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Abstract

Background: One of the most serious morbidity and mortality features in
COVID-19 is thrombo-embolic manifestation with disturbed hemostasis in
natural anticoagulant. Protein S plays a critical role in cytokine storming and
acts as cross talk between immune status and coagulation process. So, we
aimed to address its role in addition to protein C in severity and outcome of
disease, with its role in vaccinated people by AstraZeneca. Methods: The
present study was conducted on 70 COVID-19 positive by real-time PCR. 40
of patients had moderate symptoms of respiratory, 30 cases were admitted
into ICU of Mansoura University Hospital, some of them under mechanical
ventilator. In addition to 40 healthy volunteers after first dose of vaccinated
AstraZenka as reference, assessment of protein C&S antigen was done by
ELIZA. Results: Significant increase in total leucocytic count in COVID-19
than vaccinated volunteer with significant reduction in absolute lymphocyto-
sis, increased neutrophilia. First significant observation was higher MPV in
COVID-19 than vaccinated, in addition to significantly higher C-reactive pro-
tein in severe cases than moderate and vaccinated. Prominent interesting find-
ing in our study was significant reduction in Protein C&S in severe cases than
moderate and vaccinated. Logistic regression analysis revealed that both could
be predictor of mortality outcome as CRP in COVID-19 illness. Conclusion:
There was significant reduction in protein C&S in severe cases than moderate
and vaccinated. Regression analysis shows that could be predictor of mortality
as well as CRP, D-dimer. Large extended study and follow up are needed to as-
sess the incidence of thromboembolism and role of protein C&S in different
variety protocols of vaccination programs.
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1. Introduction

COVID-19 is a global pandemic infectious disease affecting most of the world,
spreads rapidly with high morbidity and mortality rate, and the spectrum of
disease presentation was heterogeneous. It varies from asymptomatic into mild
upper respiratory tract disease, to severe cases of pneumonia with associated
acute respiratory distress syndrome, in 15% of the hospitalized patients with
progressive respiratory failure that represents one of the primary causes of death
[1].

Thromboembolic manifestations, ranging from venous thromboembolism to
arterial events are one of major characteristic features of disease as detected in
post mortem study of Carsana et al [2] who analyzed lung tissue samples from
acute lung injury and also platelet-fibrin thrombi in small arterial vessels. While
Ackermann et al showed that alveolar capillary microthrombi were 9 times
more prevalent in patients with COVID-19 than in patients with influenza [3].

A lot of information and different theories have been postulated hemostasis
disruption that happens in COVID-19 and may be major cause of morbidity and
mortality. One of the interesting fields in thrombogenesis is the protein S and
TAM family receptors network, which represents the very core of the balance
between “the good inflammation” and “the bad inflammation”. 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 reg-
ulator, protein S [4].

Coagulopathy with the increase of D-dimer and clinical signs of organ damage
indicating a significant hypercoagulable status were implicated in the formation
of wide-spread microthrombi and multi-organ ischemia [5]. Although the pa-
thological effect of SARS-CoV?2 infection on coagulation system is unknown, re-
lease of various proinflammatory cytokines, vascular endothelial cell injuries,
and platelet activation may play a role in the process. Indeed, data on coagula-
tion activation in viral infection like coronaviruses are sparse [6] [7].

Protein S, considered as well-known anticoagulant function as a cofactor for
the activated protein C, possesses another extremely important role, which re-
sides 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 [8]. Amazingly, there are only sparse and indirect references to
the role of the S-protein for the outcome of patients hospitalized with COVID-19.
To the best of our knowledge and previous literature, PC&PS may be a player in
thrombogenesis in COVID-19, may be a player of coagulopathy after vaccina-
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tion. Our aim was to evaluate the role played by protein S and more with protein
C in the severity of the COVID-19 induced lung lesions and, consequently, to
test if protein S&C are involved in patients’ outcome and predictor of death, in

addition to evaluating them in vaccinated group.

2. Subject and Methods

This single-center cross-sectional study included all critically ill patients who
were admitted to the intensive care unit (ICU). Our study was conducted on 70
patients admitted to special internal medicine hospital and ICU department
from May 2020 to April 2021, all patients underwent nasopharyngeal swab or
oropharyngeal swab and Real-time PCR was done for all with positive finding of
COVID-19 in addition to 40 healthy vaccinated by AstraZeneca. We excluded
from the study patients with known congenital or acquired thrombophilia, pa-
tients who were receiving anti-vitamin K anticoagulants at home, and patients
with known liver disease or neoplasia.

