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As of November 25, 2020, over 60 million people have been infected worldwide by COVID-19, causing almost
1.43 million deaths. Puzzling low incidence numbers and milder, non-fatal disease have been observed in
Thailand and its Southeast (SE) Asian neighbors. Elusive genetic mechanisms might be operative, as a multi-
tude of genetic factors are widely shared between the SE Asian populations, such as the more than 60 differ-
ent thalassemia syndromes (principally dominated by the HbE trait). In this study, we have plotted COVID-19
infection and death rates in SE Asian (SEA) countries against heterozygote HbE and thalassemia carrier prev-
alence. COVID-19 infection and death incidence numbers appear inversely correlated with the prevalence of
HbE and thalassemia heterozygote populations. We posit that the evolutionary protective effect of the HbE
and other thalassemic variants against malaria and the dengue virus may extend its advantage to resistance
to COVID-19 infection, as HbE heterozygote population prevalence appears to be positively correlated with im-
munity to COVID-19. Host immune system modulations induce antiviral interferon responses and alter struc-
tural protein integrity, thereby inhibiting cellular access and viral replication. These changes are possibly en-
gendered by HbE carrier miRNAs. Proving this hypothesis is important, as it may shed light on the mechanism
of viral resistance and lead to novel antiviral treatments. This development can thus guide decision-making
and action to prevent COVID-19 infection.
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Background

The coronavirus pandemic (COVID-19) has to date infected over
60 million people worldwide, causing more than 1.43 million
deaths [1]. The latest COVID-19 statistics for the Kingdom of
Thailand as of November 25, 2020, were 3942 confirmed cas-
es and 60 deaths in a total population of 66.6 million [2,3].
These numbers translate to 56.25 cases and 0.86 deaths per
million inhabitants, respectively, both being puzzlingly low
among countries with reliable statistical information [4]. The
whole of the Mekong River basin and other Southeast (SE)
Asian (SEA) neighbors seems to share Thailand’s low infec-
tion and death rates. Myanmar, Laos, Cambodia, and China’s
Yunnan province all report similarly minimal infection rates
(Table 1, Figures 1, 2) [4,5]. Many attribute this low incidence
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to Thai social and cultural practices promoting an inherent so-
cial distancing. When greeting one another, Thais do not shake
hands or hug, but use the “wai”, a prayer-like motion. An out-
door lifestyle combined with mask wearing practices due to
pre-existing environmental pollution was already in place be-
fore the pandemic [5]. Thailand’s efficient, robust, and respon-
sive grassroots-level universal health care system, directed
by able scientists, has greatly impacted preventive and treat-
ment measures [6] even with a rising prevalence of pre-exist-
ing comorbidities like obesity, diabetes, and hypertension in
the whole of the Mekong river region [7,8]. Others might argue
that Thailand’s low testing frequency (19 tests per 1000 peo-
ple) might underestimate the magnitude of the COVID-19 sit-
uation [3]. Here, we need to bear in mind that while all return-
ing residents are tested and quarantined, community testing

Table 1. HbE and any Thalassemia carrier prevalence are given and opposed against COVID-19 infections and deaths per one million
(M) population [1,3,4,13,15-32].

Prevalence/Country HbE carrier Any th.alassemia HERI? i.mmunity CoVID-19 COVID-19
(CA) carrier (%) limit (%) deaths per M cases per M
Thailand 53 52.6 43 0.86 55.76
s sz s26 B o 33
Cambodia &2 27 B o 1818
Myanmar 2w w1 B 08 137626
Cindonesia 33 e B 5703 175774
 Yunnan Province (China) o1 w7 B3 043 409
Vietnam 36 30 B 06 134
inda % ooa B 9577 652488
Bangladesh ses nse B 828 267873
Malaysia 8 625 B 007 159674
Csilaka o5 158 B3 sa1 87988
HongKong e B 188 26944
Philppines 2 82 B 7290 3282
Cpakistan o4 s B 423 166898
Cawan 0027 sa B 029 557
CSingapore 1 06t 385 B a0 993771
ezl e B 79065 2878587
Cspain 092 B 93398 3411080
CFane 322 B 76964 3299677
ey B 84857 2406513
CGreece s B 12023 912755
Copus s B 52520 1050235
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Figure 1. HbE and any thalassemia carrier prevalence (%) versus COVID-19 cases per million (M) people on November 25, 2020.
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Figure 2. HbE and any thalassemia carrier prevalence (%) versus COVID-19 confirmed deaths per million (M) people on November 25,

