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Abstract
Purpose: The aim of our study was to evaluate the prevalence of aPLAs among Tunisian critically-ill
covid19 and non-covid19 patients and to investigate the clinical signi�cance of aPLAs by determining the
SOFA score and their respiratory failure during their ICU stay. 

Methods: We conducted a prospective observational cohort study including critically ill COVID-19 patients
and non-COVID-19 patients with pulmonary origin sepsis, admitted to the intensive care unit. Blood
samples were collected on days 1, 3, 5, 8 and 10 of hospitalization in order to measure titers of anti-
cardiolipin (aCL), anti-phosphatidylserine (aPS) by chemiluminescence immunoassay. 

Results: We enrolled 43 COVID-19 patients and 31 non COVID-19 with pulmonary origin sepsis. In-hospital
mortality rate was signi�cantly higher (p=0.026) in COVID-19 patients (79%). 58.8% of COVID-19 patients
were aPLA positive; however, only 22.5% of the non-COVID-19 were positive for aPLA (p=0.002).

A signi�cant positive correlation existed between respiratory SOFA component at days 3, 5, 8 and 10 and
anti-phospholipid antibodies concentrations.

Conclusion: Based on our results, for the �rst time, anti-phospholipid antibodies may be used as an
independent indicator of respiratory organ failure in critically ill patients, to stratify and assess the
prognosis of pulmonary origin sepsis and COVID-19. 

Introduction
The coronavirus disease 2019 is the largest public health emergency in recent times. New studies have
shown that severe Corona-Virus Disease 2019 may be complicated by coagulopathy and disseminated
intravascular coagulation [1]. On April 2021, Zhang et al. described three severely ill COVID-19 patients
with circulating anti-phospholipid antibodies, suggesting for the �rst time that coagulopathy associated
with COVID-19 could be an acquired thrombophilia close to the spectrum of anti-phospholipid syndrome
(APS) [2]. Anti-phospholipid antibodies are auto-antibodies developed against phospholipid-binding
proteins, such as Cardiolipin and Phosphatidylserine, that are expressed on pulmonary surfactant [3].
Pulmonary surfactant is produced by type-II pneumocytes, which express high levels of ACE2-receptors,
�rst target of SARS-CoV2 [4]. During COVID19, pneumocytes necrosis leads to surfactant leakage
exposing phospholipid proteins to the immune system [5]. Kanduc et al. found that the immune-reactive
epitopes on the Spike glycoprotein of SARS-CoV2 share pentapeptides on human surfactant-related
proteins, leading to auto-immunity via molecular mimicry [6].

Until this day, about 20 studies have reported a positive aPLA within COVID-19 patients [7]. A total cases
of 1233 was analyzed and 54% were positive for at least one aPLA (aCL, β2GPI, and/or LA) [8]. Both the
high frequency and the diversity of aPLAs strongly suggest that these antibodies are actively produced
during acute SARS-CoV2 infection.
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To our knowledge, the prevalence of aPLAs in severe cases of COVID-19 has never been undertaken in
Tunisia. The aim of our study was to evaluate the prevalence of aPLAs among Tunisian critically-ill
covid19 and non-covid19 patients and to investigate the clinical signi�cance of aPLAs among the two
groups of patients by determining the SOFA score and their respiratory failure during their ICU stay.

METHODS

1. Study group
In a prospective observational cohort study, we enrolled 74 critically ill patients with pneumonia referred
to The Intensive Care Unit of the Military Hospital of Tunis. Two series of 43 COVID-19 pneumonia
patients and 31 non-COVID-19 pulmonary origin septic patients were consecutively enrolled from October
2020 to May 2021. All COVID-19 patients had a con�rmed COVID-19 diagnosis based on SARS-CoV2
detection by real-time RT-PCR RNA testing and by low dose computed tomography (CT) categorized
according to expert consensus [9]. Non-COVID-19 patients with pulmonary origin sepsis were diagnosed
according to sepsis-3 criteria [10]. All patients were without a clinical history of anti-phospholipid
syndrome or autoimmune diseases. In case of pregnancy, age below 18 years old or high-dose
immunosuppressive treatment, patients were excluded.

2. Ethics statements
This study complied with all relevant ethical regulations and was approved by the Local Personal
Protection Ethics Committee of the Military Hospital of Tunis (date: 27-10-2020 number:
78bis/2020/CLPP/Hôpital Militaire de Tunis), which waived the requirement for informed consent given
the discarded nature of the samples.

