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Abstract Humankind is facing its worst pandemic of the
twenty-first century, due to infection of a novel coronavirus
named as SARS-CoV?2, started from Wuhan in China. Till
now, 15 million people are infected, causing more than
600,000 deaths. The disease, commonly known as,
COVID-19, was initially thought to be associated with
ARDS only, but later on revealed to have many unex-
plained and atypical clinical features like coagulopathy and
cytokinemia, leading to multi-organ involvements. The
patients also suffer from ‘Silent Hypoxemia’, where there is
no immediate respiratory signs and symptoms even though
alarmingly low SpO, level. We hypothesize that this covert
hypoxemia may lead to molecular changes exacerbating
coagulopathy and cytokine storm in COVIDI19 patients,
which again, in turn, causes a vicious cycle of more
hypoxemia/hypoxia and progression of the infection to
more severe stages through HIF-1o dependent pathway.
Although molecular mechanisms are yet to be substantiated
by scientific evidence, hypoxemia remains an independent
worsening factor in serious COVID 19 patients. Keeping
all in mind, we propose that even in the early and
asymptomatic cases, prophylactic oxygen therapy to be
initiated to break the vicious cycle and to reduce the
mortality in COVID 19 to save precious human lives.
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Background

The world is facing one of its deadly pandemics caused by
a novel Corona Virus SARS-CoV2. Starting from Wuhan
in China in November 2019 it has spread to more than 200
countries throughout the globe. Till date, almost 115 mil-
lion people have been infected and more than 2.54 mil-
lion human lives have been lost due to this dreaded disease.
COVID-19, the disease process caused by infection SARS-
CoV2, is a complex disease presenting with a range of
clinical symptoms, ranging from asymptomatic to severe
and rapid multiple organ dysfunction syndrome (MODS)
and ultimately death. During the initial stage of the pan-
demic, the primary symptom of COVID-19 was reported to
be related to Severe Acute Respiratory Illness (SARI) but
subsequently, the reports have been published which state
that COVID-19 not only affects the lungs but also various
other organs including the circulatory and immune system.
Most patients infected with SARS-CoV-2 initially present
clinically with mild symptoms, while some of these
patients progressively experience severe infection and
eventually died of acute respiratory distress syndrome
(ARDS) and multiple organ dysfunction syndrome
(MODS) [1]. The proposed mechanism for these compli-
cations is multifactorial.

COVID-19 and “Silent Hypoxemia”

COVID-19 patients are developing hypoxemia without
signs of breathlessness aptly being termed as “Silent
Hypoxemia” because it is insidious in onset and remains
undetected until an advanced stage [2, 3]. Some physicians
have also reported such low levels of blood oxygen that
would normally cause a person to be unconscious or
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severely incapacitated [4]. These patients don’t show any
symptoms of breathlessness, even though their chest
X-rays show diffuse pneumonia with their oxygen satura-
tion reaching as low as 50%. The sensation of breathless-
ness happens only when pneumonia causes the collapse of
the air sacs leading to a fall in oxygen levels. But in the
case of COVID-19, it is postulated that the lungs remain
compliant initially and patients still can exhale carbon
dioxide and hence not experiencing shortness of breath [5].
These extremely low oxygen levels most probably lead to
cascades of molecular changes in various tissues which in
turn can activate a series of events leading to the damage in
various organs which can be lethal. In fact, a retrospective
study on 140 COVID-19 patients demonstrated that
hypoxemia is independently associated with mortality [6].

Hypoxic Conditions Leads to Increased Viral
Infection

Furin, which is a very important host enzyme required for
cleaving of S protein of the SARS-CoV2, leading to the
binding of the virus with membrane-bound Angiotensin
Convertase Enzyme 2 (ACE2), is upregulated along with
ACE2 by a key hypoxia-responsive molecule HIF-1a
[7-12]. Once SARS-COV?2 infection takes place, it leads to
silent hypoxemia which causes upregulation of Furin and
ACE2, ultimately more severe infection. This suggests that

Fig. 1 Vicious cycle of
Coagulopathy, Cytokine storm
and Viral infection: “Silent

silent hypoxemia is playing an important role in the pro-
gression of mild infection to more severe infection (Fig. 1).

