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EDITOR-IN-CHIEF’S PREFACE

EDITOR-IN-CHIEF’S PREFACE TO ISSUE 6, 2023

Sergey I. Kolesnikov

Member of the RAS

We begin the review of the issue with the still relevant topics – COVID‑19 
and other infections, since they not only do not leave us alone, but are leading 
the list of frontiers and superfrontiers of science in 2023. Everyone hopes for spe-
cific prevention, so we would like to mention an article by an international team 
from Spain and Irkutsk (Aaromal Ajitha Sureshkumar et. al.) on the attitudes as-
sessment towards children vaccination among parents in India. Most of the par-
ents support their children’s vaccinating, but they care little about the possible 
problems associated with it.

Another direction is the nonspecific prevention of respiratory viral infec‑
tions, which is the subject of the article by A.A. Ruleva et al. (Saint Petersburg) 
on the positive prospects for preventing with “Thymogen spray”, which was used 
in young people for 10 days, and contributed to an increase in the production 
of α-interferon in response to the viral pathogen in vitro.

An important direction in the diagnosis and prognosis of COVID‑19 course 
is the assessment of the role of genetic factors, which is the subject of the arti-
cle by M.V. Osikov et al. (Chelyabinsk), who revealed a change in the frequencies 
of certain ITGB3, GP1B1 and ITGA2 genes polymorphisms occurrence (with the ex-
ception of the rs6065 polymorphism) in platelet hyperreactivity in COVID‑19‑as‑
sociated moderate and severe lung lesions. This subject is also covered in the ar-
ticle by the team of the Member of the RAS D.A. Sychev (Abdullaev Sh.P. et al.), 
who did not found association of rs11385942 and rs657152 variants with the se-
verity of the course and outcomes of COVID-19 in patients treated with favi-
piravir and remdesivir.

More and more attention is paid to the consequences of COVID‑19. Study 
by I.A. Cherevikova et al. (Irkutsk) revealed increased asthenic conditions, attention 
disorders, high anxiety, and severe depression in adolescents with post-COVID syn-
drome, especially in the second month after COVID-19. 

Another respiratory infection, influenza, is the subject of the article 
by E.D. Kazantseva et al. (Irkutsk), who determined a significant increase in the le-
vel of pro-inflammatory cytokines IL1β, IL6, IL8, TNF-α, as well as C-reactive pro-
tein, anti-inflammatory cytokine IL4 in all age categories of adolescents with in-
fluenza, but no gender differences were revealed.

One virologist said figuratively, “The clock of the new pandemic is ticking, 
we just don’t know what time it is.” And the Director-General of WHO warned 
that a new pandemic is quite possible. Therefore, the identification of natural po‑
tentially dangerous foci of infections is a very urgent problem. There are po‑
tentially dangerous coronaviruses circulating not only in bats, but also in ro-
dents and insectivores, and that was shown in the work of L.N. Yashina et al. 
(Novosibirsk). The authors found five species of natural carriers of three differ-
ent coronaviruses on the territory of the Altai Republic, and the virus identified 
from the insectivorous probably belongs to the new subgenus Coronaviridae. 
It is somewhat reassuring that the authors revealed a relatively low rate of evo-
lution of these viruses.

As a result of human economic activity, the habitat of vectors of tick-borne 
infections will melt, especially in poorly studied areas of Siberia. The arti-
cle by E.K. Lagunova et al. (Irkutsk) gives a detailed description of such infec-
tions in  the buffer zone of the Baikal natural territory. A conclusion is made 
about  the  wide distribution of active natural foci of tick-borne encephalitis, 
Lyme disease, tick-borne relapsing fever caused by B. miyamotoi, granulocyt-
ic anaplasmosis, and human monocytic ehrlichiosis. This topic is complement-
ed by the work of V.A. Rar et al. (from several institutes of Novosibirsk, Omsk 
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and Irkutsk) on the first time identified genetic heterogeneity of the population 
of R. helvetica in Ixodes spp., collected in Siberia and the Far East.

The topic of infections dangerous to humans is also discussed in the study 
of L.A. Stepanenko et al. (Irkutsk, Novosibirsk), in which using bioinformatics ana-
lysis, data were obtained about the CRISPR system of Klebsiella pneumoniae 
strains, the action of which is aimed against bacteriophages, which can contrib-
ute to the development of personalized phage therapy.

Our country is one of the most affected by tuberculosis infection, 
and it is important to predict drug resistance to new medicinse based on molec-
ular biological data. This is the subject of an article by V.V. Sinkov et al. (Irkutsk), 
who in predicting resistance to bedaquiline successfully tested a system of auto-
mated interpretation of results using three strains of bacteria obtained in Yakutia.

One of the central problems is obesity as a comorbid component of non-
infectious pathology. A team lead by member of RAS O.L. Barbarash from Ke-
merovo (Tsygankova D.P. et al.) presented the three-year follow-up of a large 
contingent of patient’s data. According to most indicators of obesity (except vis-
ceral obesity index), new cases of obesity developed in 30.6 % of the examined 
subjects. Consequently, individual indices are not able to fully reflect the gen-
der and age characteristics of the distribution of fat in the body. Another prob-
lem is obesity prevention, and it is very important to assess the actual nutrition 
of adolescents. This topic is especially poorly studied in rural schoolchildren – 
they were the subject of the article of L.V. Rychkova et al. (Irkutsk), who revealed 
insufficient energy value of the diet, deficiency of proteins and fats, macro- 
and micronutrients (vitamins A, C and D), essential microelements, dietary fib-
er, but increased sodium intake.

An important topic of adolescent health is also explored in the article 
by M.S. Nerovnykh (Khakassia). It has been revealed that the financial well-be-
ing of the family, both directly and indirectly, can contribute to the variability 
of the indicators of the higher mental functions of children, which is manifested 
in the choice of the leading strategy for information processing.

Sleep disorders are another recognized risk factor for various non-com-
municable and even infectious diseases. Bolshakova S.E. et al. (Irkutsk) showed 
that 40.52 % of the surveyed 422 adolescent girls in Irkutsk had sleep problems: 
increased sleep latency, later bedtime, earlier awakening, reduced sleep time, 
as well as an increase in sleep shift. Another article by the authors from Institute 
of Medical and Biological Problems and Sechenov University (Kovrov G.V. et al.) 
describes the dynamics of subjective changes in the assessment of sleep quality 
in people under conditions of three-week antiorthostatic hypokinesia (a model 
of weightlessness in space flight). It was revealed that the most negative changes 
were observed in the first three days, with a further increase in daytime sleepiness.

Since sleep disorders are currently associated with the accumulation of amy-
loid proteins and the risk of developing neurodegenerative diseases, a review 
by V.N. Salkov and D.N. Voronkov (Moscow) is of interest. The authors concluded 
that conformationally altered alpha-synuclein can affect neurons through inter-
action with neuroglial cells, as well as modulate the aggregation and expression 
of proteins significant for the development of neurodegeneration.

Traditionally, an interesting work was presented by a team of authors un-
der the guidance of D.A. Sychev (Moscow) on the interdrug interaction of Ri-
varoxaban and Verapamil in patients over 80  years of age with atrial fibrilla-
tion, where to avoid complications in patients taking rivaroxaban it is recom-
mended to study the genotype of ABCB1 (rs 4148738 and rs4148738) before 
adding to therapy a P-gp inhibitor. Another article on cardiovascular patholo-
gy was presented by a team from Tomsk (Chumakova S.P. et al.). The authors 
revealed that in case of ischemic cardiomyopathy, the maturation of vessels 
in the myocardium is impaired, but there is no activation of cellular and humor-
al factors of angiogenesis.

Our journal periodically publishes descriptions of unique clinical cases. 
This issue includes the article by M.V. Sinitsyn and N.A. Pozdeeva (Cheboksary) 
on the advantage of combined method of regular high degree postkeratoplas-
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tic astigmatism correction with implantation of intrastromal corneal segments 
in a patient with cataract.

I would like to conclude my preface with an analysis of the experimental pa‑
pers submitted to the journal. Important for the understanding and treatment 
of pain syndrome is the work of our colleagues from the Republic of Belarus (Ero-
feeva A.-M.V. et al.), who, in a model of peripheral neuropathy in Wistar male rats, 
showed that blockade of cannabinoid CB2-receptors both on the membranes 
of the injected mesenchymal stem cells and in the area of peripheral nerve inju-
ry is accompanied by a decrease in the antinociceptive effect of MSCs and sup-
presses their reparative effect. In the interesting work by M.A.  Dymova et  al. 
(Novosibirsk), the cytotoxic effect of the recombinant VV‑GMCSF‑Lact virus 
on 3D cultures of human U-87 MG glioblastoma cells was shown, which opens 
opportunities for the development of oncolytic therapy. Work by S.Yu. Batue-
va et al. (Ulan-Ude) is dedicated to the search for herbal medicines. The authors 
compared different methods for experimental paracetamol hepatitis thera‑
py, and proved the prospects for sea buckthorn leaves extract in combination 
with ademethionine.

For citation: Kolesnikov  S.I. Editor-in-Chief’s preface to Issue  6, 2023. Acta biomedica 
scientifica. 2023; 8(6): 5-10. doi: 10.29413/ABS.2023-8.6.1
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ПРЕДИСЛОВИЕ ГЛАВНОГО РЕДАКТОРА К № 6 (2023)

Колесников  
Сергей Иванович

Академик РАН

Начнём с всё ещё актуальной темы – COVID‑19 – и тем, связанных с ин-
фекциями, поскольку они не только не оставляют нас в покое, но и являют-
ся ведущими в списке фронтиров и суперфронтиров науки в 2023 году. По-
скольку большинство уповают на специфическую профилактику, отметим 
статью международного коллектива из Испании и Иркутска (Aaromal Ajitha 
Sureshkumar и соавт.), оценивших отношение родителей из Индии к вакци-
нации своих детей. Они поддерживают вакцинацию, но их мало заботят свя-
занные с ней возможные проблемы.

Важным направлением является иммунопрофилактика респиратор‑
ных вирусных инфекций, которой посвящена статья А.А.  Рулевой и  со-
авт. (Санкт-Петербург), рассматривающая перспективность использования 
для этого «Тимоген спрея», который при применении у молодых людей в те-
чение 10 дней способствовал увеличению продукции α-интерферона в от-
вет на индуцирующее воздействие вирусного патогена.

Важным направлением в оценке и прогнозе течения COVID‑19 яв-
ляется оценка роли генетических факторов, чему посвящена статья 
М.В.  Осикова и  соавт. (Челябинск), выявивших изменение частоты встре-
чаемости отдельных полиморфизмов генов ITGB3, GP1B1 и ITGA2 (за ис-
ключением полиморфизма rs6065) при гиперреактивности тромбоцитов 
при COVID-19-ассоциированном поражении лёгких средней и тяжёлой сте-
пени, а также статья коллектива под руководством академика РАН Д.А. Сы-
чева (Абдуллаев Ш.П. и соавт.), в которой не выявлена ассоциация вариан-
тов rs11385942 и rs657152 с тяжестью течения и исходами COVID-19 у паци-
ентов, получавших терапию фавипиравиром и ремдесивиром.

Растёт внимание к последствиям COVID‑19, чему посвящено иссле-
дование И.А. Черевиковой и соавт. (Иркутск) по увеличению у подростков 
с постковидным синдромом частоты астенических состояний, нарушений 
внимания, высокой тревожности и выраженной депрессии, особенно на вто-
рой месяц после COVID-19.

К сожалению, нас не покидают и такие респираторные инфекции, 
как грипп, который исследуется Е.Д. Казанцевой и соавт. (Иркутск), показав-
шими статистически значимое повышение уровня провоспалительных ци-
токинов IL-1β, IL-6, IL-8, TNF-α, INF-α, а также C-реактивного белка, противо-
воспалительного цитокина IL-4 при гриппе во всех возрастных категориях 
подростков, но не выявивших гендерных различий.

Один вирусолог образно сказал: «часы новой пандемии тикают, просто 
мы не знаем, который час». Генеральный директор ВОЗ также предупре-
дил, что новая пандемия вполне вероятна. Поэтому выявление природных 
потенциально опасных очагов инфекций – очень актуальная проблема. 
Есть и потенциально опасные коронавирусы, циркулирующие не только 
у рукокрылых, но и у грызунов и насекомоядных (работа Л.Н. Яшиной и со-
авт. (Новосибирск)). Авторы обнаружили 5  видов природных носителей 
3 различных коронавирусов на территории Республики Алтай, причём вы-
явленный от насекомоядного вирус, вероятно, относится к новому подро-
ду Coronaviridae. Несколько успокаивает, что авторы выявили относитель-
но низкую скорость эволюции этих вирусов.

Вследствие хозяйственной деятельности человека растёт ареал обита-
ния переносчиков клещевых инфекций, особенно в малоизученных рай-
онах Сибири. В статье Е.К. Лагуновой и соавт. (Иркутск) дана подробна ха-
рактеристика таких инфекций в буферной зоне Байкальской природной 
территории. Сделан вывод о широком распространении в долине р. Чикой 
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активных природных очагов клещевого энцефалита, болезни Лайма, кле-
щевой возвратной лихорадки, вызываемой B. miyamotoi, гранулоцитарно-
го анаплазмоза и моноцитарного эрлихиоза человека. Дополняет эту тему 
работа В.А. Рар и соавт. (Новосибирск, Омск, Иркутск), впервые выявивших 
генетическую гетерогенность популяции R. helvetica в Ixodes spp., собран-
ных в Сибири и на Дальнем Востоке.

Тему опасных для человека инфекций продолжает исследование 
Л.А. Степаненко и соавт. (Иркутск, Новосибирск), где с помощью биоинфор-
мационного анализа у штаммов Klebsiella pneumoniae выявлены CRISPR‑
системы, действие которых нацелено против бактериофагов, что может со-
действовать разработке персонализированной фаготерапии.

Наша страна относится к числу наиболее поражённых туберкулёзом, 
и актуальным является прогнозирование по молекулярно-биологическим 
данным его лекарственной устойчивости к  новым препаратам. В статье 
В.В. Синькова и соавт (Иркутск) при прогнозировании устойчивости к бе-
даквилину на трёх штаммах бактерий из Якутии успешно апробирована си-
стема автоматизированной интерпретации результатов.

Одной из центральных проблем является ожирение как коморбидный 
компонент неинфекционной патологии. Коллективом под руководством 
академика О.Л. Барбараш (Цыганкова Д.П. и соавт., Кемерово) представлены 
данные трёхлетнего наблюдения большого контингента пациентов. У 30,6 % 
обследованных развились новые случаи ожирения по большинству пока-
зателей (кроме важного индекса висцерального ожирения). Следователь-
но, отдельные индексы ожирения не способны в полной мере отразить по-
ловозрастные особенности распределения жира в организме, и необходи-
мо использовать комплекс показателей. Продолжает тему профилактики 
ожирения оценка фактического питания подростков, которое слабо изу-
чено у сельских школьников, чему и посвящена статья Л.В. Рычковой и со-
авт. (Иркутск), выявивших недостаточную энергетическую ценность раци-
она, дефицит белков и жиров, макро- и микронутриентов – витаминов А, С 
и D, эссенциальных микроэлементов, пищевых волокон, но повышенное 
потребление натрия.

Тема здоровья подростков исследуется и в статье М.С. Неровных (Ха-
кассия). Выявлено, что материальный достаток семьи как непосредствен-
но, так и опосредованно может вносить вклад в изменчивость показателей 
высших психических функций детей, что проявляется в  выборе ведущей 
стратегии обработки информации.

Нарушения сна – признанный фактор риска различных неинфекцион-
ных и даже инфекционных заболеваний. С.Е. Большаковой и соавт. (Иркутск) 
показано, что у 40,52 % из 422 опрошенных девочек-подростков города Ир-
кутска есть проблемы со сном, что свидетельствует о важности их выявле-
ния. А вторая статья авторов из ГНЦ РФ – ИМБП РАН и Сеченовского универ-
ситета (Ковров Г.В. и соавт.) описывает динамику субъективных изменений 
оценки качества сна у людей в условиях трёхнедельной антиортостатиче-
ской гипокинезии (модель невесомости в космическом полете). Выявлено, 
что наиболее негативные изменения отмечались в первые 3 дня с увеличе-
нием в дальнейшем дневной сонливости.