3. Sampling
Whole blood samples were collected in dry tubes on day 1, 3, 5, 8 and 10 of hospitalization by a trained
hospital phlebotomist. Blood samples had been centrifuged at 2000 rpm for 5 minutes. Serum was
collected and divided into small aliquots tubes and then stored at -40°C for subsequent assays.

4- Clinical and biological data collection
Clinical and biological data were obtained from the medical records of patients, including PaO2, FiO2,
Platelets, creatinine, bilirubin, Glasgow Coma Scale, mean arterial pressure and noradrenalin dose.

5. Measurement of aCL and aPS
The enzyme immunoassay indirect-type ELISA was applied for the aCL and aPS highlighting to the three
types of immunoglobulins IgM, IgG and IgA by commercial ELISA kits (EUROIMMUN®, Germany). The
normal value is ≤ 12 RU/mL for all isotypes. Accordingly, patients having a concentration of aCL and/or
aPS > 12 RU/mL at any time of the study were considered as aPLA positive patients, otherwise they were
negative.
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6. Severity assessment
Severity of organ dysfunction was measured using the Sepsis-related Organ Failure Assessment (SOFA)
score, which included respiration, coagulation, liver, cardiovascular and renal parameters. The cumulative
SOFA score was calculated by the adding up of each item (range 0–24), and the higher the score was, the
more extreme malfunction of the organ was [11].

Then, we calculated the respiratory-SOFA component according to the PaO2/FiO2 ratio [11]. This
component ranges from 0 to 4 and was recorded, as well as the cumulative SOFA-score, over the period
of the study.

7. Statistics
Data were presented as number (percentages) for categorical variables and as means ± SD if they were
normally distributed, or as median values (IQR) if not, for continuous variables, to describe clinical and
demographic characteristics.

Variables were tested for normality distribution by the Shapiro-Wilk test at a signi�cance level of 5%.

Clinical data were compared between the two groups ICU COVID-19 patients and ICU non-COVID-19
patients using the Khi2 test or the Fisher test for small numbers. Then, they were analyzed using either
the Student t test or the Mann-Whitney U test, according to normality.

The paired t-student test was calculated to evaluate the evolution in timeline of the SOFA score, as well-as
the respiratory SOFA component.

Linear correlation analysis between SOFA score and anti-phospholipid antibodies was gained by Pearson
rank for normally distributed data, else Spearman rank. Differences were considered to be signi�cant at a
p value < 0.05. These analyses were performed using the IBM SPSS Statistics, version 22 (Armonk, USA).
Graphics were sketched using Prism9.1.1 (GraphPad software, USA).

Results

1-Patients Selection & clinical characteristics
From October 2020 to May 2021, we identi�ed 205 patients with con�rmed COVID-19 infection and 230
non-COVID-19 upon ICU admission.

There were 43 COVID-19 patients, eligible for study enrolment, aged 61.02 ± 10.94, of which 31 (72%)
were male and in 41.8% had diabetes mellitus. Of the 53 non-COVID-19 patients eligible, 31 were included;
patients, which developed a pulmonary origin sepsis. They were aged 48.5 ± 20.92, 23 (74.19%) were
male and had diabetes mellitus in 51.61%.

Demographic and clinical characteristics of the two groups are detailed in Table 1.
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Table 1
Demographic and clinical data between COVID and non-COVID groups

  ICU COVID-19 patients (n = 
43)

ICU Non-COVID-19 patients (n = 
31)

p-value

Age, years, mean ± SD 61.02 ± 10.94 48.5 ± 20.92 0.275

Male, no (%) 31(72%) 23(74.19%) 0.841

Comorbidities      

Diabetes mellitus 18(41.86%) 16(51.61%) 0.406

Dyslipidemia 2(4.65%) 3(9.67%) 0.395

Hypertension 17(39.5%) 15(48.38%) 0.501

Chronic pulmonary
disease

6(13.95%) 9(29.03%) 0.111

Chronic renal failure 3(6.97%) 3(9.67%) 0.794

intubation 24(55.81%) 20(64.51%) 0.262

Thromboembolic event 17(39.53%) 9(29.03%) 0.601

ICU days, mean ± SD 19.86 ± 9.78 8.6 ± 6.97 0.364

SOFA score admission 8.44 ± 2.87 8.10 ± 2.84 0.005*

mortality 34 (79%) 17(54.83%) 0.026*

Data presented as n (%), mean ± SD.

COVID: corona virus disease, ICU: intensive care unit, SOFA score: Sequential Organ Failure
Assessment score.

