva-
lence was 14.83% (95% CI 4.0% to 40.3%) for double aPL
positivity and 6.1% (95% CI 2.8% to 12.7%) for triple
aPL positivity. I* test did not show significant hetero-
genicity between studies (table 1).

Repeated antiphospholipid assay

Two studies retested aPL in few patients with COVID-19
at later time point during hospitalisation. One study®
found that 9 out of 10 LA-positive patients were retested
negative at later time. The other study® retested aPL in
six patients at multiple time-points and found that aPL

Table 1 Weighted pooled prevalence of LA, ACL, anti-B2 GPI and any APL in patients hospitalised with COVID-19

Antibodies

Pooled prevalence of aPL (95% CI) (%) 1 test

>aPL 46.8 (36.1 to 57.8)
LA 50.7 (34.8 to 66.5)
aCL (IgM or IgG) 13.9 (7.5 to 24.1)
anti-B2 GPI (IgM or 1gG) 6.7 (3.5t0 12.5)
Double positive aPL 14.3 (4.0 to 40.3)
Triple positive aPL 6.1 (2.81t012.7)

41.9%, p=0.29
44.8%, p=0.11
23.6%, p=0.12
0.0%, p=0.21
40%, p=0.32
10.3%, p=0.25

|2

statistic describes the percentage of heterogeneity among the studies.

aCL, anticardiolipin; anti-B2 GPI, anti-B2 glycoprotein; aPL, anticardiolipin antibodies; LA, lupus anticoagulant.
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Model g&%;?ott Study name wsiln‘ijng's?:dpy Statistics for each study Event rate and 95% Cl
j Event rate j Lower limit ‘ Upper limit ‘ Z¥alue | p¥alue I -0.50 0.00 0.50 1.00
>aPL ICU Zhangy ICU 0526 0311 0732 0.227 0821 27.877 —t
- ICU AmezcuaG ICU 0571 0.359 0.760 0.6439 0517 27.877 ——
ICU Gatto M ICU 0.500 0.408 0592 0.000 1.000 27.877 —
ICU PinetonD  ICU 0.960 0.765 0.934 3114 0002 27.877 —
ICU Previtali G ICU 0171 0.079 0.332 3516 0000 27.877 —
ICU SiguretV  ICU 0.878 0.782 0935 5.557 0000 27.877 —
ICU Wlachoyiann ICU 0552 0.372 0719 0.553 0576  27.877 —t—
ICU Kiao M ICU 0.470 0.354 0.530 -0.487 0626  27.877 ==
ICU Fan$ ICU 0.140 0.081 0.230 -5.841 0000 27.877 —t—
ICU Ferari E ICU 0.710 0530 0.842 2.262 0024  27.877 —
ICU Devieese  ICU 0.742 0.563 0.865 2573 0010  27.877 —
Random  ICU 0.566 0.402 0.716 0.781 0435  27.877 o e
NON-CU  Xiao M NON-ICU 0.036 0.002 0.384 -2.289 0.022 0.000 —
NON-ICU  Fenari E NON-ICU 0.724 0.53 0.823 3283 0.001 0.000 —
Random  NON-CU 0.282 0.006 0.961 -0.440 0.660 0.000
Random  Overall 0.558 0397 0.709 0.702 0483 20931 TR
ICU PinetonD  ICU 0.920 0.731 0.980 3313 0001 48539 —+
LA ICU SiguretV  ICU 0.851 0.751 0915 5.338 0000 48539 —
ICU Kiao M ICU 0.030 0.007 0113 -4.817 0000 48539 =
ICU Ferrari E ICU 0613 0.435 0.765 1.247 0212 48539 T+
ICU Helms J ICU 0.877 0.764 0.940 4871 0000 48539 —
ICU Devieese  ICU 0.677 0.497 0.816 1.927 0054 48539 —
Random  ICU 0.670 0.384 0.868 1175 0240 48539 et
NON-CU  Ferari E NON-ICU 0.690 0.561 0.795 2818 0.005 0.000 —
NON-CU  Gazzauso  NON-ICU 0.444 0.307 0.590 -0.750 0.453 0.000 —
Random  NON-ICU 0573 0.329 0.785 0.570 0.569 0.000 e T
Random  Overal 0615 0.426 0.774 1.196 0232 36318 o
ICU Pineton D ICU 0520 0331 0.704 0.200 0842 21315 ——
acL ICU Wlachoyiann ICU 0.241 0119 0.426 2.642 0008 21315 e
ICU Ferrari E IcU 0.065 0.016 0.225 3.660 0000 21315 +—
ICU Devieese  ICU 0.226 0112 0.404 2.867 0004 21315 —
ICU Bertin D ICU 0.448 0.281 0.628 0.559 0576  21.315 —
Random  ICU 0.288 0.157 0.467 2.293 0022 21.315 s
NON-ICU  Fenrar E NON-ICU 0.086 0.036 0191 5.046 0.000 0.000 -+
NON-ICU  Gazzaruso  NON-ICU 0.044 0.011 0.161 4.236 0.000 0.000 H—
Random  NON-CU 0.071 0.034 0142 £.536 0.000 0.000 e
Random  Overall 0.149 0.092 0232 6.251 0000 59102 e
ICU PinetonD  ICU 0120 0.039 0313 3.237 0.001 0.000 —_
anti-B2 cu Ylachayiann ICU 0.345 0197 0.531 1.641 0101 0.000 —
GPI ICU Ferrari E ICU 0.032 0.004 0196 3.341 0.001 0.000 —
ICU Devieese  ICU 0.097 0.032 0.261 3676 0.000 0.000 -
ICU Bertin D ICU 0.069 007 0.238 3.552 0.000 0.000 ——
Random  ICU 0120 0.043 0.265 4.001 0.000 0.000 ==
NONICU  Ferari E NON-ICU 0.086 0.036 0191 -5.046 0.000 0.000 —-—
NON-CU  Gazzaruso  NON-ICU 0.022 0.003 0142 3.734 0.000 0.000 —
Random  NON-ICU 0.058 007 0.181 -4.256 0.000 0.000 e
Random  Overall 0.092 0.044 0181 -5.761 0.000 0.000 =