Поскольку в настоящее время нарушения сна связываются с накопле-
нием амилоидных белков и риском развития нейродегенеративных забо‑
леваний, представляет интерес обзор В.Н. Салькова и Д.Н. Воронкова (Мо-
сква), пришедших к выводу о том, что конформационно изменённый альфа-
синуклеин может влиять на нейроны через взаимодействие с клетками ней-
роглии, а также модулировать агрегацию и экспрессию значимых для раз-
вития нейродегенерации белков.

Традиционно интересная работа представлена коллективом авторов 
под руководством Д.А. Сычева (Москва) по межлекарственному взаимо‑
действию ривароксабана и верапамила у пациентов старше 80 лет с фибрил-
ляцией предсердий, где принимающим ривароксабан пациентам во избе-
жание осложнений рекомендуется исследование генотипа ABCB1 (rs4148738 
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и rs4148738) перед добавлением к терапии ингибитора P-gp. Ещё одна ста-
тья по сердечно-сосудистой патологии представлена коллективом из Том-
ска (Чумакова С.П. и соавт.). Авторы выявили, что при ишемической кар‑
диомиопатии нарушается созревание сосудов в миокарде, но отсутствует 
реакция активации клеточных и гуморальных факторов ангиогенеза.

Мы иногда публикуем описание полезных для клиницистов клиниче-
ских случаев – как, например, в статье М.В. Синицына и Н.А. Поздеевой (Че-
боксары) о преимуществе коррекции при катаракте регулярного посткера-
топластического астигматизма высокой степени с использованием имплан-
тации интрастромальных роговичных сегментов.

Завершить своё предисловие я бы хотел анализом экспериментальных 
работ, поступивших в журнал. Важна для понимания и лечения болевого син-
дрома работа наших коллег из Республики Беларусь (Ерофеева А.-М.В. и со-
авт.), которые на модели периферической нейропатии у крыс-самцов Wistar 
показали, что блокада каннабиноидных СВ2‑рецепторов как на мембра-
нах введённых мезенхимальных стволовых клеток, так и в зоне поврежде-
ния периферического нерва сопровождается снижением антиноцицеп-
тивного эффекта МСК и подавляет их репаративное действие. В интерес-
ной работе М.А. Дымовой и др. (Новосибирск) показано цитотоксическое 
действие рекомбинантного вируса VV‑GMCSF‑Lact на 3D-культуры кле-
ток глиобластомы человека U-87 MG, что открывает возможности для раз-
работки онколитической терапии. Работа С.Ю. Батуевой и соавт. (Улан-Удэ) 
посвящена поиску растительных лекарственных препаратов. При сравне-
нии разных способов терапии парацетамолового гепатита в эксперимен-
те показана перспективность применения экстракта листьев облепихи кру-
шиновидной в сочетании с адеметионином.

Для цитирования: Колесников С.И. Предисловие главного редактора к № 6 (2023). 
Acta biomedica scientifica. 2023; 8(6): 5-10. doi: 10.29413/ABS.2023-8.6.1
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ABSTRACT

The aim of the work. To  investigate platelet aggregation, polymorphism 
in the genes that ensure its implementation, and the association between these indi-
cators in patients with COVID-19-associated lung damage, depending on the severity 
of the clinical course.
Methodology. The study involved 75 patients with COVID-19, which, depending 
on the severity of lung involvement, were divided into two groups: patients with dam-
age of up to 50 % of the lung parenchyma (n = 48) and with damage of more than 
50 % (n = 27), respectively. The control group consisted of healthy people (n = 24), 
comparable in gender and age. In all individuals, the number of platelets, platelet 
aggregation induced by ADP, collagen and ristomycin were studied; polymorphisms 
rs6065 in the GP1BA gene, rs1126643 in the ITGA2 gene, and rs5918 in the ITGB3 gene 
were determined by polymerase chain reaction. Analysis of the data obtained was 
executed using the IBM SPSS Statistics v. 23 (IMB Corp., USA).
Results and discussion. In patients with moderate and severe COVID-19-associ-
ated lung damage, platelet aggregation induced by ADP, collagen, and ristomycin 
accelerated; in  severe cases, the  number of  platelets decreased. The  frequency 
of variants of the rs6065 polymorphism did not change, the frequency of occurrence 
of the T/C genotype of the rs5918 polymorphism increased; with moderate severity, 
the frequency of occurrence of the C/T and T/T genotypes of the rs1126643 polymor-
phism increased; with severe lung damage, the frequency of occurrence of the mutant 
C/C genotype polymorphism rs5918 increased. In moderate lung damage, the pres-
ence of  the  mutant T/T  polymorphism rs1126643 accelerated collagen-induced 
platelet aggregation; in severe cases, the presence of mutant C/C and heterozygous 
variant C/T polymorphism rs5918 accelerated ADP-induced platelet aggregation. 
There was no effect of the rs6065 polymorphism on platelet aggregation. The data 
obtained indicate the possible role of genetic predisposition in the activation of plate-
let aggregation in patients with COVID-19-associated lung damage.

Key words: COVID-19, platelets, aggregation, polymorphism, GP1BA, ITGA2, ITGB3
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РЕЗЮМЕ

Цель работы. Исследовать агрегацию тромбоцитов, полиморфизм 
в генах, обеспечивающих её  реализацию, и ассоциацию между данными 
показателями у пациентов с COVID-19 при среднем и тяжёлом течении 
заболевания.
Методология. В исследовании принимали участие 75 больных COVID-19, 
которые в зависимости от объёма поражения лёгочной паренхимы раз-
делены на две группы в зависимости от объёма поражения паренхимы лёг-
ких. Контрольная группа – практически здоровые люди (n = 24). У всех лиц 
исследованы количество тромбоцитов в крови и агрегация тромбоцитов, 
индуцированная аденозиндифосфатом (АДФ), коллагеном и ристомицином; 
методом полимеразной цепной реакции определяли полиморфизмы rs6065 
в гене GP1BA, rs1126643 в гене ITGA2, rs5918 в гене ITGB3.Анализ полученных 
данных проводили с помощью пакета прикладных программ IBM SPSS Statistics 
v. 23 (IBM Corp., США).
Результаты и обсуждение. У больных с COVID-19-ассоциированным пора-
жением лёгких среднего и тяжёлого течения ускоряется агрегация тромбо-
цитов, индуцированная АДФ, коллагеном, ристомицином; при  тяжёлом 
течении снижается количество тромбоцитов. Не изменяется частота 
встречаемости вариантов полиморфизма rs6065, повышается частота 
встречаемости генотипа Т/С полиморфизма rs5918; при средней тяжести 
повышается частота встречаемости генотипов С/Т и Т/Т полиморфизма 
rs1126643; при тяжёлом поражении лёгких повышается частота встреча-
емости мутантного генотипа С/С полиморфизма rs5918. При поражении 
лёгких средней степени тяжести наличие мутантного варианта  T/T 
полиморфизма rs1126643 ускоряет коллаген-индуцированную агрегацию 
тромбоцитов; при тяжёлой степени тяжести наличие мутантного С/С 
и гетерозиготного  С/Т вариантов полиморфизма rs5918 ускоряет АДФ-
индуцированную агрегацию тромбоцитов. Не выявлено влияния полимор-
физма rs6065 на агрегацию тромбоцитов. Полученные данные указывают на 
возможную роль генетической предрасположенности в активации агрегации 
тромбоцитов у больных с COVID-19-ассоциированным поражением лёгких.

Ключевые слова: COVID-19, тромбоциты, агрегация, полиморфизм, GP1BA, 
ITGA2, ITGB3

Для цитирования: Осиков М.В., Антонов В.Н., Зотов С.О. Роль полиморфизма генов 
ITGB3, GP1B1 и ITGA2 в патогенезе гиперреактивности тромбоцитов при COVID-19-
ассоциированном поражении лёгких средней и тяжёлой степени тяжести. Acta 
biomedica scientifica. 2023; 8(6): 14-22. doi: 10.29413/ABS.2023-8.6.2
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INTRODUCTION

Changes in  hemostasis leading to  thrombot-
ic complications are common in  hospitalized patients  
with  COVID-19 (coronavirus disease 2019). Given 
that  platelets are  key participants and regulators 
of  thrombosis and  inflammation, they are an  im-
portant source of  mediators in  the  pathogenesis  
of  COVID-19 [1, 2]. Patients with  COVID-19-associated 
lung damage have an increased risk of thrombotic compli-
cations and mortality, also due to hyperreactivity of plate-
lets [3–5]. Platelets are involved in  the  pathogenesis  
of COVID-19 in different ways. SARS-CoV-2 (severe acute 
respiratory syndrome-related coronavirus 2) infects 
bone marrow megakaryocytes; the  presence of  virions 
in peripheral blood platelets has been shown to direct-
ly increase their aggregation capacity [6]. It has been es-
tablished that markers of platelet activity (platelet size 
and maturity) are significantly associated with both dis-
ease severity and mortality, even taking into account 
the  presence of  comorbidities, medications, and other 
laboratory parameters, including biomarkers of inflam-
mation and thrombosis (e.g., D-dimer). Platelets in  pa-
tients with COVID-19 were studied and showed activation 
of metabolic processes, including oxidative phosphoryla-
tion and glycolysis, which increases their aggregation [7]. 
Multiple platelet activation pathways initiate and main-
tain thrombus formation. Platelets extracted from patients  
with COVID-19 show a  greater degree of  aggregation 
with various agonists (adenosine triphosphate, adrena-
line, collagen, and ristomycin), which may be due to ge-
netic factors [8–10]. A limited number of studies have ex-
amined the  impact of  individual prothrombotic risk 
factors, both genetic and acquired, on  the  severity  
of COVID-19.

Genetic factors include the  4G/5G  polymorphism 
of  the  plasminogen activator inhibitor-I (PAI-I) gene: 
it was found to  enhance thrombosis-mediated oste-
onecrosis after COVID-19 infection. A  strong correla-
tion between the presence of the C677T polymorphism 
of  the  methylenetetrahydrofolate reductase (MTHFR) 
gene and the  severity of  COVID-19 course has been 
described [11]. However, the  complexity of  the  clin-
ical course and major complications in  patients with 
severe COVID-19 suggests that a number of other ge-
netic risk factors may be involved in the pathogenesis 
of COVID-19. This is the reason for the relevance of stud-
ies of protein genes involved in hemostasis and cardio-
vascular complications in patients with COVID-19. These 
genes include GP1BA (glycoprotein Ib-alpha), ITGB3 (in-
tegrin beta 3), and ITGA2 (integrin alpha 2), which me-
diate the triggering of various platelet activation mech-
anisms. The  connection of  the  named genes with in-
creased platelet activation by  aggregation inducers 
in COVID-19 patients has not been systematically stud-
ied. The high rate of thrombotic complications in severe 
forms of COVID-19-associated lung damage may be re-
lated to platelet hyperreactivity in conditions of genet-
ic predisposition.

THE AIM OF THE STUDY

To  analyze platelet aggregation and polymorphisms 
in genes providing its realization in patients with COVID-19- 
associated lung damage, depending on  the  severity 
of clinical course.

MATERIALS AND METHODS

The  study involved 75  patients with COVID-19 
(44  women and 31  men) aged 44 to  75  years, hospi-
talized in  Chelyabinsk Regional Clinical Hospital No.  3, 
who  did  not  take drugs affecting platelet function be-
fore hospitalization and were not  related to  each  
other. The control group consisted of 24 clinically healthy 
volunteers (Group  1), comparable in  gender and age  
to  COVID-19 patients and unrelated to  each other. De-
pending on  the  volume of  lung damage, patients 
with  COVID-19 were divided into groups: Group  2 
with  up  to  50  % damage – medium severity (n  =  48); 
Group 3 with more than 50 % damage – severe severity 
(n = 27), – in accordance with the guidelines of the Minist-
ry of Health of Russia “Prevention, diagnosis and treatment 
of  new coronavirus infection (COVID-19)” [12]. The  in-
clusion criteria for  Groups 2 and 3 were the  presence  
of COVID-19 confirmed by detection of SARS-CoV-2 RNA 
virus on  the  mucous membranes of  the  pharynx and 
nasal cavity using polymerase chain reaction (RealBest 
SARS-CoV-2 RNA; Vector-Best, Russia). Exclusion criteria 
were presence of previously detected oncological diseas-
es, chronic diseases of cardiovascular, respiratory, nerv-
ous systems and gastrointestinal tract organs; extremely 
severe course of combined pathology requiring hospital-
ization of the patient in the intensive care unit; presence 
of arterial hypertension (stage 2 and higher); body mass 
index over 30 kg/m2; anemia. All patients signed an  in-
formed consent. The  study was approved by  the  Ethi-
cal Committee of the South Ural State Medical University 
(Protocol No. 4 dated May 25, 2021). In all patients, mul-
tispiral computed tomography of the chest (SOMATOM 
Definition AS  64; Siemens, Germany) revealed bilateral 
lung damage corresponding to pathognomonic chan ges 
in COVID-19: the ground-glass opacity and consolidation 
type combined with reticular changes.

Blood sampling was performed on  day  1 of  the  pa-
tient’s admission to  the  hospital. Standard thrombo-
prophylaxis with unfractionated heparin started after 
blood sampling for  the study. In addition to anticoagu-
lant therapy, patients received standard antiviral therapy 
and glucocorticosteroids, antibacterial therapy, accord-
ing to the temporary guidelines of the Ministry of Health 
of Russia “Prevention, diagnosis and treatment of new cor-
onavirus infection (COVID-19)”, revision 15 dated Febru-
ary 22, 2022.

The  number of  platelets in  the  blood was counted  
using Fonio’s method. Platelet aggregation was evaluat-
ed using a  laser platelet aggregation analyzer “ALAT-2”  
(B IOLA,  Russ ia) .  Adenosine diphosphate  (ADP; 
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2.5  mmol/ ml), collagen (3.3  μg/ml), and ristomycin 
(7.5  mg/ml) (Technologia Standard, Russia) were used 
as inducers. The number of aggregates (units) of aver-
age size per minute (units/minute) was counted. The av-
erage radius of platelets before the onset of aggregation 
was taken as the unit radius.

Genetic studies were performed using real-time poly-
merase chain reaction (PCR) (Roche LightCycler 96; Roche 
Molecular Systems, USA); buccal epithelial scrape was 
used as the material. We used “SNP-express-cardiogene-
tics” reagent kits for detection of polymorphisms in genes 
(Lytech Research and Production Company, Russia). 
The following polymorphisms were determined: rs6065 
(Thr145Met) in the GP1BA gene, rs1126643 (Phe253Phe) 
in  the  ITGA2 gene and rs5918 (Leu33Pro) in  the  ITGB3 
gene. Results were presented as homozygous wild-type 
variant: C/C for  rs6065 and rs1126643 poly morphisms, 
T/T for  rs5918 polymorphism; heterozygous variant: 
C/T for  rs6065 and  rs1126643, T/C for  rs5918; homo-
zygous mutant va riant: T/T for  rs6065 and rs1126643,  
C/C for rs5918.

Statistical processing was performed using IBM 
SPSS Statistics v. 23 (IBM Corp., USA). Sample characte-
ristics are  presented in  Me (Q25–Q75) format, where Me 
is  the  median; Q25 and Q75 are the  values of  the  lo wer 
and upper quartiles, respectively. Statistical hypothe-
sis testing in groups was performed using nonparamet-
ric Mann – Whitney criteria. Fisher’s exact test was used 
to  compare proportions (percentages). Bonferroni cor-
rection was introduced in  case of  multiple compari-
sons. Differences were considered statistically signifi-
cant at the level of p ≤ 0.05. Allele frequencies were es-
timated using the gene count method, and the χ2 crite-
rion was used to detect deviations from Hardy – Wein-
berg equilibrium. 

RESULTS

The  content of  platelets in  the  blood of  patients 
with moderate lung damage did not change statistically 
significantly during the study. Group 2 showed statistical-
ly significant acceleration of ADP-, collagen-, and ristomy-
cin-induced platelet aggregation by 9 % (p = 0.038), 23 % 
(p = 0.027), and 8 % (p = 0.042) at the median, respective-
ly, compared to the control group. The number of plate-
lets in blood in patients with severe lung tissue damage 
was statistically significantly lower by  37  % (p  =  0.002) 
at  the  median compared to  the  control group. Group  3 
showed statistically significant acceleration of ADP-, colla-
gen- and ristomycin-induced platelet aggregation by 21 % 
(p = 0.024), 38 % (p = 0.003) and 16 % (p = 0.019) respective-
ly compared to the control group. Compared to the group 
of patients with COVID-19-associated moderate lung dam-
age, the number of platelets in the blood was 30 % lower 
(p = 0.007); ADP-, collagen-, and ristomycin-induced plate-
let aggregation was accelerated by 16 % (p = 0.011), 24 % 
(p = 0.004), and 10 % (p = 0.009) at  the median, respec-
tively (Fig. 1).

