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Anticoagulant protein S in COVID-19: low activity, and associated with outcome
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Introduction. COVID-19 disease was associated with both thrombo-embolic events and in-situ
thrombi formation in small vessels. Antiphospholipidic antibodies were found in some studies.

Aim. Assessment of protein S activity in patients with COVID-19 as a cause of this prothrombotic
state, and of the association of protein S activity with worse outcome.

Methods. All patients admitted for COVID-19 disease in a university hospital between 15™ of
May and 15™ of July 2020 were prospectively enrolled into this cohort study. Patients treated with
antivitamin K anticoagulants and with liver disease were excluded. All patients had protein S activity
determined at admission. The main outcome was survival, while secondary outcomes were clinical
severity and lung damage.

Results. 91 patients were included, of which 21 (23.3%) died. Protein S activity was
decreased in 65% of the patients. Death was associated with lower activity of protein S (median 42%
vs. 58%, p < 0.001), and the association remained after adjustment for age, inflammation markers and
ALAT. There was a dose-response relationship between protein S activity and clinical severity
(Kendall tau coefficient =—0.320, p < 0.001; Jonckheere-Terpstra for trend: p < 0.001) or pulmonary
damage on CT scan (Kendall tau coefficient = —0.290, p <0.001; Jonckheere-Terpstra for trend:

p <0.001). High neutrophil count was also independently associated with death (p = 0.002).
Conclusion. Protein S activity was lower in COVID-19 patients, and its level was associated
with survival and disease severity, suggesting that it may have a role in the thrombotic manifestations

of the disease.
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What is new / What is important:
— COVID-19 is associated with thrombophilia

— Protein S activity was decreased in most of the patients with COVID-19

— Lower protein S was associated with death

— Lower the protein S, higher the clinical severity or the pulmonary damage on CT

INTRODUCTION

Since SARS-CoV-2 pandemic began, it has
spread rapidly across the globe, leading to an
enormous number of deaths. The clinical spectrum
of this disease varies from asymptomatic forms
and mild upper respiratory tract disease, to severe
cases of pneumonia with associated acute respiratory
distress syndrome, in 15% of the hospitalized patients.
Progressive respiratory failure is one of the primary
causes of death [1— 3]. Post mortem studies have
shown, besides a pattern of diffuse alveolar damage
and hyaline membranes, characteristic to acute
lung injury, also platelet-fibrin thrombi in small
arterial vessels. Carsana et al., who analyzed lung
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tissue samples, reported such thrombi in 87% of
the cases they evaluated, while Ackermann et al.
showed that alveolar capillary microthrombi were
9 times more prevalent in patients with Covid-19 than
in patients with influenza [2, 4]. Likewise, from a
clinical point of view, COVID-19 is characterized
by broad thromboembolic manifestations, ranging
from venous thromboembolism to arterial events
[5-7]. One healthcare system from New York
reported, in patients under 50 years of age, five cases
of acute ischemic stroke associated with COVID-19
over two weeks, while every 2 weeks over previous
12 months, that service has treated, on average,
0.73 patients [8]. A series of 184 patients from ICU
showed a cumulative incidence of VTE of 27% despite
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the fact that all the patients received at least standard
thromboprophylaxis dose [9]. Heterogeneous theories
and information have been postulated regarding
the haemostasis disruption which takes place in
COVID-19 and many papers are focusing at present
on this subject. But, despite this rising interest,
one field has been overlooked and this field is
represented by the protein S and TAM family
receptors network, which represent the very core of
the balance between “the good inflammation” and
“the bad inflammation” [10]. Recently, Lemke and
Silverman proposed a theory suggesting that the
intense process of blood clotting and the immune
hyperreaction seen in patients with COVID-19 may
be interlinked and may be the consequence of the
dyshomeostasis of the same regulator, protein S [10].
Protein S, besides the well-known anticoagulant
function as a cofactor for the activated protein C,
possesses another extremely important role, which
resides in the activation of the immunosuppressive
TAM receptors, their function being essential in
preventing a status of hyperinflammation, as the one
seen in acute lung injury [10]. Amazingly, there are
only sparse and indirect references to the role of the
S-protein for the outcome of patients hospitalized with
COVID-19. Our aim was to evaluate the role played
by protein S in the severity of the SARS-CoV-2
induced lung lesions and, consequently, to test if
protein S is involved in patients’ outcome.

