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Abstract: COVID-19 is the most devastating pandemic sit-
uation we have experienced in our age, affecting all sys-
tems. Although it affects all systems, it shows its most
important effect through thrombophilia. Therefore, the
possible cause of sudden death due to COVID-19 may be
embolism caused by thrombophilia. D-dimer amounts in-
crease due to COVID-19. The thrombosis is associated with
sudden death in COVID-19 disease in populations. Since
individuals with thrombophilia will be more prone to death
due to COVID-19, it may be appropriate to administer low
doses of Clexane (Enoxaparin sodium) or low-weight hep-
arin for prophylactic purposes in order to consider these
individuals at high risk and to prevent deaths. Moreover, in
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order not to risk the lives of healthcare professionals with
thrombophilia, it would be appropriate to keep them away
from individuals with COVID-19 disease and to employ
them in different healthcare services according to their
fields of expertise. It should also not be forgotten that
different symptoms related to COVID-19 appear day by day,
these different symptoms probably show that the virus has
undergone mutations in order to survive, but no matter
what, its effect on thrombophilia has not been eliminated
yet. This compilation aims to present the reasons and
causes of death due to COVID-19, possible treatment op-
tions, and thrombophilia panel tests and new parameters
that may have a place in the meticulous interpretation of
these tests and possible etiopathology in the light of cur-
rent information. Therefore, presenting this information in
a rational manner and keeping the parameters of the
thrombophilia panel under strict control predict that the
deaths due to the virus will be partially reduced.

Keywords: anticoagulant; COVID-19; thrombophilia;
thrombosis.

Introduction

Since the last month of 2019, mankind has been making
great efforts to control severe acute respiratory syndrome
(COVID-19) caused by the new coronavirus [1]. The most
important of these efforts are the efforts to produce a vac-
cine, efforts to reveal the symptoms caused by the virus,
efforts to treat severe acute respiratory syndrome by relying
on drugs previously marketed to treat different diseases,
and efforts to stop the cytokine storm [2]. Despite all these
efforts, the disease could not be brought under control
worldwide and deaths could not be prevented. Sudden
cardiac death is one of the most common complications in
this disease [3]. The human body over-activates the im-
mune system in the fight against the virus and causes a
cytokine storm [4]. Furthermore, one of the most serious
complications that can occur in patients affected by COVID-19
is thrombosis. The probable cause of sudden death due to
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COVID-19 observed by humans to date is embolism-related
deaths [5]. Therefore, this study was compiled to help prevent
sudden deaths by associating the subject of thrombophilia
(increased tendency to form thrombus) with COVID-19 in the
light of current information.

Thrombophilia

Thrombophilia is the increased tendency of blood to
thrombose, that is, it causes hypercoagulability [6].
Another cause of hypercoagulability is hypofibrinolysis
(decreased ability to break down thrombin). Whatever the
cause is, stasis and coagulation system disorders in the
venous system cause thrombosis, while in the arterial
system, endothelial damage and functional disorders of
platelets play a role. This pathological condition causes
decreased compliance and vasomotion in the blood vessels
of major organ systems [7]. Moreover, due to thrombo-
philia, clots form in organs such as the heart, lungs, and
brain, and this formation leads to sudden death [8].
Thrombophilia presents with two different mechanisms:
hereditary and acquired. While hereditary and acquired
factors may be the sole cause of thrombophilia, in most
cases, both hereditary and acquired causes coexist [9]. In
the next part of the article, hereditary and acquired causes
of thrombophilia will be discussed in detail, respectively.

Hereditary thrombophilia and its
causes

Three factors called Virchow triad (venous stasis, hyper-
coagulability and endothelial damage) for the preservation
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of haemostatic balance; (1) the vessel wall should be
intact, (2) the blood’s coagulation ability should be
normal, (3) the elements of the haemostasis system
(vascular endothelial cells, platelets, von Willebrand
factor, tissue factor, other coagulation proteins, fibri-
nolytic system and anticoagulant proteins) should be
flawless [10]. In other words, to ensure haemostasis, the
coagulation system, natural anticoagulants and fibri-
nolytic system must be in balance. Therefore, a defect
that may occur in the coagulation system, natural anti-
coagulant and fibrinolytic system causes deterioration of
haemostasis. The clinical manifestation of this condition
is generally pulmonary embolism (PE) or deep vein
thrombosis (DVT) [11]. In this context, many thrombo-
philic factors leading to hereditary thrombophilia have
been described so far [12]. Hereditary factors leading to
thrombophilia are summarized in Table 1 [12].

Among these hereditary factors, prothrombin G20210A
(alone), and Factor V Leiden and prothrombin G20210A
gene mutation coexistence are the most common heredi-
tary risk factors for venous thromboembolism [13]. In
addition to the above-mentioned hereditary risk factors for
venous thromboembolism, protein C, protein S and
antithrombin-III deficiency are the causes of thrombo-
philia in many cases [14]. In this part of our article, PC, PS,
AT deficiencies and FVL and PT G20210A gene mutations,
which are clinically significant only in terms of VTE risk,
are discussed in detail in the light of current literature [15,
16], while other parameters (dysfibrinogenemia, hyper-
homocysteinemia, cystathionine-beta synthetase, methio-
nine synthetase and methylene tetrahydrofolate reductase
hereditary deficiency plasminogen deficiency, high lipo-
protein a, tissue plasminogen activator, heparin cofactor
11, Histidine-rich glycoprotein, platelet glycoprotein, plas-
minogen activator, thrombomodulin, Factor VIII elevation,

Table 1: The most common inherited causes of thrombophilia that can cause thrombosis.

Increases

Abnormalities — mutations

Decreases

- APCR (factor V) -
- CBS gene mutation (hyperhomocysteinemia) -

Dysfibrinogenemia -
Fibrinolytic system abnormalities -

AT Ill (thrombin neutralization)
HCII

- Factor VIl - GP VI gene mutation - HRG (also high levels)

- Factor VIII - JAK2 gene mutation - Plasminogen (Hypo-dysplasminogenemia)
- Factor IX —  KNG1 gene mutation - PC

- Factor XI - PS

- Factor Xl - VWF(G1691A)

— Lipoprotein A

- MTHFR gene mutation (C677T) homozygosity
- PAI-1

- Prothrombin (G20210A) gene mutation

APCR, active protein C resistance; AT Ill, Antithrombin Ill; CBS, cystathionine beta-synthase; GP VI, Glycoprotein VI; HC Il, heparin cofactor Il;
HRG, histidine-rich glycoprotein; JAK2, Janus kinase 2; KNG1, Kininogen one gene mutation; MTHFR, methylene tetrahydrofolate reductase;
PAI-1, plasminogen activator inhibitor-1; PC, protein C; PS, Protein S; VWF, von Willebrand factor.
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Factor IX elevation, Factor XI elevation, Factor XII and
Factor) will be briefly mentioned [17, 18].

Antithrombin (AT) deficiency

The presence of AT deficiency was first described by
Egebergin 1965 [19]. AT (heparin cofactor or Antithrombin
III; AT III) inhibits thrombin and is inherited in an auto-
somal dominant manner [20]. So, it is a protein synthe-
sized in the liver and released into the blood, consisting of
432 amino acids, which naturally prevents the formation
of blood clots (thrombus). Antithrombin-III exists in
plasma in two states as latent and active [21]. Temperature
and pH affect the equilibria of these two phases against
each other [22]. In addition to the thrombin inhibition of
this protein (inhibition of fibrin formation), it also inhibits
Xa, XIa, XIIa and kallikrein serine proteases [23]. It has
been reported that the effect of AT increases approximately
1,000 times in the presence of heparin or heparin-like mole-
cules. Therefore, if antithrombin-heparin cofactor measure-
ment is to be performed, if heparin is included in the
treatment, it should be done after at least two weeks of hep-
arin discontinuation [24].

Two types of protein AT deficiency are known. (A)
Type-1 deficiency: Low synthesis of the AT molecule.
Functional tests are impaired due to low AT synthesis.
(B) Type II deficiency; there is no problem in synthesis.
That is, the amount is normal, but the function is
defective. Type II deficiency also has three subtypes. (1)
“reactive site” defect of AT, (2) Type II RLS: “Heparin
binding site” defect; and (3) Type II PE: “pleiotropic ef-
fect” with a multifunctional defect. The frequency of VTE
events is reported to be 6% in heterozygous individuals
with defects in the heparin-binding domain [25]. How-
ever, more severe VTE events may occur in homozygous
individuals. Antithrombin-III deficiency has been re-
ported in around 50% of those with VTE [26, 27]. There-
fore, AT deficiency should be considered in order to
prevent thrombus-related deaths in those who have
COVID-19 disease.

Protein S (PS) deficiency

The presence of PS deficiency was first reported in 1984 [28].
PS is a vitamin K-dependent glycoprotein and is inherited in
an autosomal dominant manner. This deficiency is found in
0.5% of the general population. Protein S is synthesized
mainly from the liver. It has also been reported to be
expressed in endothelium, megakaryocytes and testicular
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Leydig cells [29, 30]. Protein Sis a nonenzymatic cofactor in
the inactivation of FVa and FVIIla by activated protein C
(APC). PS itself can also inhibit tenase and prothrombinase
complexes; this reaction is independent of APC [31, 32]. In
protein S deficiency, the factor Va, which causes thrombo-
philia, is excessively increased. Therefore, suppression of Va
factor activity is associated with protein S. There are both
heterozygous and homozygous conditions, and most of the
patients are heterozygous [32].