The genotype frequency distribution of ITGA2, GP1BA 
and ITGB3 genes conformed to the expected Hardy – Wein-
berg equilibrium in  both the  control group (p  =  0.51, 
p = 0.95 and p = 0.81, respectively) and in the group of pa-
tients with  COVID-19-associated moderate lung damage 
(p = 0.50, p = 0.87 and p = 0.82, respectively). The combi-
nation of  two  mutations in  one individual was detected 
in 5 (21 %) patients from the control group and 13 (27 %) 
patients from  Group  2. The  combination of  three muta-
tions was detected in  1  (4.8  %) patient from the  control 
group and in 4 (8.3 %) patients from Group 2. In the group 
of patients with COVID-19-associated moderate lung da-
mage the C allele of the rs5918 polymorphism in the ITGB3 
gene is  statistically significantly more frequent com-
pared to  the  control group, and, accordingly, the  T  al-
lele was  less frequent (p  =  0.009). A  lower frequency 
(p = 0.012) of the T/T variant of the rs5918 polymorphic lo-
cus of the ITGB3 gene (64.5 % of observations) and a high-
er frequency (p = 0.007) of the T/C variant (29.2 % of obser-
vations) were determined in Group 2 compared to the con-
trol group. The frequency of the C/C variant did not change 
statistically significantly. No  statistically significant differ-
ences with Group 1 were found in Group 2, when analyzing 
the frequency of alleles and genotypes of the rs6065 pol-
ymorphic locus in the GP1BA gene, including the C/C mu-
tant variant. When the  frequency of  the  rs1126643 poly-
morphism in  the  ITGA2 gene was analyzed, it  was found 
that the C allele was less frequent (p = 0.022), and the T al-
lele was more frequent (p = 0.014) than the corresponding 
alleles in  the control group. The C/C variant of  this poly-
morphism was found in 39.6 % of observations, statistical-
ly significantly less frequent (p = 0.002) than in the control 
group. C/T and T/T variants were found in 43.8 and 16.6 % 
of  observations, respectively, which was more frequent 
(p = 0.031 and p = 0.042, respectively) than in the control 
group (Table 1).

The  genotype frequency distribution of  the  ITGA2, 
GP1BA, and ITGB3 genes in  Group  3 was consistent 
with the expected Hardy – Weinberg equilibrium (p = 0.47, 
p  =  0.82, and p  =  0.71, respectively). The  combination 
of two mutations was found in 6 (22.2 %) patients, three 
mutations – in 3 (11 %) people. When analyzing the rs5918 
polymorphism of the ITGB3 gene, the C allele was statisti-
cally significantly more frequent and, accordingly, the T al-
lele was less frequent both in comparison with the con-
trol and in  comparison with Group  2 (Table  1). The  fre-
quency of  T/T  variant of  the  rs5918 polymorphic locus 
of the ITGB3 gene in Group 3 was 51.9 %, which was statis-
tically significantly lower than in Groups 1 and 2 (p = 0.030 
and p = 0.038, respectively), while T/C variant was detect-
ed in 29.6 % of observations, which was statistically signi-
ficantly higher than in the control group, but did not differ  
from the values of Group 2. The frequency of the C/C mu-
tant variant in this group was 18.5 %, which was statisti-
cally significantly higher (p = 0.043) compared to the con-
trol group and Group  2. When analyzing the  frequency 
distribution of  alleles and genotypes of  the  rs6065 pol-
ymorphic locus in  the  GP1BA gene in  Group  3, no  sta-
tistically significant differences with the  control group 
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and  with Group  2 were found. When analyzing the  fre-
quency of  the  rs1126643 polymorphism in  the  ITGA2 
gene, no differences with the control group were found, 
but it was found that the  C  allele was more frequent, 
and the T allele was less frequent than the corresponding 
alleles in Group 2. The C/C variant of the rs1126643 poly-
morphism was found in 59.3 % of cases, which did not dif-
fer from the control group but was statistically significant-
ly more frequent than in Group 2 (p = 0.024). The C/T var-
iant was found in 29.6 % of observations, which was less 
frequent (p  =  0.033) than the  same variant in  Group  2 
and not statistically significantly different from the con-
trol group. The  T/T  variant was found in  11.1  % of  cas-
es, which was not statistically significant when compared 
with Groups 1 and 2.

During the analysis of platelet aggregation in Group 2 
depending on the rs1126643 polymorphism of the ITGA2 
gene, it was noted that the T/T mutant variant accele-
rated collagen-induced platelet aggregation by  31  % 
(p  =  0.011) and 23  % (p  =  0.019) compared to  the  C/C 
and  C/T  variants, respectively. Statistical analysis re-
vealed no  differences in  induced platelet aggregation 

in  this group depending on  polymorphisms of  ITGB3 
and ITGA2 genes (Table 2).

As a result of platelet aggregation analysis in Group 3 
in the presence of the rs5918 polymorphism of the ITGB3 
gene, it was noticed that a statistically significant accele-
ration of  ADP-induced platelet aggregation by  13  % 
(p  =   0.022) was found in   the   T/C   variant compared 
to the T/T variant. In the C/C variant, ADP-induced plate-
let aggregation was accelerated by 18 % (p = 0.017) com-
pared to  the  T/T  variant and did not  change compared 
to the T/C variant. Statistical analysis revealed no statisti-
cally significant connections of other studied genotypes 
of the ITGB3 and ITGA2 genes with platelet aggregation 
in  Group  3. The  study showed no  effect of  the  rs6065 
poly morphism of  the  GP1BA gene on  platelet aggrega-
tion ability.

DISCUSSION

Decrease in  the  number of  platelets in  patients 
with COVID-19-associated lung damage is present in 58–
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FIG. 1.  
Platelet blood count and their aggregation rate in COVID-19-associated lung damage depending on the severity of the disease.  – 
median;  – 25th–75th percentiles; × – arithmetic mean; * – statistically significant (p < 0.05) differences with Group 1; # – statistically 
significant (p < 0.05) differences with Group 2
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T A B L E   1
FREQUENCY OF OCCURRENCE OF GENOTYPES IN THE ANALYSIS OF ITGB3, GP1B1, AND ITGA2 GENE POLYMORPHISMS 
IN COVID-19-ASSOCIATED LUNG DAMAGE, Me (Q25; Q75)

Polymorphisms Genotypes/alleles
Genotype frequency

Group 1 (n = 24) Group 2 (n = 48) Group 3 (n = 27)

rs5918 in the ITGB3 gene

genotypes

0 (T/T) 19 (79.0 %) 31 (64.5 %)* 14 (51.9 %)*#

I (T/C) 4 (16.7 %) 14 (29.2 %)* 8 (29.6 %)

II (C/C) 1 (4.3 %) 3 (6.3 %) 5 (18.5 %)*; #

alleles
T 87.3 % 79.1 %* 66.7 %*; #

C 12.7 % 20.9 %* 33.3 %*; #

rs6065 in the GP1BA gene

genotypes

0 (C/C) 20 (83.4 %) 38 (79.1 %) 22 (81.4 %)

I (C/T) 4 (16.6 %) 9 (18.8 %) 5 (18.6 %)

II (T/T) 0 1 (2.1 %) 0

alleles
C 91.7 % 88.5 % 90.7 %

T 8.3 % 11.5 % 9.3 %

rs1126643 in the ITGA2 gene

genotypes

0 (С/С) 16 (66.7 %) 19 (39.6 %)* 16 (59.3 %)#

I (С/Т) 6 (25.0 %) 21 (43.8 %)* 8 (29.6 %)#

II (T/T) 2 (8.3 %) 8 (16.6 %)* 3 (11.1 %)

alleles
C 79.2 % 61.5 %* 74.1 %#

T 20.8 % 38.5 %* 25.9 %#

Note. * – statistically significant (p < 0.05) differences with Group 1; # – statistically significant (p < 0.05) differences with Group 2; 0 – homozygous wild-type variant; I – heterozygous variant; II – homozygous 
mutant variant..

T A B L E   2
THE RATE OF PLATELET AGGREGATION IN COVID-19-ASSOCIATED LUNG DAMAGE DEPENDING ON POLYMORPHISMS 
OF ITGB3, GP1B1 AND ITGA2 GENES, Me (Q25; Q75)

Polymorphisms Genotypes Group 2 (n = 48) Group 3 (n = 27)

ADP-induced aggregation (units/min)

rs5918 in the ITGB3 gene

0 (T/T) 19.84 (14.45; 23.32) 20.19 (17.11; 23.17)

I (T/C) 20.71 (15.81; 25.02) 23.19 (17.31; 25.72)*

II (C/C) 21.22 (18.35; 24.11) 24.74(16.91; 28.12)*

Ristomycin-induced aggregation (units/min)

rs6065 in the GP1BA gene

0 (С/С) 33.72 (26.17; 39.03) 38.58 (31.14; 44.69)

I (С/Т) 34.06 (28.44; 40.28) 36.41 (32.78; 39.90)

II (T/T) 27.18 –

Collagen-induced aggregation (units/min)

rs1126643 in the ITGA2 gene

0 (С/С) 13.17 (7.31; 19.63) 17.17 (12.60; 24.11)

I (С/Т) 14.02 (8.67; 24.15) 18.24 (13.41; 22.58)

II (T/T) 17.25 (9.42; 22.14)*; # 16.22 (13.01; 19.28)

Note. * – statistically significant (p < 0.05) differences with homozygous wild-type variant within a group; # – statistically significant (p < 0.05) differences with heterozygous variant within a group; 0 – homozygous 
wild-type variant; I – heterozygous variant; II – homozygous mutant variant.
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95 % of cases and can be associated with multiple factors. 
Thrombocytopenia (low platelet count) in the early stages 
of COVID-19 is usually due to platelet destruction and in-
creased platelet consumption, but decreased platelet pro-
duction may be evident in the later stages of the disease [9]. 
Previously, an  association between blood platelet count, 
severity of disease course, and increased risk of mortality 
in hospitalized patients with COVID-19 has been demon-
strated [13]. In COVID-19, platelet activation is carried out 
by inflammatory mediators, antigen-antibody complexes, 
and damaged endothelium. The resulting activated plate-
lets are removed from the bloodstream by mononuclear 
phagocytes. SARS-CoV-2 is able to inhibit thrombopoiesis 
through direct interaction with megakaryocytes and also 
has a direct effect on platelet through binding to ACE2 re-
ceptors, which causes escalation of oxidative stress in plate-
lets, their increased consumption, impaired thrombopoie-
sis in bone marrow, triggering and autoimmune reactions 
[14]. The products of cells (primarily endotheliocytes) de-
stroyed by SARS-CoV-2 may be another cause of accelerated 
platelet aggregation, which leads to thrombosis and throm-
bocytopenia. Individual genotype characteristics, includ-
ing polymorphisms of the GP1BA, ITGA2, and ITGB3 genes, 
are other factors that have a prominent effect on platelet 
aggregation activity.

The  GP1BA gene encodes the α-subunit of glycopro-
tein  Ib involved in the  formation of  the platelet receptor 
GpIb/IX/V. The  main ligand of  the  receptor is von  Wille-
brand factor (vWF), which binds platelets to the site of vas-
cular damage [15]. The strength of the binding formed be-
tween them depends largely on the configuration of the re-
ceptor, vWF structure and blood flow velocity. The rs6065 
polymorphism of  the  GP1BA gene is  connected with 
the cytosine(C)-to-thymidine(T) substitution near the initi-
ation of genetic transcription, which results in threonine-
to-methionine substitution in  the  receptor site responsi-
ble for binding to vWF. As a result, carriers of the C/C gen-
otype have a higher concentration of platelet membrane 
glycoprotein Ib than those with other genotype variants. 
The mutant homozygous T/T form (frequency in the pop-
ulation is about 1.5 %) sharply increases the risks of throm-
bosis. In case of heterozygous C/T variant, the expression 
of GpIb/IX/V receptors on platelets is not so strongly ex-
pressed, but some studies have revealed an increased risk 
of thrombosis in carriers of this gene variant [16]. Several 
studies show that carriers of the C allele have an increased 
risk of  coronary thrombosis, ischemic stroke, and a  de-
creased age of its onset [17].

In the presented study, there are no data indicating 
an effect of the rs6065 polymorphism of the GP1BA gene 
on the acceleration of ristomycin-induced platelet aggre-
gation, reflecting the interaction of vWF with the GpIb re-
ceptor. A possible explanation is the absence of a signifi-
cant number of carriers of the homozygous mutant variant 
of the T/T gene in the study population and small sample 
size. In addition, there is a cooperativity effect in the bind-
ing of vWF to platelet GpIb: glycoproteins IX and V, whose 
structure and function may remain intact, participate 
in the formation of collagen complex. In addition, the GpIb/

IX/V receptor serves more for  platelet adhesion. Its role 
in aggregation is less prominent [18]. Thus, the accelera-
tion of ristomycin-induced platelet aggregation in patients  
with  COVID-19-associated lung damage cannot be  ex-
plained by  the  GP1BA gene rs6065 polymorphism. 
It  is  probably influenced by  other genetic and non-ge-
netic factors.

The  ITGB3 gene regulates the synthesis of the mem-
brane protein integrin β-3, which is involved in interplate-
let interactions. Integrin β-3 is a component of glycopro-
tein  IIb/IIIa and recognizes the  specific amino acid se-
quence – glycine-proline-arginine – in a wide range of li-
gands including prothrombin, fibrinogen, plasminogen, 
and vWF. Integrin β-3 is a heterodimer composed of non-
covalently associated α- and β-subunits. These subunits 
have a  large extracellular part, a  transmembrane part 
and  a  short cytoplasmic part [19]. The  rs5918 polymor-
phism of the ITGB3 gene is caused by the thymine (T) to cy-
tosine (C) nucleotide substitution in a certain DNA region, 
which results in  the  leucine amino acid-to-proline sub-
stitution in  position  33 of  the  protein chain and disrup-
tion of  the  three-dimensional structure of  the  receptor. 
Disruption of  the  receptor structure leads to  increased 
platelet reactivity and contributes to their thrombogenic-
ity [20, 21]. Individuals with  the C/C variant of  this poly-
morphism have an  increased propensity for  platelet ag-
gregation and, consequently, the risk of thrombosis [22]. 
It is assumed that the effect of the rs5918 polymorphism 
on platelet characteristics is found only for homozygotes 
for the C allele [23].

The association of the rs5918 polymorphism of the ITGB3 
gene with the  occurrence of  thrombotic events has 
been previously recognized [22–24]. Based on  the  pres-
ence of  these adverse events in  patients with COVID-19 
and  the  frequency of  T/C and C/C  variants of  the  rs5918 
poly morphism in  these patients, it  can be  assumed 
that this genetic defect is of significance in the pathogenesis  
of COVID-19, especially in disorders of the hemostasis sys-
tem. We found that the frequency of heterozygotes and mu-
tant homozygotes of the ITGB3 gene was higher in patients 
with accelerated ADP-induced aggregation as well as se-
vere COVID-19. Increased mean platelet volume and  in-
creased concentration of glycoprotein IIb/IIIa on the plate-
let membrane are characteristic of  mutant homozygote 
carriers and, to a lesser extent, heterozygotes of the rs5918 
polymorphism. As a consequence of such changes, plate-
let reactivity is increased [25]. However, the exact mech-
anisms that  cause platelet aggregation in  the  presence 
of the C/C variant of the rs5918 polymorphism are not thor-
oughly understood and require further study.

The ITGA2 gene encodes the protein integrin alpha-2, 
a membrane glycoprotein GPIa found on the membranes 
of various cells, including platelets. On the platelet mem-
brane, GPIa forms a  complex with GPIIa, which  is  one 
of  the  collagen receptors. The  rs1126643 polymor-
phism of the ITGA2 gene is caused by the cytosine(C)-to-
thymidine(T) substitution. This mutation alters the  ami-
no acid sequence, which leads to a correlation between 
this polymorphism and the  level of  GPIa expression 
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on the platelet membrane [26]. In the case of the T/T var-
iant of the rs1126643 polymorphism, platelets bind to col-
lagen more rapidly. Heterozygous individuals with the C/T 
variant show an  intermediate level of  receptor expres-
sion [27]. The  data obtained in  this study (acceleration 
of collagen-induced platelet aggregation) are consistent 
with the existing data on the function of integrin alpha-2 
and may suggest a role for the rs1126643 polymorphism 
in the pathogenesis of COVID-19, although its mechanism 
remains unclear.