Figure 2 Forest plot on the prevalence of aPL in ICU versus non-ICU patients with COVID-19. aCL, anticardiolipin; anti-B2

GPI, anti-B2 glycoprotein; aPL, anticardiolipin antibodies; ICU, intensive care unit; LA, lupus anticoagulant.

levels, in general, reached a peak, which then declined
over 3—4week follow-up periods. These results suggest
that aPL. may be transiently elevated in patients with
COVID-19.

Prevalence of aPL in ICU versus non-ICU patients with
CovID-19

This meta-analysis found that critically ill patients with
COVID-19 had significantly higher prevalence of aCL
(IgM or IgG) (28.8% vs 7.10%, p<0.0001) and anti-32 GPI
(IgM or IgG) (12.0% vs 5.8%, p<0.0001) as compared
with non-critically ill patients (figure 2). However, there
was no statistically significant difference in prevalence of
LA or aPL in general between critically and non-critically
ill patients with COVID-19 (figure 2). I” test did not show
significant heterogenicity between studies (figure 2).

Outcomes of COVID-19 related hospitalisation in positive
versus negative aPL

Eight studies® ® ' 110202 % examined the association
of aPL positivity and hospital outcomes. Importantly,
pooling data from these studies showed no associa-
tion between aPL positivity and mean levels of CRP
(mean difference was 32 (95%CI -15 to 79), p=0.18)

and D-dimer (mean difference was 34 (95% CI -194
to 273), p=0.77) (figure 3). I? test did show significant
heterogenicity between studies in CRP analysis (12:75%,
p=0.008) but not in D-dimer analysis (I*=0.0%, p=0.57).

Similarly, there was no association between aPL positivity
and mortality (1.46 (95% CI 0.29 to 7.29), p=0.65), inva-
sive ventilation (1.22 (95% CI 0.51 to 2.91), p=0.65) and
venous thromboembolism (1.38 (95% CI 0.57 to 3.37),
p=0.48) (figures 4 and 5). There was significant hetero-
geneity between studies in mortality (I°=74%, p=0.004)
and venous thromboembolism (IQ=68%,p:().O()3) but no
heterogeneity in invasive ventilation analysis (I°=19%,
p=0.029). The heterogeneity observed across studies
can be explained by methodological differences like
different type of aPL tested, different methods of testing
and different positivity cut-off.