There are three types of protein S deficiency. In Type 1
PS deficiency (quantitative disorder); both total PS and free
PS were decreased. In Type 2 PS deficiency, total PS and
free PS are normal, but PS function is impaired. Type 3 PS
deficiency; total PS amount is normal, free PS amount is
decreased, functional test is also impaired [29, 30, 33]. 40%
of Protein S, circulates free and 60% with C4b-binding
protein (C4b-BP) in the plasma [34]. But free protein S ac-
tivates protein C as a cofactor [35]. A decrease in free pro-
tein S has been reported in HIV infection [36]; a viral
infection (possibly due to COVID-19-related declines is also
possible). It has been reported that free PS is low as a
result of urinary excretion in nephrotic syndrome. Free
protein S is also decreased in inflammatory bowel dis-
ease [37]. Moreover, protein S levels decrease in the use
of oestrogen, acute thrombosis, warfarin treatment,
chronic liver disease and DIC development [9]. Since free
protein S might decrease due to comorbidities that occur
during COVID-19 disease (for example, in nephrotic
syndrome, tables such as DIC) or individuals who have
COVID-19, the tendency of thromboembolism increases
in patients. Therefore, it is useful to consider these sit-
uations in COVID-19 infections.

Protein C (PC) deficiency

The anticoagulant effect of PC (autoprothrombin IIA and
blood coagulation factor XIX) was first demonstrated in
1960 [38]. PC deficiency is detected in 0.5-6% of patients
presenting with venous thromboembolism [39]. Consist-
ing of two subunits linked by disulphide bonds, this
protein is 62 kDa in size and is synthesized in the liver [40].
PC has a very short half-life of 8 h [41]. Vitamin K is
required for its synthesis [42]. It is inherited in an auto-
somal dominant manner. Thrombin activates the PC.
Binding of thrombin to endothelial thrombomodulin and
endothelial protein C receptor (EPCR) makes PC 20,000
times more active. In other words, when thrombin binds
to thrombomodulin (TM) on the endothelial surface, its
ability to convert fibrinogen to fibrin is lost. Activated protein
C (APC), active FV and FVIII causes its inactivation. In



612 —— Aydin et al.: Overview of COVID-19’s relationship

addition to its anti-coagulant effects, PC also has different
biological effects such as anti-inflammatory and cell-
protective effects [39, 43].

Two types of protein C deficiency, Type 1 and Type 2,
have been reported to date. (A) In Type 1PC deficiency, pro-
tein C amounts are 50% of the normal, and this type is the
most common type. (B) In the absence of Type 2PC, the blood
protein C level is normal, but it is not functionally active [43].
Thrombosis in PC abnormalities is usually observed in lower
extremity veins, iliofemoral veins, mesenteric veins, and ce-
rebral veins. VTE and pulmonary embolism may accompany
these events. Furthermore, protein C deficiency in pregnan-
cies causes fetal losses (spontaneous abortions) [44].

Resistance to activated protein C
(APCR)

Dahlbéck reported in 1993 that the response obtained with
activated partial thromboplastin was impaired in families
with venous thrombosis of unknown origin and the presence
of activated protein C resistance [45, 46]. APCR (decreased
anticoagulant response) is the most common cause of
inherited coagulation tendency and is autosomal recessive.
The most common cause of this resistance is Factor V Leiden
mutation [47]. The frequency of this mutation in the general
population is around 2-10%. On the molecular basis of the
active protein C-resistance state, as a result of the replace-
ment of guanine at nucleotide 1,691 in the FV gene with
adenine and the replacement of arginine at position 506 by
glutamine, APC cannot inactivate the FVa protein, resulting
in APCR [48]. It is responsible for 21-60% of patients with a
history of thromboembolism [47]. It has been reported that
the risk of thrombosis increases 5-10 times in heterozygotes
and 50-100 times in homozygotes. Factor V Leiden causes
hypercoagulopathy for two reasons; (i) Activated FV Leiden
with reduced clearance in serum accelerates thrombin for-
mation from prothrombin. (ii) Protein C-formed fragments of
factor Va contribute to the degradation of FVIIIa by acting as a
cofactor. As a result, the resistance of FVa to degradation
indirectly prevents the degradation of FVIIla by APC, and
thus the anticoagulant effect is reduced [47, 49]. Presence of
APCR is a risk factor for pulmonary embolism, deep vein
thrombosis, cerebral, mesenteric and portal vein thrombosis.
FV Leiden mutation in children causes cerebral infarcts more
frequently than adults [47]. APCR has also been reported to
have direct anti-inflammatory and antiapoptotic effects [50].
The most common cause of active protein C resistance is the
FV Leiden mutation [51]. Now, in this part of the article, let’s
look at the FV Leiden mutation in detail.
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Factor V (FV LEIDEN (FVL), A-506-G)
mutation

The relationship between factor V and protein C is disrupted
by mutation, and mutant factor V is named as Factor V Leiden
(FVL) [52]. In factor V Leiden mutation, the inactivation of
factor Va and VIIIa decreases 10 times, and thus the tendency
towards thrombosis increases [53]. If a mutation occurs in
factor V, activated protein C resistance occurs, and the ten-
dency towards thrombosis increases. That is, APC resistance
is often associated with deep vein thrombosis [54].

In the case of replacing guanine with adenine in the 1,691
nucleotide of the gene encoding factor V, glutamine replaces
arginine at the 506th position in the structure of factor-V, and in
this case, it is called the “A-506-G” mutation [55]. Furthermore,
intracranial arterial and venous thrombosis occurs in people
with Factor V Leiden mutations [56). It has been reported that
the rate of FVL mutation is 12% in patients with unknown cause
of stroke. FVL is the most common hereditary cause of unex-
plained venous thrombosis. Its incidence in the general pop-
ulation is 4.8%. It has been reported that FVL heterozygous
patients have a 10% lifetime risk of thrombosis [57].

As mentioned above, since the presence of FVL mutation
increases the tendency towards thrombosis, COVID-19 pa-
tients should be questioned in terms of the presence of FVL
mutation, and necessary precautions should be taken not to
lose them from intracranial arterial and venous thrombosis
events. This is because Factor V Leiden mutation may be a
risk factor for intracranial arterial and venous thrombosis in
COVID-19 patients regardless of age.

Possible causes of some important
acquired natural anticoagulant
deficiencies and COVID-19

Heparin-antithrombin III, protein C and tissue factor in-
hibitors (extrinsic pathway inhibitors) are natural anti-
coagulation mechanisms in the organism and keep the
coagulation system under tight control [58]. Possible cau-
ses of acquired natural anticoagulant deficiencies are
briefly summarized in Table 2.

Acquired antithrombin-Ill deficiency

Decreased AT-III syntheses in liver diseases and, in the
case of nephrotic syndrome, an increased excretion of
antithrombin-III cause antithrombin-III deficiency [59, 60].
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Table 2: The most common causes of acquired thrombophilia that increase the tendency towards thrombosis.

Changing parameters

- aB2GP1 - IBD —  Prolonged bad rest or immobilization
- aCl antibodies — Inflammation —  Prothrombin complex concentrates L-asparaginase
- Air pollution —  Long haul travel (long-distance flights) —  Puerperium
- Apoliporotein —  Lupus anticoagulants syndrome — Renal failure
- APS —  Marked leukocytosis in acute leukemia - SCA
- Cancer —  Medications: OCs, HRT, Tamoxifen - Senilite
(Malignancy) —  Bevacizumab, thalidomide, lenalidomide - Smoking
- CHF - Steroids - Thrombophilia or coagulation protein regulation deficiency:
- DM - MetS combined thrombophilia. DIC, hyperestrogenemia
— Druginduced: HIT -  MI - Prosthetic cardiac valves (increased hepatic coagulation factors)
- ET - MM - Tissue damage: Surgery (especially orthopedic). Fracture.
—  Fractures —  Myeloproliferative diseases: PV.MPN Burns
- Hematologic - Nephrotic syndrome (loss of small proteins - Trauma
- Diseases including AT-111) - TIP
- HIV/AIDS - Obesity —  Vines: SARS-CoV-1. SARS-CoV-2
- Hypertension - PNH - VIE
—  Hyperviscosity - pregnancy - WM

- Presence/indwelling of central venous catheter

aB2GP1, anti-Beta two glycoprotein I; aCL, anticardiolipin; AIDS, acquired immunodeficiency syndrome; APS, antiphospholipid antibody
syndrome; AT lll, Antithrombin 1ll; CHF, congestive heart failure; DIC, disseminated intravascular coagulation; DM, diabetes mellitus; ET,
Essential thrombocythemia; HIT, heparin-induced thrombocytopenia; HIV, human immunodeficiency virus; HRT, hormone replacement
treatments; IBD, Inflammatory bowel disease; MetS, metabolic syndrome; MI, myocardial infarction; MM, multiple myeloma; MPN, chronic
myeloproliferative neoplasms; OCs, oral contraceptive drugs; PNH, paroxysmal nocturnal hemoglobinuria; PV, polycythemia vera; SARS-CoV,
severe acute respiratory syndrome coronavirus; SCA, sickle cell anemia; TTP, thrombotic thrombocytopenic purpura; VTE, previous venous

thromboembolism; WM, Waldenstrom’s macroglobulinemia.

Antithrombin-III deficiency occurs due to increased AT-III
consumption in preeclampsia, eclampsia, pregnancy and
hypertension [61-63].