The  obtained data suggest a  possible role of  genet-
ic predisposition, in  particular polymorphisms (rs6065  
of GP1BA gene, rs1126643 of ITGA2 gene and rs5918 of ITGB3 
gene), in platelet hyperactivation in patients with COVID-
19-associated lung damage. These findings can be  used 
to plan larger studies in order to assess the potential risk 
of  thrombotic complications, to  determine further treat-
ment tactics and the  choice of  anticoagulant and disag-
gregant therapy. Hemostasis links are controlled by  dif-
ferent genes, and the  influence of  their polymorphisms 
on the pathogenesis of COVID-19 has not been sufficient-
ly investigated. The association of genetic factors with pos-
sible complications and severity of the disease course re-
quires further research.

CONCLUSIONS

Induced platelet aggregation is accelerated in  pa-
tients with COVID-19-associated lung damage of  mod-
erate and severe course. In  severe course, the  number 
of platelets in the blood decreases. The frequency of het-
erozygous C/T and homozygous mutant T/T genotypes 
of the rs1126643 polymorphism of the ITGA2 gene is in-
creased in moderate severity of lung damage. The pres-
ence of T/T genotype is associated with collagen-induced 
platelet aggregation. In severe lung damage the frequen-
cy of homozygous mutant C/C genotype of the rs5918 pol-
ymorphism of the ITGB3 gene is increased. The presence 
of C/C and C/T genotypes of  the  rs5918 polymorphism 
is associated with ADP-induced platelet aggregation.

Funding
The study was carried out with the financial support 

of the grant of the intra-university competition, dedicat-
ed to the Year of Science and Technology, by scientific 
teams of the South Ural State Medical University 2021.

Conflict of interest
The  authors of  this article declare no  conflicts of  in-

terest.

REFERENCES

1. Barrett TJ, Schlegel M, Zhou F, Gorenchtein M, Bolstorff J, 
Moore KJ, et al. Platelet regulation of myeloid suppressor of cy-
tokine signaling 3 accelerates atherosclerosis. Sci Transl Med. 2019; 
11(517): eaax0481. doi: 10.1126/scitranslmed.aax0481

2. Rolfes V, Ribeiro  LS, Hawwari  I, Böttcher  L, Rosero  N, 
Maasewerd  S, et  al. Platelets fuel the inflammasome activation 
of innate immune cells. Cell Rep. 2020; 31(6): 107615. doi: 10.1016/ 
j.celrep.2020.107615

3. Zhou T, Su TT, Mudianto T, Wang J. Immune asynchrony 
in COVID-19 pathogenesis and potential immunotherapies. J Exp 
Med. 2020; 217(10): e20200674. doi: 10.1084/jem.20200674

4. Mathew D, Giles JR, Baxter AE, Oldridge DA, Greenplate AR, 
Wu JE, et al. Deep immune profiling of COVID-19 patients reveals 
distinct immunotypes with therapeutic implications. Science. 2020; 
369(6508): eabc8511. doi: 10.1126/science.abc8511

5. Smilowitz NR, Kunichoff D, Garshick M, Shah B, Pillinger M, 
Hochman  JS, et  al. C-reactive protein and clinical outcomes 
in patients with COVID-19. Eur Heart J. 2021; 42(23): 2270-2279. 
doi: 10.1093/eurheartj/ehaa1103

6. Gaunt ER, Hardie A, Claas EC, Simmonds P, Templeton KE. 
Epidemiology and clinical presentations of the four human coro-
naviruses 229E, HKU1, NL63, and OC43 detected over 3 years using 
a  novel multiplex real-time PCR method. J  Clin Microbiol. 2010; 
48(8): 2940-2947. doi: 10.1128/JCM.00636-10

7. Denorme F, Manne BK, Portier I, Petrey AC, Middleton EA, 
Kile  BT, et  al. COVID-19 patients exhibit reduced procoagulant 
platelet responses. J  Thromb Haemost. 2020; 18(11): 3067-3073. 
doi: 10.1111/jth.15107

8. Zaid Y, Puhm F, Allaeys I, Naya A, Oudghiri M, Khalki L, et al. 
Platelets can associate with SARS-CoV-2 RNA and are hyperacti-
vated in COVID-19. Circ Res. 2020; 127(11): 1404-1418. doi: 10.1161/
CIRCRESAHA.120.317703

9. Levi M, Thachil J, Iba T, Levy JH. Coagulation abnormalities 
and thrombosis in patients with COVID-19. Lancet Haematol. 2020; 
7(6): e438-e440. doi: 10.1016/S2352-3026(20)30145-9

10. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical 
characteristics of coronavirus disease 2019 in China. N Engl J Med. 
2020; 382(18): 1708-1720. doi: 10.1056/NEJMoa2002032

11. Ponti G, Pastorino L, Manfredini M, Ozben T, Oliva G, Kaleci S, 
et al. COVID-19 spreading across world correlates with C677T allele 
of the methylenetetrahydrofolate reductase (MTHFR) gene preva-
lence. J Clin Lab Anal. 2021; 35(7): e23798. doi: 10.1002/jcla.23798

12. Prevention, diagnosis and treatment of a new coronavi-
rus infection (COVID-19): Federal clinical guidelines; 15th  version 
d.d.  02.02.2022. Moscow; 2022. (In  Russ.). [Профилактика, 
диагностика и лечение новой коронавирусной инфек-
ции (COVID-19): временные методические рекомендации;  
15-я версия от 02.02.2022. М.; 2022]. URL:  https://static-0.min-
zdrav.gov.ru/system/attachments/attaches/000/059/392/original/
ВМР_COVID-19_V15.pdf. [date of access: 03.04.2023].

13. Tang N, Li D, Wang X, Sun Z. Abnormal coagulation pa-
rameters are associated with poor prognosis in patients with novel 
coronavirus pneumonia. J Thromb Haemost. 2020; 18(4): 844-847. 
doi: 10.1111/jth.14768

14. Gaiz A, Mosawy S, Colson N, Singh I. Thrombotic and car-
diovascular risks in type two diabetes; Role of platelet hyper-
activity. Biomed Pharmacother. 2017; 94: 679-686. doi:  10.1016/ 
j.biopha.2017.07.121

15. Castaman G, Federici AB. Type 2B von Willebrand disease: 
A matter of plasma plus platelet abnormality. Semin Thromb He-
most. 2016; 42(5): 478-482. doi: 10.1055/s-0036-1579638

16. Anisimova AV, Gunchenko AS, Ikonnikova AYu, Galkin SS, 
Avdonina MA, Nasedkina TV. Clinical and genetic analysis of risk 



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, N 6

22
Internal diseases

factors for the development of acute and chronic cerebral ischemia. 
S.S. Korsakov Journal of Neurology and Psychiatry. 2019; 119(3 vyp 2): 
62-67. (In Russ.). [Анисимова А.В., Гунченко А.С., Иконникова А.И, 
Галкин С.С., Авдонина М.А., Наседкина Т.В. Клинико-генетиче-
ский анализ факторов риска развития острой и хронической 
ишемии головного мозга. Журнал неврологии и психиатрии 
им.  С.С.  Корсакова. 2019; 119(3  вып.  2): 62-67]. doi:  10.17116/
jnevro201911903262

17. Kraft P, Drechsler C, Gunreben I, Heuschmann PU, Klein-
schnitz C. Case-control study of platelet glycoprotein receptor Ib 
and IIb/IIIa expression in patients with acute and chronic cerebro-
vascular disease. PLoS One. 2015; 10(3): e0119810. doi: 10.1371/
journal.pone.0119810

18. Li  R, Emsley  J. The organizing principle of the platelet 
glycoprotein Ib-IX-V complex. J  Thromb Haemost. 2013; 11(4): 
605-614. doi: 10.1111/jth.12144

19. Huang J, Li X, Shi X, Zhu M, Wang J, Huang S, et al. Platelet 
integrin αIIbβ3: signal transduction, regulation, and its therapeutic 
targeting. J Hematol Oncol. 2019; 12(1): 26. doi: 10.1186/s13045-
019-0709-6

20. Pagani G, Pereira JPV, Stoldt VR, Beck A, Scharf RE, Gohl-
ke H. The human platelet antigen-1b (Pro33) variant of αIIbβ3 al-
losterically shifts the dynamic conformational equilibrium 
of this integrin toward the active state. J Biol Chem. 2018; 293(13): 
4830-4844. doi: 10.1074/jbc.RA118.002149

21. Abboud  N, Ghazouani  L, Ben-Hadj-Khalifa  S, Anabi  F, 
Added F, Khalfallah A, et al. Human platelet alloantigens HPA-1, 
HPA-2, and HPA-3 polymorphisms associated with extent of severe 

coronary artery disease. J Thromb Thrombolysis. 2010; 29(4): 409-
415. doi: 10.1007/s11239-009-0368-5

22. Goldschmidt-Clermont PJ, Coleman LD. Higher prevalence 
of GPIIIa PlA2 polymorphism in siblings of patients with premature 
coronary heart disease. Arch Pathol Lab Med. 1999; 123(12): 1223-
1229. doi: 10.5858/1999-123-1223-HPOGPA

23. Kucharska-Newton  AM, Monda  KL, Campbell  S, Brad-
shaw  PT, Wagenknecht  LE, Boerwinkle  E, et  al. Association 
of  the  platelet GPIIb/IIIa polymorphism with atherosclerotic 
plaque morphology: The  Athe rosclerosis Risk in Communities 
(ARIC) Study. Atherosclerosis. 2011; 216(1): 151-156. doi: 10.1016/ 
j.atherosclerosis.2011.01.038

24. Čeri A, Leniček Krleža J, Coen Herak D, Miloš M, Pavić M, 
Barišić N, et al. Role of platelet gene polymorphisms in ischemic 
pediatric stroke subtypes: A case-control study. Croat Med J. 2020; 
61(1): 18-27. doi: 10.3325/cmj.2020.61.18

25. Ezer  E, Schrick  D, Tőkés-Füzesi  M, Szapary  L, Bogar  L, 
Molnar T. A novel approach of platelet function test for prediction 
of attenuated response to clopidogrel. Clin Hemorheol Microcirc. 
2019; 73(2): 359-369. doi: 10.3233/CH-190580

26. Al-Taee HZ, Alsabti ZM, Al-Ani LM. Genetic study of ITGA2 
polymorphisms and impact on  diabetic retinopathy risk in Al-
Anbar population. J Pharmaceut Sci Res. 2021; 10(9): 2305-2308. 
doi: 10.5281/zenodo.544911

27. Li W, Pi L, Yuan J, Gu X, Wang Z, Liu Y, et al. Impact of plate-
let glycoprotein Ia/IIa C807T gene polymorphisms on coronary 
artery aneurysms of KD patients. Cardiol Res Pract. 2021; 2021: 
4895793. doi: 10.1155/2021/4895793

Information about the authors
Mikhail V. Osikov – Dr. Sc. (Med.), Professor, Head of the Department of Pathophysiology, South Ural State Medical University; Head of the Research Department, Chelyabinsk Regional Clinical 
Hospital, e-mail: prof.osikov@yandex.ru, https://orcid.org/0000-0001-6487-9083
Vladimir  N. Antonov – Dr.  Sc. (Med.), Professor at the Department of Therapy, Institute of Continuing Professional Education, South Ural State Medical University; Head of the Regional 
Pulmonology Center, Chelyabinsk Regional Clinical Hospital, e-mail: ant-vn@yandex.ru, https://orcid.org/0000-0002-3531-3491
Semen O. Zotov – Teaching Assistant at the Department of Pathophysiology, South Ural State Medical University; Head of the Infectious Diseases Department No. 5, Regional Center for Infectious 
Diseases, Regional Clinical Hospital No. 3, e-mail: semenz2007@yandex.ru, https://orcid.org/0000-0001-7469-2386



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, № 6

23
Infectious diseases

INFECTIOUS DISEASES

THE rs11385942 AND rs657152 VARIANTS ARE NOT ASSOCIATED WITH COVID-19 
SEVERITY AND OUTCOMES IN PATIENTS TREATED WITH FAVIPIRAVIR 
AND REMDESIVIR

Abdullaev Sh.P. 1,  
Denisenko N.P. 1,  
Temirbulatov I.I. 1,  
Kachanova A.A. 1,  
Tuchkova S.N. 1,  
Mikhaylenko E.V. 2,  
Kryukov A.V. 1,  
Valiev T.T. 1,  
Mirzaev K.B. 1,  
Sychev D.A. 1

1 Russian Medical Academy of Continuous 
Professional Education  
(Barrikadnaya str. 2/1, building 1, 
Moscow 125993, Russian Federation) 
2 I.M. Sechenov First Moscow State 
Medical University (Sechenov University) 
(Trubetskaya str. 8, building 2, 
Moscow 119991, Russian Federation)

Corresponding author:  
Sherzod P. Abdullaev,  
e-mail: abdullaevsp@gmail.com

Received: 15.09.2023
Accepted: 20.12.2023
Published: 29.12.2023

ABSTRACT

Background. There is a mounting evidence in the scientific literature that suscep-
tibility to SARS-CoV-2 infection could vary. The severity of COVID-19 symptoms can 
range from asymptomatic to severe respiratory failure, requiring prolonged artificial 
ventilation. The underlying causes of this range of clinical manifestations remain 
unclear. Identification of  the  risk factors that may cause this variation in  clinical 
symptoms is  important for  identifying the  most susceptible populations at  high-
est risk. This  should help improve prevention measures, reduce hospitalizations, 
and decrease the mortality rate of the disease. Previously, an association has been 
found between the severity of COVID-19 and the genetic markers rs11385942 G>GA 
and rs657152 A>C.
The aim. To assess the impact of carrying polymorphic markers rs11385942 G>GA 
and rs657152 A>C on the severity of COVID-19 in patients undergoing specific therapy.
Materials and methods. A total of 240 patients hospitalized with a coronavirus 
infection were included in the study. All patients received therapy with favipiravir 
or  remdesivir. The  presence of  the  rs11385942  G>GA and  rs657152  A>C variants 
was  determined in  all patients. The  study compared the  length of  hospital stays, 
frequency of patient transfers to the intensive care unit (ICU), and frequency of clini-
cal outcomes (recovery or death) among carriers of allelic variants of the markers 
under investigation.
Results. There were no significant associations between the carriage of variants 
rs11385942 G>GA and rs657152 A>C and the duration of patients’ hospitalization, 
frequency of patient transfers to the ICU, and patient outcomes.
Conclusion. The carriage of rs11385942 G>GA and rs657152 A>C variants did not 
affect the severity or type of clinical outcomes in patients with COVID-19.

Key  words: susceptibility to  COVID-19, COVID-19 severity, etiotropic therapy 
of COVID-19, favipiravir, remdesivir, rs11385942, rs657152, polymorphisms
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РЕЗЮМЕ

Обоснование. В научной литературе появляется всё больше данных о раз-
личиях в  чувствительности и восприимчивости к инфекции SARS-CoV-2, 
которые проявляются у пациентов в диапазоне от бессимптомного тече-
ния заболевания до тяжёлой дыхательной недостаточности и необходи-
мости длительной искусственной вентиляции лёгких. Основные причины 
этого спектра клинических проявлений остаются неясными. Определение 
факторов риска, способных вызвать такую вариацию клинических сим-
птомов, важно для выявления наиболее восприимчивых групп населения 
с наибольшим риском. Это должно помочь улучшить меры профилактики, 
сократить количество госпитализаций и снизить смертность от забо-
левания. Ранее для генетических маркеров rs11385942 G>GA и rs657152 A>C 
была показана связь с тяжестью течения COVID-19.
Цель работы. Оценить вклад носительства полиморфных маркеров 
rs11385942 G>GA и rs657152 A>C на показатели тяжести течения COVID-19 
у пациентов, получавших этиотропную терапию.
Материалы и методы. В исследование было включено 240  пациентов, 
госпитализированных в ГБУЗ г. Москвы «Городская клиническая больница № 15 
им. О.М. Филатова ДЗМ» с диагнозом COVID-19, получавших этиотропную 
терапию фавипиравиром или ремдесивиром. У всех пациентов определялось 
носительство вариантов rs11385942 G>GA и rs657152 A>C. Сравнивались дли-
тельность стационарного лечения, частота перевода пациентов в отде-
ление реанимации и интенсивной терапии (ОРИТ), частота наступления 
клинических исходов (выписан или смерть) между носителями аллельных 
вариантов изучаемых генетических маркеров.
Результаты. Не было выявлено статистически значимых ассоциаций 
носительства различных вариантов rs11385942 G>GA и rs657152 A>C с дли-
тельностью госпитализации пациентов, частотой перевода пациентов 
в ОРИТ и наступлением того или иного исхода.
Заключение. Носительство вариантов rs11385942  G>GA и rs657152  A>C 
не определяло показатели тяжести течения и вид клинических исходов 
у пациентов с COVID-19.

