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The evolving micro-epidemiology of COVID-19 has raised
several intriguing concerns including its disproportionately
lower burden in malaria—endemic regions. Although there
are various explanations cited for this, evolutionary genetic
linkages through Angiotensin-Converting Enzyme 2 (ACE2)
polymorphisms have been superficially mentioned but not
scrutinized further [1].

ACE2 regulates blood pressure through Angiotensin II
and Angiotensin (1-7), but also acts as an entry receptor
for the SARS-CoV-2 through its spike glycoproteins. The
pathogenesis of COVID-19 is said to depend on the relative
interplay between different ACE2 elevating and lowering
factors (Fig. 1).

A number of ACE2 polymorphisms are known to be asso-
ciated with the pathogenesis of a variety of non-communi-
cable diseases such as cardiovascular disorders (including
hypertension) and diabetes mellitus [2]. As evident, none
of ACE2-associated diseases are communicable except
malaria, whose pathogenesis (severe malaria) is strongly
hypothesised to be protected by a certain ACE2 SNP [3,
4]. It is worthwhile to note that out of 25 different ACE2
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SNPs studied for cardiovascular and related diseases in dif-
ferent ethnicities with a minor allele frequency of > 1%, only
one ACE2 SNP (T-allele of rs2106809) has been shown to
be negatively associated with severe malaria [4] and posi-
tively associated with hypertension through lowered plasma
Ang (1-7) level. As Ang (1-7) is mostly derived from Ang
II through ACE2, collectively, this indirectly implies that
the T-allele of rs2106809 down-regulates the expression
of ACE2 [5, 6]. As per the malaria—hypertension hypoth-
esis, the T-allele of rs2106809 might be positively selected
in populations that are chronically exposed to malaria and
hence increase the likelihood of Ang II-mediated hyperten-
sion via downregulating ACE2 [7]. Besides, there are other
rs2106809-tagged SNPs, that are under strong linkage
disequilibrium with rs2106809 and could have functional
significance [5]. Interestingly, ACE2 rs2285666 is one such
tagged-SNP that is found to be associated with lower plasma
ACE2 level [5].

We, therefore, rationally speculate that the malaria-
exposed populations may have a preponderance of com-
pensatory genetic variants (T-allele of rs2106809 and its
tagged-SNPs), that protect from severe malaria in child-
hood, but eventually aggravate the risk of hypertension in
adulthood through increased circulating Ang II level [3, 4].
This epidemiological interplay is thought to become even
more complex during exposure to the SARS-CoV-2, wherein
ACE2 downregulation tends to protect such population from
SARS-CoV-2 infection (decreased prevalence of infection),
but compensatory Ang I upregulation tends to increase the
severity in the infected population (increased proportions
of severe infection). The net effect may be compounded/
masked in the presence of other ACE2-upregulating condi-
tions such as smoking, higher age, and comorbidities, thus
leading to a mixed epidemiological and clinical profile, as
is currently apparent. Thus, the epidemiology and pathogen-
esis of COVID-19 in populations living in malaria—endemic
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Fig.1 Ultra-simplified cartoon of the Renin-Angiotensin System
(RAS) with the relevant components (top panel): The system bal-
ances the levels of Angiotensin II (light blue bar) through relative
concentrations of Angiotensin-Converting Enzyme (ACE; orange
rectangle) which converts Angiotensin I to Angiotensin II and Angi-
otensin-Converting Enzyme 2 (ACE2; grey rectangle) which converts
Angiotensin II to Angiotensin (1-7). The catalytic site of ACE2 is
shown to bind Angiotensin II. The SARS-CoV-2 (red spiked solid cir-
cle) is shown to use the same catalytic site of ACE2 for its entry into
an ACE2 expressing cell (yellow shaded oval). Various relevant fac-
tors that disturb the crucial Angiotensin II balance is shown (bottom
panel). Angiotensin II levels are increased by ACE2 downregulators

countries is hypothesised to be dependent on the relative
interplay of the specific host genetic epidemiology and other
related factors (Fig. 2).

