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Abstract

Background: The present study aims to analyze the epidemiological data of COVID-19
in Indian subcontinent in terms of altitude, to understand the difference in body’s
response to COVID at high altitudes in comparison to low-lands and to understand
whether physiological adaptation to counteract hypoxic environment at high altitudes,
is also protective against adverse impacts of COVID-19. Material and Methods: The
relationship of the reported positive cases and COVID deaths per million population
was compared at different altitudes. Results: COVID-19 positive cases decline with high
altitude. Conclusion: There might be a positive role of high altitudes in decreasing the
prevalence of COVID-19 infection. Various environmental and physiological factors that
might contribute to the altitudinal variations in COVID-19 are also discussed.
Keywords: Acclimatization; Altitude; COVID-19, Hypoxia, Erythropoietin.

Introduction

obtained on September 22, 2020 was analyzed to
study total number of confirmed COVID-19 cases
as well as deaths attributed to COVID-19 in various
states of India. Data of population of Indian states
was obtained from Census of India 2011 website
(http://censusindia.gov.in/2011-prov-results/
paper2/data_files/india/paper2_1.pdf).
Distinct
linear models were explored to assess the relation
of the reported positive cases and COVID deaths
per million population, with altitudes.

SARS-CoV-2, engendered a global pandemic,
rapidly spreading to more than 120 countries as a
major threat to public health [1,2]. WHO COVID-19
situation report dated September 22, 2020,
suggested 31,179,392 confirmed cases worldwide
including 962,649 deaths [3] and 5,562,663
confirmed cases with 88,935 deaths from India [4].
European data demonstrated reduced incidence
of COVID-19 at higher altitudes [5,6] suggesting
positive influential role of physiological adaptation
at high altitudes in decreasing susceptibility to
SARS-CoV2. However, data regarding altitudinal
variation of SARS-CoV2 infection in Indian
subcontinent is sparse. This study aims to analyze
the COVID-19 epidemiological data in India and
its physiological implications.

Results
It was observed that, the number of cases positive
for COVID-19 appeared to decrease with altitude
of residence. Furthermore, number of deaths were
also significantly lower as altitude of residence
increased. These effects are particularly relevant at
altitudes of 2000-3000 metres or more above sea
level as shown in Fig.1. These findings resemble
with the study conducted by Christian Arias-Reyes
et al. [6], who analyzed the epidemiological data
of COVID-19 of Tibet and high-altitude regions

Materials and Methods
The COVID-19 database of the open data website
of Ministry of Health and Family Welfare,
Government of India (https://www.mohfw.gov.in/)
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of Bolivia and Ecuador, and compared to lowland
data, and concluded that there is a decreased
prevalence of SARS-CoV2 infection in people
living at high altitudes.

Discussion
This epidemiological data suggests decreased
prevalence of SARS-CoV2 infection as well as
lesser number of deaths due to COVID-19 at higher
altitudes as compared to low altitude areas of
India, thus indicating a positive influential role of
high-altitude physiological adaptation to hypoxia
in prevention against SARS-CoV2 infection. It
is well-established now that SARS-CoV2 infects
the host cells via angiotensin converting enzyme 2
(ACE2) receptors [7] that are found in abundance
in cells lining the respiratory tract, lung alveolar
epithelial cells, heart, arteries, veins, kidney and
intestines [8]. ACE2 receptors play a central role
in pathogenesis of SARS-CoV2 infection as shown
by various prior studies. Emerging data have
presented the concept of RAS (renin-angiotensin
system) acting as dual-axis system with traditional
axis represented by ACE-1 (angiotensin converting
enzyme type 1) acting mainly as vasoconstrictor,
and a new axis represented by ACE-2 (angiotensin
converting enzyme type 2) which is vasodepressor
[9]. Under normal circumstances, RAS system is
regulated by the dynamic equilibrium between
the expression of ACE1 and ACE2. However,
in response to chronic hypoxia, this balance
between ACE1 and ACE2 is disturbed and there
is upregulation of ACE1 while the expression of
ACE2 is markedly decreased in human pulmonary
artery smooth muscle cells (hPASMC) [10]. A
previous animal study supports this working
hypothesis by showing that ACE2 knock-out mice
develop significantly less acute lung injury after
infection with SARS-CoV2 [11]. Similar results
were demonstrated in a study conducted by Dang
et al. who demonstrated increased levels of ACE1
and decreased expression of ACE2 in heart cells
of rats exposed to hypoxic condition equivalent to
the one found at high altitudes [12]. Thus, these

Fig.1: The trends in number of confirmed COVID cases and
number of deaths attributable to COVID-19 (per million
population) and their relation with elevation above sea level.

findings of decreased level of ACE2 expression in
response to chronic hypoxia, that usually occurs
at high altitudes, is quite promising in explaining
the decreased prevalence of SARS-CoV2 infection
at higher altitudes and successful physiological
adaptation to high-altitude environment could
render local inhabitants relatively less susceptible
to SARS-CoV-2 virus penetration and subsequently
are protected from the development of severe
COVID-19 infection.
Furthermore,
these
epidemiological
findings of decreased SARS-CoV2 infection rate
among high altitude inhabitants also raises the
question of whether physiological mechanisms
underlying the acclimatization to high altitude
identify therapeutic targets for the effective
treatment of COVID-19, which could account for
decrease in mortality rates associated with SARSCoV2 infection. Acclimatization to high altitudes
with hypoxia involves immediate and gradual
physiological adjustments of the respiratory system
[13]. Immediate response to emerging hypoxia
involves carotid body-mediated compensatory
hyperventilation [14] whereas sustained hypoxia
induces the increased secretion of erythropoietin
(EPO) from liver and kidney cells which results in
a gradual increase of red blood cells over a period
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of two weeks (or longer, depending on the altitude)
and stimulates oxygen uptake and transport
[15]. Thus, EPO serves as a major regulator of
physiological acclimatization at higher altitudes
and keeping in view, the positive influential role of
high-altitude acclimatization, EPO can be thought
of as an adjuvant treatment for COVID-19 induced
hypoxia [16], although this requires further
studies. Besides physiological adaptation, certain
environmental factors may also contribute to
decreased prevalence and severity of SARS-Cov2
infection among high altitude inhabitants.
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