Ключевые слова: восприимчивость к COVID-19, тяжесть течения COVID-19, 
этиотропная терапия COVID-19, фавипиравир, ремдесивир, rs11385942, 
rs657152, полиморфизмы
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INTRODUCTION

The COVID-19 pandemic has had a significant impact 
on  health systems in  nearly every country in  the  world. 
The  experience of  coping with  the  COVID-19 crisis re-
vealed many shortcomings in  the  organization of  med-
ical service and  public drug supply. In  the  initial phase 
of the fight against the disease, the scientific community 
studied the possibilities of using already known drugs. Thus, 
in spring 2020, favipiravir and remdesivir were already pro-
posed as treatment options for COVID-19 [1, 2]. According 
to the latest version of the Provisional Guidelines for the Pre-
vention, Diagnosis and Treatment of COVID-19, both drugs 
are categorized as drugs for etiotropic therapy of COVID-19 
and remain relevant [3].

There  is increasing evidence in  scientific literature 
of  differences in  sensitivity and  susceptibility to  SARS-
CoV-2 infection, manifesting in a  range from asympto-
matic disease course to  severe respiratory failure 
and  the  need for  prolonged artificial lung ventilation 
(ALV) [4]. The underlying causes of this spectrum of cli-
nical outcomes remain unclear. Identification of risk fac-
tors, such as genetic, clinical-demographic, environmen-
tal, and possible other factors that may cause this varia-
tion in clinical symptoms is important to identify the most 
susceptible populations at highest risk. This should pro-
tect them from infection, reduce hospitalizations and re-
duce mortality.

Previously, a group of scientists suggested that the se-
verity of the course of COVID-19 may, among other things, 
be determined by the genetic profile of patients. D. Elling-
haus et al. (2020) in their work identified associations of car-
rying allelic variants of markers rs11385942 G>GA at locus 
3p21.31 and rs657152 C>A at  locus 9q34.2 with  severe 
forms of respiratory failure in COVID-19 patients [5]: GWAS 
study showed that the  signal at  locus 3p21.31 co vered 
the SLC6A20, LZTFL1, CCR9, FYCO1, CXCR6 and XCR genes, 
while the  association signal at  locus 9q34.2 coin cided 
with the ABO blood group locus. Based on these results, 
the  authors concluded the  possible role of  the  3p21.31 
gene clusters and  ABO blood group as  a  predictor  
of COVID-19 susceptibility in patients with respiratory fai-
lure [5]. The impact of carrying these markers on the effec-
tiveness of therapy in COVID-19 patients has not been pre-
viously studied.

Taking into  account the  abovementioned, the  aim 
of  the  presented study was  a  comparative assessment 
of the distribution of carriage of allelic variants rs11385942 
G>GA and rs657152 in groups of patients with COVID-19, dif-
fering in the duration of hospitalization, frequency of trans-
fer to  the  intensive care unit (ICU) and clinical outcomes 
of the disease treatment.

MATERIALS AND METHODS

The study was conducted at the Moscow City Clinical 
Hospital No. 15 named after O.M. Filatov Moscow Health 
Department and was approved by the  local ethical com-

mittee of  the  Federal State Budgetary Educational Insti-
tution of Professional Education “Russian Medical Acade-
my of Continuing Professional Education” of the Ministry 
of Health of Russia (Minutes No. 15 dated October 16, 2021). 
Voluntary informed consent was obtained from all patients 
for participation in this study.

Study sample characteristics
The  authors performed a  prospective observation-

al unmasked study. The  study was  conducted from No-
vember  2021 through February  2022. The  study includ-
ed 240 patients, male and female, aged 18 years and old-
er, hospitalised with confirmed new coronavirus infection  
(COVID-19) (U07.1, U07.2 according to  ICD), comply-
ing with  inclusion criteria and  failing non-inclusion cri-
teria. The  age of  all patients ranged from  44 to  96  years 
(mean age – 73.0 ± 12.5 years). Of these, 74 (31 %) were men 
(mean age – 72.91 ± 12.62 years) and 166 (69 %) were wo-
men (mean age – 73.0 ± 12.5 years).

Inclusion criteria were  confirmed diagnosis of  new 
COVID-19 coronavirus infection (U07.1, U07.2 according 
to ICD); duration of hospitalisation > 48 h; use of favipira-
vir and remdesivir as etiotropic therapy; and signed volun-
tary informed consent.

Non-inclusion criteria were contraindications to aetio-
tropic therapy: severe hepatic insufficiency (Child – Pugh 
class C); glomerular filtration rate (GFR) < 30 ml/min/1.73 m2; 
pregnancy and breastfeeding.

Patients received favipiravir and  remdesivir as  etio-
tropic therapy. Remdesivir was used in the standard dos-
age – 200 mg intravenously on the first day, then 100 mg 
once daily for 5–10 days. The dosing regimen of favipira-
vir was selected cause-specific to the patient’s weight ac-
cording to  the  instructions for  medical use: for  patients 
with body weight less than 75 kg – 1600 mg 2 times a day 
on the first day, further – 600 mg 2 times a day; for patients 
with body weight more than 75 kg – 1800 mg 2 times a day 
on the first day, further – 800 mg 2 times a day. The surveyor 
could not influence the choice of antiviral drug and the du-
ration of therapy, which were determined by the treating 
physician.

Genotyping
After obtaining written informed consent and inclu-

sion in the study, 10 ml of venous blood was sampled from 
each patient for subsequent genetic testing. Genomic DNA 
was isolated from whole blood using S-Sorb reagent kits 
(OOO “Syntol”, Russia). The concentration of extracted DNA 
was determined using a NanoDrop 2000 spectrophotom-
eter (Thermo Fisher Scientific, USA). The carriage of allel-
ic variants rs11385942 G>GA and rs657152 A>C was deter-
mined by  the  allele-specific polymerase chain reaction 
(PCR) in real time on the CFX96 Touch Real Time System 
(BioRad, USA) using commercial kits TaqMan®SNP Geno-
typing Assays and TaqMan Universal MasterMix II, no UNG 
(Applied Biosystems, USA) according to the manufactur-
er’s instructions (Table  1). The  amplification mode was: 
95  °C for 5 min; 40 cycles, 95  °C for 10 s, 55  °C for 10 s; 
72 °C for 10 s.
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Statistical processing
Consistency of  genotype frequencies with  the Har-

dy  –  Weinberg equilibrium was  assessed using Pear-
son’s χ2 (chi-square) criterion (equilibrium is  satisfied 
at p > 0.05). Fisher’s exact test was used to assess differ-
ences in the frequencies of occurrence of different alleles 
between groups.

The normality of the obtained results distribution was 
assessed using the Shapiro – Wilk W-test and the Kolmog-
orov – Smirnov criterion. Categorical variables were com-
pared using Pearson’s χ2 test or  Fisher’s two-sided exact 
test (depending on the nature of the distribution of indi-
cators). Multiple samples of  continuous data were com-
pared using one- or  multivariate analysis of  variance  
ANOVA or Kraskell – Wallis H-test (depending on the nature 
of data distribution).

IBM SPSS Statistics 22 software package (IBM Corp., USA) 
was used as a means of statistical processing. For all results, 
a value of p < 0.05 was considered statistically significant.

RESULTS

The severity of the course and outcome of the disease 
were assessed in groups with respect to the carriage of al-
leles of the studied polymorphic markers rs11385942 G>GA 
and rs657152 A>C. The following indices were used for ana-
lysis: 1) duration of COVID-19 patients’ hospital stay; 2) fre-
quency of patients’ transfer to ICU; 3) outcome of the di-

sease treatment in the form of discharge, transfer of the pa-
tient from the infectious diseases department to other de-
partments and patient’s death.

Correlations between the frequency of transfer to ICU, 
frequency of deaths, severity of course, sex and age of pa-
tients, level of  comorbidity and  concomitant therapy 
in the treatment groups were not analysed, which is a lim-
itation of the conducted analysis.

Among all patients, the genotype distribution of mark-
ers rs11385942 G>GA and rs657152 A>C agreed with the Har-
dy – Weinberg law (p > 0.05) (Table 2).

Analysis of  the  correlation between the  carriage 
of  rs11385942  G>GA variants and  the  number of  days 
the  patient spent in  hospital (bed-days) revealed no  dif-
ferences (p  =  0.8335). Similar conclusions can  be drawn 
for rs657152 A>C: there were no statistically significant differ-
ences between carriers of different genotypes (p = 0.9693) 
(Table 3). Carriage of rs11385942 G>GA and rs657152 A>C 
variants did  not determine the  length of  hospitalization 
of COVID-19 patients.

In 75 patients included in the study, the disease was se-
vere, which required transfer of these patients to ICU. Fish-
er’s test showed that death was statistically significant-
ly more frequent among patients who  were admitted 
to ICU than among patients who were not admitted to ICU 
(p  <  0.0001). When comparing the  frequency of  patients 
admitted to  ICU cause-specific to  rs11385942  G>GA and 
rs657152 A>C carrier variants, no statistically significant dif-
ferences were also revealed (Table 4).

SNP RefSeq Primer F 5’-3’ Primer R 5’-3’

LZTFL1 rs11385942 NM_020347.4 TGGGGCTAGTGTGTGAGGA AGCACCACCTTCTCAGAGTT

ABO rs657152 NM_020469.3 TCCTACGGGAGGCAGCAGT AATTTAGGACATGTAAAGTTCA
Note. According to the ThermoFisher manufacturer’s instructions (https://www.thermofisher.com/taqman/results?keyword=).

T A B L E   1
USED PRIMERS

Markers N
Genotypes, n (%) Alleles, n (%)

Conformity 
to the Hardy – Weinberg 

distribution*

GG G/GA GA G GA χ2 p

rs11385942 G>GA 240

observed 162 72 6

396 (82.50) 84 (17.50) 0.3643 0.8335expected 163.4 69.3 7.4

% 67.5 30.0 2.5

AA AC CC A C

rs657152 A>C 240

observed 49 121 70

219 (45.63) 261 (54.38) 0.0623 0.9693expected 50.0 119.1 71.0

% 20.4 50.4 29.2
Note. * – Pearson’s χ2 criterion.

T A B L E   2
GENOTYPE AND ALLELE FREQUENCIES OF rs11385942 G>GA AND rs657152 A>C ALLELIC VARIANTS IN THE GROUP
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As mentioned above, patient discharge from the hos-
pital, patient transfer to another department of the hos-
pital and  recording of  patient death in  the  department 
were  used as  parameters to  assess patient outcome 
in the Infectious Diseases Department.

A total of 41 deaths were recorded in the study group, 
accounting for  17.1  %. 165  (68.7  %)  patients were  dis-
charged from the hospital, and 34 (14.2 %) patients were 
transferred to  other  hospital departments. When a  pa-
tient was  transferred to  another hospital department, 
no  further follow-up by  the  surveyor was  conducted; 
therefore, such patients were excluded from the  analy-
sis of treatment outcomes in relation to marker carriage. 
Comparison of the number of discharged and deceased 
patients caused-specific to carriage of rs11385942 G>GA 
and rs657152 A>C variants revealed no statistically signif-
icant association (p > 0.05) (Table 5).

In case of transfer to another department, clinical out-
come was  not  recorded in  these patients, which is  also 
one of the limitations of the study.

DISCUSSION

COVID-19 is an acute viral disease, causing predominant 
involvement of  the  respiratory tract, the course of which 
can vary from asymptomatic and mild (in most cases) to life-
threatening conditions with the development of severe res-
piratory failure and  acute respiratory distress syndrome 
(up to 5 %) [6, 7]. COVID-19 mortality was relatively high-
er among patients with severe disease and those treated 
in the ICU [8, 9]. It appears that the high mortality rate is pri-
marily related to the manifestations of severe respiratory fail-
ure requiring transfer of patients to the intensive care unit [10].

T A B L E   3
ASSOCIATION BETWEEN THE DURATION OF PATIENTS’ PERIOD OF HOSPITALIZATION AND CARRIAGE 
OF rs11385942 G>GA AND rs657152 A>C VARIANTS

Markers N Genotypes

Number of bed days

p*Mean  
(± SD)

Median bed days  
[Q1–Q3]

rs11385942 G>GA 240

GG 11.41 (± 8.79) 9.0 [6.0–14.0]

0.2835G|GA 13.08 (± 8.99) 10.0 [7.0–16.0]

GA|GA 9.83 (± 5.42) 9.5 [9.0–10.0]

rs657152 A>C 240

AA 12.06 (± 7.85) 9.0 [7.0–15.0]

0.6831AC 11.39 (± 7.73) 9.0 [6.0–13.0]

CC 12.59 (± 10.96) 10.0 [7.0–14.0]

Note. SD – standard deviation; * – Kraskell – Wallis H-test.

T A B L E   4
ASSOCIATION BETWEEN THE FREQUENCY OF TRANSFER OF PATIENTS TO INTENSIVE CARE UNIT 
AND CARRIAGE OF rs11385942 G>GA AND rs657152 A>C VARIANTS

Markers N Genotypes Number of patients  
outside ICU, n (%)

Number of patients  
transferred to ICU, n (%) χ2 p*

rs11385942 G>GA 240

GG 115 (47.9) 47 (19.6)

1.18159 0.553886G|GA 46 (19.2) 26 (10.8)

GA|GA 4 (1.7) 2 (0.8)

rs657152 A>C 240

AA 33 (13.8) 16 (6.7)

0.255425 0.880106AC 85 (35.4) 36 (15)

CC 47 (19.6) 23 (9.6)

Note. * – Pearson’s χ2 criterion.
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Patient genetic characteristics may also contribute 
to the severity of the COVID-19 course. In the GWAS study 
by  D.  Ellinghaus et  al. it  was revealed that the  frequen-
cy of carrying the risky GA allele of the rs11385949 G>GA 
marker was higher among patients who developed acute 
respiratory failure during COVID-19 and  were placed 
on  artificial ventilation compared to  those who  received 
only oxygen support [5]. The explanation for this associa-
tion of  the  rs11385949  G>GA variant was  that  the  region 
near rs11385942 on chromosome 3p21.31 significantly af-
fects the expression of the LZTFL1 gene (p < 0.05), a reg-
ulator of the cilia of the respiratory tract [11]. The second 
identified risk marker for COVID-19 severity rs657152 A>C 
was more frequent in patients with COVID-19 and develop-
ment of respiratory failure. This marker matched the locus 
coding for ABO system blood groups [5].

In  the  study of  O.  Balanovsky et  al. (2021) the  distri-
bution frequencies of rs11385942 G>GA and rs657152 A>C 
among populations living in Russia and bordering countries 
were studied. Analysis of the correlation between the fre-
quency of  carriage of  these markers and  COVID-19 mor-
tality rates revealed a positive association. The correlation 
was stronger for rs657152 A>C (r = 0.59; p = 0.02). The au-
thors pointed  out that  such a  correlation was  revealed 
only for the Russian sample and was not relevant for data 
for global populations [12].

