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CAN SARS-COV-2 CHANGE INDIVIDUAL RADIATION SENSITIVITY
OF THE PATIENTS RECOVERED FROM COVID-19? (EXPERIMENTAL
AND THEORETICAL BACKGROUND)
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RFE Kavetsky Institute Experimental Pathology, Oncology and Radiobiology the National Academy Science
of Ukraine, Kyiv 03022, Ukraine

POINT OF VIEW

R.E. Kavetsky Institute of Experimental Pathology, Oncology and Radiobiology of the National Academy of Science of Ukraine has been
studying the mechanisms and specificities of individual radiation sensitivity (IRS) formation in professionals who work in the field of ion-
izing radiation, cancer patients and representatives of other population groups. Our data based on the use of G,-test in in vitro irradiated
blood lymphocytes in late G,-period of cell cycle indicated an increased carcinogenic risk in professionals with high IRS. We suggest that
the COVID-19 pandemic could make significant adjustments in the formation of IRS in professionals who have survived the disease and
continue to work with ionizing radiation (IR). Increased systemic inflammatory activity, which persists for a long time in COVID-19 pa-
tients, in combination with low-dose range irradiation (professionals who continue to work with IR) and with local irradiation in the
high-dose range (radiation therapy for cancer patients) may affect IRS. Repeated determination of IRS in professionals who have had
COVID-19 infection, using chromosomal G,-radiation sensitivity assay will answer the question: can SARS-CoV-2 coronavirus affect
the IRS? The proposed hypothesis of the radiosensitivity evolution needs further experimental validation using a set of radiobiological
indices to clarify the mechanism of IRS formation following COVID-19 infection. The detected changes (increase) of human IRS after

COVID-19 must be taken into account for personalized planning of radiotherapy of COVID-19 cancer patients.
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Late in 2019, an outbreak of a new highly con-
tagious coronary virus infection with an epicenter
in Wuhan occurred in the People’s Republic of China.
In February 2020, the World Health Organization
named the new coronavirus infection as COVID-19 and
its causative agent as SARS-CoV-2 [1, 2]. To date,
tests have been developed to detect the pathogen.
However, oropharyngeal and nasal swabs detect the
virus in 30-60% of cases only [3]. Clarification of the
long-term consequences in COVID-19 survivors (re-
convalescents), including those that may develop
under conditions of exposure to ionizing radiation
(IR), is of paramount importance for the preservation
of life and health of the world’s population. At the same
time, awell-founded question arises: how “dangerous”
can the radiation safety of a human being be in the
setting of a COVID-19 pandemic, taking into account
the post-radiation distant consequences of a nuclear
catastrophe of man-made origin (the accident at the
Chernobyl nuclear power plant, 1986) and mixed
genesis (the accident at Fukushima, 2011 as a result
of a powerful tsunami)? This also applies to medical
personnel, who are the largest cohort of professionals
working in the field of IR and one of the social groups,
which is the most affected by the coronavirus disease.

R.E. Kavetsky Institute of Experimental Pathology,
Oncology and Radiobiology of the National Academy
of Science of Ukraine has been studying the mecha-
nisms and specificities of individual radiation sensitivity
(IRS) formation of professionals who work in the field
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of IR [4], cancer patients [5] and representatives of other
population groups. Individual sensitivity to IR is known
to be genetically determined and various factors, includ-
ing biological factors (e.g. viruses), can significantly
modify it. An informative approach for IRS assessment
is the use of chromosomal G,-radiation sensitivity assay,
which we modified based on classical provisions of hu-
man radiation cytogenetics [6]. The essence of this test
is the estimation of cytogenetic effectinduced by testir-
radiation (1.5 Gy dose) in the most radiosensitive late G,-
period of cell cycle — at 46 h of cultivation of blood lym-
phocytes of examined persons. It should be noted that
the chromosomal G,-test is performed with use of the
mitogen (phytohemagglutinin) of the T-lymphocytes,
which are the most radiosensitive cells and the bio-
markers/biodosimeter of the human body’s irradiation.
An increase in the IRS of professionals as compared
to the median level in population is the risk factor of the
development of radiation carcinogenesis.

