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LONG-TERM EXPOSURE TO LOW DOSES OF IONIZING RADIATION 
AND COVID-19 PANDEMIC: ONCOHEMATOLOGICAL ASPECTS
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For more than 35 years after Chornobyl catastrophe, about 5 million people in Ukraine, Republic of Belarus and Russian Federa-
tion inhabit the territories that are residually contaminated with long-lived radionuclides such as 137Cs, 90Sr. The previous studies 
of the Reference Laboratory operating at RE Kavetsky Institute of Experimental Pathology, Oncology and Radiobiology allowed 
specifying the effects of the protracted low dose irradiation on the state of the hematopoietic and lymphoid tissues resulting in the 
increased proportion of the B-cell chronic lymphocytic leukemia/small lymphocytic lymphoma and acute myeloid leukemia among the 
patients referred from the contaminated areas of Ukraine. Since the beginning of 2020, these effects of radiation were superimposed 
by the factors associated with COVID-19 pandemic. SARS-CoV-2 infection is associated with the significant impact on hema-
topoiesis and immune system. Particular attention should be given to the role of such combined burden in the development of the 
immunodeficiency-associated lymphoid neoplasms. The extensive studies of the combined effects of low dose irradiation and CO-
VID-19 within the large affected populations could be made a priority in future endeavors of epidemiologists and oncohematologists.
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INTRODUCTION
The vast epidemiological studies provided the 

broad evidence of the association between the ex-
posure to ionizing radiation and the increased risk 
of the stochastic (leukemogenic and carcinogenic) 
consequences. The predominant information about 
such consequences has come from studies of the 
cohort of Japanese A-bomb survivors who have now 
been followed for more than 60 years. The Chornobyl 
catastrophe of 1986 becoming one of the worst ra-
diation disasters in the history of the nuclear industry 
spotlighted the problems of the oncological conse-
quences of the protracted exposure of the numerous 
populations to low dose radiation. In Ukraine, Republic 
of Belarus and Russian Federation more than 5 million 
people inhabit the territories that are residually con-
taminated with long-lived radionuclides such as 137Cs, 
90Sr and transuranic elements. The population of the 
most contaminated areas in Kyiv, Zhytomyr, Rivne, 
Chernihiv, and Cherkasy regions amounts to more 
than 2.6 million. About 100 thousand residents of the 
districts assigned as the areas of strict control still 
receive more than 1 mSv annually. The estimated 
average effective doses accumulated for 30 years 
after Chornobyl catastrophe for the general popula-
tion of the most contaminated areas are in the range 
of 10–50 mSv [1]. Nevertheless, the assessment of the 
stochastic effects of ionizing radiation in population 
of the contaminated areas of Ukraine faces with the 
difficulties because of the uncertainty in the estimation 
of the actual individual doses.

HEMATOLOGICAL MALIGNANCIES 
IN UKRAINE IN POST-CHERNOBYL PERIOD
In Ukraine as well as in Russian Federation and Repub-

lic of Belarus, analytical epidemiologic studies for evaluat-
ing the possible risk of leukemia in persons permanently 
exposed to low-dose radiation (mostly internal exposure) 
have not been initiated except for a few limited analyses 
of the incidence trends and studies covering small ter-
ritories [2, 3]. As a result, the post-Chornobyl data on the 
hematological malignancies in Ukrainian population resid-
ing in the areas with different levels of the contamination 
with radionuclides are incomplete and inconsistent. There 
are some reasons underlying the difficulties in assessment 
of real patterns of hematological malignancies in Ukraine 
in post-Chornobyl decades. Among them, the insufficient 
quality of diagnosis and the undercounting of several 
nosologic forms of leukemia outlines in the modern clas-
sifications of the malignant diseases of hematopoietic 
and lymphoid tissues. Moreover, the Bulletin of National 
Cancer Registry of Ukraine combines several different 
forms of leukemia into aggregated categories that does 
not allow analyzing the probable association of intrinsically 
different forms and cytological variants of hematological 
malignancies with radiation exposure.