In  this study, we  attempted to  assess the  putative 
impact of  carriage of  COVID-19 severity markers over 
the  length of  hospital stay, the  frequency of  transfer 
of  such patients to  the  ICU, and  the  final therapy out-
comes. Carriage of the studied markers rs11385942 G>GA 
and rs657152 A>C was not associated with prolongation 
of the patient’s length of hospital treatment, had no sta-
tistically significant effect on  the  proportion of  patients 
transferred to  ICU, and  was  not associated with  a  sta-
tistically significant difference in  mortality between pa-
tients with different genotypes. Our data are consistent 
with the findings of other studies. For  instance, E.A. Or-

lova et al. analysed the frequency of rs657152 A>C in co-
horts of 129 COVID-19 patients and 466 healthy individ-
uals and found no statistically significant differences bet-
ween them. The distribution of rs657152 A>C frequencies 
between patients with high and low viral loads revealed 
no differences. The authors therefore concluded that car-
riage of rs657152 A>C alone cannot be considered a risk 
factor for a more severe course of COVID-19 [13]. Similar 
findings about the lack of association between the carriage 
of the markers in question and the severity of the disease 
course were obtained in a case-control study by R. Marça-
lo et al. When comparing patients with chronic obstruc-
tive pulmonary disease (COPD) (n = 255) and patients with-
out COPD (n = 243) in terms of COVID-19 course severity 
and survival, no differences were found between groups: 
all p values > 0.01 when considering both risk alleles indi-
vidually and combinations of alleles or polygenic risk as-
sessment [14].

CONCLUSION

The multifaceted nature of the risk of COVID-19 course 
severity requires consideration of multiple factors: clinical 
and demographic parameters, comorbid background, con-
comitant therapy, patient genetics, etc. Within the current 
understanding of COVID-19’s nature, assessing the contribu-
tion of a patient’s genetic profile to the severity of the course 
and clinical outcomes of the disease remains challenging. 
The problem requires further study.
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T A B L E   5
ASSOCIATION BETWEEN THE DEATH RATE AND PATIENT HOSPITAL DISCHARGE AND CARRIAGE OF rs11385942 G>GA 
AND RS657152 A>C VARIANTS

Markers N n Genotypes
Treatment outcomes

χ2 p*
Death, n (%) Discharged, n (%)

rs11385942 G>GA 206

138 GG 28 110

0.041900 0.97926863 G|GA 12 51

5 GA|GA 1 4

rs657152 A>C 206

40 AA 7 33

1.21099 0.545803110 AC 25 85

56 CC 9 47

Note. * – Pearson’s χ2 test.
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ABSTRACT

Background. During the ongoing COVID-19 pandemic and in the season of rising 
incidence of other respiratory infections, it  is relevant to use preventive measures 
of  non-specific prophylaxis. Synthetic peptides are widely considered as  a  tool. 
The representative of this group is the synthetic analogue of thymus regulatory pep-
tides Thymogen, which has been used in Russia for more than 20 years in the treat-
ment of acute and chronic infection diseases.
The aim of the study. To evaluate the effect of Thymogen, a dosed nasal spray, 
on induced parameters of the immune system during prophylactic use in healthy 
volunteers.
Materials and methods. Twenty healthy volunteers received Thymogen nasal 
dosed spray (OOO Cytomed, Russia) at  a  dose of  25  μg twice a  day for  10  days. 
A  comparative assessment of  immunological parameters was carried out in  dy-
namics: before the start of therapy, on days 6 and 11 of taking the drug and 14 days 
after the end of the course. Clinical observation was carried out from day 1 to day 11, 
registration of adverse events – the entire period of the study for 24 days.
Results. A statistically significant increase in virus-induced α-interferon production 
by blood cell culture on day 11 of Thymogen administration was revealed. This effect 
persisted for another 14 days after the end of the course. No statistically significant 
differences in the dynamics of bactericidal and phagocytic activity of neutrophils, 
serum α- and γ-interferon were observed.
Conclusion. The  use of  the  Thymogen spray preparation at  a  dose of  25  µg 
for 10 days was considered safe, did not affect the morphofunctional state of the im-
mune system, but promoted a  statistically significant increase in  the  production 
of α-interferon in response to the inducing effect of the in vitro viral pathogen. As a re-
sult, the preparation can be recommended for prophylactic use during the period 
of high incidence in acute respiratory infections.

Key words: alfa-glutamyl-tryptophan, interferon-alpha, viral infections, healthy 
volunteers, non-specific prophylaxis, factors of innate immunity
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ВЛИЯНИЕ АЛЬФА-ГЛУТАМИЛ-ТРИПТОФАНА НА ФОНОВУЮ 
И ИНДУЦИРОВАННУЮ АКТИВНОСТЬ ФАКТОРОВ ВРОЖДЁННОГО ИММУНИТЕТА 
ПРИ ПРОФИЛАКТИЧЕСКОМ ПРИМЕНЕНИИ
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РЕЗЮМЕ

В период продолжающейся пандемии COVID-19 и в сезон подъёма заболеваемо-
сти другими респираторными инфекциями остаётся актуальным исполь-
зование неспецифической профилактики. В этой связи в качестве инстру-
мента широко применяются синтетические пептиды. Представителем 
этой  группы является синтетический аналог регуляторных пептидов 
вилочковой железы Тимоген, который применяется в России уже более 20 лет 
для лечения острых и хронических инфекционных заболеваний.
Цель исследования. Оценить действие препарата Тимоген спрей на инду-
цированные показатели иммунной системы при профилактическом при-
менении у здоровых добровольцев.
Материалы и методы. 20  здоровых добровольцев получали препарат 
Тимоген спрей (АО «МБНПК «Цитомед», Россия) в дозе 25 мкг 2 раза в сутки 
в  течение 10  дней. Иммунологические показатели оценивали в динамике: 
до начала терапии, на 6-й и 11-й дни приёма и через 14 дней после окончания 
курса. Клиническое наблюдение осуществляли с 1-го по 11-й дни, регистрацию 
нежелательных явлений – в течение всего периода исследования (24 дня).
Результаты исследования. Выявлено статистически значимое увели-
чение вирус-индуцированной продукции α-интерферона культурой клеток 
крови к 11-му дню приёма Тимогена. Этот эффект сохранялся ещё в тече-
ние 14  дней после окончания курса. Статистически значимых различий 
в динамике бактерицидной и фагоцитарной активности нейтрофилов, 
сывороточного α- и γ-интерферона не получено.
Заключение. Использование препарата Тимоген спрей в дозе 25 мкг в тече-
ние 10 дней было безопасным, не влияло на морфофункциональное состояние 
иммунной системы, но способствовало статистически значимому увели-
чению продукции α-интерферона в ответ на индуцирующее воздействие 
вирусного патогена in  vitro. Это позволяет рекомендовать препарат 
для  профилактического применения в период подъёма заболеваемости 
острыми респираторными инфекциями.

Ключевые слова: альфа-глутамил-триптофан, альфа-интерферон, ви-
русные инфекции, здоровые добровольцы, неспецифическая профилактика, 
факторы врожденного иммунитета
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INTRODUCTION

Innate immunity is one of the most important factors 
determining the outcome of infection. Essentially all cells 
can participate in  its realisation. The  main structures re-
sponsible for innate immunity are monocytes, macrophag-
es, dendritic cells (DCs), neutrophils and NK (natural killers) 
cells [1–4]. Innate immune cells carry receptors (PRR, pat-
tern recognition receptors) such as Toll-like receptors (TLR),  
RIG-I-like receptors (RLR), NOD-like receptors (NLR), C-type 
lectin superfamily (CLSF), recognizing nonspecific structures 
of microorganisms (PAMP, pathogen-associated molecular 
patterns) [2, 3, 5]. After PRR binding to the ligand, intracel-
lular biochemical cascades are triggered, leading to cellu-
lar activation. Activated cells initiate phagocytosis, secre-
tion of reactive oxygen species and a number of cytokines 
(tumour necrosis factor α (TNF-α), interleukin (IL) 1β, IL-6, 
IFN (interferon) type 1), which in turn induce inflammation 
and other antiviral responses [2–4]. Phagocytosis is a mul-
ti-step process initiated by pathogen recognition that leads 
to pathogen uptake, phagosome maturation to eliminate 
the  pathogen and then phagolysosome disintegration 
and pathogen inactivation [6].

The  response of  NK  cells includes cytotoxici-
ty and  the  release of  cytokines (TNF-α and IFN-γ), 
which  is  closely related to  the  activation of  receptors 
that  activate NK  cells and  the  blocking of  inhibitory re-
ceptors on their surface [5]. The balance of these recep-
tors’ engagement protects normal cells from the harmful 
effects of NK cells while activating them to destroy virus-
infected target cells [1, 5].

A key mechanism of innate immunity is the production 
of IFN type 1. It represents a highly optimised systemic re-
sponse that provides a first line of defense against a wide 
range of viral infections. Failure to generate an effective 
IFN response against the virus leads to chronic infection, 
while excess IFN production leads to autoaggression [7]. 
Natural and recombinant interferons are among the most 
widely used biological therapeutic immunotropic agents 
in the world [8].

Currently, three major families of  IFNs are known  – 
types 1, 2 and 3. IFNs of type I (IFN-α/β) and 3 (IFN-λ) are pri-
marily produced as the first line of defense and can be pro-
duced by  most cell types, while IFNs of  type  2 (IFN-γ) 
are  mainly produced by  secondary specialized immune 
subpopulations (e.g., NK cells or T cells) [2, 9]. Consequent-
ly, genetic determination of  IFN type  1 and 3 synthesis 
is critical for controlling the susceptibility and course of vi-
ral infections. These IFNs are induced by a variety of sys-
tems including dozens of  recognition receptors such 
as  RIG-1, MDA-5 (melanoma differentiation-associated 
protein 5), TLR, RLR, STING (stimulator of interferon genes) 
[9]. It is also generally acknowledged that type 1 IFN pro-
duction is induced by interaction with bacterial receptor 
ligands of innate immune cells. Furthermore, interferons 
activate higher-order processes (cellular activity, prolifer-
ation, differentiation and T cell function) that are critical 
for controlling viral infections. Deficiencies in the produc-
tion or signalling of IFN-1 or IFN-3 nor in the antiviral pro-

teins they induce are closely associated with the severe 
course of the disease [9].

Indeed, genetic deficiencies associated with the  in-
duction of IFN-α as well as IFN-neutralising autoantibodies 
have been identified in individuals with severe COVID-19 
[10]. These correlations have epidemiologic significance. 
For example, 1.5 % of severe COVID-19 cases can be attrib-
uted to a specific TLR deficiency, while about 10 % of peo-
ple with severe COVID-19 have autoantibodies against one 
or more type 1 or type 3 IFNs. In addition, ISG OAS1 allelic 
variants also predict the severity of COVID-19. These data 
definitively indicate that interferons are indispensable 
for  the  control of  SARS-CoV-2 and prevention of  severe 
COVID-19, as well as other respiratory viral infections (par-
ticularly influenza), where, due to the peculiarities of path-
ogens, disturbances in the system of immune response reg-
ulation are possible [11].

Thus, the  innate immune response involves a coor-
dinated chain of induced gene products, pre-formed im-
mune effectors, biochemical signalling cascades and spe-
cialised cells [2, 12]. An important mechanism in the anti-
viral defense chain is the regulation of interferon produc-
tion, and the degree of this induction allows predicting 
the course and outcome of infectious diseases, primari-
ly of viral nature. Excessive activation of nocifensors can 
cause the development of pathological processes. A bal-
ance between pathogen defense and pathophysiolog-
ical manifestations is important [13]. In  fact, the  pres-
ence of prolonged hyperinterferonemia during prophy-
lactic use of interferon inducers (and some of this group 
of drugs can be used for up to 4 weeks or more) in the ab-
sence of a pathogen may contribute exclusively to the de-
velopment of side effects, of which this group of cytokines 
(IFNs) has a  huge number (from intestinal dysfunction 
and  “flu-like state” to  the  development of  “chronic fa-
tigue and immune dysfunction syndrome” and demen-
tia) [1, 14, 15]. Consequently, in our opinion, it  is much 
more reasonable and effective, pathogenetically justi-
fied and safe to use drugs that do not induce but regu-
late the endogenous interferon synthesis in compliance 
with  the needs and condition of  the organism in order 
to prevent infectious diseases.

Synthetic peptides have been considered as  a  tool 
for  regulation and activation of  the  interferon system 
by  a  number of  studies. Key transcriptional peptide fac-
tors involved in  the  regulation of  the  immune response, 
such as NF-kB (nuclear factor kappa-light-chain-enhancer 
of activated B cells), JAK-STAT (Janus kinase – signal trans-
ducer and activator of  transcription) and IRFs (interferon 
regulatory factors), were originally discovered in bony fish-
es. The critical regulators of type 1 IFNs are IRF3 and IRF7, 
while IRF1, IRF5 and IRF8 trigger IFN responses in a cell-spe-
cific manner [16]. In the work of R. Pandey et al. [17], devot-
ed to  the  development of  immunoprophylaxis methods 
for  visceral leishmaniasis, it  was revealed that individual 
synthetic peptides or their mixtures significantly activated 
IFN-γ secretion. This was confirmed by an increase in intra-
cellular cytokines with a significant increase in IFN-γ pro-
duced by CD4+ T cells.
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Since 2003, a synthetic dipeptide identical to the nat-
ural compound isolated by  chromatographic method 
from thymus extract, the drug Thymogen, has been reg-
istered and used in Russia [18]. One of the main points un-
derlying the present study was to investigate the immu-
nologic mechanisms underlying the  prophylactic effect 
of the preparation against acute and chronic viral and bac-
terial diseases of the upper respiratory tract in healthy vol-
unteers.

In this academic research work, the key objective was 
to evaluate the effect of Thymogen in relation to baseline 
and induced immune system parameters during prophy-
lactic use in healthy volunteers. Bactericidal and phagocyt-
ic activity of neutrophil granulocytes, spontaneous and vi-
rus-induced production of IFN-α by peripheral blood cells, 
and the content of IFN-α and IFN-γ in serum were studied. 
We also analysed the safety and tolerability of the studied 
drug in healthy volunteers during its prophylactic admin-
istration for 10 days. The terms of the study – from June 04, 
2021, to July 05, 2021.

MATERIALS AND METHODS

A  total of  20  healthy male volunteers aged between 
18 and 40  years participated in  the  study. The  inclusion 
criteria were absence of acute and exacerbation of chron-
ic diseases at least 1 month before inclusion in the study; 
any vaccination at least 6 months before the commence-
ment of the study.

The  study preparation was Thymogen, nasal dosed 
spray (manufacturer — Medical and Biological Research 
and Production Complex OOO Cytomed, Russia). The ac-
tive substance is alpha-glutamyl-tryptophan (Thymogen 
sodium in terms of Thymogen) 25 µg/dose. Excipients: so-
dium chloride 900 µg; benzalkonium chloride 10 mcg; wa-
ter, purified to 0.1 ml. 

The study was approved by  the  independent ethical 
committee ‘BioEthics’ (Protocol No. 156 dated May 27, 2021), 
Saint Petersburg, Russia.

All subjects included in  the  study received Thy-
mogen spray according to  a  single regimen at  a  dose 
of 25 µg (1 injection) into each nasal passage 2 times a day 
in  the morning and evening for 10 days. After comple-
tion of the course of preparation administration, the vol-
unteers were monitored for another 14 days. Complaints, 
life and medical history, data related to the use of medi-
cations, and physical examination were collected before 
commencement of drug administration as well as at each 
medical surveillance.

Physical examination included measurement of  vi-
tal signs: systolic (SBP) and diastolic (DBP) blood pres-
sure, heart rate (HR), respiratory rate (RR), body temper-
ature (BT). To  measure vital signs, we used certified in-
struments (ASG, Japan; Armed YX200, Russia) designed 
for  use in  clinical trials. The  total drug administration 
and observation period for each volunteer was 24 days 
and included 4 visits (day 1 – before drug administration; 
day 6, day 11; day 24), during which a complete physical 

examination and blood collection for laboratory diagno-
sis were performed.

Immunological examination included determina-
tion of bactericidal activity of peripheral blood neutro-
phil granulocytes (according to the NBT-test (nitroblue 
tetrazolium reduction test) spontaneous and induced 
by  zymosan) by  spectrometry on  a  spectrophotome-
ter (Infinite F50; Austria); assessment of phagocytic ac-
tivity of peripheral blood neutrophil granulocytes (per-
cent of neutrophils that absorbed yeast; phagocytic in-
dex; completion of  phagocytosis) by  light microscopy 
(Leica DM LS2; Leica, USA); assessment of spontaneous 
and induced IFN-α production and the content of IFN-α 
and IFN-γ in  serum by  immunoenzyme method (com-
mercial kits of  OOO Vector Best, Russia). Spontaneous 
and Newcastle disease virus-induced IFN-α production 
was determined in  supernatants of  daily whole blood 
culture. The bactericidal stimulation index was calculat-
ed as the ratio of induced bactericidality to spontaneous 
bactericidality; the  phagocytosis index was calculated 
as the average number of yeasts absorbed by one phago-
cyte. Phagocytosis completion was calculated as the ra-
tio of  phagocytic indices in  samples with and without 
the addition of fetal serum.