Oral contraceptives (OCS), L-asparaginase and heparin
have also been reported to cause AT-III deficiency [64, 65].
Acute venous thromboembolism, disseminated intravas-
cular coagulation (DIC) and sepsis are seen in COVID-19
disease [66—68]. This should be considered in the treat-
ment of COVID-19 patients, as acquired antithrombin-III
deficiency will occur due to increased AT-III consumption
in cases of acute venous thromboembolism, disseminated
intravascular coagulation (DIC) and sepsis.

Acquired protein C deficiency

Sepsis has an important place among the causes of ac-
quired thrombophilia in relation to COVID-19. In other
words, it has been reported that sepsis (causing acquired
thrombophilia) develops in severe COVID-19 patients
[69]. Fibrinolysis is also reduced in severe sepsis pa-
tients [70]. In other words, disseminated intravascular
coagulation, microvascular thrombosis, organ failure
and shock may develop in severe sepsis [71], because PC
is consumed during this time (possibly PC is decreasing

due to vitamin K deficiency) [72]. Vitamin K deficiency
may be caused by the fact that antibiotics given to pre-
vent bacterial pneumonia in severe COVID-19 patients
kill bacteria that synthesize vitamin K in the intestines,
and the plasma level may decrease with liver disease
and warfarin use [73]. Additionally, acute disseminated
intravascular coagulation, extensive deep vein throm-
bosis, severe infections, sepsis, and chronic renal failure
also cause PC deficiency [74]. Apart from all these, se-
vere infections (meningococcemia), cyclophosphamide,
methotrexate, 5-fluorouracil and r-asparaginase treat-
ment also cause acquired protein C deficiencies [75].
Protein C deficiencies or decrease of protein C increase
the development of microvascular thrombosis and DIC
[76]. In addition to decreasing the anticoagulant effect of
PC, its anti-inflammatory effect is also reduced [77]. For
all these reasons, the coagulation cascade should be
followed strictly to prevent sudden death in severe
COVID-19 patients.

Acquired protein S deficiency

Liver diseases, HIV infection, r-asparaginase treatment
and recovery phase of chickenpox, acquired intravascular
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coagulation, and acute thromboembolic events lead to
protein S deficiency [78—80]. In addition to PC, PS levels
also decrease in patients taking Warfarin [81]. Since protein
S deficiency will probably occur during the recovery phase
of COVID-19 disease, this should be considered in order to
prevent deaths due to thromboembolism and venous
thrombosis [82].

Causes of acquired APC resistance

Increased FVIII level [83], pregnancy [84], oral corticoste-
roids (OCS) use [85], systemic lupus erythematosus (SLE)
[86], antiphospholipid antibodies, multiple myeloma [87]
and cancers cause [88]. Also, APCR and factor V Leiden
are associated with unexplained recurrent pregnancy
loss and has been identified as the most common
inherited risk factor for venous thrombosis [89]. There-
fore, knowing the above-mentioned conditions, diseases
and the presence of Factor V Leiden mutation in severe
COVID-19 patients will bring a different perspective to the
approach of COVID-19 treatment. Moreover, due to the
anticoagulant and anti-inflammatory properties of APC,
its use in the treatment of severe sepsis caused by
COVID-19 may possibly be beneficial. Furthermore, bac-
terial infection, autoimmune diseases (e.g., lupus ery-
thematosus), malignancies (hepatoma), or drugs used
(corticosteroids) may cause hypercoagulation. Therefore,
in these cases, it is inevitable that the use of anticoagu-
lant molecules will be beneficial in order to prevent pa-
tient losses. It should not be forgotten that steroids
increase the number of platelets in the blood elements in
order to prevent the formation of fibrous bands in the
lungs [90]. If the patient does not have fever and there is
no agreement between CRP values and platelet values, it
should be considered as steroid-related, and the condi-
tion should be followed up.

Acquired hyperhomocysteinemia

High homocysteine (hyperhomocysteinemia) is known to
cause venous and arterial thrombosis [91]. It has been
suggested that hyperhomocysteinemia develops due to
cobalamin, pyridoxine and folate deficiency, and, in this
case, it may cause thrombosis by affecting the vascular
endothelium [92]. As it is known, under normal conditions,
the endothelial surface has anti-thrombotic properties
through molecules such as prostacyclin, NO (anti-
aggregant), TFPI, thrombomodulin, heparan sulphate
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(anticoagulant) and tissue plasminogen activator (profi-
brinolytic) [93].

Factor Il (prothrombin G20210A)
mutation

Prothrombin (G20210A) is a form of prothrombin and is the
most common genetic origin point mutation of thrombosis
[94]. If a patient has a Prothrombin G20210A mutation, it in-
creases the level of prothrombin molecule in the blood. The
increase in the level of prothrombin molecule in the blood
increases the tendency of both vein and arterial thrombosis
[16]. In particular, if there is an FVL mutation in these patients,
the risk of thrombosis increases [95]. Prothrombin 20210A
mutation is an autosomal dominant disorder [96]. The risk of
thrombosis increases 3-10 times in heterozygotes. Although
homozygosity is rare, there is a risk of thrombosis [97]. Also,
hereditary deficiency of cystathionine -beta synthetase,
methionine synthetase and methylene tetrahydrofolate
reductase, Heparin cofactor II deficiency, Plasminogen defi-
ciency, Dysfibrinogenemia Factor XII deficiency, and increase
in factor VIII coagulant activity are among the factors that
increase the tendency towards thrombosis [98—-102].

Thrombophilia and viral infections

Although there are some antiviral drugs, viral infections do
not have a complete drug treatment and they cause damage
by affecting some organs (for example, in COVID-19 disease,
lung, kidneys, muscle, eye, etc.) and lead to coagulation-
related disorders [103-105]. It is beneficial to know the
physiopathology of viral infections well, to eliminate
bleeding and thrombotic complications associated with viral
infections and to improve supportive care in treatment.

In cases of viral infection (including SARS-CoV-2), it
has been reported that the amounts of coagulation mole-
cules such as factor VIII, factor XI, soluble tissue factor and
Von Willebrand factor, prothrombin fragment 1B 2 and
thrombin—antithrombin complexes, platelet activation,
fibrin destruction and fibrinolysis (e.g., D-dimer and
plasmin—o2-antiplasmin complexes) increased [67, 106,
107]. On the other hand, it was reported that the amounts of
natural anticoagulants (protein C, protein S, antithrombin
and tissue factor pathway inhibitor) decreased [108, 109]. It
has been reported that there is a link between the coagu-
lation cascade and cytokine release in cases of viral
infection [110, 111]. Namely, in cases of viral infection, the
amounts of proinflammatory cytokines such as IL-6, IL-1,
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IL-12, and TNF-a increase, and these increased proin-
flammatory cytokines cause an increase in the Von Wille-
brand factor responsible for platelet activation, triggering
clot formation [112, 113]. Also, the amount of thrombomo-
dulin on endothelial cell surfaces decreases, and accord-
ingly, the amount of protein C required for protein C
activation is reduced [109, 114, 115].

In many viral and bacterial infections (e.g., meningo-
coccemia), which are severe and cause sepsis, damage on the
inner surfaces of vessels and inflammation-induced coagu-
lation occur [116-118]. In the HIN1 influenza (swine flu)
epidemic, both thrombotic and hemorrhagic complications
such as deep vein thrombosis, pulmonary embolism, and
hemoptysis, as well as pulmonary hemorrhage, hematem-
esis, petechial rash, and petechial cerebral hemorrhage, have
been reported [103, 119]. Intrarenal fibrin deposition has also
been reported in some cases of influenza, resulting in renal
failure [120]. Similarly, widespread intravascular coagula-
tion, pulmonary hemorrhage and thrombocytopenia have
been reported in some cases infected with H5N1 (bird flu)
[121]. In the case of SARS disease, pulmonary thromboem-
bolism resulting in intravascular coagulation, deep vein
thrombosis and pulmonary infarction has also been reported
[122]. It has been stated that coagulation disorders seen in
viral infections may be associated with vascular endothelial
damage disorders [123, 124].

Apart from all these, Hepatitis C infections (HCV) have
been reported to cause thrombosis [125, 126]. As can be un-
derstood from the above information, there is a close connec-
tion between viral infections and the formation of coagulation
[103]. Therefore, in other viral infections, including COVID-19,
if hereditary thrombophilia is present, the coagulation cascade
pathology will be more complex, and deaths due to thrombosis
will become more common. For this reason, one of the main
ways to prevent COVID-19-related deaths is to follow what is
happening in the coagulation cascade.

Thrombophilia and COVID-19

Bleeding or bleeding disorders are the leading cause of
death resulting from COVID-19 [118, 127, 128]. According to
the reported findings, coronavirus causes hyperactivity in
platelet cells, thus aggregating platelets, leading to clot
formation. Hyperactivity in blood coagulation cells causes
strokes and heart attacks [129, 130]. Also, it is known that
the system responsible for the removal of blood clots in the
disease shows excessive activity (hyperfibrinolysis) [131]. It
has been reported that people with lung, diabetes, high
blood pressure, and heart or kidney disease have a higher
risk of developing COVID-19 [132].
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It has been reported that plasminogen and plasmin
levels are high in individuals with pre-existing lung, heart
and kidney and diabetes. Plasminogen and plasmin levels
higher than the normal lead to severe bleeding. In the
blood, plasminogen is an inactive substance. When sub-
stances in the cells of blood vessels activate plasminogen,
plasmin is produced from the blood, which dissolves blood
clots [133, 134]. It has been reported that, in COVID-19 pa-
tients, who are associated with the dissolution of blood
clots and the disease progresses severely, an increase in
D-dimer levels and a bleeding picture similar to Dissemi-
nated Intravascular Coagulation (DIC) develops, and in
parallel, there is a prolongation in INR/PT tests. D-dimer is
a protein produced by the clot dissolving [115, 135]. It
should not be forgotten that D-dimer amounts also in-
crease due to different reasons such as severe infections,
sepsis and trauma [136]. However, it has been reported that
D-dimer levels decreased in survivors of COVID-19 and in
cases that did not develop acute respiratory distress syn-
drome. The risk of disruption in coagulation mechanisms
increases due to COVID-19 disease [137, 138].