DISCUSSION

In this study, we conducted the largest meta-analysis to
date examining the prevalence of aPL in COVID-19 and
the association between aPL and disease severity. Our
significant findings are: (1) nearly half of patients with
COVID-19 were positive for one of the aPL; (2) most

4

Taha M, Samavati L. RMD Open 2021;7:¢001580. doi:10.1136/rmdopen-2021-001580



8 Infections

A. CRP
aPL positive aPL Negative Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
ATvito 82 14 18 82 17 27 37.5% 0.00 [-9.39, 9.39] ——
Amezcua-GuerralLM 140 165 12 39 76 9 13.1% 101.00[-4.74,206.74] »
M.Reyes 144 118 32 75 60 36 28.2% 69.00[23.66,114.34) —_—
S.Ferrari 181 130 64 184 154 25 21.2% -3.00(-71.25 65.25)
Total (95% ClI) 124 97 100.0% 32.05[-15.24,79.34] e —

ity 2= . 2= - = R = } } 1 {
Heterogeneity: Tau®= 1530.45; Chi*=11.85, df= 3 (P = 0.008); F=75% Moo 20 ) a0 100

Testfor overall effect Z=1.33(P=0.18)

Higher aPL positive Higher aPL Negativen

B. D-dimer

aPL positive aPL Negative Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight v, , 95% CI v, 95% ClI
ATvito 437 310 12 403 234 9 96.7% 34.00 [198.67, 266.67] ¢ »
Amezcua-GuerralM 7970 7,760 32 5740 6,640 36 0.4% 2230.00[-1224.49,5684.49] ¢ +
M.Reyes 1,835 2,714 16 2,580 5027 27  1.0% -745.00[-3061.01,1571.01] ¢ >
S.Ferrari 1,782 2,500 64 1,834 3970 25 1.9% -52.00[-1724.40,1620.40] + >
Total (95% CI) 124 97 100.0% 34.42 [-194.39, 263.24]

Heterogeneity: Tau®= 0.00; Chi*= 2.00, df= 3 (P = 0.57); F= 0%
Testfor overall effect: Z=0.29 (P=0.77)

-50 0 50
Favours positive aPL Favours Negative aPL

Figure 3 Forest plot on the mean difference of CRP (A) and D-dimer (B) in aPL-positive patients with COVID-19 compared
with aPL-negative patients with COVID-19. aPL, anticardiolipin antibodies; CRP, C reactive protein.

frequently reported aPL was LA; (3) aCL and anti-82 GPI
were significantly more frequently reported in critically
ill patients; and (4) aPLs were not significantly associated
with disease severity.

The association between aPL and viral infections is
widely acknowledged.”” We compared findings of this
study with previous studies that examined the preva-
lence of aPL in other viral infections.” >’ We find that
the prevalence of aCL was much lower, and the preva-
lence of LA was strikingly higher in our analysis related to
SARS-CoV-2 compared with the ones previously reported
in other viral infections.?! For instance, a previous meta-
analysis’' reported very high prevalence of aCL in HIV
(56%), Epstein-Barr virus (EBV) (50%) and hepatitis C
virus (HCV) (21%) compared with the aCL prevalence
in our analysis (13.9% (95% CI 7.5% to 24.1%)). In addi-
tion, the same study reported low prevalence of LA in
HIV (2%), HCV (<1%) and hepatitis B virus (HBV) (1%)
compared with the LA prevalence in our analysis (50.7%
(95% CI 34.8% to 66.5%)). In other words, it looks
like the predominant pattern of aPL in viral infections