The data we obtained in the chromosomal G-
test (irradiation test of the lymphocyte blood culture
using the dose of 1.5 Gy) in our examination of pro-
fessionals (radiation oncologists, radiologists) sug-
gest the following. The median rate of chromosome
aberrations was 36.6 aberrations/100 metaphases
among professionals who had been working in the
radiation field for up to 1.5 years. The range of vari-
ability of the total number of chromosome aberrations
in this group of professionals was from 19 to 67 aber-
rations/100 metaphases. Chromatid deletions are
a major contributor to genetic instability (Figure, a).

The average rate of chromosome aberrations was
80.2 aberrations/100 metaphases for professionals
(radiation oncologists, radiologists) with longer work-



278

Experimental Oncology 43, 277-280, 2021 (September)

ing experience in the field of radiation exposure. The
range of variability of the total number of chromosome
aberrations in the professionals of this group was from
45 to 140 aberrations/100 metaphases. The spectrum
of radiation-induced genetic changes, in addition to de-
letions, was characterized by chromatid and chromo-
some type exchanges. This significantly complicates
the genomic instability of the examined professionals
and potentially increases carcinogenic risk (Figure, b).

Using the GTG-method of differential staining
of chromosomes, we showed that the largest number
of genetic disorders was registered in radiologists with
high IRS [7]. Professionals with the detected long-
arm deletion of chromosome 5 have an increased
risk of developing myeloid leukemia [8], transloca-
tion of chromosome 14 — involves the 32 segment
of multiple myeloma [9], and translocation of chromo-
some 3 is associated with an increased risk of kidney
cancer [10]. Our data indicate an increased carcino-
genic risk in professionals with high IRS. This applies
not only to radiologists, but also to persons operating
X-ray machines, employees of nuclear power plants,
miners of uranium mines and others.

The obtained data suggest that the pandemic
caused by the COVID-19 could make significant adjust-
ments in the formation of IRS in professionals who have
survived the disease and continue to work in the IR field.

There exists an observation that irradiation of the
thoracic organs in the low-dose range can attenuate
inflammatory processes in the lungs [11]. This may
be relevant to COVID-19, as its most dangerous
complication is pneumonia [12]. Although the effect
of IR in the low-dose range does not appear to be spe-
cifically antiviral, in this situation, SARS-CoV-2 “may
compensate for an overreaction of the immune system
known as a cytokine storm” [13, 14]. This interpretation
is based on the assumption that the different lesions
caused by COVID-19 are explained by the three-stage
mechanism of action of the SARS-CoV-2 virus [15]. At the
first step, the virus binds to the enzyme ACE2, which
is expressed on multi-organ cells, infects and damages
these cells and thus causes a cytokine “storm”. In what
we believe to be the second key step of the viral action,
cytokines increase vascular permeability, which causes
the progression of inflammatory processes. The main
enzyme responsible for the development of inflamma-
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tion and the cytokine “storm” is bradykinin. The use
of ACE2 as a receptor for SARS-CoV-2 to penetrate the
cellresultsin the increased levels of this enzyme causing
tissue inflammation. At the third step, the virus crosses
the blood encephalitis barrier. This pathway of the events
in the cells of COVID-19 patients extensively reviewed
by Komisarenko [13] is recognized as one of the key
components of the pathogenesis of COVID-19 disease.

Several clinical trials have now begunin the US and
other countries using COVID- 19 therapeutic irradiation
of patients in the low-dose range to treat viral pneu-
monia. The possible effect of SARS-CoV-2 on the
radiosensitivity of normal cells of cancer patients dur-
ing local therapeutic irradiation in the high-dose range
is currently overlooked.

We shall look in more detail at the formation of IRS
in cancer patients, which correlates with the frequency
of normal tissues’ adverse radiation reactions from
the environment of the irradiated tumor. It should
be noted that radiation therapy, which is prescribed
in 50-70% of cases, either as an independent method
or in combination with chemotherapeutic and surgi-
cal methods, remains one of the main and effective
methods of treatment [16, 17].