Considerations in the hereditary
diagnostic tests of thrombophilia

There are reliable tests on the market to test for the presence
of hereditary thrombophilia (activity of natural anticoagu-
lants) [139, 140]. Among the thrombophilia tests, it is possible
to work reliably with the Sanger Sequencing method (DNA;
whole blood with EDTA) parameters of FII, FV Leiden,
MTHFR (A1298C), MTHFR (C677T) [141, 142]. The blood sam-
ple must have been drawn in the correct test tube in the
proper and required amount. Plasma is used to measure the
activity of natural anticoagulants and should be a fresh
sample if possible [143]. The instrument used in the mea-
surement must be well calibrated. Blood samples that are
hemolyzed, lipemic, clotted, or with a hematocrit value
greater than 55% should not be used. These tests should be
run by experienced laboratory personnel. The tests that
should be requested in order of priority in COVID-19 patients
with suspected thrombophilia are given in Table 3 [144].

General interpretation of hereditary
thrombophilia panel tests
Factor V Leiden and prothrombin 20,210 mutations:

These two parameters indicate the risk of developing
venous thromboembolism (VTE) [145].
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Table 3: Possible tests to be requested from laboratories in order of priority in case of

suspected thrombophilia.

HIGH PRIORITY MILD PRIORITY LOW PRIORITY UNKNOWN PRIORITY
e APCR/FactorVLeiden |e Antiphospholipid antibodies |e Factor IX e CDS55, CD59 (For PNH)
e Factor VIII e aB2GP1, aCL,LAC e Factor XI e JAK2 gene mutation
o Homocystein o ATII o Fibrinogene tests (For Myeloproliferative Disorders)
e LAC e PC e MTHFR gene mutation | Plasma lipoprotein A (For CHD)
e Prothrombin (G20210A) e PS (C677T) o Plasminogene
(For Acute Medically Illnesses)
e TFPI (For Infection)

aB2GP1, anti-Beta 2 glycoprotein I; aCL, Anticardiolipin; APCR, Active Protein C Resistance; AT
IIl, Antithrombin lll; CD, cluster-of-differentiation-proteins; CHD, Congenital heart disease;
JAK2, Janus kinase 2; LAC, Lupus anticoagulants; MTHFR, Methylene tetrahydrofolate
reductase; PC, Protein C; PNH, Paroxysmal nocturnal hemoglobinuria; PS, Protein S; TFPI,

Tissue factor pathway inhibitor.

AT-III deficiency: It shows the risk of occurrence of
thrombotic images [146]. In other words, it can give infor-
mation about venous thromboembolism (VTE), nephrotic
syndrome, preeclampsia, eclampsia, pregnancy, hyper-
tension, liver diseases, sepsis, DIC, oral contraceptives
(OCS), L-asparaginase and heparin use. Considering Factor
V Leiden, prothrombin gene mutation, protein C and pro-
tein S deficiencies, the frequency of AT-III deficiency in the
first VTE events was found to be 0.5-1% [147-149].

Protein C deficiency: It is the main indicator of fetal
losses (spontaneous abortions), VTE, purpura fulminans and
warfarin-induced skin necrosis, pulmonary thromboembo-
lism, and non-hemorrhagic cerebral strokes. Protein C defi-
ciency can be hereditary, as well as acquired protein C
deficiency due to DIC, ARDS, liver diseases, severe infections
(meningococcemia), septic shock, postoperative period,
cyclophosphamide, methotrexate, 5-fluorouracil and 1-aspar-
aginase treatment [44, 150-152]. It is possible that, leaving
aside hereditary Protein C deficiency, the treatments received
by individuals with co-morbidities in COVID-19 disease may
have caused acquired protein C deficiency, leading to pulmo-
nary thromboembolism and non-hemorrhagic cerebral strokes
and heart attacks, leading to sudden death.

D-Dimer test: D-Dimer test for corona virus infection,
diagnosis and follow-up may also give an idea [153], but it
should be considered that the amount increases in sepsis
and severe infections beside corona virus [154].

Ways to prevent sudden deaths
from COVID-19 due to
thrombophilia

Screening for thrombophilia in COVID-19 patients will
possibly reduce casualties. In the physical examinations of

COVID-19 patients, it should be questioned whether there
is thromboembolism, warfarin-induced skin necrosis,
neonatal thrombosis, recurrent, migratory or massive
thrombosis, cerebral, upper extremity, intra-abdominal
thrombosis, and past thromboembolism attacks. There are
no currently studies contain information concerning the
prevalence of thrombophilia. Also, there are no studies
present the association between thrombophilia’s panel
and COVID-19 mortality. However there are numerous
studies present indicating that there are relationship be-
tween thrombophilia and COVID-19 [104, 155-159]. So that
thrombophilia’s panel and COVID-19 mortality relation-
ship remains an important research topic.

As it is known, many health personnel around the
world have lost their lives in the COVID-19 struggle. It is
difficult to train health personnel (especially to train phy-
sicians), and it is extremely burdensome for countries’
economies. Therefore, in order not to lose health personnel
in this struggle, if the above-mentioned conditions are
present in their history, thrombophilia panel screening
should be performed. Health personnel whose thrombo-
philia panel is found to be problematic should be kept out
of this struggle and employed in a different field.

Conclusions

Numerous studies have shown that viruses (including
COVID-19) affect the coagulation cascade [160-162]. Un-
doubtedly, the coagulation cascade will be more affected
in COVID-19 patients with hereditary thrombophilia [155].
In other words, thrombotic complications will come to the
fore more. Therefore, it is useful to evaluate COVID-19 pa-
tients in terms of the Virchow triad [163]. At least 6% of
Western population have a hypercoagulation, usually as
an autosomal dominant inherited defect or mutation [12].
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For this reason, special therapeutic interventions (such as
low molecular weight heparin) may be required to restore
the harmony of the haemostatic balance affected in
COVID-19 disease, and thus, sudden deaths from COVID-19
can be prevented [164]. In addition, theoretically, anti-TNF,
activated protein C may provide benefits in controlling the
cytokine storm caused by COVID-19 [113]. Again, we also
think that antihistamines, especially cetirizine, will pro-
vide benefits as soon as COVID-19 complaints arise [165].
This is because cetirizine has been found to inhibit the
reproduction of the SARS-CoV-2 virus [166]. It has even
been reported that anti-histamines inhibit the reproduction
of the hepatitis C virus and provide the elimination of the
liver damage of the virus [167]. Considering that both
SARSCOV-2 and hepatitis C virus are RNA viruses [168], it is
theoretically expected that antihistamines, especially
cetirizine, may also be effective against SARS-CoV-2.

In the fight against viruses, especially during epidemic
periods, the most effective way to protect against viral
diseases is to follow the rules of hygiene, mask, distance,
state authorities and health professionals. However, it is
known that the best results in the fight against COVID-19
are obtained when antiviral drugs (for example, anti-virals
such as Favipiravir) are given as soon as the patient starts
to complain. Moreover, while the use of dexamethasone
has no effect in patients with mild COVID-19 infection, it
has been reported that it is effective and reduces mortality
in severe COVID-19 patients who require oxygen or venti-
lator support. Genetic characteristics and age are impor-
tant factors in COVID-19 related deaths [169]. We think that
the biological age of the individual’s tissues and cells is
more important than the chronological age in age-related
deaths from COVID-19. While many elderly patients
recover from this disease and regain their health, it is
known that many patients who are younger in chronolog-
ical age die due to COVID-19. If desired, the biological ages
of COVID-19 patients can be determined by measuring the
amount of telomerase, and if there is a shortness of telo-
merase, we anticipate that deaths can be partially pre-
vented by extending the anti-viral use periods in these
patients. To sum up, viral infections lead to acquired
coagulation cascade disorders [103]. It is predicted that the
acquired coagulation disorder due to these viral infections
will increase the severity even further in case of hereditary
thrombophilia. Therefore, in order to prevent sudden death
due to thrombosis, COVID-19 patients should also be
questioned in terms of thrombophilia, and their treatment
should be arranged accordingly.

Aydin et al.: Overview of COVID-19’s relationship —— 617

Wishes and future
recommendations

Screening of hereditary thrombophilia factors in every
patient with a previous history of thrombosis (generally
under the age of 40 years of VTE attack) and infected with
COVID-19 may be beneficial in the follow-up of the disease
and the survival of the patient. Hereditary thrombophilia
tests can inform the physician about whether anticoagu-
lant therapy should be initiated in the patient with
COVID-19 or whether it should be discontinued if he or she
is taking anticoagulants for any reason. Screening for PC
and PS deficiency in patients with COVID-19 who also have
Purpura fulminans may be useful for patient survival. If
there is a family history of susceptibility to thrombosis
(Thrombosis-prone lineages) in the patient and their rela-
tives who are quarantined due to COVID-19, it may be
useful to perform a thrombophilia panel screening. How-
ever, acquired causes should be excluded before screening
a thrombophilia panel, because COVID-19 may be one of
the new acquired causes leading to thrombophilia. In order
to prevent sudden death due to this new acquired (COVID-
19-related) thrombophilia, it may be more beneficial to use
anticoagulant molecules by screening. Otherwise, it
should not be forgotten that giving unnecessary antico-
agulants will pose new risks.