2020.

only occurs when tracing contacts or for symptomatic cases
seeking treatment (virtually non-existent in the community).
Another way of looking at the extent of testing relative to the
scale of the outbreak is to ask: how many tests does a country
do to find 1 COVID-19 case? The WHO has suggested around
10-30 tests per confirmed case as a general benchmark of ad-
equate testing, and the Thai average as of November 5, 2020
was 649.7 tests per 1 positive case [9]. With her porous land
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border crossings, Thailand allows for population movements.
Furthermore, COVID-19 infection rates have increased in its
western neighbors. Yet Thailand has not seen any increase in
the number of local COVID19 cases. After several months with-
out local infections, single-digit indigenous re-emergences have
died out spontaneously both in Thailand and Vietnam [10].
Elusive locally-shared, genetic determinants may provide an
explanation to the above observations.
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Epidemiology of HbE and Thalassemia Traits
in Southeast Asia

SE Asia is the third most populous region in the world [11],
encompassing 10 countries with more than 650 million peo-
ple inhabiting an area over 4.5 million km2. SE Asia is a ge-
netic cauldron of different ethnicities descending from di-
verse and complex origins [11,12]. Shaped by local malarial
environmental pressures, SE Asia’s common genetic denomi-
nator is thalassemia, presenting with over 60 different allelic
variants, but mainly dominated by 4 major thalassemic syn-
dromes [13]. The a-thalassemias, with a gene prevalence ap-
proaching 40% in northern Thailand and Laos, are consider-
ably less common in Malaysia and the Philippines (around
5%) [13]. The B-thalassemias showing local variations in ge-
netic prevalence account for up to 9% of all cases. Thirdly, Hb
Constant Spring [CS] is also seen, with gene frequencies of
up to 8% [13]. HbE, the thalassemic symbol of SE Asia, is in-
creasingly encountered worldwide. HbE gene prevalence may
reach up to 70% locally in northeastern Thailand and and up to
62% at the triple border region between Thailand, Cambodia,
and Laos [13-15]. Apart from SE Asia, thalassemia genes (in-
cluding HbE) are also present with diminishing gene frequen-
cy in Yunnan, Nepal, Northeastern India, Pakistan, Sri Lanka,
Bangladesh, Hong Kong, and Taiwan [13-24].