All patients had screening firstly by chest standard radiographs, while the pa-
tients with pulmonary symptoms or signs had chest computer tomography’s (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. Informed
consent was taken from every participant.

In addition to routine laboratory investigation as CBC, complete liver and
renal function, blood gases and electrolyte was done for sever and ICU patients.
D. dimer and coagulation profiles protein S and protein-C activity for all partic-

ipants.

3. Ethics Approval

All procedures performed in this study involving human participants were in
accordance with the ethics standards of the institutional research committee of
the investigating hospital (Institutional Review Board (IRB), Mansoura Faculty
of Medicine, number) and the 1964 Helsinki Declaration and its later amend-
ments or comparable ethics standards.

Protein S and protein C antigen assessment by enzyme-linked immuno-
sorbent assay (ELISA)

Quantitative determination of Protein S Antigen from plasm patients using
REAADS Protein S Antigen, with same procedure of Quantitative determination
of Protein C Antigen from plasm patients using REAADS Protein C Antigen
Test Kit (Corgnix, USA).

SPECIMEN COLLECTION AND PREPARATION

Plasma, collected with either 3.2% or 3.8% sodium citrate as an anticoagulant.

DOI: 10.4236/jbm.2022.103018

192 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2022.103018

N. El Menshawy et al.

Predilute all plasma (1:2 dilution in sample diluent), reference plasma by
adding 100 pl to 100 pl sample diluent, control and patient plasma by adding 20
ul to 20 pl sample diluent.

Prepare six reference dilutions as described in Table 1. Separate reference
curves are used for Total Protein S assays, prepare one set of dilutions using
pre-diluted reference plasma * Reference level value to be used for constructing
reference curve only.

Prepare working dilutions of control and patient samples by adding 20 uL of
prediluted plasma (1:2 dilution) to 500 puL Sample Diluent. Mix thoroughly, and
add 100 pL of the working dilutions (reference plasmas, controls and patient
samples) to the appropriate microwells. Add 100 pL of Sample Diluent to the
reagent blank well. Leave the water blank well empty. Incubate 40 minutes at
room temperature. Wash 4 times with working wash solution (PBS/Tween 20)
using automatic washer PW40 system.

Add 100 uL Conjugate (blue) to each well (except the water blank well). Incu-
bate for 10 minutes at room temperature. Wash 4 times with working wash solu-
tion (PBS/Tween 20) Add 100 uL Substrate to each well (except for the water blank
well) and incubate for 10 minutes at room temperature. Add the substrate to the
wells at a steady rate. Blue color will develop in wells with positive samples.

Add 100 pL Stopping Solution (0.36 N sulfuric acid) to each well (except for
the water blank well). Do not add Stopping Solution to the water blank well. In-
stead, add 200 pL of reagent grade water to the water blank well. Blank or zero
the plate reader against the water blank well. Read the O.D. of each well at 450
nm, against a 650 nm reference filter by Biorade ELIZA reader PR 400.

4. Statistics

The collected data was analyzed using Statistical package for Social Science (IBM
Corp. Released 2017. IBM SPSS Statistics for Windows, Version 25.0. Armonk,
NY: IBM Corp.). Mann Whitney Test (U test) was used to assess the statistical
significance of the difference of a non-parametric variable between two study
groups. The Kruskal-Wallis test is was used to assess the statistical significance
of the difference between more than two study group non-parametric variables.

Chi-Square test was used to examine the relationship between two qualitative

Table 1. Different dilutional plasma level with reference level.

Volume Reference Plasma  Volume Sample Diluent *Reference Level
30 uL 500 L 150%
20 uL 500 L 100%
15 uL 500 pL 75%
10 uL 500 pl 50%
10 uL 1000 pL 25%
10 uL 2000 uL 12.5%
DOI: 10.4236/jbm.2022.103018 193 Journal of Biosciences and Medicines
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variables. Logistic regression analysis was used for prediction of risk factors, us-

ing generalized linear models. A p value < 0.05 was considered to be significant.