Increased Coagulopathy Due to “Silent
Hypoxemia”

Clinicians treating COVID-19 have reported a novel and
alarming finding of development of microvascular clots in
the lungs and other vital organs [13]. These clots are pro-
posed to be responsible for systemic involvement of dif-
ferent organs and various complications including stroke,
heart failure, renal failure etc. apart from respiratory fail-
ure. It has been revealed that there is a sevenfold increase
in the incidence of a sudden stroke in young COVID-19
patients who don’t have any past medical history and have
either mild symptoms (or in two cases, no symptoms) of
COVID-19 [14]. 71.4% of non-survivors of COVID-19
have been classified as having overt disseminated
intravascular coagulation (> 5 points) according to the
International Society of Thrombosis and Haemostasis
(ISTH) criteria [13]. Increased concentrations of D-dimer
and other fibrin degradation products in these patients have
been reported and are significantly associated with poor
prognosis [13] (Fig. 1).

Persistent hypoxemia, silent or overt leads to tissue
hypoxia of various degrees depending on the severity and
duration of hypoxemia. It is reported that both systemic
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and local hypoxia is also associated with higher incidences
of thrombosis [15, 16].

The Wessler stasis model of venous thrombosis has
demonstrated that hypoxemia is necessary at least acutely,
to trigger clot formation [17]. HIF-o which is a major player
induces the expression of Tissue Factor and Plasminogen
activator  inhibitor-1(PAI-1) and downregulates the
expression of tissue factor pathway inhibitor (TPFI),
thrombomodulin and protein S, ultimately leading to the
upregulation of the coagulation pathway while inhibiting
anticoagulation and fibrinolysis pathways [18-24]. Hypoxia
also converts platelets into a pro-thrombotic phenotype
[25, 26]. In addition to the role of hypoxia in venous
thrombus formation, vascular wall hypoxia and inflamma-
tion also plays a role in arterial thrombogenesis [27].

Additionally, activation of coagulation pathways also
results in overproduction of various pro-inflammatory
cytokines leading to multiorgan injury. For example,
Thrombin is mainly involved in clot formation, but it also
augments inflammation via proteinase-activated receptors
(PARs), principally PARI [28].

In reverse, the hypercoagulable state prevents blood
from flowing normally through the lung to pick up oxygen
again leading to low oxygen in blood or “hypoxemia”-
creating a vicious cycle.

Hypoxemia Causes Cytokine Storm in COVID-19

One of the major factors contributing to COVID-19 mor-
tality is the massive overproduction of early response
proinflammatory cytokines (tumour necrosis factor [TNF],
IL-6, and IL-1PB), described as a cytokine storm [1, 29].
Cytokine storm is leading to an increased risk of vascular
hyperpermeability, multiorgan failure, and eventually
death when the high cytokine concentrations remain per-
sistent over time [30].

Hypoxemia induces synthesis and release of proinflam-
matory cytokines by different macrophage populations
leading to an immediate cytokinemia with highly elevated
levels of circulating TNF-o and IL-6 [31]. Hypoxemia also
induces IFN-y production in macrophages through NO-
dependent pathway [32]. All these cytokines contribute to
the severe inflammation or cytokine storm seen in COVID-
19 patients. Gupta et al. have demonstrated that HIF-1a
induces the expression of Leucine-rich-containing family,
pyrin domain containing 3 (NLRP3) inflammasome com-
plex and Interleukin-1f secretion, which are the key
determinants of acute thrombotic events during hypoxic
conditions [33]. HIFo independent signalling pathways can
also regulate thrombogenesis by inducing various pro-in-
flammatory mediators such as Tumor Necrosis Factor
(TNF) o and Interleukin (IL)-1 [33].
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Inversely, this hyper-inflammatory environment causes
damage to lung epithelial and endothelial cell, leading to
vascular leakage, alveolar oedema, coagulopathy (due to
endothelial cell inflammation) and again hypoxia (due to
damage to lung epithelial and endothelial cells)- another
component of a vicious cycle (Fig. 1).

“Silent Hypoxemia” Causes Vicious Cycle
of Coagulopathy, Cytokine Storm and Viral
Infection

Keeping the above observations in mind, we postulate that
at the molecular level, silent hypoxemia, coagulopathy and
cytokine storm are major contributing factors to COVID-19
mortality and morbidity. We hypothesize that the silent
hypoxemia which is occurring at initial stages of the
infection and not getting addressed; persists, contributing
to a very complex and vicious cycle of increased intensity
of viral infection (due to increased expression of Furin and
ACE2), coagulopathy, cytokine storm and ultimately more
hypoxia/hypoxemia (Fig. 1).