MATERIALS AND METHODS

SETTING AND PATIENTS

This was a cohort study in which we
prospectively enrolled the patients admitted to the
internal medicine, pneumology, and ICU departments
of a secondary care university hospital, from
15" of May to 15" of July 2020. All consecutive
patients, 18 years or older, were included if they were
diagnosed with COVID-19 by a positive polymerase
chain reaction test for SARS-CoV-2 tested on
nasopharyngeal swabs samples, irrespective of the
presence or the absence of the symptoms and their
severity when present; this particular situation was
due to the fact that, at the beginning of the pandemic,
in Romania, every patient with confirmed Covid-19
had to be hospitalized, by law, even though it was
asymptomatic. We excluded from the study patients
with known congenital or acquired thrombophilia,
patients who were receiving anti-vitamin K
anticoagulants at home, and patients with known
liver disease or neoplasia.

The study was conducted according to the
Declaration of Helsinki, and the protocol was
approved by the ethics committee of Colentina
University Hospital.

STUDY DESIGN

The investigative workup was not standardized,;
it was decided by every participating physician,
depending on initial clinical and laboratory
particularities in every single patient. However,
because the objective of the study was to test if
protein S is involved in the COVID-19 patients’
outcome, all patients had blood samples collected
at admission, with protein S being determined in all
of them. All patients had chest standard radiographs,
while the patients with pulmonary symptoms or
signs had chest computer tomographies (CT scan).
Besides, in all the patients with abnormalities on
the chest radiography, we performed a chest CT
scan; if the patient presented no abnormalities on
the radiography, we considered that it was no
involvement of the lung. If pulmonary symptoms
or signs (including lowering of oxygen saturation)
appeared during the hospitalization, chest CT scan
was performed, and the worst pulmonary damage
during hospitalization was considered as part of the
outcome.

LABORATORY PROCEDURES

Protein S was assessed using STA® Max3
machine (Diagnostica Stago, Asniéres, France) and
ACL 300R Stago Staclot® kit (Diagnostica Stago,
Asnicres, France). STA®-Staclot® assay represents
a quantitative measurement of the functional protein S
activity, based on the principle of Factor Va inhibition
by STA® analyzers. The reference range varies
with sex, from 60% to 130% for females, and from
75% to 130% for males. After the adjustment of
the values for gender, the cut-off was set at 60%
for all patients.

VARIABLES AND STATISTICAL ANALYSIS

Database construction and data analysis were
performed using SPSS 16.0 software (SPSS, Inc.
Chicago, IL). We categorized patients into three
groups, to comprise the whole spectrum of clinical
severity of the disease, and in 4 groups regarding the
extent of lung involvement on CT scan. Concerning
the disease severity, we considered mild disease if
the patient had no symptoms. Since studies have
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shown that a peripheral oxygen saturation < 90%
was strongly associated with death, independently
of age and sex [11], we considered severe disease
if the patient had a peripheral oxygen saturation
lower than 90% together with lung involvement on
CT scan; moderate disease was considered if the
patients fulfilled none of the above mentioned
criteria. As to the severity of the disease evaluated
by lung involvement on CT scan, we divided the
patients into four categories: no lung involvement
on CT scan, mild involvement if less than 25% of
the lungs was involved, moderate disease if lung
involvement was >25% but <50%, severe discase
if lung involvement was >50% but <75%, and very
severe disease if lung involvement was >75%.
Categorical variables were reported as frequency
and analyzed by Fisher’s exact test. Continuous
variables that were not normally distributed were
reported as median (minimum and maximum) and
analyzed with the Mann-Whitney U test and Kendall
T (Tau) rank correlation. The Jonckheere-Terpstra
test was used to assess the trend between protein S
activity level and ordinal outcomes. Protein S
levels were adjusted for gender. Because protein S
levels vary with age, liver disease and inflammation,
we adjusted for age, ALT, ferritin, C reactive protein
and neutrophil number. In the logistic regression,

the variables were selected by the “enter” method,
with evolution (death yes/no) as dependent variable.
Hypothesis testing was 2-tailed, and statistical
significance was defined by p < 0.05.

