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Introduction
The objective of this communication is to draw attention to the 

concern that highly mutated virulent Covid-19 variants may de-
velop in infected individuals living in environments polluted with 
dust contaminated by Naturally Occurring Radionuclide Materials 
(NORMs). The Corona virus SARS-CoV-2 which mediates the Cov-
id-19 pandemic is capable of tolerating multiple mutations without 
being inactivated. This is exemplified in the recent appearance of 
Omicron subvariant BA.1 in South Africa, followed by BA.2 and BA.3 
which appeared shortly after BA.1 also in South Africa [1]. The BA.1 
subvariant (also referred to B.1.1.529) displays ~50 mutations in 

comparison to the wild-type (Wuhan) strain, BA.2 shares 32 muta-
tions with BA.1 but has 28 distinct ones and BA.3 lost 6 mutations 
found in BA.1 and acquired 2 mutations found in BA.2 [1-3]. These 
are variants of concern since BA.1 has ~10-times higher transmis-
sibility than the wild-type strain and it can infect nonvaccinated 
individuals and those vaccinated with currently used gene-based 
vaccines, whereas BA.2 can infect patients originally infected by 
BA.1, nonvaccinated and vaccinated individuals [2,4].

The number of mutations in the three Omicron subvariants 
is much higher than previously detected in the S-protein gene of 
other SARS-CoV-2 variants [5,6]. Moreover, the three Omicron sub-
variants appeared almost simultaneously at the end of 2021 and 
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many of their mutations are unique to each subvariant. This raises 
the question of the cause for so many simultaneous different muta-
tions, many of which are not in the S-protein. Previous SARS-CoV-2 
variants evolved by a Darwinian-like “natural selection” and dis-
play only few mutations which confer higher transmissibility, vir-
ulence, or immune resistance [5,6]. A high number of mutations in 
genetic-material, as that observed in Omicron, is usually expected 
to be generated in the lab by sub-lethal ionizing radiation of mi-
croorganisms or nucleated cells. In nature, multiple mutations have 
been found in miners working in mines with high concentration of 
NORMs such as uranium mines [7,8].

Presentation of Concerns
Communities living close to some gold mines may be exposed 

to NORMs carried by the dust that originates in ore waste (called 
“mine-tailings”) in a proportion of the gold mines. Such dust con-
taining NORMs is occasionally blown by strong winds from the 
mine-tailings into adjacent residential areas and inhaled by pop-
ulations in these areas [9,10]. This hypothesis raises the concern 
that the mutagenesis resulting in multiple mutations in the Omi-
cron subvariants has been caused by inhaled dust contaminated 
with NORMs which originated in mine-tailings. The concentrations 
of NORMs in “clean” environments on the Earth surface are low. 
However, in a proportion of gold mine ores, the concentration of 
NORMs, including uranium, is estimated to be higher than that of 
the gold [9,10]. NORMs like uranium and its decay products, such as 
radium and thorium, pose significant health risks to communities 
living near the mines because they contaminate the mine-tailings 
of active and abandoned mines. Such mine-tailings are the source 
of NORMs containing dust pollution that is blown by the wind into 
neighboring residential areas. Accordingly, elevated uranium levels 
were found in hair samples of residents living near mine-tailings 
[11]. This proximity of residential areas to mine-tailings further 
raised the possibility of a link between inhaled NORMs and the 
disproportionately high incidence of hematological malignancies 
among residents of these areas [12].

NORMs contaminated dust blown from mine-tailings and in-
haled by individuals infected with SARS-CoV-2 is likely to affect this 
virus. SARS-CoV-2 initially infects the respiratory epithelial cells of 
the airways, replicates in them and is released in large numbers 
into the mucus lining the airways. In infected individuals, inhaled 
NORMs containing dust particles may be trapped in the mucus at 
very close proximity to the virus. The ionizing radiation emitted by 
the inhaled radionuclides can cause multiple random mutations in 
virions adjacent to the radioactive dust particles. Although SARS-
CoV-2 can tolerate a large number of mutations without being inac-
tivated, as observed in the Omicron subvariants [1,2], many of the 
radiation induced mutations are likely to be “lethal” to the virus. 
However, few of the mutations which do not destroy the infective 
and replicative abilities of the virus may increase transmissibility 
and/or virulence of SARS-CoV-2. Other radiation induced muta-
tions may be “escape-mutations” conferring immune-resistance 
to anti-S-protein antibodies, as observed with Omicron subvari-
ants even in immunized individuals [1-3]. Therefore, communities 
that are chronically exposed to pollution by NORMs contaminated 

