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To the Editor,

Hypoxia in COVID-19 is the predominant clinical manifes-
tation requiring immediate ventilation support [1, 2], failure
to which may have the detrimental consequence of death.
Adaptation to hypoxia is mediated through signaling via
hypoxia-inducible factor (HIF), all three isoforms of which
differ with respect to structurally related oxygen regulated
component of the heterodimer, the o subunit (HIF-1a, 20
and 3a). Of these, HIF-1a activity is reported to be high
in acute or intermittent hypoxia which occur in COVID-
19 [3], whereas chronic hypoxia stimulates HIF-2a release,
with biological function of 3a is yet to be established [2].
However, it is still unclear whether HIF-1a signaling is
beneficial against COVID-19 or is a prognostic indicator
of severity and deaths [4, 5]. Since host genetic factors play
a crucial role in COVID-19 outcomes and vary amongst
populations, we performed a population-based association
study to unravel whether HIF-1a functional variants influ-
ence worldwide heterogeneity in COVID-19 risk and deaths.

Human HIF1a gene located on chromosome 14 has sev-
eral variants, of which two non-synonymous polymorphisms
such as Pro582Ser [rs11549465 (C1772T)] and Ala588Thr
[rs11549467 (G1790A)] are functionally important owing
to their regulation of expression, stability and association
with various diseases [6]. Worldwide population prevalence
data of these variants in healthy controls were retrieved
from relevant published papers through literature search on
PubMed, Google scholars and from public-databases for

> Gunanidhi Dhangadamajhi
gunarmrc @gmail.com

Agricultural and Food Engineering Department, Indian
Institute of Technology, Kharagpur 721302, West Bengal,
India

Department of Biotechnology, Maharaja Sriram Chandra
Bhanjadeo University, Baripada 757003, Odisha, India

genomic variants (such as ALFRED and 1000 Genomes Pro-
ject). Studies with insufficient data and those deviating from
Hardy Weinberg Equilibrium (HWE) were excluded. This
was followed by data pooling for countries having more than
one data set. To nullify the possible confounding effect of
vaccinations disparity, country wise COVID-19 data of 16th
January, 2021 (incidence and deaths per million of popula-
tion) available to us before massive vaccination drive was
used for Spearman’s correlation analysis with minor allele
frequency (MAF) of studied variants (in GraphPad Prism,
version 5.0). A p value < 0.05 was considered significant.
Data for rs11549467 variant available from 74 studies
affiliated to 34 countries, and rs11549465 from 111 stud-
ies belonging to 57 countries were finally enrolled. The
MAF of rs11549467 ranged (0-10.8%), whereas that of
rs11549465 ranged (0-25.7%) (Table 1). Since, HWE status
of rs11549465 data retrieved from ALFRED database was
unknown (which includes 29 studies for only rs11549465
from 19 countries), two separate correlation analysis (one
by including ALFRED data under the assumption of their
HWE obeyance or another by their complete exclusion)
associating frequency distribution of HIF-1a variants with
COVID-19 outcomes were conducted. ALFRED data was
considered only when published genotype data were unavail-
able for a country. The results showed significant associa-
tion of rs11549465 mutant allele with COVID-19 incidence,
irrespective of inclusion (p=0.0156, r=0.319) or exclusion
(p=0.0121, r=0.403) of ALFRED data. Further, mortal-
ity was found to be proportionately high (ALFRED data
included: p=0.0547, r=0.26; excluded: p=0.084, r=0.28),
although a statistically significant association could not be
achieved. We did not find any association for rs11549467
with COVID-19 outcomes. Anticipating the confounding
effect of altitudes of country and age of studied population,
average elevation of country from sea level (Table 1) and
available mean age data of enrolled studies (data not shown)
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were also correlated with MAF and COVID-19 outcomes.
However, no association was observed.

Significant association of rs11549465 mutant allele
responsible for enhanced HIF-1a activity with COVID-
19 susceptibility suggest HIF-1a signaling in SARS-Cov2
infection to be crucial. Study on isolated monocytes or
monocytes from severe COVID-19 patients also has revealed
escalated SARS-Cov2 infection under high glucose level in
dose-dependent rise of HIF-1a activity [4]. Interestingly,
proteome analysis of SARS-Cov2 infected cells document
enhanced HIF-1a signaling [4, 7]. Further, enhanced HIF-1a
activity is demonstrated in other RNA virus infection inde-
pendent to hypoxia [2, 8]. Although hypoxia stimulated
upregulated HIF-1a activity is described to inhibit SARS-
Cov2 infection by reducing expression of host receptors for
viral entry in experimental studies [1, 5, 9], these receptors
being required for normal physiology; we hypothesize that
their basal expression in normal oxygen level may facili-
tate viral infection, and hypoxia in established SARS-Cov2
infection may be detrimental. Documentary evidences sup-
porting this hypothesis are warranted. Moreover, the ben-
eficial role of pre-existing chronic hypoxia against COVID-
19 is suggested to be due to HIF-2a activity [10], which is
often antagonistic in action to HIF-1a [2]. However, lack
of association of average elevation data of countries with
COVID-19 outcomes and HIF1-o« MAF distribution chal-
lenge the definitive protective role of high altitude against
COVID-19. HIF-1a being a strong inducer for glycolytic
pathway and pro-inflammatory cytokine expression [1-4];
enhanced HIF-1a activity may be vital for viral replication
leading to viral load and cytokine storms, the two important
determinants for COVID-19 mortality. Although we did not
find significant association with mortality (which could be
due to low MAF and small sample size), comparative study
on HIF-1a activity, viral load and cytokines level in diabetic
and non-diabetic COVID-19 patients may provide further
insight into the mechanism of HIF-1a signaling in COVID-
19 complications. Besides, rs11549465 mutant being a
potential risk factor of cancer incidence [6], it may con-
tribute to certain extent for COVID-19 associated increased
severity and mortality in cancer patients [11]. We recom-
mend large sample case—control studies for the validation
of results.
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