5. Result

The present study was conducted on 70 COVID-19 positive by real-time PCR.
40 of patients had moderate symptoms of respiratory tract infection as docu-
mented by X-ray and CT SCAN with evidence of hilar consolidation and chest
pneumonia. 30 cases were admitted into ICU of Mansoura university hospital,
some of them under mechanical ventilator. In addition to 40 healthy volunteers
after first dose of vaccinated Astrazenka as reference.

Total leucocytic count is higher in COVID-19 than vaccinated with more sig-
nificant increase in severe cases than moderate p < 0.001 while Hb is mildly re-
duced in all patients than normal healthy vaccinated despite RBCs and platelet
show no significant changes.

Absolute lymphocytosis is reduced in COVID-19 than control with more sig-
nificant reduction in sever than moderate cases (P1 0.008, P2 0.002). While ab-
solute neutrophilia is reduced in all COVID-19 compared to control with high
significant difference p < 0.001, more interesting finding is prominently in-
creased in severe cases compared to moderate cases p < 0.002.

Neutrophil/lymphocyte ratio as marker of systemic inflammatory condition is
reduced in COVID-19 cases than vaccinated, however is increased in severe cas-
es than moderate with highly significant difference p < 0.001. As regarding
platelet/neutrophil ratio is higher in COVID-19 than vaccinated with marked
reduction in severe cases than moderate.

MPYV is significant higher in COVID-19 than vaccinated with more signifi-
cantly higher in sever compared to moderate cases.as presented in Table 2.

As regarding CRP (C-Reactive Protein) in COVID-19 cases, marked increased
in severe cases (median 140 mg/dl) (range 68 - 292) than moderate cases (me-
dian 27 mg/dl) (range 8 - 40 mg/dl) with highly significant difference p < 0.001
as show in Table 3.

Prothrombin time is higher in all cases of COVID-19 with significant increase
in sever than moderate with reduction in prothrombin activity in COVID-19
than vaccinated with no significant reduction among moderate and sever p
0.348. While INR is higher in all cases either sever or moderate than vaccinated
p < 0.001.

Median D-Dimer is significant increase in COVID-19 than vaccinated (me-
dian 1.5 vs 0.47) with marked increase in severe cases (median 5.7 vs 0.86) with
highly significant p value < 0.001.

As regarding Protein-C activity, significant reduction in all COVID-19 than
healthy vaccinated with marked reduction in sever than moderate p 0.004 as il-
lustrated in Table 4, Figure 1 with more reduction in non-survived than survive
patients (Figure 2).

As regarding Protein-S activity, significant reduction in all COVID-19 than
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Table 2. Comparison of hematological parameters among studied groups and subgroups.

Vaccinated COVID Moderate Sever P1 P2
N =40 N=70 N =40 N =30
WBCs Median 5.42 6.45 5.75 11.85
<0.001 <0.001
Range 48-10.5 3.8-19.8 38-75 6.5-19.8
RBCs Median 5.4 5.1 52 4.71
0.162 0.124
Range 5.8-6.9 3.7-4.8 3.8-5.1 34-49
Hb Median 14.5 12.2 9.6 8.8
<0.001 0.011
Range 13.4-153 8.5-145 85-145 9.2-139
PLT Median 185.5 145.5 189 146
0.145 0.122
Range 158 - 325 95-198 139 - 249 95-190
LYMPH Median 2.7 34 1.65 1.23
0.008 0.002
Range 2.9-.32 1.6-3.8 1-3.1 1.0-1.6
NEUT Median 8.2 4,94 3.65 104
<0.001 0.002
Range 6.9 -8.8 23-7.1 2.5-5.8 5.7-11.5
Neut/l ratio Median 21.8 3.6 2.1 7.7
<0.001 <0.001
Range 16 -27.2 0.79-13.8 0.79-4.92 3.47-13.75
PItN ratio Median 0.43 3.87 4.42 1.6
<0.001 0.001
Range 0.36-0.51 1.01-114 2.13-11.4 1.01-9.8
MPV Median 7.7 9.4 9.95 10-4
0.013 <0.001
Range 74-104 69-126 74-124 9.1-124

P1, comparison between control and total cases; P2, comparison between moderate and

Severe cases.

Table 3. Comparison of CRP among studied groups and subgroups.

Median
CRP Minimum

Maximum

COVID
N=70

33.8
8
292

Moderate
N =40

21
8
40

Severe
N =30

134
86
292

<0.001

CRP: C-Reactive Protein.