Nevertheless, the statistical data extracted from 
the National Cancer Registry of Ukraine may be useful 
for the crude assessment of some over time trends 
in the incidence of leukemia as an aggregated group 
both in Ukraine as a whole and in different regions 
of the country. Since 1976, the annual incidence 
of hematological malignancies in total (C81–C96 ac-
cording to ICD-10) tended to increase both in the 
regions of Ukraine referred to as contaminated with 
radionuclides or conventionally non-contaminated 
suggesting that not only radiogenic factors contrib-
ute to this increasing trend. Currently, the incidence 
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of hematological malignancies amounted to 19.3 per 
100,000 of population in contaminated regions and 
15.5 per 100,000 in non-contaminated regions.

There are several in-house sources of information 
in Ukraine that provide the exact diagnoses of oncohe-
matological diseases in complying with the requirements 
of the current classifications although such diagnostic 
activity does not cover the entire population of Ukraine. 
In particular, the database of the Reference Labora-
tory of R.E. Kavetsky Institute of Experimental Pathology, 
Oncology and Radiobiology of the National Academy 
of Sciences of Ukraine amounted to about 30 thousand 
cases of the hematologic malignancies diagnosed 
in 1996–2017 among the patients from more than 20 re-
gions of Ukraine [4]. The precise diagnosis of the various 
forms of malignant tumors of hematopoietic and lymphoid 
tissues was provided using the techniques of cytomor-
phology, cytochemistry and immunocytochemistry.

According to the currently accepted opinion shared 
by many epidemiologists, increased leukemia risk 
as a consequence of protracted radiation exposure 
could not been revealed due to the lack of the statisti-
cal power [5, 6]. Nevertheless, in our opinion, some 
approaches could be helpful for understanding the 
long-term oncohematological consequences of Chor-
nobyl disaster in Ukraine. While in-house analysis could 
not provide the data on leukemia incidence, it would 
be useful for studying the year-by-year dynamics 
in relative contribution of certain forms of leukemia 
in different regions of Ukraine with different levels 
of radionuclide contamination hinting at the possible 
association between radiation exposure and some 
specific forms of hematological malignancies.

According to our data and the data presented 
in the issues of “Indicators of Hematological Service 
Activity in Ukraine”, the average (2010–2017) num-
ber of chronic lymphocytic leukemia (CLL), multiple 
myeloma and acute myeloid leukemia (AML) patients 
per 100,000 of population in contaminated regions 
of Ukraine was higher compared to that in relatively clear 
regions while the differences expressed by patients per 
100,000 of population in contaminated and relatively 
clean regions for chronic myeloid leukemia and my-
elodysplastic syndromes have not been revealed. The 
slight shift in the proportion of AML and CLL in the total 
diagnosed cases of all hematological malignancies 
from contaminated areas has been evident. Therefore, 
several differences in the relative distribution of specific 
forms of oncohemathological pathologies among the 
patients from contaminated and non-contaminated 
regions of Ukraine in post-Chernobyl period have been 
revealed. Of particular concern is the demonstrated 
association between CLL and radiation, since initially 
no CLL excess was evident among A-bomb survivors 
in Japan. However, some pieces of recent evidence 
strongly suggest the association between long-term 
exposure to ionizing radiation and CLL risk [7, 8].

Therefore, we have managed to demonstrate 
a steady trend in post-Chernobyl redistribution of the 
specific forms of hematological malignancies in the 

regions of Ukraine suffered from the contamination 
with radionuclides although the design of our study did 
not provide the stringent epidemiological indices such 
as leukemia incidence and mortality. Nevertheless, 
our database could be useful for further descriptive 
and analytical epidemiological studies on the associa-
tion of the protracted low dose irradiation and several 
specified forms of hematological malignancies.

CANCER-RELATED ASPECTS 
OF COVID-19 EPIDEMIC: BACKGROUND 
AND ASSUMPTIONS
The severe acute respiratory syndrome coronavi-

rus-2 (SARS-CoV-2) that causes coronavirus disease 
COVID-19 initiated a global health crisis. Since WHO 
declared a pandemic in March 2020, nearly 175 mil-
lion people caught the disease that became a cause 
of about 3.7 million deaths.

