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A B S T R A C T

Covid-19, caused by SARS-CoV-2, has major world-wide health-related and socio-economic consequences. There are large disparities in the burden of Covid-19 with
an apparent lower risk of poor outcomes in East Asians compared to populations in the West. A recent study suggested that Covid-19 leads to a severe extrahepatic
vitamin K insufficiency, which could lead to impaired activation of extrahepatic proteins like endothelial anticoagulant protein S in the presence of normal hepatic
procoagulant activity. This would be compatible with the enhanced thrombogenicity in severe Covid-19. The same study showed that vitamin K antagonists (VKA)
that inhibit vitamin K recycling, had a greater impact on procoagulant activity than on the activation of extrahepatic vitamin K-dependent proteins during SARS-CoV-
2 infections. A genetic polymorphism in the vitamin K epoxide reductase complex 1, VKORC1 −1639A, is particularly prevalent in East Asia and associates with low
vitamin K recycling rates. Carriage of the allele may be regarded as bioequivalent to low-dose VKA use. We speculate that VKORC1 −1639A confers protection
against thrombotic complications of Covid-19 and that differences in its allele frequency are partially responsible for the differences in Covid-19 severity between
East and West.

Background to hypothesis

The emergence and global spread of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV)-2 has led to far-reaching changes in
modern societies, reminiscent of descriptions of the 14th century plague
in Europe. Although it is generally assumed that the bacterium Yersinia
pestis is responsible for the ‘black death’, others have argued that evi-
dence pleads against this and hold a yet unidentified virus responsible
for the medieval catastrophe [1].

We recently found severely reduced extrahepatic vitamin K status in
Dutch patients with coronavirus disease 2019 (Covid-19), and parti-
cularly in those who needed invasive ventilation and/or died [2]. Ac-
tivation of procoagulant factor II by vitamin K in the liver, however,
was hardly affected and not different between Covid-19 patients with
good and poor outcomes [2].

There are remarkably lower Covid-19-related morbidity and mor-
tality rates in East Asia than in The Americas and Western Europe [3].
We hypothesize that this may be in part due to genetic differences in
vitamin K metabolism.

Vitamin K metabolism

Vitamin K is a cofactor for the activation of various pro- and

anticlotting factors as well as proteins outside the coagulation cascade
[4]. In contrast to other vitamin K-dependent coagulation factors, a
significant proportion of anticoagulant protein S is extrahepatically
synthesized [5]. Protein S produced in endothelial cells seems to be an
important inhibitor of local thrombosis formation [5]. Vitamin K1, re-
presenting the main source of vitamin K for most people, is pre-
ferentially transported to the liver [4]. Evidence indicates that during
times of mild vitamin K insufficiency hepatic factors coagulation factors
are preferentially activated over extrahepatic ones [6,7]. Vitamin K-
dependent matrix Gla protein (MGP) is a critical inhibitor of soft tissue
mineralization and elastic fiber degradation [8]. Unpublished data from
our research group suggest that MGP synthesis is strongly enhanced in
the lungs of patients with SARS-CoV-2 pneumonia, plausibly to protect
the pulmonary extracellular matrix from inflammation-induced de-
gradation. Accelerated vitamin K utilization in the lungs may readily
deplete extrahepatic vitamin K stores and prevent endothelial protein S
from being activated [4,5]. Vitamin K1 consumed during Covid-19
hospitalization will preferentially be directed to the liver for activation
of hepatic coagulation factors [4]. This suggests that activation of en-
dothelial protein S in these patients will be more severely compromised
than activation of hepatic procoagulant factors [4], which is compatible
with enhanced thrombogenicity in Covid-19 [9].

A greater proportion of vitamin K2 than of K1 is directly transported
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to extrahepatic tissues after absorption from the gut [10]. Vitamin K2
may therefore be more suitable than vitamin K1 for supplementation in
Covid-19 patients to activate pulmonary MGP and endothelial protein
S. Natto is a Japanese breakfast dish of fermented soybeans containing
extremely high amounts of vitamin K2 [11]. Incidence of SARS-CoV-2
infections was remarkably low in Japanese regions where average natto
intake is high [12]. Although fascinating, this does not provide an ex-
planation for the low incidence of Covid-19-related morbidity and
mortality in parts of East Asia where less natto is consumed [11].

Vitamin K epoxide reductase complex subunit 1 polymorphism

After being utilized during vitamin K-dependent protein activation,
vitamin K is repeatedly reactivated in the vitamin K cycle [13]. The rate
of vitamin K recycling depends on a polymorphism in the promoter
region of the vitamin K epoxide reductase complex subunit 1 (VKORC1)
gene [13]. In East Asia, positive selection for an allele that is associated
with low vitamin K recycling rates started around 4,500 years ago [14].
Allele frequency of this derived −1639A VKORC1 allele is around
75–100% in East Asians, whereas it is below 10% in Africans and in-
termediate in Europeans [15]. The near complete selective sweep in
East Asian populations is remarkable due to the recent and rapid oc-
currence, and strongly suggests a survival benefit rather than the loss of
redundant function [14]. However, it is an enigma why a poly-
morphism associated with reduced vitamin K recycling would carry a
significant survival benefit, given that even high-dose vitamin K intake
is not associated with adverse side effects [16]. Based on our recent
data demonstrating pronounced extrahepatic vitamin K insufficiency
and normal hepatic vitamin K status in Covid-19 [2], we suggest a
hypothesis by which this allele might give a survival benefit in Covid-19
patients.