dust may become future reservoirs for Covid-19 variants that keep 
mutating and acquiring immune-resistance to single-antigen gene-
based vaccines such as those that are currently used.

Evidently, it is difficult to prove the hypothesized in vivo mutat-
ing mechanism of SARS-CoV-2 by polluting NORMs contaminated 
dust. Nevertheless, this hypothesis can be tested in vitro by rep-
lication of the original SARS-CoV-2 virus in host cells cultured in 
the presence of sterilized NORMs contaminated dust obtained from 
mine-tailings and confirmed to be radioactive. If the NORMs in the 
mine-tailing dust have mutagenizing effects on the virus, then it is 
expected that the number of mutations in virus isolates evaluated 
following repeated passages in cell cultures co-incubated with the 
radioactive dust may be significantly higher than in virus isolates 
replicating in cell cultures containing “clean” dust lacking NORMs. 

Suggested Solutions
Prevention of appearance of Covid-19 variants containing es-

cape-mutations in populations which may inhale NORMs contami-
nated dust, as well as in general populations, may be feasible by de-
veloping future vaccines that contain several SARS-CoV-2 antigens 
or genes encoding these antigens (i.e., multi-antigenic vaccines). 
Individuals vaccinated with multi-antigenic vaccines will develop 
protective humoral and cellular immune response against several 
viral antigens. The more individuals vaccinated in the at risk pop-
ulations, the less is the chance for appearance of variants of the vi-
rus. The induced immune response will be protective both against 
“wild-type” virus and against variants containing immune-resist-
ance mutations in their S-protein. Destruction of wild-type virus 
and of variants will be mediated both by antibodies and by T-cell cy-
tolysis of virus infected cells, all targeting multiple viral antigens, in 
addition to antibodies and T cells against the S-protein which may 
not be effective in protection against variants acquiring escape-mu-
tations [13,14]. 

A practical and relatively easy to produce multi-antigenic Cov-
id-19 vaccine that does not require cloning of various viral genes 
for vaccinating protein production, is the inactivated SARS-CoV-2 
whole-virus vaccine. Such a vaccine includes the full range of the 
viral antigens for induction of an anti-Covid-19 immune response, 
provided that the vaccine is highly immunogenic. A Covid-19 inacti-
vated whole virus vaccine has been produced and found to be well 
tolerated and to induce anti-virus antibody production [15-17]. 
However, a study of vaccinated individuals infected with the SARS-
CoV-2 Gamma variant reported suboptimal efficacy of the inactivat-
ed whole-virus vaccine [18]. A major cause for decreased vaccine 
efficacy is low uptake of vaccinating virions due to electrostatic 
repulsion between the negative charges of sialic-acid units on the 
virus glycan-shield and similar charges on Antigen-presenting-cells 
(APC) [13]. This uptake can be markedly increased by replacing the 
sialic acid on the virus with a carbohydrate antigen called “α-gal 
epitope” (Galα1-3Galβ1-4GlcNAc-R) to generate “SARS-CoV-2α-gal 
vaccine”. Such conversion is feasible by enzymatic reactions with 
neuraminidase and α1,3galactosyltransferase (α1,3GT-the enzyme 
synthesizing α-gal epitopes in non-primate mammals), propagat-
ing SARS-CoV-2 in host-cells transfected with several copies of the 
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α1,3GT gene (GGTA1), or propagation of the virus in host-cells 
transduced with replication defective adeno-virus carrying the 
α1,3GT gene [13]. Immediately following vaccination, the natu-
ral anti-Gal antibody, abundant in all humans [19], binds to α-gal 
epitopes on vaccinating virions and targets them for rigorous up-
take by APC via anti-Gal Fc “tail” binding to Fc-receptors on APC. 
This extensive internalization of vaccinating virions by APC will re-
sult in marked increase in processing of the vaccine load transport-
ed by the APC to regional lymph nodes and presentation of antigen-
ic viral peptides, compared to uptake, processing and presentation 
of vaccinating SARS-CoV-2 lacking α-gal epitopes. Ultimately, pres-
entation of the many SARS-CoV-2α-gal peptides by the APC within 
the lymph nodes is likely to result in a much more effective immune 
protection against the virus than in individuals vaccinated with in-
activated SARS-CoV-2 lacking α-gal epitopes.