has shifted from aCL in HIV, HCV and EBV to LA in
SARS-CoV-2. Among antiphospholipid antibodies, it is
well known that presence of LA is strongly associated with
thrombosis compared with aCL and anti-32 GPL.*
However, the high prevalence of LA in this analysis
must be interpreted carefully as LA testing results, in
contrast to aCL and anti-B2 GPI testing, can be affected by
heparin administration and cause false positive results.”**
Current guidelines™ ** recommend caution when inter-
preting LA testing in patients receiving heparin and
recommend blood to be drawn for LA testing after 12
hours since the last dose of heparin. Unfortunately, this
was not considered when interpreting LA results in all of
the studies included in this meta-analysis except in one
study.”® Thus, heparin administration is a potential bias
in our analysis; however, the three-step (dRVVT) screen
test that has been used in the studies of this meta-analysis
can neutralise any heparin effect, especially in prophy-
lactic dose.™ Seventy-one per cent of this analysis subjects
received prophylactic dose, while the rest received ther-
apeutic dose, and according to British Committee for

A. Mortality
aPL positive  aPL Negative Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Amezcua-GuerralLM 2 12 2 9 187% 0.70 [0.08, 6.22)
M.Reyes 14 32 10 36 256% 2.02([0.74,5.55) I
S.Ferrari 7 22 3 9 21.9% 0.93[0.18, 4.86) .
S.Pascolini 6 8 1 25 16.5%  72.00(5.56,933.00 —_—
Y.Zhang 4 10 g 9 17.2% 0.08[0.01,095 ¢
Total (95% ClI) 84 88 100.0% 1.46 [0.29,7.29] e
Total events 33 24
Heterogeneity: Tau®= 2.37, Chi*=15.31, df= 4 (P = 0.004); F=74% '0.01 071 1.0 100'

Testfor overall effect: Z= 0.46 (P = 0.65)

B. Invasive ventilation

Favours aPL positive Favours aPL Negative

aPL positive  aPL Negative Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Amezcua-GuerralLM 7 12 5 9 21.5% 1.12[0.20,6.41)] . o —
M.Reyes 15 32 19 36 54.9% 0.79[0.30, 2.05) ——
M.Xiao 29 kal 28 35 23.6% 3.63[0.69,18.97] I . —
Total (95% ClI) 75 80 100.0% 1.22[0.51,2.91] et
Total events 51 52
Heterogeneity: Tau®= 0.12; Chi*= 2.46, df= 2 (P = 0.29); F=19% 90 01 0?1 110 1005

Test for overall effect: Z= 0.45 (P = 0.65)

Favouré aPL positive Favours aPL Negative

Figure 4 Forest plot on the odds of mortality (A) and invasive ventilation (B) in aPL-positive patients with COVID-19 compared
with aPL-negative patients with COVID-19. aPL, anticardiolipin antibodies.
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Venous thromboembolism

aPL positive  aPL Negative Odds Ratio 0Odds Ratio
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Figure 5 Forest plot on the odds of venous thromboembolism in aPL-positive patients with COVID-19 compared with aPL-

negative patients with COVID-19. aPL, anticardiolipin antibodies.

Standards in Haematology guideline,34 prophylactic
doses of heparin should have less effect on LA testing
results. Therefore, the fact that dRVVT screening test was
used in this analysis subjects and most of them received
prophylactic dose of heparin may reduce the risk of bias
related to heparin administration. In summary, despite
the potential bias of LA testing by heparin administra-
tion, LA may be truly elevated in SARS-CoV-2 compared
with other viral infections. This finding requires further
investigations to examine the true prevalence and role of
LA in SARS-CoV-2 infection.

One of our significant findings of this study is that
severe COVID-19 disease requiring ICU care is associ-
ated with higher prevalence of aCL and anti-82 GPI. In
contrast, severe disease was not found to be associated
with the prevalence of LA. However, this finding might
be biased by heparin administration that interfere with
LA testing as explained before. High prevalence of aPL
in critically ill patients has been reported previously.”®
This can be partially explained by the extensive inflam-
mation, cellular damage and apoptosis in critically ill
patients that can induce aPL production.”” ** aPL are anti-
bodies targeting mainly phospholipid-binding proteins,
such as 2-GPI and prothrombin, that expressed on cell
membrane at high density.z8 It was hypothesised that the
damaged apoptotic cell surfaces expose these cellular
components to the immune system, predisposing an indi-
vidual to develop aPL.® Although aPL is associated with
critical illness, this analysis as well as previous studies® %
did not find a significant association between aPL and
disease outcomes like invasive ventilation and mortality.
These findings suggest that aPL may be markers for
disease severity or tissue injury but if aPL contribute to
tissue damage and disease severity is questionable and
require further investigations.