Hypothesis

Vitamin K antagonists (VKAs) are anticoagulant drugs that inhibit
VKORC1, constraining vitamin K recycling rates and leading to vitamin
K deficiency [13]. When this deficiency is severe enough, it impairs the
activation of hepatic coagulation factors (e.g. factor II) increasing
clotting time. While levels of inactive factor II were low in most Covid-
19 patients, unsurprisingly, Covid-19 patients using VKA had strongly
increased levels of inactive factor II. However, there was much less
difference in activation of MGP between Covid-19 patients with and
without VKAs, suggesting that Covid-19 had already induced complete
extrahepatic vitamin K deficiency without any additional effect from
VKAs [2]. Since protein S is also significantly extrahepatically produced
[5], we expect that the relative effect of VKA use on protein S activation
in Covid-19 patients is also less pronounced than on factor II activation.
Given the high incidence of thrombotic complication in Covid-19 [9],
the simultaneous decrease of both pro- and anticoagulant factors in
patients using VKA might be advantageous compared with a decrease in
only anticoagulant protein S activation. The VKORC1 −1639A allele is
associated with low vitamin K recycling rates, which may be regarded
as a natural equivalent of using low-dose VKA. Therefore, we hy-
pothesize that VKORC1 −1639A protects against thrombosis during
SARS-CoV-2 infection and thereby from poor disease outcomes. If this is
indeed the case, the high incidence of VKORC1 −1639A in East Asia
may form an explanation for the lower Covid-19-related morbidity and
mortality rates.

Strong genetic selection in a short period of time appears to be
extremely rare in human populations [17] and has to be caused by a
cataclysmic event. Driving a gene to near fixation, as appears to be the
case for the VKORC1 −1639A allele in East Asia, also requires some
degree of sustained selection pressure [18]. Endemic diseases with a
moderate or high mortality rate can rapidly drive such genetic selection
in humans. Some of the most well-known examples of this are the in-
fluences of the malaria parasites Plasmodium vivax on the frequency of

the Duffy blood group FY*O allele [19] and Plasmodium falciparum on
the frequency of the sickle-cell allele [20] in Sub-Saharan Africa. We
speculate that the VKORC1 −1639A allele might have given a survival
advantage to a previous infectious disease with a higher mortality rate
than Covid-19.

An interesting candidate for this infection is the disease known as
the ‘black death’ that raged across Europe starting in the 14th century
and was thought to have emerged from Asia. Several researchers have
theorized that this pandemic plague was caused by a virus, and med-
ieval writings suggest the disease had coagulopathic manifestations [1].
For instance, hemorrhagic purplish splotches (i.e. God’s tokens) typi-
cally appeared in black death victims shortly before their demise [1].
Unfortunately, no specimens have remained from victims to assess
whether organs were affected by microvessel thrombosis, like those
found in postmortem lung examinations of Covid-19 patients [21]. If
black death was indeed accompanied by coagulopathic manifestations,
then VKORC1 −1639A might have conferred a survival benefit. Con-
sidering the epidemic also emerged from East Asia and was probably
endemic in those regions for extended periods of time before arriving in
Europe, we speculate this could be the reason for the near fixation of
the VKORC1 −1639A allele in East Asian populations and intermediate
prevalence in European populations. Black death probably did not pass
the Sahara, which would be compatible with low carriage of VKORC1
−1639A in African populations [15].

Evaluation of the hypothesis

We hypothesize that the VKORC1 −1639A allele may be protective
against thrombotic disease manifestations and disease-related mortality
of Covid-19. The most straightforward method of testing our hypothesis
is by determination of VKORC1 −1639 in European patients who have
been admitted with Covid-19. Our hypothesis would be supported if the
VKORC1 −1639A allele frequency were higher in controls than in in-
dividuals who developed respiratory failure and/or died due to Covid-
19. It would also be relevant to assess whether the VKORC1 −1639A
allele has a lower frequency among hospitalized Covid-19 patients with
thrombotic complications than those without.

Concluding remarks

We speculate that the disparity in morbidity and mortality from
Covid-19 between East and West may be at least partially explained by
differences in the allele distribution of a VKORC1 polymorphism de-
termining the rate of vitamin K recycling. If the VKORC1 −1639A al-
lele is shown to be associated with decreased thrombotic complications
and/or death, it would further support the hypothesis that vitamin K
metabolism is an important determinant of Covid-19-related disease
severity.
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