Acknowledgment: This article is respectfully dedicated to
all healthcare professionals who served us mortals with
great compassion and patience and lost their lives due to
the pandemic, regardless of religion, gender, or race. Once
again, we commemorate one of our health martyrs, Dr.
Orhan Ozdiller (Gynaecologist and Obstetrician), and other
healthcare professionals, who we lost during this
pandemic, with respect.

Research funding: None declared.

Author contribution: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.

Conflict of interest statement: The writers declare no
conflict of interest.

References

1. Phelan AL, Katz R, Gostin LO. The novel coronavirus originating
in Wuhan, China: challenges for global health governance. ] Am
Med Assoc 2020;323:709.



618 —— Aydin et al.: Overview of COVID-19’s relationship

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. TangL, Yin Z, Hu Y, Mei H. Controlling cytokine storm is vital in

COVID-19. Front Immunol 2020;11:570993.

. YadavR, Bansal R, Budakoty S, Barwad P. COVID-19 and sudden

cardiac death: a new potential risk. Indian Heart ] 2020;72:
333-6.

. Oliveira DS, Medeiros NI, Gomes JAS. Immune response in

COVID-19: what do we currently know? Microb Pathog 2020;148:
104484.

. Katneni UK, Alexaki A, Hunt RC, Schiller T, DiCuccio M, Buehler

PW, et al. Coagulopathy and thrombosis as a result of severe
COVID-19 infection: a microvascular focus. Thromb Haemost
2020;120:1668-79.

. Hassouna HI. Thrombophilia and hypercoagulability. Med Princ

Pract 2009;18:429-40.

. Smalberg JH, Kruip M}, Janssen HL, Rijken DC, Leebeek FW,

de Maat MP. Hypercoagulability and hypofibrinolysis and risk of
deep vein thrombosis and splanchnic vein thrombosis:
similarities and differences. Arterioscler Thromb Vasc Biol 2011;
31:485-93.

. Libby P, Liischer T. COVID-19 is, in the end, an endothelial

disease. Eur Heart ) 2020;41:3038-44.

. Nakashima MO, Rogers HJ. Hypercoagulable states: an

algorithmic approach to laboratory testing and update on
monitoring of direct oral anticoagulants. Blood Res 2014;49:
85-94.

Bagot CN, Arya R. Virchow and his triad: a question of
attribution. Br ) Haematol 2008;143:180-90.

Chung |, Lip GY. Virchow’s triad revisited: blood constituents.
Pathophysiol Haemost Thromb 2003;33:449-54.

Khan S, Dickerman )D. Hereditary thrombophilia. Thromb |
2006;4:15.

Linfert DR, Rezuke WN, Tsongalis GJ. Rapid multiplex analysis for
the factor V Leiden and prothrombin G20210A mutations
associated with hereditary thrombophilia. Conn Med 1998;62:
519-25.

Ali N, Ayyub M, Khan SA. High prevalence of protein C, protein S,
antithrombin deficiency, and Factor V Leiden mutation as a
cause of hereditary thrombophilia in patients of venous
thromboembolism and cerebrovascular accident. Pak ] Med Sci
2014;30:1323-6.

Pabinger I, Schneider B. Thrombotic risk in hereditary
antithrombin Ill, protein C, or protein S deficiency. A
cooperative, retrospective study. Gesellschaft Fur Thrombose-
und Hamostaseforschung (GTH) Study Group on Natural
Inhibitors. Arterioscler Thromb Vasc Biol 1996;16:742-8.
Jadaon MM. Epidemiology of prothrombin G20210A mutation in
the Mediterranean region. Mediterr ] Hematol Infect Dis 2011;3:
€2011054.

Chwatko G, Boers GH, Strauss KA, Shih DM, Jakubowski H.
Mutations in methylenetetrahydrofolate reductase or
cystathionine beta-synthase gene, or a high-methionine diet,
increase homocysteine thiolactone levels in humans and mice.
FASEB ) 2007;21:1707-13.

Sauls DL, Wolberg AS, Hoffman M. Elevated plasma
homocysteine leads to alterations in fibrin clot structure
and stability: implications for the mechanism of
thrombosis in hyperhomocysteinemia. ] Thromb Haemost
2003;1:300-6.

Egeberg O. Inherited antithrombin deficiency causing
thrombophilia. Thrombosis Diath Haemorrh 1965;13:516-30.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

DE GRUYTER

Liu L, Dewar L, Song Y, Kulczycky M, Blajchman MA, Fenton JW
2nd, et al. Inhibition of thrombin by antithrombin Ill and heparin
cofactor Il in vivo. Thromb Haemost 1995;73:405-12.

Hepner M, Karlaftis V. Antithrombin. Methods Mol Biol 2013;
992:355-64.

Gissel M, Brummel-Ziedins KE, Butenas S, Pusateri AE, Mann
KG, Orfeo T. Effects of an acidic environment on coagulation
dynamics. ] Thromb Haemost 2016;14:2001-10.

Hayashi K, Takehisa T, Hamato N, Takano R, Hara S, Miyata T,
et al. Inhibition of serine proteases of the blood coagulation
system by squash family protease inhibitors. | Biochem 1994;
116:1013-8.

Avidan MS, Levy JH, van Aken H, Feneck RO, Latimer RD, Ott E,
et al. Recombinant human antithrombin Ill restores heparin
responsiveness and decreases activation of coagulation in
heparin-resistant patients during cardiopulmonary bypass.

J Thorac Cardiovasc Surg 2005;130:107-13.

Patnaik MM, Moll S. Inherited antithrombin deficiency: a review.
Haemophilia 2008;14:1229-39.

Anderson FA, Jr., Spencer FA. Risk factors for venous
thromboembolism. Circulation 2003;107:19-16.

Refaei M, Xing L, Lim W, Crowther M, Boonyawat K. Management
of venous thromboembolism in patients with hereditary
antithrombin deficiency and pregnancy: case report and review
of the literature. Case Rep Hematol 2017;2017:9261351.
Schwarz HP, Fischer M, Hopmeier P, Batard MA, Griffin JH.
Plasma protein S deficiency in familial thrombotic disease.
Blood 1984;64:1297-300.

ten Kate MK, van der Meer ). Protein S deficiency: a clinical
perspective. Haemophilia 2008;14:1222-8.

Dahlbéck B. Vitamin K-dependent protein S: beyond the protein
C pathway. Semin Thromb Hemost 2018;44:176-84.

Sala N, Espinosa-Parrilla Y. Analysis of the protein s gene in
protein s deficiency. Methods Mol Med 1999;31:249-68.
Hepner M, Karlaftis V, Protein C. Methods Mol Biol 2013;992:
365-72.

Borgel D, Gandrille S, Aiach M. Protein S deficiency. Thromb
Haemost 1997;78:351-6.

Pilli VS, Plautz W, Majumder R. The journey of protein S from an
anticoagulant to a signaling molecule. JSM Biochem Mol Biol
2016;3:1014.

Andersson HM, Arantes M), Crawley JT, Luken BM, Tran S,
Dahlb&ck B, et al. Activated protein C cofactor function of protein
S: a critical role for Asp95 in the EGF1-like domain. Blood 2010;
115:4878-85.

Sorice M, Griggi T, Arcieri P, Circella A, d’Agostino F, Ranieri M,
et al. Protein S and HIV infection. The role of anticardiolipin and
anti-protein S antibodies. Thromb Res 1994;73:165-75.
Siddiqi FA, Tepler ], Fantini GA. Acquired protein S and
antithrombin 11l deficiency caused by nephrotic syndrome: an
unusual cause of graft thrombosis. ) Vasc Surg 1997;25:576-80.
Mammen EF, Thomas WR, Seegers WH. Activation of purified
prothrombin to autoprothrombin | or autoprothrombin II
(platelet cofactor Il or autoprothrombin 1I-A). Thromb Diath
Haemorrh 1960;5:218-49.

Wypasek E, Undas A. Protein C and protein S deficiency -
practical diagnostic issues. Adv Clin Exp Med 2013;22:459-67.
Majid Z, Tahir F, Ahmed J. Bin Arif T, Haq A. Protein C deficiency
as arisk factor for stroke in Young adults: a review. Cureus 2020;
12:e7472.



DE GRUYTER

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

Kim Y, Bang OY. Paradoxical procoagulant effect of early doses
of warfarin: possible role of non-vitamin k oral anticoagulant in
patients with atrial fibrillation-related stroke. | Stroke 2015;17:
216-8.

Matsuzaka T, Tanaka H, Fukuda M, Aoki M, Tsuji Y, Kondoh H.
Relationship between vitamin K dependent coagulation factors
and anticoagulants (protein C and protein S) in neonatal vitamin
K deficiency. Arch Dis Child 1993;68:297-302.

Dinarvand P, Moser KA. Protein C deficiency. Arch Pathol Lab
Med 2019;143:1281-5.