Despite the conformal “strategy” of radiation oncol-
ogy, cells of normal tissues inevitably enter the irradiation
zone thatincludes the tumor. These are tissue structures
that are located at the entry and exit of the therapeutic
IR beam, blood vessels that are exposed to the IR at the
same dose as the tumor, and finally, microscopic tumor
infiltrates in healthy tissues [16]. Sections of initially
normal tissues surrounding tumors undergo a number
of changes as a result of the therapeutic irradiation,
including inflammation. Therefore, the irradiated tis-
sue substantially differs from the original normal tissue
by the end of the treatment course [18]. The emergence
of secondary tumors after irradiation of prostate cancer
by the IMRT method is explained by the use of a large
number of irradiation fields and linear accelerators with
a higher power, which increases collimating and phan-
tom scattering [19]. After the irradiation of radiosensi-
tive forms of tumors, their destruction occurs without
significant damage to the surrounding healthy tissues
(the tumor bed). The effective action on radioresistant
tumors requires a dose of IR that causes a certain de-
gree of destruction of healthy tissues. Therefore, the risk
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Figure. Individual radiosensitivity of professionals with up to 1.5 years (a) or more than 1.5 years (b) of work experience in the field
of radiation exposure based on cytogenetic data of G,-test. Designations: straight line — the average population chromosome
aberration rate; dotted line — the individual chromosome aberration rate
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of developing adverse radiation reactions from normal
tissues can be quite high [20].

Early radiation reactions occur in tissues with rapid
cellular renewal, which include the skin, bone marrow,
epithelium of the stomach and intestines, etc. Early
reactions are often caused by the damage to stem cells
and predecessor cells that lead to a temporary or per-
manent lack of mature functional cells. In some tissues,
for example, lymphoid and salivary glands, the rapid
loss of cells is due to their apoptosis. Early tissue reac-
tions are inflammatory responses because of changes
in cell permeability [21]. Because of irradiation, the
endothelial cells lose the ability to proliferate, the capil-
laries become desolated, and the growth of new vessels
is inhibited. To this are added damages of lymphatic
vessels. The common defeat of the vascular network,
which nourishes various tissues, leads to the develop-
ment of fibrosis and radiation ulcers. Late radiation
damage can develop on the bridgehead of early effects,
including secondary tumors of radiation genesis.

Recently the attention of radiation oncologists and
clinical radiobiologists has been concentrated on the
problem of assessing the IRS of the body of cancer
patients, the understanding of the role of IRS in the
personification of radiotherapy [5, 22, 23]. Solving this
problem will help to reduce the frequency of adverse
reactions from healthy tissues during therapeutic ir-
radiation of tumors of various locations.

Given that the growth of tumors of different gen-
esis is accompanied by the development of profound
disorders in the immune system, additional radiation
exposure aggravates immunosuppression and may
contribute to the development of secondary tumors.

According to the own data [22], more than 10%
of persons in a cohort of healthy individuals have
elevated radiosensivity at the chromosomal level
of peripheral blood lymphocytes (assessed with lym-
phocyte G2-test). It is important to note that a “hid-
den” chromosomal instability among cancer patients
induced by a “provocative” radiation in peripheral
blood lymphocytes in vitro is much more common,
as it occurs in 30% to 60% of patients having the
sporadic malignancies, including breast, stomach,
prostate cancer etc [5, 23-26].

According to modern concepts, the inflammasomes
containing caspase-1 are the key components of the
stress-induced inflammatory response to radiation
exposure. Inflammasomes activated by radiation and
the release of caspase-1 play a major role in both the
development of inflammatory processes and cell death:
apoptosis, necrosis and pyroptosis [27]. Increased
systemic inflammatory activity, which persists for along
time in COVID-19 patients [28, 29], in combination with
low-dose-range irradiation (professionals who continue
to work in IR) and with local irradiation in the high-dose
range (radiation therapy for cancer patients) may affect
IRS. At the same time, it is known that in immunodefi-
ciency virus-infected individuals the IRS is elevated [21].
Taking into account our previous studies and partially
presented in this paper as well as the above theoreti-

cal and experimental background, we proposed a hy-
pothesis of evolution of individual human sensitivity
to radiation exposure in post-COVID-19 syndrome —
virus-infected systemic inflammation [30]. The evolu-
tion of IRS of COVID- 19 patients who are subsequently
exposed to radiation for different reasons may follow the
following pathway: combined virus-induced systemic
and radiation-induced inflammation — increased blood
supply to cells and tissues of the body — expansion
of the microvessel network —increased cell oxygenation
— increased IRS with accompanying lymphocytopenia
—increase in IRS and carcinogenic risk.

Repeated determination of IRS in professionals
(Figure) who have had COVID-19 infection, using
chromosomal G,-radiation sensitivity assay will answer
the question: can SARS-CoV-2 coronavirus affect the
radiation sensitivity of the human body?