Safety and tolerability of Thymogen was assessed 
by  the  frequency of  adverse events (AEs) and serious 
adverse events (SAEs) according to  the  tolerability 
grading: “good” – absence of AEs; “satisfactory” – pres-
ence of  mild AEs not  requiring medication correction 
of  the  condition; “unsatisfactory” – presence of  sev-
eral AEs requiring medication treatment. Also within 
the framework of safety assessment we studied the dy-
namics of vital signs: SBP and DBP, HR, RR, BT. Tolerabil-
ity was assessed based on subjective assessment by vol-
unteers and by maintaining adherence to the study drug 
regimen (compliance).

Statistical analysis
Statistical data processing was performed using spe-

cialized software Statgraphics Centurion 18, version 18.1.12 
(Statgraphics Technologies, Inc., USA) and RStudio, ver-
sion  1.1.442 (RStudio PBC, USA), Rmisc packages (ver-
sion 1.5), psych (version 2.1.6), nortest (version 1.0-4). To test 
the normality of the compared samples, the Lilliefors test 
was applied with a critical value of  p = 0.2. Comparisons 
between related groups were performed using one-way 
ANOVA with repeated measures. The sphericity of the data 
was analyzed using Mauchly’s test with a  statistical sig-
nificance level of 95 %. If  the distribution of the parame-
ter in  the group deviated from normal, the nonparamet-
ric Friedman test was applied. The obtained data are pre-
sented as  mean (M), standard deviation (σ), standard er-
ror of  the  mean (SE) or median (Me), quartile deviations 
(Q25%; Q75%) or interquartile range (IQR) (Q25%–Q75%), 
minimum (min) and maximum (max) values. The  critical  
p value was considered to be 0,05.

In case differences between groups (at different time 
points) were revealed, posterior (post-hoc) tests for pair-
wise comparison were used to  determine them: Fisher’s 
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method after analysis of variance, Bonferroni criterion af-
ter Friedman’s test with adjustments for multiple compar-
isons (with a power of 95 %).

The object of research
The mean age of the volunteers included in the study 

was 28.25 ± 6.69 years, with a minimum age of 18 years 
and a maximum age of 40 years. The group was homoge-
neous in terms of demographics and anthropometrics. A full 
course of the drug was provided to 17 volunteers and an in-
complete course to 3 of them. All 20 study subjects were in-
cluded in the analyses.

RESULTS

Assessment of spontaneous and induced IFN‑α 
production under the influence of the drug

When the spontaneous production of IFN-α by daily cul-
ture of cells isolated from the peripheral blood of volunteers 
was examined on day 1 (Me = 5 pg/ml; IQR = 2.75 pg/ ml) be-
fore drug administration compared to the values on day 6 
(Me = 5 pg/ml; IQR = 0 pg/ml) (p = 0.026), statistically sig-
nificant differences were found; however, these values 
were similar and such differences are not clinically signifi-
cant (Table 1).

When Newcastle disease virus-induced IFN-α produc-
tion by whole blood cells was assessed, statistically signifi-
cant differences in this parameter were observed on days 1 
and 11, on  days  1 and 24, and between days  6 and 24 
(F = 31.7; p = 0.000000604317) (Fig. 1).

In  the  analysis of  the  study results, a  statistically sig-
nificant increase in  induced IFN-α production by  blood 
cells during prophylactic administration of  Thymogen 
for  a  course of  10  days was observed by  day  11 of  fol-
low-up (day  11: Me  =  390.5  pg/ml, IQR  =  290.75  pg/ml; 
day 1: Me = 194.5 pg/ ml, IQR = 149.25 pg/ml; p < 0.001). 
Furthermore, a  statistically significant (p  <  0.001) in-
crease in  this index 14  days after the  end of  the  course 
(day 24: Me = 550.5 pg/ml; IQR = 190.25 pg/ml) compared 
to day 1 (Me = 194.5 pg/ml; IQR = 149.25 pg/ml) and day 6 
(Me = 223.5 pg/ml; IQR = 164.5 pg/ml) was also revealed 
(Fig. 1).
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FIG. 1.  
Virus-induced production of IFN-α by daily culture of whole blood 
from volunteers in dynamics during 10-day administration  
of Thymogen spray (n = 20): * – statistically significant differences 
(p < 0.001), Friedman’s nonparametric test; day 1, 6, 11 and 24 – con-
trol points of the study

Accordingly, the  present study reveals that virus-in-
duced IFN-α production, reflecting one of the mechanisms 
of increasing the organism’s immunity to viral pathogens, 
statistically significantly increases by the end of the drug ad-
ministration (after 10 days) and continues to increase dur-
ing 2  weeks of  further follow-up. Consequently, prophy-
lactic use of Thymogen in the spray form allows activating 
the ability of peripheral blood cells to produce IFN-α in re-
sponse to viral pathogen exposure, and this effect persists 
for at least 14 days after the end of the course of the stud-
ied drug application.

Results of serum IFN‑α and IFN‑γ assessment
Comparison of IFN-α levels in the serum of healthy 

volunteers during prophylactic administration of  Thy-
mogen revealed statistically significant differences 
in this parameter on days 6, 11 and 24, despite the fact 
that the  serum IFN-α levels were similar in  absolute  
values (Me  =  5  pg/ml; IQR  =  0  pg/ml) compared  
to the values on day 1 (Me = 5 pg/ ml; IQR = 2.25 pg/ml; 
p = 0.0004), however, this change was not clinically significant  
(Table 1).

T A B L E   1
SPONTANEOUS PRODUCTION OF IFN-α BY DAILY WHOLE BLOOD CULTURE

Indicators Reference values Control points Me Q25% Q75% min max

IFN-α spontaneous, pg/ml 3–30

Day 1 5 5 7.75 5 19

Day 6 5* 5 5 5 5

Day 11 5 5 5 5 15

Day 24 5 5 5 5 13

Note. * – statistically significant differences compared to the initial value (p < 0.05); Me – median; Q25%, Q75% – 25th and 75th quartiles, respectively; min – minimum; max – maximum.
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Examination of IFN-γ in serum revealed no statistical-
ly significant differences in all controls (p > 0.05). The  in-
dex did not change throughout the study (Me = 2 pg/ml; 
IQR = 0 pg/ml) (Table 2).

Results of the assessment of phagocytic 
and bactericidal activity

According to the results obtained, no statistically sig-
nificant differences in  the  dynamics of  such parameter 
as neutrophil bactericidal activity, including spontaneous 
and induced, were revealed in the present study. The indi-
ces had no  statistically significant variations in  the study 
controls (Table 3).

Similar results were obtained when studying the pa-
rameters of neutrophil phagocytic activity (Table 4), includ-
ing neutrophil phagocytosis, phagocytosis completion and 
phagocytosis index.

The  present study reveals that in  healthy volunteers 
without immune system disorders and in  the  absence 
of acute diseases / conditions prophylactic use of Thymogen 
spray 2 times a day for 10 days does not affect the parame-
ters of bactericidal activity of neutrophil granulocytes of pe-
ripheral blood, determined by NBT-test, and does not lead 
to changes in the phagocytic activity of neutrophils.

Analysis of the safety and tolerability
As  part of  the  safety and tolerability analysis, vital 

signs were evaluated in dynamics: SBP, DBP, HR, RR and BT, 
which  did not reveal statistically significant differences 
(p > 0.05) in healthy volunteers throughout the entire fol-
low-up period (i.e. at the control points of the study – days 1, 
6, 11 and 24) (Table 5).

In  11  (55  %) volunteers at  different control points 
of the study, there were observed episodes of blood pres-
sure rise, and in all cases the increase in SBP and / or DBP 

did not  exceed 10  mmHg compared to  the  values taken 
as  reference. The  recorded abnormalities were classified 
by the authors as clinically insignificant, not requiring ther-
apeutic measures and not being associated with the use 
of Thymogen.

No SAEs were observed during the study conducted. 
Among the recorded AEs, mucous nasal discharge (n = 1) 
and nasal congestion (n = 1) were observed on days 1–10 
of the study, which resolved independently. Mucous dis-
charge was observed in  the  mornings within 1  h after 
Thymogen administration and nasal congestion was ob-
served 20 min after taking the drug within 3–4 h, which 
were considered by the authors to be drug-related con-
ditions. The AEs were of mild severity. No clinical man-
ifestations of  allergic reactions, such as  urticaria, rash, 
anaphylactic reactions, were observed during the  use 
of the drug.

Thus, the obtained data about prophylactic use of Thy-
mogen spray 2 times a day over a 10-day period indicate 
satisfactory tolerability of the drug, its safety and absence 
of adverse effects on the main vital signs.

DISCUSSION

According to  the  results obtained in  the  course 
of the study, a statistically significant increase in virus-in-
duced IFN-α production by daily culture of peripheral blood 
cells was revealed after 10 days of Thymogen administra-
tion and continued growth of  this indicator for  14  days 
after the  end of  the  course. Consequently, prophylactic 
use of Thymogen spray increases the ability of peripher-
al blood cells to produce IFN-α in response to viral patho-
gen exposure during the period of drug administration and 
for at least 2 weeks afterwards. This mechanism of biologi-

T A B L E   2
SERUM IFN-α AND IFN-γ LEVELS

Indicators Reference values Control points Me Q25% Q75% min max

IFN-α serum, pg/ml 0–5

Day 1 5 2.75 5 1 5

Day 6 5* 5 5 5 5

Day 11 5* 5 5 5 5

Day 24 5* 5 5 5 5

IFN-γ serum, pg/ml 0–5

Day 1 2 2 2 2 2

Day 6 2 2 2 2 22

Day 11 2 2 2 2 2

Day 24 2 2 2 2 2

Note. * – statistically significant differences compared to the initial value (p < 0.05); Me – median; Q25%, Q75% – 25th and 75th quartiles, respectively; min – minimum; max – maximum.
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T A B L E   3
RESULTS OF ASSESSMENT OF NEUTROPHIL BACTERICIDAL ACTIVITY IN THE DYNAMICS OF THE STUDY 

Indicators Reference values Control points Me Q25% Q75% min max

Spontaneous neutrophil 
bactericidality,  
units/million cells

70–120

Day 1 98 74.25 112.5 68 116

Day 6 93 85 104 62 124

Day 11 92 87.25 102 71 124

Day 24 88 82 98 68 116

Induced neutrophil  
bactericidality,  
units/million cells

150–200

Day 1 140 116 177.2 94 202

Day 6 152 138 169.8 84 198

Day 11 145 131.5 170.8 88 198

Day 24 156.5 139.8 167.5 102 195

Stimulation index 1,2–2

Day 1 1.55 1.3 1.725 1.2 1.8

Day 6 1.6 1.4 1.8 1.3 1.9

Day 11 1.6 1.5 1.725 1.2 1.9

Day 24 1.8 1.575 1.8 1.4 1.9

Note. Me – median; Q25%, Q75% – 25th and 75th quartiles, respectively; min – minimum; max – maximum.

T A B L E   4
RESULTS OF ASSESSMENT OF NEUTROPHILS PHAGOCYTIC ACTIVITY IN THE DYNAMICS OF THE STUDY

Indicators Reference values Control points Me Q25% Q75% min max

Neutrophil phagocytosis, % 65–88

Day 1 68 66 68 65 69

Day 6 67.5 66 68 65 69

Day 11 68 66 68 65 69

Day 24 68 67 68 65 69

Completion of phagocytosis, 
coefficient 1–1,2

Day 1 1 1 1 0.9 1

Day 6 1 1 1 0.9 1

Day 11 1 1 1 0.9 1

Day 24 1 1 1 1 1

Phagocytosis index 2,3–3

Day 1 2.3 2.3 2.4 2.2 2.8

Day 6 2.3 2.3 2.4 2.2 2.7

Day 11 2.3 2.3 2.4 2.2 2.6

Day 24 2.3 2.3 2.4 2.2 2.5

Note. Me – median; Q25%, Q75% – 25th and 75th quartiles, respectively; min – minimum; max – maximum.
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cal activity should be considered effective in the prevention 
and treatment of respiratory viral infections of any etiolo-
gy, and especially those whose immunopathogenesis is ac-
companied by inhibition of endogenous interferon synthe-
sis, in particular COVID-19.

The study reveals that serum levels of IFN-α and IFN-γ re-
mained at background levels throughout the study period.

The results obtained in healthy volunteers are consist-
ent with the results of previous studies, in which it was re-
vealed that Thymogen does not have the ability to stimulate 
a significant amount of endogenous interferon, which is as-
sociated with its mechanism of action, and is rather a regula-
tor of this process, and to a greater extent against the back-
ground of primary antigenic induction [18].

Other authors note that Thymogen is  an  inducer 
of the production of endogenous interferon, mainly alpha 
and beta fractions. Specifically, in an in vivo study, Thymo-
gen was administered subcutaneously to white mice and in-
terferon levels in serum, lungs, and brain were assessed [19]. 
According to  the  results obtained, after already 2  hours 
the concentration of IFN in serum reached 10–20 IU/ml, per-
sisted up to 4 h and decreased to zero a day after the drug 
administration.

Most likely, the different findings are related to the dif-
ference in  the  assessment time of  endogenous interfer-
on production – in  the  first day and in  the  distant peri-
od which are subject to significant changes in the normal 
course of the infectious process, as well as to the type of ob-

T A B L E   5
DYNAMICS OF VITAL SIGNS DURING THE STUDY

Indicators Reference values Control points M σ min max

SBP, mmHg 110–135

Day 1 128.2 7.47 115 145

Day 6 126.45 7.24 110 139

Day 11 125.3 8.09 104 138

Day 24 126.0 7.28 115 139

DBP, mmHg 60–85

Day 1 79.15 5.58 70 90

Day 6 78.8 7.61 65 94

Day 11 77.6 7.88 64 94

Day 24 77.1 6.82 64 93

HR, bpm 60–90

Day 1 75.6 11.55 64 89

Day 6 73.05 8.15 49 102

Day 11 73.95 8.89 56 90

Day 24 74.3 8.93 55 92

RR, respirations/min up to 22

Day 1 16.05 0.94 14 18

Day 6 16.2 1.06 14 18

Day 11 15.9 0.85 14 18

Day 24 16.4 1.05 14 18

BT, °C 35.5–36.9

Day 1 36.19 0.24 35.8 36.7

Day 6 36.26 0.33 35.7 36.8

Day 11 36.26 0.36 35.5 36.8

Day 24 36.16 0.42 35.0 36.7

Note. M – mean value; σ – standard deviation; min – minimum; max – maximum.
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ject studied – animals or humans. In a number of drug study 
observations, the effects in animals often do not replicate 
the effects in humans.

Statistically significant changes in bactericidal activity 
of neutrophil granulocytes and phagocytic activity of neu-
trophils in  healthy volunteers were not observed during 
the  study, which suggests that in  the  absence of  an  in-
fectious agent the drug does not change the background  
values, does not cause hyperactivation of protective fac-
tors of  immunity, being activated only in  the  presence 
of a pathogen.

It should be noted that there are scientific studies con-
firming high local antiviral activity of Thymogen spray due 
to antiseptic action in suppressing the infectivity of SARS-
CoV-2 virus [20] in patients with coronavirus infection. Be-
sides, in  earlier scientific studies devoted to  examining 
the  dynamics of  immunological parameters in  patients 
it was revealed that against the background of acute in-
fectious diseases, i.e. in conditions of pre-formed patho-
gen exposure or other acute conditions, the use of Thy-
mogen contributed to a faster recovery of reduced bac-
tericidal activity of neutrophils determined by NBT-test. 
And this has been demonstrated for  patients with se-
vere mechanical trauma compared to patients receiving 
conventional treatment [21], as well as for patients with 
chronic pyoderma [22]. As  concerns phagocytosis, pre-
vious studies have provided data about the stimulating 
effect of Thymogen in patients with chronic generalised 
periodontitis [23].

In the course of the study, it was also revealed that pro-
phylactic use of  Thymogen in  the  form of  spray 2  times 
a  day over a  period of  10  days had no  significant effect 
on the main vital signs of the organism. The diagnosed AEs 
were of mild severity and resolved independently. No al-
lergic reactions to  the  administration of  the  drug were 
observed. Neither were there any episodes of study drug 
withdrawal initiated by the surveyors and study subjects. 
The  data obtained confirm good tolerability and safety 
of Thymogen during its prophylactic use.