In our opinion, it seems reasonable to study whether 
this pandemic may be a trigger for the development 
of oncohematological diseases and whether some excess 
of these diseases may be predictable. These probable 
sequelae concern not only the cohorts of patients recov-
ering from severe forms of COVID-19 but also those who 
had mild and moderate disease [9].

There are some seemingly common features 
shared in pathogenesis and some clinical peculiari-
ties of SARS-CoV-2 infection and radiation injuries, 
in particular, multisystem failure destroying the bio-
logical homeostasis [10]. COVID-19 is associated with 
hematological and immunological abnormalities [11].

Lymphopenia. Low lymphocyte count is one of the 
common clinical indicators predicting the severity of the 
disease course in COVID-19 patients [12]. The mecha-
nisms underlying lymphopenia in COVID-19 and some 
other viral infections are not completely understood [12, 
13]. A number of possible reasons had been put forward 
such as direct invasion of lymphocytes, hyperlactic aci-
demia and suppression of lymphoid cell proliferation, 
and inflammatory cytokine storm resulting in apoptosis 
of lymphocytes [14]. In COVID-19 patients, the absolute 
count of T and NK cells in peripheral blood is deplet-
ed [15]. In severe cases, a significant decrease in lym-
phocyte subpopulations, especially CD4+ and CD8+ 
T cells is even more pronounced [15, 16]. Meanwhile, 
T cells are negative for ACE-2 receptors representing 
the entry point of virus in different types of human cells. 
CD147 also known as Basigin or EMMPRIN has been 
recently proposed as an alternative route for SARS-
CoV-2 penetration into the cells [17]. This molecule was 
originally identified as a T cell activation-associated an-
tigen. The transmembrane glycoprotein CD147 is highly 
expressed by the activated T cells. Some data disclose 
the role of CD147 in pathogenesis of several hemato-
logical malignancies [9, 17]. CD147 expression is also 
detected on neoplastic cells in several cancers. To-
day, several new data on the molecular basis of the 
interaction between SARS-CoV-2 spike protein and 
CD147 in COVID-19-associated lymphopenia have been 
presented. SARS-CoV-2 induced NKG2 expression 
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that correlates with the exhaustion of CD8+ T cells and 
NK cells  [18]. In addition, T cell depletion is accom-
panied with decreasing B cell count with concomitant 
detection of plasmacytoid lymphocytes in blood [19].

Thrombocytopenia. Several data suggest that 
lower platelet count (< 150 × 109/L) is associated 
with severity of the COVID-19 course and its progres-
sion [20, 21]. The mechanisms of COVID-19-associ-
ated thrombocytopenia are under study. Among them 
are direct action of virus on hematopoietic stem cells 
and progenitor cells of bone marrow, increased plate-
let destruction by autoantibodies, and platelet aggre-
gation in the lung [22]. Cytokine storm with elevation 
of several interleukins may also lead to thrombocyto-
penia and hemophagocytic lymphohistiocytosis [23].

Anemia. In contrast to lymphopenia and throm-
bocytopenia, autoimmune hemolytic anemia does 
not represent the major problem in COVID-19 pa-
tients [12]. Nevertheless, we believe that the possible 
effects of SARS-CoV-2 on early erythroid progenitor 
cells deserve an in-depth analysis.

FUTURE OUTLOOK
The problem of the combination of coronivirus ef-

fects and long-term exposure to the low doses of ion-
izing radiation, both factors affecting hematopoietic 
system, seems to be of particular attention while many 
variables mediating such effects still remain mostly con-
jectural. Nevertheless, this problem may well become 
of high priority in the forthcoming years taking into ac-
count that both COVID-19 pandemic and mass-scale 
vaccination kick into high gear. The in-depth study of the 
pathogenesis and clinical course of COVID-19 in the pa-
tients from the regions with the residual contamination 
with radionuclides after Chernobyl accident is required. 
The data pertaining to COVID-19 might be compared 
with the data on the patterns of the tumors of hema-
topoietic and lymphoid tissues in the patients from the 
same regions. Such comparative data may be of high 
concern for the contaminated regions of both Ukraine 
and Russian Federation and Republic of Belarus.