Epidemiological Evidence of HbE Protection
Against COVID-19

Intriguing epidemiological observations suggest, and biologi-
cal evidence supports, an inverse correlation between increas-
ing HbE/thalassemia trait prevalence rates and decreased sus-
ceptibility to, and fatality from, COVID-19 infections (Table 1,
Figures 1, 2). Local COVID-19 infections within Thailand vary
6-fold between the northeast (2.84% of total cases) versus the
south (19%), in tandem with regional variations in HbE gene
frequency (70% in the northeast compared to 12% in the south)
[3,13,25]. Similarly, Malaysia, which borders southern Thailand,
has an HbE trait frequency of only 3.8% [26] but reports sub-
stantially higher COVID19 infections compared to Thailand
[4]. Interestingly, in Cambodia and Laos (where zero COVID-19
deaths are reported) (Table 1), thalassemia mutation rates are
similar to Thailand [13]; for Cambodia, the thalassemia preva-
lence is 62.7% (HbE being the most prevalent, at 56%) [27]. In
Myanmar (HbE carrier rates vary between 1.9 and 42% depend-
ing on ethnic group and geography), low infection and death
rates are also seen (Table 1) [28]. Vietnam and the neighbor-
ing Chinese province of Yunnan both report low COVID-19 in-
fection rates, with locally high prevalence of HbE trait in line
with other mainland SE Asian nations (Table 1) [15-24,29-31].
In Vietnam, the Mon-Khmer-speaking ethnic groups are geneti-
cally closer to the Thai-Lao-Cambodian border populations and
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report HbE gene prevalence up to 36% [29]. Singapore, where
the prevalence of B-thalassemia trait is 0.9% and HbE trait is
0.55% [32], was severely hit by COVID-19 compared to neigh-
boring Thailand, but the death rates were very low [4]. The high
number of cases in Singapore seems to stem from clusters in
male migrant workers living in close proximity in crowded liv-
ing quarters, promoting higher infectious spread [33]. These mi-
grant workers are from various ethnic groups (e.g., Bengali and
Tamil) with higher HbE/thalassemia trait prevalence but also
higher glucose-6-phosphate dehydrogenase (G6PD) deficien-
cy rates, compared to resident Singaporeans [32,34,35]. G6PD-
deficient patients have been shown to be highly susceptible
to enteroviruses, human dengue virus, and human coronavi-
rus 229E infection. They also tend to develop severe pneumo-
nia after microbial infection [36]. Consequently, close proximity
overrides the protective effects of HbE and/or selectively po-
tentiates the risk to infect the ones without the hypothetically
protective trait, especially from patients carrying a higher viral
load. Thailand’s and Singapore’s effective 14-day quarantine pol-
icy of all arrivals have now virtually eradicated local COVID-19
cases [37]. In the remainder of SE Asia and South Asian terri-
tories, the trend continues with increasing COVID-19 infection
and death rates where HbE/thalassemia trait prevalence is low
(Table 1, Figures 1, 2) [14-23]. In Brazil, a country severely hit
by COVID-19, despite heavy early Italian migrations, less than
2% of Brazilian blood donors exhibit hemoglobinopathies [38].
Similarly, Spain, also severely affected by COVID-19, has a thal-
assemia trait of only 0.92% [39]. Despite its higher thalassemia
trait prevalence, Italy was severely hit by COVID-19, initially in
Lombardy, with a traditionally low carrier rate compared to is-
lands and coastal areas [40]. Greece [40] and Cyprus [41], with
an effective lock-down, a distancing strategy, and a higher, ho-
mogenous carrier rate, seem to be experiencing lower COVID-19
rates compared to their European peers, even during the sec-
ond wave (Table 1, Figures 1, 2).

How is the HbE Trait Protective?

The hypothesis we posit is that thalassemia traits in general,
and particularly HbE, are protective against COVID-19 infection
in similar ways to the numerous thalassemia traits conferring
protection against malaria [30,42] and the dengue virus [43].
Herd immunity development traditionally requires that 60%
of the population becomes homogeneously infected by or vac-
cinated against an infectious disease. However, recent math-
ematical models introducing age and activity heterogeneities
into population models predict that herd immunity can be
achieved at 43% [44], a level substantially lower than the ob-
served prevalence of HbE in some areas of SE Asia [13-15]. In
fact, in countries where the HbE trait is above 43%, the num-
bers of both COVID-19 infections and deaths have been min-
imal (Table 1, Figures 1, 2).
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The genetic and molecular mechanisms of this hypothesized
protection are as yet elusive, but biological evidence is sug-
gestive. Hemoglobinopathy-induced red blood cell structural
modifications hinder invasion, growth, and migration of plas-
modium [42,45]. Recent studies in thalassemias have pointed
to the involvement of microRNAs (miRNAs) in malarial patho-
genesis and anti-plasmodial defense [45]. MicroRNAs (miR-
NAs) are 18-25 nucleotide long, small, non-coding RNA mole-
cules whose production is strictly regulated and abundant in
all human cells [46]. miRNAs can downregulate gene expres-
sion in translational repression and target around 60% of all
genes [46]. They exhibit decisive regulatory functions associ-
ated with a variety of disease processes, including microbial
defense [46]. In dengue virus infection, which is perennially
endemic in SE Asia, red blood cell precursors in Thai carriers
of thalassemia and HbE trait were significantly less suscep-
tible to the dengue virus compared to normal controls [43].
This was the first report documenting an antiviral effect of
the HbE trait akin to its anti-malarial effect [43]. A large num-
ber of miRNAs have also been implicated in dengue virus de-
fense via structural protein integrity alterations inhibiting
access of viral replication machinery to the cytoskeletal ap-
paratus (miR-223) [47], but also through modulations of the
host immune interferon response (miR-155) [48]. Remarkably,
increased levels of the latter molecule have been reported in
B-thalassemia/HbE patients and linked to BACH1 downregu-
lation [49]. The same miRNA molecule was also reported to
inhibit dengue virus replication by inducing antiviral interfer-
on responses through the same BACH1 pathway downregu-
lation and heme oxygenase-1-(HO-1) induction [48]. Rare pu-
tative loss-of-function variants of X-chromosomal toll-like
receptor 7 (TLR7) causing immunological defects in type | and
Il interferon production have been very recently identified in
4 young male patients with severe COVID-19 [50]. Type | and
Il interferon (IFN) responses have been implicated in the ini-
tiation of an early immune response to clear the SARS-CoV-2
coronavirus and prevent the development of COVID-19 [50].
Moreover, the addition of interferon beta-1b to other antivi-
rals in the clinical setting was also more effective in treating
COVID-19 patients and rendering them noninfectious [51].
HO-1 pathway derangements have been implicated in severe
COVID-19 infection [52] and in causing exhaustion of hema-
topoietic stem cells, possibly leading to immune system fail-
ure [53]. Similar structural and molecular mechanisms might
be operative in immune effector cells of HbE heterozygotes.