Due to safety limitations, engineering of SARS-CoV-2 into SARS-
CoV-2α-gal and evaluation of the increase in immunogenicity and 
efficacy of such vaccines cannot be determined in standard aca-
demic research facilities. Nevertheless, the increased efficacy of 
viral vaccines engineered to present α-gal epitopes could be de-
termined with inactivated influenza-virus vaccine [20] and with 
gp120 of HIV vaccine [21], studied in transgenic mice lacking α-gal 
epitopes and producing anti-Gal. Immunization of the mice with 
inactivated influenza-virus or with gp120 vaccines engineered to 
present α-gal epitopes resulted in ~100-fold increase in production 
of anti-viral antibodies in comparison to mice immunized with the 
vaccines lacking α-gal epitopes [20,21]. In addition, in immunized 
mice that were challenged with a lethal dose of “live” influenza 
virus, ~90% of those immunized with the α-gal vaccine survived, 
whereas only ~10% of those immunized with the inactivated virus 
lacking α-gal epitopes survived the challenge [20]. Moreover, gp120 
vaccine presenting α-gal epitopes elicited antibodies that neutral-
ize HIV whereas the antibodies elicited by gp120 vaccines lacking 
α-gal epitopes did not display this virus neutralizing activity [21]. 
These observations suggest that vaccination with SARS-CoV-2α-gal 
whole virus vaccines that are inactivated may similarly result in in-
duction of very effective production of antibodies and T cell clones 
against multiple viral antigens. Such an effective immune response 
may destroy the unmutated virus as well as future SARS-CoV-2 var-
iants which acquire various escape-mutations in their S-protein.

Conclusion
The unusually high number of mutations in the Omicron sub-

variants which emerged at the end of 2021, strongly suggests that 
they were caused by ionizing radiation. Some gold mines generate 
waste ore containing uranium and its decay radioactive products 
which are present in mine-tailings. The polluting dust contaminat-
ed with uranium which is blown from mine-tailings by winds into 
neighboring residential areas is inhaled by the residents. It is hy-
pothesized that the Covid-19 virus in the airways of infected indi-
viduals inhaling this radioactive polluting dust, will be subjected to 
ionizing radiation emitted by the dust particles and therefore will 
acquire many mutations. Some of the mutations may result in for-
mation of new detrimental variants. This will convert these at risk 

communities into future reservoirs for Covid-19 variants that keep 
mutating and acquiring immune-resistance to single-antigen gene-
based vaccines. Formation of such reservoirs may be prevented 
by vaccination of these populations with multi-antigenic Covid-19 
vaccines, such as inactivated SARS-CoV-2 whole-virus vaccine engi-
neered for high immunogenicity by presentation of α-gal epitopes 
on the glycan-shield of the vaccinating virions.

Highlights
a) The many mutations in Omicron subvariants may be 
caused by ionizing radiation. 

b) Dust of gold mine waste ores contains uranium and pol-
lutes nearby residential areas.

c) Covid-19 infected individuals in these residential areas 
inhale radioactive dust.

d) The radioactive dust emits radiation that mutagenizes 
Covid-19 to form new variants.

e) Variants formation can be prevented by immunization 
with multi-antigenic vaccines.
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