Taking into account the impairments in hemato-
poiesis and both innate and adaptive immunity in CO-
VID-19 patients [9, 24], one may suggest the primary 
impact on the immunodeficiency-associated lymphoid 
neoplasms. No less important are the problems under-
lying the mass-scale vaccination at the height of pan-
demics in the setting of the protracted low dose irradia-
tion. This concerns not only the generation of the stable 
immunity against coronavirus but also the possible 
impact (positive or negative) on the development of the 
various forms of the lymphoproliferative disorders.

REFERENCES
1. 30 Years of Chernobyl catastrophe. Radiological 

and medical consequences. National Report of Ukraine. 
Кyiv: National Scientific Center of Radiation medicine of the 
National Academy of Medical Sciences of Ukraine, 2016. 
177 p. (in Ukrainian).

2. Prisyazhniuk A, Gristchenko V, Zakordonets V, et al. 
The time trends of cancer incidence in the most contaminated 

regions of the Ukraine before and after the Chernobyl accident. 
Radiat Environ Biophys 1995; 34: 3–6.

3. Noshchenko AG, Moysich KB, Bondar A, et al. Patterns 
of acute leukaemia occurrence among children in the Cher-
nobyl region. Int J Epidemiol 2001; 30: 125–9.

4. Koval SV, Gluzman DF, Sklyarenko LM, et al. Hematologi-
cal malignancies in Ukraine in post-Chernobyl era: sources of data 
and their preliminary analysis. Ann Hematol 2020; 99: 1543–50.

5. Health effects of the Chernobyl accident and special 
health care programmes. Bennett B, Repacholi M, Carr Z 
(eds). World Health Organization, Geneva, 2006. 160 p.

6. International Consortium for Research on the Health Ef-
fects of Radiation Writing Committee and Study Team; Davis S, 
Day RW, et al. Childhood leukaemia in Belarus, Russia, and 
Ukraine following the Chernobyl power station accident: re-
sults from an international collaborative population-based 
case-control study. Int J Epidemiol 2006; 35: 386–96.

7. Richardson DB, Wing S, Schroeder J, et al. Ionizing 
radiation and chronic lymphocytic leukemia. Environ Health 
Perspect 2005; 113: 1–5.

8. Schubauer-Berigan MK, Daniels RD, Fleming DA, et al. 
Chronic lymphocytic leukaemia and radiation: findings among 
workers at five US nuclear facilities and a review of the recent 
literature. Br J Haematol 2007; 139: 799–808.

9. Gluzman DF, Zavelevich MP, Philchenkov AA, et al. 
Immunodeficiency-associated lymphoproliferative disorders 
and lymphoid neoplasms in post-COVID-19 pandemic era. 
Exp Oncol 2021; 43: 87–91.

10. Rios CI, Cassatt DR, Hollingsworth BA, et al. Com-
monalities between COVID-19 and radiation injury. Radiat 
Res 2021; 195: 1–24.

11. Gale RP. Perspective: SARS-CoV-2, COVID-19 and 
haematologists. Acta Haematol 2021; 144: 117–21.

12. Cheung CKM, Law MF, Lui GCY, et al. Coronavirus 
disease 2019 (COVID-19): A haematologist’s perspective. Acta 
Haematol 2021; 144: 10–23.

13. Kervevan J, Chakrabarti LA. Role of CD4+ T cells in the 
control of viral infections: recent advances and open questions. 
Int J Mol Sci 2021; 22: 523.

14. Fan BE, Chong VCL, Chan SSW, et al. Hematologic 
parameters in patients with COVID-19 infection. Am J He-
matol 2020; 95: E131–4.

15. Liu Z, Long W, Tu M, et al. Lymphocyte subset (CD4+, 
CD8+) counts reflect the severity of infection and predict the clinical 
outcomes in patients with COVID-19. J Infect 2020; 81: 318–56.

16. Liu J, Li S, Liu J, et al. Longitudinal characteristics 
of lymphocyte responses and cytokine profiles in the periph-
eral blood of SARS-CoV-2 infected patients. EBioMedicine 
2020; 55: 102763.