As per our best knowledge, no published study has ana-
lysed the aforesaid association apart from the two indirect
published evidence. A case—control study that investigated
the association of rs2106809-tag SNP rs2285666 (and differ-
ent exonic ACE2 variants) with COVID-19 (and its severity)
could not find a statistically significant association possibly
due to factors related to the study design and sample size
[8]. Another study that supports our hypothesis was done
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(ACE2 rs2106809) and SARS-CoV-2 infection itself. Resulting low
ACE2 offers protection from severe malaria (through high Angioten-
sin II) and from SARS-CoV-2 infection (through decreased ACE2
receptors). Concurrently, ACE2 downregulators tend to increase the
risk of hypertension and COVID-19 pathologies due to increased
Angiotensin II. On the other hand, ACE2 upregulators may increase
the risk of SARS-CoV-2 infection (through increased receptors) and
related pathology (through high viral load due to increased recep-
tors). The final COVID-19 pathogenesis depends on the relative bal-
ance between ACE2 down- and up-regulators (DM Diabetes Mellitus;
HTN Hypertension)

on Chinese population that tested rs2106809 (among others
including rs2285666) for increased SARS susceptibility and
worse outcomes suggested a protective effect of rs2106809
T-allele on SARS susceptibility (OR =0.9; statistically insig-
nificant) [9]. However, it has to be noted that rs2106809 may
not act independently as a genetic determinant of SARS-
CoV-2 infection/severity [10].

A brief analysis of the available data on the distribution
of COVID-19 prevalence (cases per million population)
and severity (in terms of case fatality rate per 1000 popu-
lation) in malaria endemic countries with information on
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Fig.2 Proposed hypothesis explains that the malaria exposed popu-
lation (right) has a relatively higher prevalence of naturally selected
ACE2 rs2106806 TT/T genotype (pink) as compared to the popula-
tion not exposed to malaria (left). The T allele is known to be asso-
ciated with decreased ACE2 expression and hence lesser receptors
for SARS-CoV-2, therefore, reducing the chances of viral entry into
the cells. The reduced ACE2 also restricts the conversion of Ang II

the population having the T-allele of rs2106809 currently
does not support the proposed hypothesis (data not shown
here) due to many factors. Principal among them include
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to Ang (1-7), thereby elevating the level of circulating Ang II which
precipitates COVID-19 severity due to lung injury and other negative
effects via the Angiotensin Type 1 Receptor (AT R). The pathogen-
esis of COVID-19 thus differs in the two populations: lesser preva-
lence of SARS-CoV-2 infections but a higher proportion of severe
COVID-19 in malaria exposed population as compared to population
not exposed to malaria

those related to ACE2 T-allele (available data lacks internal/
external validities, lack of individual-centric data on both
ACE2 SNP and COVID-19), malaria (endemicity is highly
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variable even within an “endemic” country/state), COVID-
19 (severity outcome is not available, evolving nature of the
pandemic) and health systems (variations in case definitions,
diagnostic methods, surveillance strategies). However, if the
available data on COVID-19 prevalence and mortality be
standardized for some or more of the non-genetic determi-
nants, the role of rs2106809 could be better evaluated. In
addition, the attributable fractions of each of these genetic
and non-genetic determinants are not currently available
which makes it difficult to add a corresponding weightage
to each of them. This becomes more valid if the popula-
tion under consideration has more than two determinants,
so that the weighted protective effect of one may be com-
promised by the weighted aggravating effect/s of other/s and
vice versa.

These factors preclude powerful analyses of the avail-
able data needed for validating the proposed hypothesis and
hence reinforce the need to perform powerful and targeted
studies with specific objectives. Amidst all possible uncer-
tainties in the proposed conjecture, the hypothesis certainly
warrants confirmation in the immediate future as a testable
body of science. We propose that the hypothesis linking
malaria—hypertension—-COVID-19 stands logical enough
to be best tested through powerful case—control studies in
the population that has developed a COVID-19-related out-
come and evaluate the association with their ACE2 variants.
Simultaneously, the mechanism through which the intronic
mutations (rs2106809 and rs2285666) affect the expression
and regulation of ACE2 needs to be elucidated. It would
be fascinating to study the ACE2 expression profile in dif-
ferentially affected COVID-19 and non-affected population,
particularly under different malaria endemicity zones, under
different genetic (rs2106809 and tag-SNPs) and non-genetic
non-modifiable (age and gender) and modifiable (e.g., smok-
ing) conditions and also in presence of comorbidities and the
treatment thereof.
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