Brenner B, Mandel H, Lanir N, Younis ], Rothbart H, Ohel G, et al.
Activated protein C resistance can be associated with recurrent
fetal loss. Br ) Haematol 1997;97:551-4.

Dahlbéck B. Thromb Haemostasis 1993;69:978.

Dahlbéack B. Early days of APC resistance and FV Leiden.
Hamostaseologie 2008;28:103-9.

Rosén SB, Sturk A. Activated protein C resistance—a major risk
factor for thrombosis. Eur ] Clin Chem Clin Biochem 1997;35:
501-16.

Leroy-Matheron C, Levent M, Pignon JM, Mendonca C, Gouault-
Heilmann M. The 1691 G->A mutation in the factor V gene:
relationship to activated protein C (APC) resistance and
thrombosis in 65 patients. Thromb Haemost 1996;75:4-10.
Jensen R, Ens GE. Resistance to activated protein C: a major
cause of inherited thrombophilia. Clin Lab Sci 1997;10:219-22.
Neyrinck AP, Liu KD, Howard JP, Matthay MA. Protective
mechanisms of activated protein C in severe inflammatory
disorders. Br ) Pharmacol 2009;158:1034-47.

Rodeghiero F, Tosetto A. Activated protein C resistance and
factor V Leiden mutation are independent risk factors for venous
thromboembolism. Ann Intern Med 1999;130:643-50.
Sayinalp N, Haznedaroglu IC, Aksu S, Biiyiikasik Y, Goker H,
Parlak H, et al. The predictability of factor V Leiden (FV: Q(506))
gene mutation via clotting-based diagnosis of activated protein
C resistance. Clin Appl Thromb Hemost 2004;10:265-70.
Roshan TM, Stein N, Jiang XY. Comparison of clot-based and
chromogenic assay for the determination of protein c activity.
Blood Coagul Fibrinolysis 2019;30:156-60.

Agrawal N, Kumar S. Puneet, Khanna R, Shukla J, Khanna AK.
Activated protein C resistance in deep venous thrombosis. Ann
Vasc Surg 2009;23:364-6.

Dahlbck B. Resistance to activated protein C caused by the
R506Q mutation in the gene for factor Vis a common risk factor
for venous thrombosis. ] Intern Med Suppl 1997;740:1-8.
Zuber M, Toulon P, Marnet L, Mas JL, Factor V. Leiden mutation in
cerebral venous thrombosis. Stroke 1996;27:1721-3.
Bontempo FA, Hassett AC, Faruki H, Steed DL, Webster MW,
Makaroun MS. The factor V Leiden mutation: spectrum of
thrombotic events and laboratory evaluation. ) Vasc Surg 1997;
25:271-5.

Hirahara K, Etoh Y, Matsuishi T, Suzuki N, Kurata M. Synergistic
effect of antithrombin Il1, activated protein C and heparin on the
inhibition of the tissue thromboplastin-mediated coagulation.
Chem Pharm Bull (Tokyo) 1989;37:692-6.

Flinn WR, McDaniel MD, Yao JS, Fahey VA, Green D. Antithrombin
Il deficiency as a reflection of dynamic protein metabolism in
patients undergoing vascular reconstruction. J Vasc Surg 1984;
1:888-95.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Aydin et al.: Overview of COVID-19’s relationship —— 619

Bucciarelli P, Rosendaal FR, Tripodi A, Mannucci PM, De Stefano
V, Palareti G, et al. Risk of venous thromboembolism and clinical
manifestations in carriers of antithrombin, protein C, protein S
deficiency, or activated protein C resistance: a multicenter
collaborative family study. Arterioscler Thromb Vasc Biol 1999;
19:1026-33.

Saghafi N, Mohammadzadeh Vatanchi A, Tara F, Pourali L,
Dadgar S. Evaluation of selected thrombotic factors among
pregnant women with preeclampsia and normal pregnant
women. Iran ] Reprod Med 2014;12:793-8.

Mello G, Parretti E, Marozio L, Pizzi C, Lojacono A, FruscaT, et al.
Thrombophilia is significantly associated with severe
preeclampsia: results of a large-scale, case-controlled study.
Hypertension 2005;46:1270-4.

Ramalakshmi BA, Raju LA, Raman L. Antithrombin Il levels in
pregnancy induced hypertension. Natl Med ) India 1995;8:61-2.
McEntee MP, Jesty J, Hultin MB. Effect or oral contraceptives on
antithrombin Ill. Thromb Res 1981;24:13-20.
Hernandez-Espinosa D, Mifiano A, Martinez C, Pérez-Ceballos E,
Heras I, Fuster JL, et al. L-asparaginase-induced antithrombin
type | deficiency: implications for conformational diseases. Am |
Pathol 2006;169:142-53.

Asakura H, Ogawa H. COVID-19-associated coagulopathy and
disseminated intravascular coagulation. Int ) Hematol 2021;113:
45-57.

Connors JM, Levy JH. COVID-19 and its implications for
thrombosis and anticoagulation. Blood 2020;135:2033-40.
Olwal CO, Nganyewo NN, Tapela K, Djomkam Zune AL, Owoicho
0, Bediako Y, et al. Parallels in sepsis and COVID-19 conditions:
implications for managing severe COVID-19. Front Immunol
2021;12:602848.

Devreese KMJ. COVID-19-related laboratory coagulation
findings. Int ) Lab Hematol 2021;43:36-42.

Mavrommatis AC, Theodoridis T, Economou M, Kotanidou A,

EL Ali M, Christopoulou-Kokkinou V, et al. Activation of the
fibrinolytic system and utilization of the coagulation inhibitors
in sepsis: comparison with severe sepsis and septic shock.
Intensive Care Med 2001;27:1853-9.

Simmons ), Pittet JF. The coagulopathy of acute sepsis. Curr Opin
Anaesthesiol 2015;28:227-36.

Napolitano M, Mariani G, Lapecorella M. Hereditary combined
deficiency of the vitamin K-dependent clotting factors. Orphanet
) Rare Dis 2010;5:21.

Janssen R, Visser MP), Dofferhoff ASM, Vermeer C, Janssens W,
Walk ). Vitamin K metabolism as the potential missing link
between lung damage and thromboembolism in Coronavirus
disease 2019. Br ) Nutr 2021;126:191-8.

Hirsh ), Hoak J. Management of deep vein thrombosis and
pulmonary embolism. A statement for healthcare professionals.
Council on Thrombosis (in consultation with the Council on
Cardiovascular Radiology), American Heart Association.
Circulation 1996;93:2212-45.

Oppelt P, Betbadal A, Nayak L. Approach to chemotherapy-
associated thrombosis. Vasc Med 2015;20:153-61.
Papageorgiou C, Jourdi G, Adjambri E, Walborn A, Patel P,
Fareed ), et al. Disseminated intravascular coagulation: an
update on pathogenesis, diagnosis, and therapeutic strategies.
Clin Appl Thromb Hemost 2018;24:85-28S.



620 —— Aydin et al.: Overview of COVID-19’s relationship

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91

92.

93.

94.

95.

Esmon CT. Protein C anticoagulant system—anti-inflammatory
effects. Semin Immunopathol 2012;34:127-32.

Erbe M, Rickerts V, Bauersachs RM, Lindhoff-Last E. Acquired
protein C and protein S deficiency in HIV-infected patients. Clin
Appl Thromb Hemost 2003;9:325-31.

Nguyén P, Reynaud J, Pouzol P, Munzer M, Richard O, Francgois P.
Varicella and thrombotic complications associated with
transient protein C and protein S deficiencies in children. Eur )
Pediatr 1994;153:646-9.

Khan R, Yasmeen A, Pandey AK, Al Saffar K, Narayanan SR. Cerebral
venous thrombosis and acute pulmonary embolism following
Varicella infection. Eur ] Case Rep Intern Med 2019;6:001171.
Esmon CT, Vigano-D’Angelo S, D’Angelo A, Comp PC.
Anticoagulation proteins C and S. Adv Exp Med Biol 1987;214:
47-54.

Chatterjee S, Sengupta T, Majumder S, Majumder R. COVID-19: a
probable role of the anticoagulant Protein S in managing COVID-
19-associated coagulopathy. Aging (Albany NY) 2020;12:
15954-61.

Laffan MA, Manning R. The influence of factor VIl on
measurement of activated protein C resistance. Blood Coagul
Fibrinolysis 1996;7:761-5.

Tal), Schliamser LM, Leibovitz Z, Ohel G, Attias D. A possible role
for activated protein C resistance in patients with first and
second trimester pregnancy failure. Hum Reprod 1999;14:
1624-7.

Douxfils J, Morimont L, Delvigne AS, Devel P, Masereel B,
Haguet H, et al. Validation and standardization of the ETP-based
activated protein C resistance test for the clinical investigation
of steroid contraceptives in women: an unmet clinical and
regulatory need. Clin Chem Lab Med 2020;58:294-305.
Mufioz-Rodriguez F), Reverter JC, Font J, Tassies D, Espinosa G,
Cervera R, et al. Clinical significance of acquired activated
protein C resistance in patients with systemic lupus
erythematosus. Lupus 2002;11:730-5.

Jiménez-Zepeda VH, Dominguez-Martinez V). Acquired activated
protein C resistance and thrombosis in multiple myeloma
patients. Thromb ] 2006;4:11.

Green D, Maliekel K, Sushko E, Akhtar R, Soff GA. Activated-
protein-C resistance in cancer patients. Haemostasis 1997;27:
112-8.