RESULTS

91 patients were included in the study, of
which 70 (76.9%) were discharged, and 21 (23.1%)
died. 32 (35.2%) had mild disease, 22 (24.2%) had
moderate disease, while 36 (39.6) had severe disease.
All the 21 patients who died were from the severe
disease group.

59 patients (64.8%) had a protein S activity
lower than normal.

Patients’ characteristics, together with the
results of the routine tests performed in our patients
were presented in Table 1. Patients who died had
significantly lower protein S activity. Death was also
associated with more advanced age, higher levels
of inflammatory markers (neutrophils, C reactive
protein, ferritin) and d-dimers, lower levels of
lymphocytes, and feminine gender (when adjusted
for age, gender difference disappeared). Fibrinogen
and anticoagulant protein C did not associate with
a negative outcome.

Table 1
Patients’ characteristics
. Survival, N (%) Death, N (%)
Characteristic 70 (76.9%) 21 (23.1%) P
Age, yr 52 (16, 91) 68 (33, 87) 0.007
Sex, F 35 (50.7%) 17 (81%) 0.014
Protein S, % 58 (18, 135) 42 (15,91) <0.001
Lymphocytes, /uL 1410 (320, 4600) 720 (7, 2080) <0.001
Neutrophils, / pL 3380 (1030, 13560) 11620 (220, 21810) <0.001
Platelets, x 10°/ ns 224.5 (52, 711) 242 (23, 464) 0.875
LDH, U/L 212 (105, 3343) 535 (326, 2024) <0.001
CRP, mg/L 7.2 (0.11, 341.79) 55(2.96, 312) <0.001
Ferritin, pg/L 265.1(6.31,4613) 1023 (102, 23436) <0.001
Fibrinogen, mg/dl 450 (247, 793) 516, (110, 980) 0.09
d-dimers, 0.45 (0.00, 7.28) 2 (0.48, 21.00) <0.001
PT, s 13.6 (11.9, 20.2) 14.7 (11.5, 40.6) 0.189
Troponin, ng/ml 9.68 (5, 62.25) 29.4 (7, 258) <0.001
NT-proBNP, pg/ml 85.4 (5,37055) 1260 (53, 71000) <0.001
Protein C, % 105 (55, 200) 94 (16, 169) 0.138
TGP, U/L 22.3 (3.1,200.7) 40.1 (8.6, 230.3) 0.035
Pulmonary disease, % 10 (0, 90) 70 (10, 95) <0.001

Protein S activity correlated with SaO, (Kendall-
tau coefficient = 0.301, p < 0.001) and d-dimer levels
(Kendall-tau coefficient =—0.281, p <0.001).

Protein S activity correlated with the severity
of the disease (Kendall tau coefficient = —0.320,
p <0.001) and with the degree of lung involvement

on CT scan (Kendall tau coefficient = —0.290,
p <0.001) (Figures 1 and 2, respectively). Jonckheere-
Terpstra test showed that there was a statistically
significant trend towards lower activity of protein
S with a more severe disease (p < 0.001) (Figures 1
and 2, respectively). After adjusting for age, ALT
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(as a liver disease marker) and inflammation the severity of the disease (Kendall tau coefficient =
variables (C reactive protein, ferritin and neutrophil 0.388, p < 0.001) and the extent of lung involvement
number), protein S activity level remained associated (Kendall tau coefficient = 0.458, p < 0.001). The
with the fatal outcome (Table 2); neutrophil number cultures for bacterial organisms remained sterile in
also remained associated with death. Moreover, these patients with neutrophilia, nevertheless they
neutrophil absolute count was also associated with received antibiotic therapy.
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Figure 1. Association of protein S activity with clinical evolution of COVID-19.
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Figure 2. Association of protein S activity with lung damage in COVID-19.
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Table 2

Protein S activity as predictor of death, adjusted for age, inflammation, and liver disease markers (logistic regression)

: 95% CI for OR
Variables B OR Lower Upper p
C reactive protein —0.001 0.99 0.990 1.008 0.845
Ferritin 0.000 1.00 1.000 1.001 0.311
Age 0.024 1.02 0.978 1.074 0.303
Protein S —0.055 0.946 0.901 0.994 0.027
ALT —0.004 0.996 0.975 1.018 0.730
Neutrophils 0.000 1.000 1.000 1.001 0.002
DISCUSSIONS complement factor C4 binding protein (C4BP),

Low protein S activity was associated with
the severity of disease, expressed by clinical
parameters or by the degree of lung involvement
on CT scan. Besides, low protein S activity was
associated with a negative outcome, independently
of age, liver disease, or inflammation markers.
Neutrophils were also associated with the severity
of the disease, the extent of lung involvement, and
the outcome. As far as we know, this is the first
study that evaluated the involvement of protein S
in COVID-19 patients’ outcome.