Table 4. Comparison of hemostatic parameters among studied groups and subgroups.

vaccinated COVID Moderate Severe
N =40 N=70 N=40 N=30 P P2
Median 12.15 16.05 15.55 17.2
PT Minimum 11.4 134 13.4 14.5 <0.001 0.011
maximum 12.5 22.1 21.5 22.1
Median 103 83.5 82 84
% Minimum 98 64 64 75 <0.001 0.348
maximum 110 98 98 98
Median 0.94 1.23 1.15 1.32
INR  Minimum 0.9 0.8 0.8 1.1 <0.001 <0.001
maximum 10 2.3 1.5 2.3
195 Journal of Biosciences and Medicines
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Continued
Median 0.47 1.5 0.86 5.7

DDIMER Minimum 0.3 0.2 0.2 2.8 <0.001 <0.001
maximum 0.9 6.7 2.9 6.7
Median 95 77 83.5 67.5

Protein C Minimum 89 55 65 55 <0.001 0.004
maximum 110 97 97 79
Median 94 81 84 55

Protein S Minimum 81 35 48 35 <0.001 <0.001
maximum 150 90 95 95

P1, comparison between vaccinated volunteer and total cases of COVID-19; P2, compar-
ison between moderate and severe cases of COVID-19.

110.0 o

100.0

90.0

80.0

70.0

60.0 J_

50.0

Protein C activity (%)

Control Moderate Covid-19 Severe Covid-19

Figure 1. Protein C activity in studied groups.
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Figure 2. Protein C activity in survived and not survived COVID-19 cases.
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healthy vaccinated with marked reduction in sever than moderate p 0.004 as il-
lustrated in Table 4, Figure 3 with more reduction in non-survived than survive
patients Figure 4. Follow up of survival of our study group show (20/70) 28.6%
of cased died, 16 of them (53.5%) from severe cases while 4 (10%) from mod-
erate. Most of severe cases are complicated by acute respiratory failure, cerebral
stroke, few cases are ended by renal impairment. The mortality rate among stu-

died groups and subgroups is shown in Table 5.

Table 5. Comparison of mortality rate among studied groups and subgroups.

COVID Moderate Severe
N = 70 N =40 N =30 P
N % N % N %
Death 20 28.6% 4 10% 16 53.5% <0.001

120.0
100.0
2
'S 80.0
>
3 1L
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.d% 60.0
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20.0
Control Moderate Covid-19 Severe Covid-19

Figure 3. Protein S activity in studied groups.
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Figure 4. Protein S activity among survived and not survived COVID-19 cases.
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6. Discussion

Coagulopathy with disturbed hemostasis is major evidence of thromboembolic,
manifestation and serious causes of morbidity and mortality in COVID-19 pa-
tients. Most of sever hospitalized at ICU under prophylactic and standard doses
of therapeutic anticoagulant however it could not prevent the exuberant throm-
botic events in those patients. llitjos et al 2020 [9] concluded that hemostasis
disturbance in COVID-19 patients is quite unique.

Extensive cross talk occurs between the immune and coagulation system, pre-
vious study has clarified that interleukin-6, IL-17 and tumor necrosis factor a
and other cytokines activate coagulation [10]. COVID-19 is associated with in-
flammatory response and increased IL-6 fibrinogen and ferritin in more in-
creased D-dimer suggesting extensive thrombosis and fibrinolysis [11] [12].
Hypercoagubility is an important hallmark of inflammation, pro-inflammatory
cytokines are critically involved in abnormal clot formation and platelet hyper-
activation in more downregulation of important physiological anticoagulation
pathway [13].

Pathophysiology of thrombosis is of high interest of a lot of researchers be-
cause defining it will make us understand this resistance to standard anticoagu-
lant 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, va-
rying from a local state of pulmonary inflammation and endothelial disfunction
with or without associated antiphospolipid antibodies, to neutrophil extracellu-
lar traps, dysregulated complement activation, and dysregulated renin angioten-
sin system [14] [15].

Recently, a new theory was proposed, that protein S is an activating ligand for
MER and AXL receptors comprised by the TAM family of receptor tyrosin ki-
nases [4]. When activated, MER receptors, who are found on the surface of ma-
crophages and other immune cells, are broadly immunosuppressive, and so they
temper the production of cytokines, (type 1 interferon, IL-6, TNF), the same cyto-
kines that are linked to cytokine storm and consequently to acute lung injury [16]

Few studies revealed relation of protein S only to outcome and severity of dis-
ease so we aimed to address its role in combination with protein C as predictor
of mortality and assess its role in vaccinated healthy volunteer.