High SOFA score in COVID-19 patients
Signi�cant difference was observed in mortality rate between COVID-19 patients (79%) and non-COVID-19
patients (54.83%) (p = 0.026). Moreover, the SOFA score evolution was different between the two groups
as shown in Fig. 1A. It was signi�cantly higher in the COVID-19 patients group (8.44 ± 2.87) than in non-
COVID-19 patients group (7.47 ± 2.61) on day1 (p = 0.005), day3 (9.56 ± 3.63 vs 6 ± 3.76), day5 (12.44 ± 
4.64 vs 5.80 ± 3.23), day8 (12 ± 4.61 vs 4.53 ± 3.50) and day10 (11.63 ± 3.48 vs 5.53 ± 3.64) (p < 0.0001,
respectively). The SOFA score increased from day 1 to day 10 in COVID-19 patients (p = 0.038). However,
it decreased in non-COVID-19 patients (Fig. 1B), without reaching signi�cance (p = 0.441).

High Respiratory SOFA component in COVID-19 patients
The second outcome is the observed severe respiratory dysfunction measured using the SOFA-respiratory
component for the two groups. A severe respiratory distress was observed in the COVID-19 group
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illustrated in Fig. 2A.

On admission day, we registered a higher Respiratory component for the COVID-19 patients (p = 0.001), as
well as day3, day5 day 8 and day 10 (p < 0.0001, respectively).

The respiratory-SOFA component decreased from day 1 to day 10 in non-COVID-19 patients (p < 0.0001),
but not in COVID-19 patients (p = 0.267) (Fig. 2B).

2-Prevalence of aPLA in ICU critically ill patients
Table 2 shows that the prevalence of aPLA antibodies was signi�cantly higher in the COVID-19 group
(58.1%) than the non-COVID-19 pulmonary-origin sepsis group (22.5%) (p = 0.002).

Table 2
aPLAs in the COVID and non-COVID groups

  ICU COVID-19 patients (n = 
43)

ICU Non-COVID-19 patients (n = 
31)

p-value

aCL IgMGA, no,
(%)

25(58.13%) 6(19.35%) 0.001**

aPS IgMGA, no,
(%)

10(23.25%) 3(9.67%) 0.130

All aPLA, no, (%) 25(58.1%) 7(22.5%) 0.002**

Data presented as n (%), mean ± SD.

aCL: anti-Cardiolipin antibodies, aPS : anti-Phosphatidylserine antibodies, aPLA : antiphospholipids
IgMGA : combined isotypes

Indeed, in the COVID-19 group, there were 25 (58.1%) tested positive for the aCL IgMGA. While, in the non-
COVID-19 group, only 6 (19.35%) patients were positive for aCL IgMGA. Figure 3A illustrated this
signi�cant difference at all time-points on day 1, day3, day5, day8 and day 10 (p < 0.0001, respectively).

We compared also the aPS production between the two groups. Ten COVID-19 patients (23.2%) vs three
non COVID-19 pulmonary-origin sepsis patients (9.67%) were tested positive for the aPS IgMGA. We
observed a signi�cantly higher prevalence of aPS production in COVID-19 group compared to non-COVID-
19 group at all time-points (p < 0.0001, respectively) (Fig. 3B).

3- Association of aPLA with respiratory organ failure
As well as in non-COVID-19 pulmonary origin sepsis group, the level of aPS at day 3 was correlated with
the respiratory-SOFA component of the same day of measurement in COVID-19 group (r = 0.385, p = 
0.032, for each group). For both groups, the aCL and aPS titers at day 5 were correlated with the
respiratory-SOFA component at day 5 (r = 0.490, p = 0.005; r = 0.399, p = 0.026, respectively).
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In the COVID-19 group, the correlation was slightly stronger, observed between the aCL and aPS at day 8
with the respiratory-SOFA component of the same day (r = 0.634, p < 0.0001; r = 0.633, p < 0.0001), than do
the correlation between these parameters in non-COVID-19 group (r = 0.508, p = 0.004; r = 0.634, p < 
0.0001).

Besides, at day 10, the correlation between the two types of anti-phospholipid (aCL and aPS
autoantibodies) and the respiratory SOFA component was maintained for both groups (r = 0.633, p < 
0.0001).