Current reports indicate that anticoagulation in
doses that we are familiar with, may not be adequate
in preventing the exuberant thrombotic events seen
in COVID-19 patients. Llitjos et al showed that the
proportion of VTE was significantly higher in
patients treated with prophylactic anticoagulation
when compared with the group who received full
dose anticoagulation (100% vs 56%, p =.03) [12];
the fact that 56% of the patients who developed
thromboses were receiving therapeutic anticoagulation,
proves that the haemostasis disturbances seen in
COVID-19 patients are quite unique.

Currently, the mechanisms involved in this
particular type of thrombosis is of highly interest
for researchers, because defining them will make us
understand this resistance to standard anticoagulation
and will certainly change the way in which we will
manage the COVID-19 patients. Regarding the
mechanisms and factors that enhance this abnormal
process of coagulation, several hypotheses have been
postulated until now, varying from a local state of
pulmonary inflammation and endothelial disfunction,
with or without associated antiphospolipid antibodies,
to neutrophil extracellular traps, dysregulated
complement activation, and dysregulated renin
angiotensin system [13]. Recently, a new theory
was proposed, which revolves around the natural
anticoagulant protein S, and the fact that thrombo-
inflammation may be linked by this protein.
Protein S, 60% percent of whom is bound to the

acts as a cofactor for activated protein C in order
to degrade factor Va and factor VlIlla, thereby
modulating the coagulation cascade in an inhibitory
fashion [10]. Besides, protein S is an activating
ligand for MER and AXL receptors comprised by
the TAM family of receptor tyrosin kinases [10, 14].
When activated, MER receptors, who are found on
the surface of macrophages and other immune
cells, are broadly immunosuppressive, and so they
temper the production of cytokines, (type 1 interferon,
IL-6, TNF), the same cytokines that are linked to
cytokine storm and consequently to acute lung
injury [10]. So, protein S deficit, by lowering the
activation degree of MER receptors, may contribute
to the uncontrolled inflammatory status seen in
these patients and the consequent organ injury;
moreover, this may explain the late onset of clinical
deterioration seen in patients with SARS-CoV-2 —
this delay may correspond to the period of time in
which the following events succeed: protein S levels
decrease, MER receptors are no longer activated, an
exuberant immune reaction develops. The protein
S deficit may be due to the fact that protein S is
depleted in the coagulation process, or may be
inherent to the inability of the endothelial cells to
produce protein S, due to the endothelitis induced
by the infection with SARS-CoV-2 [15, 16]. C4BP,
which binds protein S, is a marker for acute
inflammation. Even though we might expect that in
inflammatory states, as the ones seen in COVID-19
patients, free protein S and protein S activity to be
low, due to the high levels of C4BP, previous studies
have shown that C4ABP levels are not correlated with
free protein S levels [17, 18]. Protein S deficiency has
also been linked to the presence of antiphospholipid
antibodies [18— 20], but these results are debatable,
since others failed to show such an association [21].
Deficiencies in activating macrophages through
MER-protein S complex have been linked to immune
hyperactivation and autoimmune diseases [10, 14];
so, is protein S indeed lowered by the presence of
antiphospholipid antibodies, or maybe protein S
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deficiency induces a form of secondary antiphospholipid
syndrome, which may be transitory or not? In our
aim to prove that protein S levels are linked to the
outcome of Covid-19 patients, we showed that low
protein S levels were linked to the clinical severity
of the disease, the lung involvement, and the fatal
outcome, thereby fulfilling one of the Hill’s criteria
for causality, the dose-response relationship [22] —
the lower the protein S, the more severe the clinical
disease and the lung involvement. Besides protein S
levels, an elevated number of neutrophils also
associated with the negative outcome; this is in
concordance with the results reported in previous
studies, which proved that neutrophils are associated
with the severity of the disease and the admission
to ICU [23, 24]. Furthermore, neutrophils determine
neutrophil extracellular traps (NETs) formation;
when NETSs’ development is not properly inhibited,
they initiate and propagate inflammation and
thrombosis, not only in arteries and veins, but also
in microvasculature, where it can lead to end-organ
damage [25— 27]. Zuo et al. showed in a recent
study that in COVID-19 patients, NETs (cell-free
DNA and myeloperoxidase-DNA complexes) strongly
correlated with absolute neutrophil count, while C
reactive protein, D-dimer and LDH correlation was not
statistically significant [28]. Apparently, protein S
and neutrophils, through NETs, share the same
double-edged-sword property, the fine line that
makes the difference in the patients’ outcome, and