Total leucocytic count is higher in COVID-19 than vaccinated with reduction
of absolute lymphocytosis and increased absolute neutrophilia. This finding
matched with [17]. This could be explained by a significant role of neutrophil
trapping theory in thrombogenesis and may play a trigger role in lung tissue
damage and severity of disease and outcome.

In current study one interesting finding and first observation that Mean
platelet volume is significantly higher in COVID-19 than vaccinated with signif-
icant increase in severe than moderate. This could be explained that large plate-

let may contribute in pathophysiology of thrombus formation [18].
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Our result revealed significant increase in C-reactive protein (CRP) in severe
cases than moderate. This finding could be related to association of CRP with
severity and worsening condition of disease. In addition, Logistic regression
analysis shows that CRP could be independent predictor of mortality. This find-
ing matched with Sharifpour [19]. That concluded in his study CRP rise is in-
dicative of disease worsening and measure of underlying systemic inflammatory
response. Emerging evidence about causal link between systemic inflammation
and clinical outcome in COVID-19 by dexamethasone therapy with inhibition of
systemic inflammation and reduce COVID-19 related mortality [20] [21], in
more it could be used to risk-stratify patients early and guide intensive manage-
ment respiratory support and or immune suppression with corticosteroid along
with monitoring response to therapy [22].

Prominent and interesting finding in our study that both significant reduction
in Protein C& Protein S in severe cases than moderate and even vaccinated. Lo-
gistic regression analysis revealed that both could be predictor of mortality in
COVID-19 patients (Table 6). To the best of our knowledge that first study of
both prothrombotic markers and its assessment in vaccinated people. This defi-
ciency in Protein S in accordance with conclusion of Stoichitoiu [23], until this
time no studies on vaccinated people. This deficiency of PC&PS could be ex-
plained that increased consumption of both natural anticoagulant in coagulation
cascade in early event of disease, may be reduced in synthesis from endothelium
due to endothelititis as consequences of inflammatory process induced by
COVID-19 [24]. Other explanation due to increased C4BP that binds to PS
however previous study showed that C4BP levels are not correlated with free
protein S levels [25]. In more addition and another explanation due to anti-
phospholipid syndrome with hyperactivation and autoimmune diseases through
MER-protein S complex [26].

Our interesting and new data reported about clinical value of PC&PS in vac-

cinated healthy volunteers with Asrtazenca show no significant changes while

Table 6. Prediction of death.

Univariable Multivariable

p OR 95% CI P OR 95% CI

Neutrophils 0.335 1.015 0.985 1.046
C reactive protein 0.002 1.006 1.002 1.010 0.484 1.003 0.995 1.010
D. Dimer 0.008 1.016 1.004 1.028 0.800 0.997 0974 1.021
Protein S <0.001 0.919 0.888 0.950 0.003 0.930 0.888 0.975
Protein C 0.015 0962 0933 0.992 0.012 0989 0.939 0.998

OR, odds ratio; CI, confidence interval. Logistic regression analysis was conducted for
prediction of mortality in COVID-19 cases, using neutrophils, CRP, D. Dimer, Protein C
and protein S as covariates. Higher CRP, D. Dimer, lower PC and PS were associated with
higher mortality rates in univariable analysis. While in multivariable analysis, lower PC &
PS were suggested to be independent predictors of death among COVID-19 patients.
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more reduction was observed in severe COVID-19 than moderate and even vac-
cinated. No more study about role of natural anticoagulant in rare documented
thromboembolic disorder in vaccinated people however some suggested expla-
nation by [27].

Role of antibodies against platelet factor 4 (PF4), direct interaction between
adenovirus vector and platelet., m RNA Vaccines leading to spike protein syn-
thesis and its presentation in the context of MHC with triggering cytotoxic re-
sponse to CD8+ cells [28] Gene encoding SARS-Covid-2 can occur in vitro ex-

perimented [29].

7. Conclusion

Significant reduction was observed in protein S&C at severe cases than moderate
and vaccinated. Logistic regression analysis revealed that could be predictor of
mortality as CRP, D-dimer. Large extended study is needed to assess incidence
of thromboembolism and role of PS&C in different vaccinated regimens with

different protocols.
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