In timeline, the respiratory SOFA component at day 5 predict the elevation in titers of aCL and aPS at the
eighth day in COVID-19 patients (r = 0.634, p < 0.0001; r = 0.633, p < 0.0001) and in non-COVID-19 patients
(r = 0.508, p = 0.004; r = 0.634, p < 0.0001). It was also correlated with aCL and aPS production at day 10
(r = 0.633, p < 0.0001; r = 0.622, p < 0.0001 in non-COVID-19 group vs r = 0.465, p = 0.008; r = 0.421, p = 
0.018 in COVID-19 group).

Moreover, the correlation in different timelines continued to describe the prediction of the aCL and aPS
production at day 10 by the respiratory SOFA component measurement at day 8 (r = 0.633, p < 0.0001; r = 
0.622, p < 0.0001, respectively for each group).

Discussion
COVID-19-induced-APS-likesyndrome is a new term [12], as many studies reported a priori autoantibody
production in severe-COVID-19 patients (13),15]. Their prevalence is balanced among studies. A
prospective observational study performed at a third level hospital in Madrid, revealed that only 8.3% of
the patients were positive for anticardiolipin IgM and anti-β2-glycoprotein-I IgM [16]. On the contrary, Zuo
et al. found that 52% of their patients tested positive for aPLA [17].

Until now, the incrimination of aPLA in the coagulopathy linked to COVID-19 still controversial. These
autoantibodies may occur in critically ill patients following different infections, such as sepsis [2, 18].

In our study, we enrolled 43 critically ill COVID-19 patients and 31 critically ill non-covid19 patients with
pulmonary origin sepsis, admitted in the intensive care unit in the military hospital of Tunis between
October 2020 and May 2021. All patients were matched by age, sex, and comorbidities (p > 0.05).

We found a slightly signi�cant higher rate of mortality in COVID-19 patients (79%) compared to septic
non-COVID-19 patients (54.83%) (p = 0.026).

The SOFA-score was calculated among the groups to evaluate quantitatively and objectively the degree
of organ failure through several parameters including the oxygenation e�ciency, mean arterial pressure,
creatinine or urine volume, bilirubin, platelets and Glasgow Coma Scale (GCS) for the respiratory,
circulatory, renal, hepatogenic, coagulation and neurologic systems, respectively [11]. Prospective
evaluations have validated the SOFA score as a usefull tool for the assessment of morbidity in critical
illness [19].
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The current study showed that the SOFA-score was dramatically higher in the COVID-19 patients group
(8.44 ± 2.87) than in non-COVID-19 patients group on day 1 (7.47 ± 2.61) (p = 0.005), day 3, day 5, day 8
and day10 (p < 0.0001), inferring aggravating conditions in the COVID-19 patients. Indeed, Sijia Liu et al.
reported that a SOFA-score ≥ 3 is associated with mortality in critically ill COVID19 patients. This score is
a highly sensitive marker of in-hospital mortality [20].

In respiratory infections, hypoxic conditions are typical due to decreased oxygen inhalation [21]. Indeed,
we observed severe respiratory dysfunction measured using the SOFA-respiratory component between the
two groups on the admission day, day 3, day 5, day 8 and day 10. Assessment of the respiratory SOFA-
component relies on invasive arterial monitoring to measure arterial partial pressure of oxygen followed
by calculation of the PaO2/FiO2 ratio which refers to the oxygenation index and leads to SOFA score
variation [22]. The speci�c SOFA score ranges from 0 to 4. This score was signi�cantly higher in COVID-
19 (≥ 2) on day 1 (p = 0.001) to day 10 (p < 0.0001), than in non COVID-19 patients (< 2).

Furthermore, its evolution among time was signi�cantly decreased in non-COVID-19 pulmonary origin
sepsis patients (p < 0.0001) between day 1 (1.29 ± 1.16) and day 10 (0.41 ± 0.71). Conversely, the
evolution of respiratory SOFA-component in COVID-19 kept high levels between day 1 (2.6 ± 1.66) and day
10 (2.93 ± 1.38), and no decrease has been registered (p = 0.304).

This result indicates an exaggerated respiratory distress and lung injury in SARS-CoV2-viral pneumonia
patients compared to bacterial pneumonia in non-COVID-19 septic patients.

Different studies have shown that SARS-CoV-2 infection induces down-regulation of surfactant proteins
and an increase in cell death [23]. SARS-CoV-2 infects alveolar epithelial cells by recognizing the ACE2
receptor [24]. Following the virus internalization, the exfoliation of ACE2 reduces the expression of ACE2
on the cell membrane which weakens its lung-protective effects [25, 26]. This may lead to alveolar
epithelial cell necrosis and aggravation of lung in�ammation [26].