The hypothesized conferred protection against COVID-19 could
also derive from local SE Asian HLA-class allotypes, possibly
in linkage disequilibrium with the thalassemia mutations.
Protection from and resistance to severe malaria has been de-
scribed in association with HLA antigens in the African conti-
nent [54,55] and the ABO blood group system [56]. However,
no HLA associations with COVID-19 infection have been noted
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in a recent report [57] but an association with the ABO blood
group system was confirmed, with bearers of the blood group
A phenotype showing an increased risk for COVID-19 infec-
tion compared to blood group O [58]. The O phenotype ap-
pears protective to malaria [56] and its worldwide distribution
seems to have been shaped by the parasite’s selective genetic
pressure [56]. The frequency of the O blood group in Thailand
is 40.5% [59] and its relatively high prevalence along with the
high HbE heterozygote frequency could further potentiate the
hypothesized antiviral protective effect.

A similarly intriguing hypothesis querying whether Italian p-thal-
assemia subjects are immunized against COVID-19 has been
put forward [60]. We believe that the diluted carrier popula-
tion sizes available in southern European countries are not of
the magnitude presently observed in SE Asia and could lead
to erroneous interpretation [60,61].

Limitations and Proving the HbE Protection
Hypothesis

We are not claiming causality at this stage but are hypothe-
sizing an interesting association that needs to be tested with
regard to causality. Simple hemoglobin electrophoresis of the
approximately 4000 infected Thai COVID-19 cohort patients
as a case control study will reveal whether the prevalence of
thalassemia traits in general (and HbE in particular) differs be-
tween infected and uninfected populations. Advanced molecu-
lar analyses can be performed on the affected cases. G6PD and
ABO blood group analyses could also be performed to eluci-
date whether the COVID-19-infected cohort has a higher repre-
sentation of these genetic determinants. Furthermore, miRNA
analyses and genetic polymorphism and molecular studies of
the BACH1/HO-1 pathway and interferons would elucidate the
mechanism of resistance and eventually lead to novel treat-
ment modalities via miRNA decoys or miRNA mimetics or in-
terferon administration [46,51].

Conclusions

We theorize that another “Amazing Thailand” attribute [62],
an evolutionary HbE variant arising in Thailand through nat-
ural selection possibly around 2000 years ago in a malaria-
endemic region, might hypothetically be providing its carriers
survival advantages with resistance to malaria, dengue virus,
and possibly also to COVID-19 infection [63]. Host immune sys-
tem modulations induce antiviral interferon responses as well
as alter structural protein integrity and inhibit cellular access
and viral replication. These changes are possibly engendered
by HbE/thalassemia carrier miRNAs. Proving the hypothesis
is of importance, as it may shed light on the mechanisms of
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viral resistance and lead to novel antiviral treatments. These
developments can guide decision-making and action to pre-
vent COVID-19 infection.
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