17. Wang K, Chen W, Zhang Z, et al. CD147-spike protein 
is a novel route for SARS-CoV-2 infection to host cells. Signal 
Transduct Target Ther 2020; 5: 283.

18. Zheng M, Gao Y, Wang G, et al. Functional exhaustion 
of antiviral lymphocytes in COVID-19 patients. Cell Mol Im-
munol 2020; 17: 533–5.

19. Foldes D, Hinton R, Arami S, Bain BJ. Plasmacy-
toid lymphocytes in SARS-CoV-2 infection (COVID-19). 
Am J Hematol 2020; 95: 861–2.

20. Henry BM, de Oliveira MHS, Benoit S, et al. Hema-
tologic, biochemical and immune biomarker abnormalities 
associated with severe illness and mortality in coronavirus 
disease 2019 (COVID-19): a meta-analysis. Clin Chem Lab 
Med 2020; 58: 1021–8.

21. Lippi G, Plebani M, Henry BM. Thrombocytopenia 
is associated with severe coronavirus disease 2019 (COVID-19) 
infections: A meta-analysis. Clin Chim Acta 2020; 506: 145–8.



192	 Experimental Oncology 43, 189–192, 2021 (June)

22. Xu P, Zhou Q, Xu J. Mechanism of thrombocytopenia 
in COVID-19 patients. Ann Hematol 2020; 99: 1205–8.

23. Mehta P, McAuley DF, Brown M, et al. COVID-19: con-
sider cytokine storm syndromes and immunosuppression. 
Lancet 2020; 395: 1033–4.

24. Liang Y, Wang ML, Chien CS, et al. Highlight 
of immune pathogenic response and hematopathologic effect 
in SARS-CoV, MERS-CoV, and SARS-Cov-2 infection. Front 
Immunol 2020; 11: 1022.

ТРИВАЛА ДІЯ ІОНІЗУВАЛЬНОГО 
ВИПРОМІНЮВАННЯ В НИЗЬКИХ ДОЗАХ ТА 

ПАНДЕМІЯ COVID-19: ОНКОГЕМАТОЛОГІЧНІ 
АСПЕКТИ

Д.Ф. Глузман*, M.П. Завелевич, О.О. Фільченков, С.В. Коваль, 
Л.Н. Гусліцер, В.Н. Зінченко, T.O. Беженар

Інститут експериментальної патології, онкології і радіобіології 
ім. Р.Є. Кавецького НАН України, Київ 03022,Україна

Упродовж більш ніж 35 років після чорнобильської ката-
строфи близько 5 млн людей в Україні, Республіці Білорусь 
та Російській Федерації мешкають на територіях із залиш-

ковим забрудненням триваложивучими радіонуклідами, 
такими як 137Cs, 90Sr. Попередні дослідження Референтної 
лабораторії на базі Інституту експериментальної патології, 
онкології і радіобіології ім. Р.Є. Кавецького дозволили ви-
значити вплив тривалої дії низьких доз іонізувального ви-
промінювання на стан кровотворної та лімфоїдної тканин, 
було зафіксовано збільшення частки випадків В-клітинної 
хронічної лімфоцитарної лейкемії та гострої мієлоїдної 
лейкемії серед онкогематологічних хворих із забрудне-
них радіонуклідами територій України. З  початку 2020 р. 
на ефекти, спричинювані випромінюванням, накладають-
ся фактори, асоційовані з  пандемією COVID-19. Інфекція 
SARS-CoV-2 асоціюється із значним впливом на  крово-
творну та імунну системи. Особливу увагу слід приділити 
можливій ролі такого сукупного навантаження в розвитку 
лімфоїдних новоутворень, асоційованих з імунодефіцита-
ми. Поглиблене вивчення ефектів тривалого опромінення 
в низьких дозах в поєднанні з факторами, обумовленими 
COVID-19, у  зазначених популяціях, які зазнають такого 
впливу, може стати одним з пріоритетних напрямів дослі-
джень епідеміологів та онкогематологів.
Ключові слова: іонізувальне випромінювання, COVID-19, 
новоутворення кровотворної та лімфоїдної тканин.
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