Younis ]S, Brenner B, Ohel G, TalJ, Lanir N, Ben-Ami M. Activated
protein C resistance and factor V Leiden mutation can be
associated with first-as well as second-trimester recurrent
pregnancy loss. Am | Reprod Immunol 2000;43:31-5.

Yi Y, Lagniton PNP, Ye S, Li E, Xu RH. COVID-19: what has been
learned and to be learned about the novel coronavirus disease.
Int ) Biol Sci 2020;16:1753-66.

Gatt A, Makris M. Hyperhomocysteinemia and venous
thrombosis. Semin Hematol 2007;44:70-6.

Tinelli C, Di Pino A, Ficulle E, Marcelli S, Feligioni M.
Hyperhomocysteinemia as a risk factor and potential nutraceutical
target for certain pathologies. Front Nutr 2019;6:49.

Yau JW, Teoh H, Verma S. Endothelial cell control of thrombosis.
BMC Cardiovasc Disord 2015;15:130.

McGlennen RC, Key NS. Clinical and laboratory management of
the prothrombin G20210A mutation. Arch Pathol Lab Med 2002;
126:1319-25.

Tirado I, Mateo J, Soria JM, Oliver A, Borrell M, Coll I, et al.
Contribution of prothrombin 20210A allele and factor V Leiden

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

DE GRUYTER

mutation to thrombosis risk in thrombophilic families with other
hemostatic deficiencies. Haematologica 2001;86:1200-8.
Frenkel EP, Bick RL. Prothrombin G20210A gene mutation,
heparin cofactor Il defects, primary (essential)
thrombocythemia, and thrombohemorrhagic manifestations.
Semin Thromb Hemost 1999;25:375-86.

Athar M, Abduljaleel Z, Ghita IS, Albagenny AA, Halawani SH,
Alkazmi MM, et al. Prevalence of the factor V Leiden mutation
Arg534Gln in Western region of Saudi Arabia: functional
alteration and association study with different populations. Clin
Appl Thromb Hemost 2021;27:1-10.

Kluijtmans LA, Boers GH, Verbruggen B, Trijbels FJ, Novakova IR,
Blom HJ. Homozygous cystathionine beta-synthase deficiency,
combined with factor V Leiden or thermolabile
methylenetetrahydrofolate reductase in the risk of venous
thrombosis. Blood 1998;91:2015-8.

Huisman MV, Rosendaal F. Thrombophilia. Curr Opin Hematol
1999;6:291-7.

Baker WF, Jr., Bick RL. Treatment of hereditary and acquired
thrombophilic disorders. Semin Thromb Hemost 1999;25:
387-406.

Den Heijer M, Lewington S, Clarke R. Homocysteine, MTHFR and
risk of venous thrombosis: a meta-analysis of published
epidemiological studies. ) Thromb Haemost 2005;3:292-9.
Litvinov RI, Peshkova AD, Le Minh G, Khaertdinov NN,

Evtugina NG, Sitdikova GF, et al. Effects of hyperhomocysteinemia
on the platelet-driven contraction of blood clots. Metabolites
2021;11:354.

Goeijenbier M, van Wissen M, van de Weg C, Jong E,

Gerdes VE, Meijers ]C, et al. Review: viral infections and
mechanisms of thrombosis and bleeding. ] Med Virol 2012;84:
1680-96.

Ferrari E, Sartre B, Squara F, ContentiJ, Occelli C, Lemoel F, et al.
High prevalence of acquired thrombophilia without prognosis
value in patients with coronavirus disease 2019. | Am Heart
Assoc 2020;9:e017773.

Kiraz A, Guzeldag S, Eren E, Goksu M, Bayram A. Investigation of
the relationship between inherited thrombophilia and novel
coronavirus pneumonia. Future Virol 2021;16:341-5.

Loo ), Spittle DA, Newnham M. COVID-19, immunothrombosis
and venous thromboembolism: biological mechanisms. Thorax
2021;76:412-20.

HanH, YangL, LiuR, Liu F, Wu KL, Li}, etal. Prominent changes in
blood coagulation of patients with SARS-CoV-2 infection. Clin
Chem Lab Med 2020;58:1116-20.

Tabatabai A, Rabin J, Menaker J, Madathil R, Galvagno S, Menne
A, et al. Factor VIl and functional protein C activity in critically Ill
patients with coronavirus disease 2019: a case series. A A Pract
2020;14:e01236.

Mazzeffi M, Chow JH, Amoroso A, Tanaka K. Revisiting the
protein C pathway: an opportunity for adjunctive intervention in
COVID-19? Anesth Analg 2020;131:690-3.

Antoniak S, Mackman N. Multiple roles of the coagulation
protease cascade during virus infection. Blood 2014;123:
2605-13.

Jose RJ, Manuel A. COVID-19 cytokine storm: the interplay
between inflammation and coagulation. Lancet Respir Med
2020;8:e46-7.

Kany S, Vollrath JT, Relja B. Cytokines in inflammatory disease.
Int ) Mol Sci 2019;20:6008.



DE GRUYTER

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

Costela-Ruiz V), lllescas-Montes R, Puerta-Puerta JM, Ruiz C,
Melguizo-Rodriguez L. SARS-CoV-2 infection: the role of
cytokines in COVID-19 disease. Cytokine Growth Factor Rev
2020;54:62-75.

Key NS, Vercellotti GM, Winkelmann JC, Moldow CF, Goodman JL,
Esmon NL, et al. Infection of vascular endothelial cells with
herpes simplexvirus enhances tissue factor activity and reduces
thrombomodulin expression. Proc Natl Acad Sci U S A 1990;87:
7095-9.

Bouck EG, Denorme F, Holle LA, Middelton EA, Blair AM, de Laat
B, et al. COVID-19 and sepsis are associated with different
abnormalities in plasma Procoagulant and fibrinolytic activity.
Arterioscler Thromb Vasc Biol 2021;41:401-14.

Coureuil M, Join-Lambert O, Lécuyer H, Bourdoulous S, Marullo
S, Nassif X. Pathogenesis of meningococcemia. Cold Spring
Harb Perspect Med 2013;3:a012393.

Boeddha NP, Bycroft T, Nadel S, Hazelzet JA. The inflammatory
and hemostatic response in sepsis and meningococcemia. Crit
Care Clin 2020;36:391-9.

Miesbach W, Makris M. COVID-19: coagulopathy, risk of
thrombosis, and the rationale for anticoagulation. Clin Appl
Thromb Hemost 2020;26:1-7.

Calore EE, Uip DE, Perez NM. Pathology of the swine-origin
influenza A (HIN1) flu. Pathol Res Pract 2011;207:86-90.
Watanabe T. Renal complications of seasonal and pandemic
influenza A virus infections. Eur ) Pediatr 2013;172:15-22.
Jansen AJG, Spaan T, Low HZ, Di lorio D, van den Brand J, Tieke M,
et al. Influenza-induced thrombocytopenia is dependent on the
subtype and sialoglycan receptor and increases with virus
pathogenicity. Blood Adv 2020;4:2967-78.

Obi AT, Barnes GD, Napolitano LM, Henke PK, Wakefield TW.
Venous thrombosis epidemiology, pathophysiology, and
anticoagulant therapies and trials in severe acute respiratory
syndrome coronavirus 2 infection. ) Vasc Surg Venous Lymphat
Disord 2021;9:23-35.

Rajendran P, Rengarajan T, Thangavel J, Nishigaki Y,
Sakthisekaran D, Sethi G, et al. The vascular endothelium and
human diseases. Int J Biol Sci 2013;9:1057-69.

Bonaventura A, Vecchié A, Dagna L, Martinod K, Dixon DL,

Van Tassell BW, et al. Endothelial dysfunction and
immunothrombosis as key pathogenic mechanisms in
COVID-19. Nat Rev Immunol 2021;21:319-29.

Wijarnpreecha K, Thongprayoon C, Panjawatanan P, Ungprasert P.
Hepatitis C virus infection and risk of venous thromboembolism:
a systematic review and meta-analysis. Ann Hepatol 2017;16:
514-20.

Wang CC, Chang CT, Lin CL, Lin IC, Kao CH. Hepatitis C virus
infection associated with an increased risk of deep vein
thrombosis: a population-based Cohort study. Medicine
(Baltim) 2015;94:e1585.

Iba T, Levy JH, Levi M, Thachil ). Coagulopathy in COVID-19.

J Thromb Haemost 2020;18:2103-9.

Chan NC, Weitz JI. COVID-19 coagulopathy, thrombosis, and
bleeding. Blood 2020;136:381-3.

Biswas S, Thakur V, Kaur P, Khan A, Kulshrestha S, Kumar P.
Blood clots in COVID-19 patients: simplifying the curious
mystery. Med Hypotheses 2021;146:110371.

Comer SP, Cullivan S, Szklanna PB, Weiss L, Cullen S, Kelliher S,
et al. COVID-19 induces a hyperactive phenotype in circulating
platelets. PLoS Biol 2021;19:e3001109.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

Aydin et al.: Overview of COVID-19’s relationship —— 621

Jacob G, Aharon A, Brenner B. COVID-19-Associated hyper-
fibrinolysis: mechanism and implementations. Front Physiol
2020;11:596057.

Tadic M, Cuspidi C. The influence of diabetes and hypertension
on outcome in COVID-19 patients: do we mix apples and
oranges? ) Clin Hypertens 2021;23:235-7.