their association may be the one that imprints the
high intensity of the haemostasis disturbances, and
the resistance to anticoagulants.

The main limitation of the study resides in the
fact that we determined protein S levels only once, at
admission, so these patients could have not had
protein S activity lower before. Being a cohort study,
in most of the patients there was a clear temporal
relationship between the low protein S activity, which
was measured at admission, and the outcome,
which occurred afterwards during hospitalization,
therefore low protein S activity appears to be more
a cause than an effect.

Besides, we did not evaluate the levels of total
and free protein S, nor the presence or absence of
antiphospholipid antibodies and other possible
contributor to the thrombo-inflammatory state.
Moreover, there was no direct proof or reference to
the thrombotic state in these patients, as they had
not thromboembolic disease diagnosed ante- or
post-mortem, which would be the presumed mechanism
leading to a severe outcome, although the correlation
between protein S activity and d-dimers could be
an argument.

This was a generating hypothesis study. Further
research should evaluate the dynamics of protein S,
and the relationship with the antiphospholipid
antibodies in larger prospective studies, together
with the response to higher doses of anticoagulants
in such patients.

Introducere: Boala COVID-19 este insotitd atdt de evenimente tromboembolice,
cdt si de tromboze in situ in vasele mici. In unele studii, la acesti pacienti s-au gasit

anticorpi antifosfolipidici.

Obiectiv: Evaluarea activitatii proteinei S la pacientii cu COVID-19 ca §i
cauzd a acestei stari protrombotice §i a asocierii dintre activitatea proteinei S si

deznodamantul bolii.

Metode: Au fost inclusi prospectiv in aceastd cohortda tofi pacientii cu
COVID-19 internafi intr-un spital universitar intre 15 mai §i 15 iulie 2020. Au fost
exclusi pacientii cu tratament anticoagulant cu antivitamine K si cei cu boli
hepatice. Tuturor pacientilor li s-a mdsurat activitatea proteinei S la internare.
Efectul principal urmarit a fost supravietuirea, iar cele secundare au fost

severitatea clinica si afectarea pulmonara.

Rezultate: Au fost inclusi 91 de pacienti, dintre care 21 (23,3%) au decedat.
Activitatea proteinei S a fost scazuta la 65% dintre ei. Decesul a fost asociat cu o
activitate scazutd a proteinei S (mediana 42% fata de 58%, p < 0,001), iar asocierea
a ramas semnificativa statistic dupa ajustarea pentru varstda, markerii de inflamatie
si ALAT. A existat o relatie doza-raspuns intre activitatea proteinei S si severitatea
clinica (coefficient Kendall tau = —0,320, p < 0,001, Jonckheere-Terpstra pentru
trend: p < 0,001) sau gradul afectarii pulmonare la examenul CT (coeficient
Kendall tau = —0,290, p < 0,001, Jonckheere-Terpstra pentru trend: p < 0,001).
Numarul mare de neutrofile a fost de asemenea asociat independent cu decesul

(v = 0,002).



Low protein S activity in COVID-19 patients 257

Concluzie: Activitatea proteinei S a fost mai mica la pacientii cu COVID-19,
iar nivelul ei a fost asociat cu supravietuirea §i severitatea bolii, acest fapt
sugerdnd cd proteina S ar putea avea un rol in manifestarile trombotice ale bolii.
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