Surprisingly, the presence of aPL was not significantly
associated with elevated D-dimer or thrombosis. This may
be explained by the low titres or transient elevation of
aPL in COVID-19 as compared with patients with anti-
phospholipid syndrorne.16 % Another interesting expla-
nation is that aPL found in viral infections or healthy
aPL carriers might be different and less pathogenic
than the ones found in antiphospholipid syndrome. A
recent study showed that healthy aPL carriers had higher

anti-32 GPI-D4/5 but lower anti-32 GPI-D1 compared
with patients with antiphospholipid syndrome.* Anti-B2
GPI-D1 subclass is associated with higher risk of throm-
bosis compared with anti-32 GPI-D4/ 5." In addition, it
was found that purified anti-32GPI-D5, unlike anti-B2G-
PI-D1, did not recognise cardiolipin-bound B2 glycopro-
tein I while being able to interact with 32 glycoprotein.42
This might explain the higher prevalence of anti-32 GPI
compared with aCL reported in some of the studies
included in this analysis.'” '* '* * To our knowledge,
none of the studies subclassified IgG aPL in patients with
COVID-19; therefore, subclassification of IgG aPL in
COVID-19 is needed.

Although we found that the presence of aPL was not
significantly associated with thrombosis, a direct rela-
tionship between LA alone and thrombosis has not been
studied. Also, none of the studies examined the relation-
ship between combined positivity for aPL. and thrombosis
knowing that combined positivity for aPL carries higher risk
of thrombosis.* Additionally, heparin was administered to
most of the subjects included in this meta-analysis at either
prophylactic or therapeutic dose. Heparin administration
may have decreased macrothrombosis and confounded
the association between aPL and thrombosis in patients
with COVID-19. In contrast to macrothrombosis, the direct
measurement of microangiopathy and microthrombi is
difficult in living organisms. Microthrombi in the small lung
vasculatures is a common microscopic finding, occurring in
80%—-100% of lungs examined at autopsy.* Thus, despite the
lack of association between the presence of aPL. and macro-
thrombosis, the presence of aPL. may have contributed to
the widespread microvascular thrombosis seen in patients
with COVID-19.**

In summary, aPL were frequent in patients with COVID-
19, and severe disease is associated with higher prevalence of
aPL. Although our analysis showed that the presence of aPL
was not associated with thrombosis, invasive ventilation and
mortality, these findings still cannot rule out any contribu-
tion of aPL in the pathogenesis of COVID-19.

CONCLUSION
Based on this meta-analysis, we concluded that the prev-
alence of aPL is high in patients with COVID-19, and LA

6
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is the most frequent aPL reported. The prevalence of aPL
was higher in ICU compared with non-ICU patients. Our
analysis found no correlation between aPL positivity and
disease outcomes such as thrombosis, invasive ventilation
and mortality. These findings may suggest that aPL are just
markers for disease severity rather than being pathogenic.
However, further investigations are still required to identify
the contribution of these markers in the pathogenesis of
COVID-19.

LIMITATION

Due to meta-analysis nature, our results have several
limitations: (1) as discussed previously, thrombotic
events reported in some studies without mentioning if
the prophylactic or therapeutic heparin were admin-
istered. (2) Heparin administration and elevated CRP
may impact the LA testing results. (3) Most studies did
not mention when aPL was measured during hospitalisa-
tion. (5) Not all studies excluded patients with previous
history of autoimmune diseases or thrombophilia. (6)
Most studies used the value >20 U as a cut-off value for
positive result; however, several others® 19181922 434 not
specify the exact cut-off value. This cut-off value is appar-
ently low, and likely borderline results were considered
positive. Low aPL titres might have low prognostic values,
whereas the higher aPL titre (>40 U) is well known to
carry higher risk for thrombosis and is required for the
diagnosis of antiphospholipid syndrome.
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