Early Institution of Prophylactic Oxygen Can Save
Precious Human Lives

In our opinion, “Silent Hypoxemia” should be recognised
and treated in patients having mild symptoms of COVID-
19 by non-invasive oxygen therapy through nasal prongs or
a face mask, so that severe complications of blood coag-
ulation and cytokine storm can be avoided in these patients
in an inexpensive manner leading to a decrease in the
morbidity and mortality.

Discussion

In the current scenario, it is becoming a challenge to
understand the exact mechanism of these life-threatening
complications in COVID-19 patients. Literature suggests
that hypoxemia is one of the important contributing factors
for coagulopathy [15-17, 27]. It is proposed that hypoxia
induces Early Growth Response (EGR) 1, which in turn
regulate thrombus formation. Moreover, HIFs or HIF tar-
geted genes induces prothrombotic factors like PAI-1 and
tissue factors, while antithrombotic factors like thrombo-
modulin, Protein S and TFPI. However, the exact role of
these pathways is yet to be elucidated in COVID-19
pathology. A detailed study showing an association
between tissue/ serum HIF levels with various prothrom-
botic and antithrombotic factors in COVID-19 patients is
required to substantiate our theory.
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While it has also been reported by various studies that
increase in pro-inflammatory cytokines like thrombin,
TNFa, IL6, IFN vy, IL-1B is also associated with hypoxia
[31-33], the other hand, it is proposed that intense viral
infection is caused by increased in Furin and ACE2
expression in the human cells, resulted by the relatively
hypoxic environment in the lungs and other upper respi-
ratory tracts tissue [11, 12]. Sudden rise in proinflammatory
cytokines, otherwise known as ‘Cytokine Storm’ in context
with SARS-CoV2 infection, has been reported in literature
along with their clinical outcome[1, 29, 30]. However, the
molecular mechanism detailing the pathophysiology of
hypercytokinemia in COVID-19 patients is not much clear
yet. Proposed interventions, directed to reduce the release
of proinflammatory cytokines by using therapeutic agents
like corticosteroids, are reported in the scientific literature,
although the exact mechanism behind the cause of this
cytokine storm is sparsely evaluated [34, 35]. Again it is
reported that HIF mediated pathways are responsible for
increased inflammatory responses and as well as hyperco-
agulable state, so we propose crosstalk between the two
most important complications in COVID-19.

How hypoxia increases the viral load of SARS-CoV2
remains only in theory to date. Substantial proof in the
form of scientific evidence is yet to be proved in a practical
scenario. Mechanistic study in in-vitro and in-vivo models
to substantiate the actual scenario remains to be conducted.

It is evident with clinical and radiological evidence that
there is damage of lung tissue leads to the ARDS or SARI,
with documented reduced SpO, levels. However, many of
the COVID-19 patients experience to ‘Happy Hypoxia’,
the other synonym of ‘Silent Hypoxemia’, where unlike
other diseases there very little discomfort to the patients
even at a very low oxygen tension. WHO, in this context,
recommended early oxygen therapy to patients even
without signs of severe respiratory distress, hypoxemia (i.e.
SpO, < 90%) or shock [36]. They also recommended that
oxygen should not be restricted because of concerns about
a patient’s respiratory drive [36]. A preliminary report from
India suggesting that early oxygen therapy is successful in
treating corona infection in more than 300 patients [37],
while reports from China suggested that higher oxygen
saturation more than SpO2 90% is independently associ-
ated with reduced mortality in seriously ill patients [6].

Conclusion

Early Institution of Prophylactic Oxygen Can Save
Precious Human Lives

As per routine clinical practice, for other diseases, a patient
is put into oxygen, with either clinical featured of

hypoxemia or documented SpO, level below 95% even in
critically ill patients [38]. In our opinion, “Silent Hypox-
emia” should be recognised early and treated in patients
having mild symptoms of COVID-19, by non-invasive
oxygen therapy through nasal prongs or a face mask, so
that severe complications of blood coagulation and cyto-
kine storm can be avoided in these patients in an inex-
pensive manner leading to a decrease in the morbidity and
mortality. Overall while it is accepted that the hypoxia
results in poor outcome in terms of survival [6, 39], we are
of the opinion that even in asymptomatic COVID 19
patients, an early institution of prophylactic oxygen therapy
will lead to reduced overall morbidity and save precious
human life. Moreover, the overall cost—benefit ratio in an
institution of early O2 therapy vs managing the compli-
cations of COVID-19 clearly tilts the balance to the Oxy-
gen therapy.
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