The proposed hypothesis of the evolution of human
body radiosensitivity needs further experimental valida-
tion using a set of radiobiological indices to clarify the
mechanism of IRS formation following COVID-19 in-
fection. If our hypothesis will be confirmed, it would
be relevant to revise certain statements of radiobiology
and radiation oncology concerning IRS, dose-effect
relationships, and the effects of low-dose IR, etc.

We believe that the detected changes of human IRS
after COVID-19 must be taken into account:

¢ for the development of the algorithm of long-term
follow-up examination of COVID-19 exposed profes-
sionalsworking in the area of IR for the primary preven-
tion of radiogenic diseases; an obligatory part of the
algorithm should be G2-radiation sensitivity assay;

e for personalized planning of radiotherapy of CO-
VID-19 cancer patients with the aim of tertiary
prevention of the development of post-radiation
complications in healthy tissues from the environ-
ment of the irradiated tumor.
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YU MOXE KOPOHABIPYC SARS-COV-2 3MIHUTHU
IHOUBIAYAJIbHY PALIOYYTJIUBICTb
MALIEHTIB, LLO NEPEXBOPIJIU HA COVID-19?
(EKCNEPUMEHTAJIbHO-TEOPETUY4HI
NEPEAYMOBMW)

B.D. Yexyn, €.4. /[vomina*

Incmumym excnepumenmanvHoi namonoeii, onkonoeii i padiobionoeii
im. PE. Kaseyvkoeo HAH Ykpainu, Kuie 03022, Ykpaina

B IHCTUTYTI ekcnepuMeHTanbHOI NaTonorii, OHKONOTIi i paaio-
Gionorii im. P.€. KaBeLbKOro BUKOHYIOTLCS AOCAIAXKEHHS, LLO
CNpsIMOBaHi Ha 3’siCyBaHHSA MexaHi3MiB i ocobnmBocTelt dhop-
MyBaHHS iHAMBIQyanbHOI paaiovytnmeocTi (IPY) npodecioHa-
niB, gKi NpauloTb y cdepi aji ioHi3yo4oi paaiauii (IP), oHko-
NOTYHMX XBOPUX, SKMM NPU3HA4YeHa NPpoOMeHeBa Tepanisi, Ta iH.
BukopucTtaHo xpoMocomHuii G2-TecT, moandikoBaHuii HaMu
Ha OCHOBI KNaCM4HUX MOMIOXEHb pPafiauiiHOi LMTOreHeTUKn
noanHn. OgepxaHi aaHi ceigyatb NPo NiABULLEHUIA KaHLLEPO-
reHHu pusnk y npodecioHanis 3 sucokoto IPY. MigsuweHa
CUCTEMHA 3anajibHa akTMBHICTb, sika 36epiraeTbCs TpuUBa-
NNiA Yyac y pekoHBanecueHTiB nicna COVID-19y noegHaHHi
3 ONPOMIHEHHAM B Ajanas3oHi HU3bknx 03 (npodecioHanis,
AKi NPOJOBXYIOTh NpauosaTn y cdepi ii IP) Ta 3 nokanbHUM
OMNPOMIHEHHSIM B Aiana30Hi BUCOKMX 403 (NpoMeHeBa Tepanis
OHKOJIOTIHHNX XBOPUX) MOXYTb MoandikyBatu ix IPY. 3anpo-
rnoHoBaHa rinoTte3a esonouii IPY4 pekoHBanecueHTiB nicns
COVID-19. lMoBTOpHe BU3Ha4eHHs IPY y npodecioHanis, ski
nepexeopinv Ha COVID-19, i3 3any4eHHAM XPOMOCOMHO-
ro G2-tecta gactb OOrpyHTOBaHY BiAMoOBiAb HA MUTAHHS: 4n
moxe SARS-CoV-2 snnmBaTtn Ha IPY opraHiamy nognHn? Bu-
3HavyeHHs IPY nepBMHHMX OHKOMOMYHUX XBOPUX 3abe3neynTb
rnepcoHanizoBaHui Nigxiag, 4o NnaHyBaHHA NPOMeHeBOoi Tepanii
i TAKMM YMHOM 3MEHLLEHHSI MPOMEHEBMX YCKNaAHEHb 3 BOKy
30,0POBUX TKAHWH, L0 OTOYYIOTb MYXJIVHY.

KmoyoBi cnoBa: ioHi3yioua pagjauis, kopoHasipyc SARS-
CoV-2, npodecioHann, OHKOJOriYHI XBOPI, iHAMBIAyanbLHa pa-
DiOYYTNMBICTb.