Chapin JC, Hajjar KA. Fibrinolysis and the control of blood
coagulation. Blood Rev 2015;29:17-24.

Bouma BN, Mosnier LO. Thrombin activatable fibrinolysis
inhibitor (TAFl)-how does thrombin regulate fibrinolysis? Ann
Med 2006;38:378-88.

Becker RC. COVID-19 update: COVID-19-associated
coagulopathy. ] Thromb Thrombolysis 2020;50:54-67.

Schafer K, Goldschmidt E, Oostra D, Fish J, Russell T, Lurie F. The
clinical significance of ultra-high D-dimer levels. ) Vasc Surg
venous Lymphat Disord 2022;10:8-13.

Terpos E, Ntanasis-Stathopoulos I, Elalamy I, Kastritis E,
Sergentanis TN, Politou M, et al. Hematological findings and
complications of COVID-19. Am ) Hematol 2020;95:834-47.
Gando S, Wada T. Thromboplasminflammation in COVID-19
coagulopathy: three viewpoints for diagnostic and therapeutic
strategies. Front Immunol 2021;12:649122.

Bereczky Z, Gindele R, Speker M, Kallai J. Deficiencies of the
natural anticoagulants — novel clinical laboratory aspects of
thrombophilia testing. EJIFCC 2016;27:130-46.

Linnemann B, Hart C. Laboratory diagnostics in thrombophilia.
Hamostaseologie 2019;39:49-61.

Aytekin E, Ergun SG, Ergun MA, Percin FE. Evaluation of
GenoFlow thrombophilia array test kit in its detection of
mutations in factor V Leiden (G1691A), prothrombin G20210A,
MTHFR C677T and A1298C in blood samples from 113 Turkish
female patients. Genet Test Mol Biomarkers 2014;18:717-21.
Deng YM, Spirason N, lannello P, Jelley L, Lau H, Barr IG. A
simplified Sanger sequencing method for full genome
sequencing of multiple subtypes of human influenza A viruses.
J Clin Virol 2015;68:43-8.

Cuker A, Siegal DM, Crowther MA, Garcia DA. Laboratory
measurement of the anticoagulant activity of the non-vitamin K
oral anticoagulants. ] Am Coll Cardiol 2014;64:1128-39.
Haznedaroglu IC. Ven6z Tromboz Patobiyolojisi: Kalitsal ve
Kazanismis Faktorler. In: Sahin A, editor vendz tromboembolizm
Tani ve tedavi. Kavaklidere/Ankara: Bilimsel tip yayinevi; 2005.
37-47 pp.

Emmerich ), Rosendaal FR, Cattaneo M, Margaglione M,

De Stefano V, Cumming T, et al. Combined effect of factor V
Leiden and prothrombin 20210A on the risk of venous
thromboembolism-pooled analysis of 8 case-control studies
including 2310 cases and 3204 controls. Study Group for
Pooled-Analysis in Venous Thromboembolism. Thromb
Haemost 2001;86:809-16.

Heit JA. Epidemiology of venous thromboembolism. Nat Rev
Cardiol 2015;12:464-74.

Shamshirsaz AA, Paidas M, Krikun G. Preeclampsia, hypoxia,
thrombosis, and inflammation. ) Pregnancy 2012;2012:374047.
Shen MC, Lin JS, Tsay W. High prevalence of antithrombin lIl,
protein C and protein S deficiency, but no factor V Leiden
mutation in venous thrombophilic Chinese patients in Taiwan.
Thromb Res 1997;87:377-85.

Soare AM, Popa C. Deficiencies of proteins C, S and
antithrombin and activated protein C resistance-their



622 —— Aydin et al.: Overview of COVID-19’s relationship

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

involvement in the occurrence of Arterial thromboses. ) Med Life
2010;3:412-5.

Mukherjee D, Pal P, Kundu R. Purpura fulminans due to acquired
protein C deficiency. Indian ] Dermatol 2015;60:637.

Semeraro N, Ammollo CT, Semeraro F, Colucci M. Sepsis-
associated disseminated intravascular coagulation and
thromboembolic disease. Mediterr ] Hematol Infect Dis 2010;2:
€2010024.

Feffer SE, Carmosino LS, Fox RL. Acquired protein C deficiency in
patients with breast cancer receiving cyclophosphamide,
methotrexate, and 5-fluorouracil. Cancer 1989;63:1303-7.

Yu HH, Qin C, Chen M, Wang W, Tian DS. D-dimer level is associated
with the severity of COVID-19. Thromb Res 2020;195:219-25.
Rodelo JR, De la Rosa G, Valencia ML, Ospina S, Arango CM,
Goémez Cl, et al. D-dimer is a significant prognostic factor in
patients with suspected infection and sepsis. Am | Emerg Med
2012;30:1991-9.

de la Morena-Barrio ME, Bravo-Pérez C, de la Morena-Barrio B,
Orlando C, Cifuentes R, Padilla}, et al. A pilot study on the impact
of congenital thrombophilia in COVID-19. Eur ) Clin Invest 2021;
51:e13546.

Burlacu A, Artene B, Crisan-Dabija R, Popa IV, Covic A. Is
thrombophilic genetic profile responsible for an acute Ischemic
stroke in a COVID-19 Male patient? Clin Appl Thromb Hemost
2020526, https://doi.org/10.1177/1076029620967107.
Bussani R, Schneider E, Zentilin L, Collesi C, Ali H, Braga L, et al.
Persistence of viral RNA, pneumocyte syncytia and thrombosis
are hallmarks of advanced COVID-19 pathology. EBioMedicine
2020;61:103104.

Yuriditsky E, Horowitz JM, Merchan C, Ahuja T, Brosnahan SB, McVoy
L, et al. Thromboelastography profiles of critically Ill patients with
coronavirus disease 2019. Crit Care Med 2020;48:1319-26.
Brosnahan SB, Smilowitz NR, Amoroso NE, Barfield M, Berger S,
Goldenberg R, et al. Thrombosis at hospital presentation in
patients with and without coronavirus disease 2019. ] Vasc Surg
Venous Lymphat Disord 2021;9:845-52.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

DE GRUYTER

Lazzaroni MG, Piantoni S, Masneri S, Garrafa E, Martini G,
Tincani A, et al. Coagulation dysfunction in COVID-19: the
interplay between inflammation, viral infection and the
coagulation system. Blood Rev 2021;46:100745.
Fletcher-Sandersjoo A, Bellander BM. Is COVID-19 associated
thrombosis caused by overactivation of the complement
cascade? A literature review. Thromb Res 2020;194:36-41.
Martin-Rojas RM, Pérez-Rus G, Delgado-Pinos VE, Domingo-
Gonzalez A, Regalado-Artamendi I, Alba-Urdiales N. COVID-19
coagulopathy: an in-depth analysis of the coagulation system.
Eur ) Haematol 2020;105:741-50.

Kumar DR, Hanlin E, Glurich |, Mazza JJ, Yale SH. Virchow’s
contribution to the understanding of thrombosis and cellular
biology. Clin Med Res 2010;8:168-72.

Aydin S, Akkoc RF, Aydin S. Overview of COVID-19 regarding the
cardiovascular situation in the light of current reports.
Cardiovasc Hematol Disord Drug Targets 2020;20:181-4.
Aydin S, Aydin S. Could antihistamines help in the treatment and
spread of COVID-19 via Re-modulating cytokines and by
reducing sneezing? ASNH 2020;4:172-3.

Reznikov LR, Norris MH, Vashisht R, Bluhm AP, Li D, Liao YJ, et al.
Identification of antiviral antihistamines for COVID-19
repurposing. Biochem Biophys Res Commun 2021;538:173-9.
He S, Lin B, Chu V, Hu Z, Hu X, Xiao J, et al. Repurposing of the
antihistamine chlorcyclizine and related compounds for
treatment of hepatitis C virus infection. Sci Transl Med 2015;7:
282ra49.

Alothaid H, Aldughaim MSK, El Bakkouri K, AlMashhadi S, Al-
Qahtani AA. Similarities between the effect of SARS-CoV-2 and
HCV on the cellular level, and the possible role of ion channels in
COVID-19 progression: a review of potential targets for
diagnosis and treatment. Channels 2020;14:403-12.

Pereira NL, Ahmad F, Byku M, Cummins NW, Morris AA, Owens A,
et al. COVID-19: understanding inter-individual variability and
implications for precision medicine. Mayo Clin Proc 2021;96:
446-63.


https://doi.org/10.1177/1076029620967107

	Overview of COVID-19’s relationship with thrombophilia proteins
	Introduction
	Thrombophilia
	Hereditary thrombophilia and its causes
	Antithrombin (AT) deficiency
	Protein S (PS) deficiency
	Protein C (PC) deficiency
	Resistance to activated protein C (APCR)
	Factor V (FV LEIDEN (FVL), A-506-G) mutation
	Possible causes of some important acquired natural anticoagulant deficiencies and COVID-19
	Acquired antithrombin-III deficiency
	Acquired protein C deficiency
	Acquired protein S deficiency
	Causes of acquired APC resistance
	Acquired hyperhomocysteinemia
	Factor II (prothrombin G20210A) mutation
	Thrombophilia and viral infections
	Thrombophilia and COVID-19
	Considerations in the hereditary diagnostic tests of thrombophilia
	General interpretation of hereditary thrombophilia panel tests
	Ways to prevent sudden deaths from COVID-19 due to thrombophilia
	Conclusions
	Wishes and future recommendations
	Acknowledgment
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