In our study, we measured aCLIgMGA and aPSIgMGA autoantibodies in critically ill COVID-19 and non-
COVID-19 patients, at different time points during their hospitalization in ICU.

We found 58.1% of COVID-19 patients were positive for at least one antibody based on the
manufacturer’s cutoff. A striking difference was observed between the autoantibody pro�les in COVID-19
patients as compared to the one in non-COVID-19 concerning the titers of aPLA. The vast majority of
positive results were aCL IgMGA (58.13% COVID-19 vs 16.98% non COVID-19), rather than aPS IgMGA
(23.25% covid-19 vs 7.5% non-COVID-19).

This high occurrence of aPLA autoantibodies in patients with COVID-19 could be explained by the high
risk for thromboembolic events. Indeed, Hui Shi et al. described the endothelial cell activation as a part of
the COVID-19 thrombo-in�ammatory storm. They reported that circulating aPLA may be predictors of
endothelial cell activation in COVID-19 and their depletion restrained the upregulation of E-Selectin,
VCAM-1 and ICAM-1, the three markers of endothelial cell activation [28].
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Interestingly, we detected modest correlations between anticardiolipin, anti-PS autoantibodies and the
respiratory SOFA component of the same day of measurement for both groups. We noted that the
correlation was slightly stronger, at day 8 (r = 0.634, p < 0.0001; r = 0.633, p < 0.0001), in the COVID-19
group. This may suggest a local production of aPLA in lungs.

Moreover, the respiratory-SOFA component on day 5 was strongly and signi�cantly correlated to aPLA
titers on day 8 and 10 for both groups. This led us to think that the respiratory SOFA-component can
predict the increase in the anticardiolipin and antiphosphatidylserine antibodies.

In the context of major cellular distress and tissue injury, the system may be overwhelmed and
mitochondrial Damage-Associated Molecular Pattern molecules (DAMPs) are released into the cytoplasm
[28], triggering a pro-in�ammatory response. This led us to think about a production of anti-phospholipid
antibodies against cardiolipin located in the internal membrane of mitochondria [29], which escaped the
autophagy due to a dysregulated immune response [30].

To summarize, our study clari�es, at least in part, the kinetics of aPLA synthesis in COVID-19 and in
pulmonary sepsis and supports the use of aPLA autoantibodies as predictors of a potential harmful
increase in the respiratory SOFA component. The aPLA assays had a good prognostic e�ciency,
suggesting that measuring aCL and aPS might be used as a secondary criterion for determining severity.

Conclusion
The overwhelming power of this extremely feasible assay lies in its inclusion of the effect of aPLA
production on the respiratory organ failure, as well as in the determination of the time of its production.
As it may be a relevant biomarker, the development of aPLA in response to therapy is of clinical
signi�cance.

Abbreviations
aPLA
anti-phospholipid
aCL
anti-cardiolipin
aPS
anti-phosphatidylserine
SOFA
Sepsis-related Organ Failure Assessment
ICU
Intensive Care Unit
COVID-19
Coronavirus Disease of 2019
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Figure 1

A: SOFA score evolution among COVID and non-COVID groups hospitalized in ICU from day 1 to day 10.
SOFA score was calculated in means ±SD. **p<0.05 ICU COVID-19 patients versus ICU non-COVID-19
patients B: Increase of SOFA score in COVID-19 patients between day 1 and day 10. SOFA score was
calculated in means ±SD. **p<0.05 day 1 versus day 10
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Figure 2

A: Respiratory SOFA component evolution among COVID and non-COVID groups hospitalized in ICU from
day 1 to day 10. Respiratory SOFA score was calculated in means ±SD. **p<0.05 ICU COVID-19 patients
versus ICU non-COVID-19 patients B: Increase of SOFA score in COVID-19 patients between day 1 and day
10. SOFA score was calculated in means ±SD. **p<0.05 day 1 versus day 10
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Figure 3

A: Comparison of the evolution of anti-cardiolipin antibodies between the COVID-19 and non-COVID-19
groups hospitalized in ICU, during the period study, from day 1 to day 10. **p<0.05 ICU COVID-19 patients
versus ICU non-COVID-19 patients B: Comparison of the evolution of anti-phosphatidylserine antibodies
between the COVID-19 and non-COVID-19 groups hospitalized in ICU, during the period study, from day 1
to day 10. **p<0.05 ICU COVID-19 patients versus ICU non-COVID-19 patients
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