CONCLUSION

A  statistically significant increase in  virus-induced 
INF-α production by  daily culture of  peripheral blood 
cells in  healthy volunteers was revealed by  the  study. 
The observed effect of the drug Thymogen, nasal dosed 
spray was  persisted during the  whole period of  its ad-
ministration  – 10  days, and 14  days after the  comple-
tion of  the  course. No  statistically significant changes 
in  neutrophil granulocyte bactericidal activity (includ-
ing spontaneous and induced bactericidality) and neu-
trophil phagocytic activity (including neutrophil phago-
cytosis, phagocytosis completion and phagocytosis in-
dex) were observed during the  study. The  obtained 
data about the ability of the drug Thymogen to activate 
the reactions of innate immunity, involving the IFN sys-
tem, deserve attention and further study of the mecha-
nisms of its action.
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ABSTRACT

Introduction. Respiratory diseases occupy a leading place in the structure of pa-
thology of childhood. The proportion of influenza and acute respiratory viral infec-
tions among all infectious diseases is 90 %. The literature describes gender differ-
ences in the immune response to respiratory infections in children, but there is a gap 
in  the  description of  the  cytokine profile in  children with influenza depending 
on gender and age.
The aim of the study. To analyze clinical and laboratory parameters as well as cy-
tokine profile parameters in children with influenza.
Materials and methods. A  single-stage descriptive study was conducted 
with the participation of 50 children from 1 to 11 years of age with a diagnosis of in-
fluenza who were on inpatient treatment at the Irkutsk Regional Infectious Diseases 
Clinical Hospital from December  2018 to  January  2019. The  clinical and  labora-
tory features of the course of  influenza in children and the duration of treatment 
were determined. The concentration of cytokines interleukin (IL) 1β, IL-4, IL-6, IL-8, 
tumor necrosis factor alpha (TNF-α), interferon alpha and gamma (INF-α, INF-γ) 
in blood plasma was determined by enzyme-linked immunosorbent assay (ELISA) 
using diagnostic test systems manufactured by  Vector-Best (Novosibirsk, Russian 
Federation) on the analyzer Multiscan EX (Thermo Electron, Germany). The control 
group consisted of practically healthy children without signs of acute respiratory 
viral infection (n = 50; mean age – 5.3 ± 2.6 years).
Results. When comparing clinical and laboratory data and cytokine profile param-
eters in children with influenza, no gender differences were found. There was a statisti-
cally significant increase in the level of pro-inflammatory cytokines IL-1β, IL-6, IL-8, 
TNF-α, INF-α, as well as CRP, anti-inflammatory cytokine IL-4 in influenza in all age 
categories, in contrast to the control group (p < 0.05).
Conclusion. Influenza in  children of  different sexes proceeds classically without 
a statistical difference in clinical and laboratory parameters and in the level of cy-
tokines.
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РЕЗЮМЕ

Введение. Болезни органов дыхания занимают ведущее место в струк-
туре патологии детского возраста. Удельный вес гриппа и острой респи-
раторной вирусной инфекции (ОРВИ) среди всех инфекционных болезней 
составляет 90 %. В литературе описаны гендерные различия в иммунном 
ответе при респираторных инфекциях у детей, однако существует пробел 
в описании цитокинового профиля у детей с гриппом.
Цель исследования. Провести анализ клинических и лабораторных пока-
зателей, а также параметров цитокинового профиля у детей с гриппом.
Материал и методы. Проведено одномоментное сравнительное исследо-
вание с участием 50 детей от 1 года до 11 лет с диагнозом грипп, которые 
находились на стационарном лечении в ОГБУЗ «Иркутская областная инфек-
ционная клиническая больница» с декабря 2018 по январь 2019 г. Определялись 
клинические, лабораторные особенности течения гриппа у детей, продол-
жительность лечения. Концентрация цитокинов интерлейкина (IL) 1β, IL-4, 
IL-6, IL-8, фактора некроза опухоли α (TNF-α, tumor necrosis factor α), интер-
ферона (INF) α, INF-γ и высокочувствительного C-реактивного белка (СРБ) 
в плазме крови определялась методом твердофазного иммуноферментного 
анализа (ИФА) с использованием диагностических тест-систем производ-
ства «Вектор-Бест» (г. Новосибирск) на анализаторе Мультискан EX (Thermo 
Electron, Германия). Контрольную группу составляли практически здоровые 
дети без признаков ОРВИ (n = 50; средний возраст 5,3 ± 2,6 года).
Результаты. При сравнении клинико-лабораторных данных и параметров 
цитокинового профиля у детей с гриппом гендерных различий не выявлено. 
Отмечается статистически значимое повышение уровня провоспали-
тельных цитокинов IL-1β, IL-6, IL-8, TNF-α, INF-α, а также СРБ, противовос-
палительного цитокина IL-4 при гриппе во всех возрастных категориях, 
в отличие от контрольной группы (р < 0,05).
Заключение. Грипп у детей разного пола протекает классически без ста-
тистической разницы в клинико-лабораторных показателях и в уровне 
цитокинов.

Ключевые слова: грипп, клиническая картина, цитокины, дети
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INTRODUCTION

Among the aetiologically diverse groups of respiratory 
viral infections, influenza is a more serious concern and re-
mains an uncontrollable global infection that causes enor-
mous socioeconomic damage. The World Health Organiza-
tion estimates that influenza and respiratory diseases affect 
100 million people (5 to 30 % of the world’s population) each 
year. According to the Ministry of Health of the Russian Fed-
eration, economic losses from influenza and acute respir-
atory viral infection (ARVI) account for 86 % of all damage 
caused by infectious diseases. The magnitude of the dam-
age caused by influenza and influenza-like infections to pub-
lic health and the economy of any country can be compared 
with those for injuries, cardiovascular diseases and malig-
nant neoplasms [1].

Markers of  the  severe course of  pandemic influenza  
AH1N1pdm09 in adolescents and adults are elevated blood 
concentrations of cytokines such as tumour necrosis fac-
tor alpha (TNF-α) and interleukin (IL) 6 [2]. Similarly, in pan-
demic influenza complicated by pneumonia, albeit in child-
hood, there is an increased synthesis of anti-inflammatory 
mediators and decreased concentration of pro-inflamma-
tory cytokines IL-1β and TNF-α [3]. The same markers are as-
signed a leading role in the development of cytokine storm 
in influenza patients [4, 5].

Higher plasma IL-6 and TNF-α concentrations in  na-
sopharyngeal wash samples have been described in over-
weight children [6, 7]. These children also have higher mor-
bidity and mortality in influenza and a high risk of develop-
ing secondary bacterial infections [8].

A  similar pattern of  pro-inflammatory cytokine se-
cretion of TNF-α and IL-6 has been observed in influenza 
type  A and B in  children. In  influenza caused by  influen-
za A virus, cytokine output with a predominance of Th2 in-
flammation is observed; IL-4 output is particularly elevat-
ed, which is not observed in influenza B [9].

There is  uneven agreement among different au-
thors as to which type of influenza virus variant – season-
al or pandemic – is predominant in childhood. Some au-
thors indicate that seasonal influenza more often causes 
illness in children under 2 years of age: the infection is par-
ticularly severe in  children under 6  months of  age; pan-
demic influenza, on the contrary, more often affects chil-
dren of preschool age, occurs more often in children over 
5 years of age [10]. Other authors have reported the oppo-
site: the pandemic variant of influenza is statistically sig-
nificantly more common in children of the first year of life, 
while the  seasonal variant is  more common in  children 
of primary school age [11].

Influenza has moderate form in  young children, 
and only 16 % of cases have a severe course of the disease. 
Among the symptoms, catarrhal inflammation of the up-
per respiratory tract and intoxication syndrome predom-
inate [12].

In  the  disease pattern of  influenza in  children, ace-
tonemic syndrome is observed in 26.3 % of cases, as well 
as isolated cases of neurotoxicosis and haemorrhagic syn-
drome [13, 14].

Nowadays, it has been proved that influenza type A, 
especially the  virus subtype containing neuramini-
dase N2, is associated with a more severe course of  in-
fection, more often complicated by secondary bacterial 
infection [15, 16].

In respiratory viral infections, oxidative stress is active-
ly involved in the mechanisms of sustaining homeostatic 
disturbances; antioxidant drugs such as vitamin C, N-ace-
tylcysteine, quercetin, glutathione, fat-soluble vitamins 
and polyunsaturated fatty acids have proven themselves 
in clinical trials in influenza, pneumonia and other respira-
tory diseases [17, 18].

Male subjects have higher synthesis of pro-inflamma-
tory cytokines such as IL-6 and TNF-α; female subjects have 
high synthesis of the anti-inflammatory cytokine IL-10. Gen-
der differences in immune response have been attributed 
to hormonal factors. There is speculation that women’s de-
fense against infections is associated with the pro-inflam-
matory effects of estradiol, while men’s susceptibility to in-
fections is associated with immunosuppression as a conse-
quence of testosterone effects, possibly involving specific 
receptors [19].

There is a significant difference between girls and boys 
in the concentration of C-reactive protein (CRP), erythro-
cyte sedimentation rate (ESR), neutrophils in inflammato-
ry processes in children with pneumonia, pyelonephritis, 
bronchiolitis [20].

Recently, there is a  limited number of studies devot-
ed to  the  analysis of  cytokine profile parameters in  chil-
dren with influenza; there  is also insufficient information 
on gender differences in acute respiratory viral infections 
in children.

THE AIM OF THE STUDY

To  analyse clinical and laboratory parameters 
and  to  assess cytokine profile parameters in  children 
with influenza.

MATERIALS AND METHODS

A  one-stage comparative study was conducted 
with the participation of 50 children aged 1 to 11 years old, 
who from December 2018 to January 2019 were admitted 
for inpatient treatment in the Irkutsk Regional Infectious 
Diseases Clinical Hospital with a diagnosis of influenza.

Distribution of  children by  age groups was  per-
formed according to  the  periodisation of  childhood us-
ing the  scheme of  N.P.  Gundobin: early childhood – 
from  1  to  3  years; preschool age, middle childhood 
or the 1st period of childhood – from 3 to 7 years; young-
er school age, older childhood or the 2nd period of child-
hood – girls from 7 to 11 years, boys from 7 to 12 years.

The clinical features of the influenza course in children 
were analysed with consideration of the disease duration, 
number of days spent in hospital, main and concomitant 
diagnoses, presence of complications, disease outcome, 
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and history of  influenza vaccine prophylaxis. Disease 
pattern was assessed by complaints, occurrence, nature 
and duration of symptoms of rhinitis, cough, intoxication 
(lethargy, refusal to eat, nausea or vomiting at the peak 
of  fever, general weakness, sleep disturbance) and fe-
ver (body temperature increase from  37.2  to  38.0  °C  – 
subfebrile fever; from  38.1 to  39.0  °C – febrile fever; 
from 38.1 to 39.0 °C – febrile fever; 39.1 to 40.0 °C – py-
retic fever), other clinical manifestations (rash, cramps, 
sore throat, headache, muscle pain), deviations of labo-
ratory indicators of general and biochemical blood tests 
and general urinalysis on  admission, volume and dura-
tion of infusion, antiviral and antibacterial drug therapy 
throughout the disease.

The  concentration of  highly sensitive CRP and cy-
tokines IL-1β, IL-4, IL-6, IL-8, TNF-α, INF-α, INF-γ in  blood 
serum was  determined by  solid-phase enzyme immuno-
assay (EIA) using diagnostic test systems produced by Vec-
tor-Best (Novosibirsk) on a MultiscanEX microplate photom-
eter (Thermo Electron, Germany). Blood sampling to  de-
termine the  level of  CRP and cytokines was  performed 
in the first 3 days of the disease at admission to the hospi-
tal. The main group consisted of children diagnosed with 
influenza (n = 50), control group – of 50 practically healthy 
children without signs of ARVI or 14 days after acute viral 
infection (mean age of children – 5.3 ± 2.6 years). The study 
protocol was approved by the Biomedical Ethics Commit-
tee of Scientific Centre for Family Health and Human Repro-
duction Problems (excerpt from the minutes of the meet-
ing No. 8.4 dated November 02, 2018).

Analysis and statistical processing of information were 
performed using MS Excel (Microsoft Corp., USA) and Sta-
tistica 6.0 application software package (StatSoft Inc., USA). 
The  confidence interval with significance level of  95  % 
(95 % CI) for frequencies and fractions was calculated us-
ing an  online calculator at  Vassar Stats: Website for  Sta-
tistical Computation1. Qualitative characters are present-
ed as  absolute (n) and relative values (P), quantitative 
characters are presented with median (Me) plus 25th and 
75th quartiles (Q25; Q75). In the analysis of qualitative char-
acters, the relative frequency of the characteristic (preva-
lence) P and 95 % CI were assessed. Statistical significance 
of intergroup differences in qualitative characters was as-
sessed using the χ2 criterion: at Pabs. < 10 – with Yates cor-
rection, at Pabs. < 5 – using Fisher’s two-sided exact test. Sta-
tistical significance of two unrelated groups was assessed 
by  Mann  –  Whitney test (U-test). The  critical level of  sta-
tistical significance in testing statistical hypotheses about 
the existence of differences between groups (p) was con-
sidered to be 0.05.

RESULTS AND DISCUSSION

In  the  study group, the  sex distribution was almost 
equal: the proportion of boys was 52 % (n = 26), girls – 48 % 
(n = 24). The mean age of the children was 3 ± 2.6 years.

1 http://vassarstats.net/

The diagnosis of influenza was verified by polymerase 
chain reaction comprehensive diagnosis with typing of in-
fluenza A/B strains in 96 % of children (n = 48) in the study 
group. Influenza  A serotype  H1N1sw2009 predominated 
in the etiologic structure: it was observed in 76 % of cases 
(n = 38). Influenza AH3N2 was the second most frequent-
ly observed – 16 % (n = 8). Clinically, influenza A was diag-
nosed in 4 % of patients (n = 2), mixed viral infection influ-
enza AH1N1 + respiratory syncytial mixtovirus infection 
in 2 % (n = 1), and influenza A H1N1 + bocavirus mixtovirus 
infection in 2 % (n = 1).

Along with the  main diagnosis, concomitant pathol-
ogy was also considered: acute intestinal infection (rota- 
and norovirus etiology) in 16 % of cases (n = 8), atopic der-
matitis in 2 % (n = 1), hypochromic anaemia in 6 % (n = 3). 
Complications of  the  underlying disease were observed 
in 30 % of patients (n = 15): acetone vomiting syndrome 
or ketoacidosis syndrome in 12 % (n = 6), pneumonia in 16 % 
(n = 8), acute obstructive bronchitis in 2 % (n = 1).

The  mean duration of  children’s admission to  hos-
pital was 5  ±  1.6  days. In  analysing the  vaccination his-
tory, it  was  found that influenza vaccination was per-
formed in 16 % of cases (n = 8), 72 % of patients (n = 36) 
were not vaccinated against influenza, and 12 % of patients 
(n = 6) had no information about vaccination.

Clinical features of  the  influenza course in  children 
were assessed by the presence of complaints and objective 
examination data. The prevalence of complaints and clini-
cal manifestations in the study group were as follows: phar-
yngeal hyperemia – 96 % (n = 48), rhinorrhea – 66 % (n = 33), 
cough – 84 % (n = 42), sore throat and pain when swallow-
ing – 6 % (n = 3), back pain abdominal and loose stools – 
8 % (n = 4), intoxication syndrome – 38 % (n = 19), including 
fever – 92 % (n = 46), lethargy, drowsiness – 44 % (n = 22), 
weakness – 34 % (n = 17), vomiting – 28 % (n = 14), de-
creased appetite – 26 % (n = 13), headache – 8 % (n = 4), 
convulsions – 4 % (n = 2), ear pain and dizziness – in single 
cases, muscle and joint pain was not observed in anyone. 
In describing the nature and duration of respiratory symp-
toms, children diagnosed with influenza were observed 
to  have the  following predominant symptoms: mucous 
runny nose – 72 % (n = 36) with a duration of 5 ± 2.48 days; 
dry cough – 84 % (n = 42) and wet cough – 6 % (n = 3). 
The median fever was 38.5 ± 0.68° and the duration of fe-
ver was 2 ± 1.45 days.

The  clinic of  influenza in  children corresponds 
to the forme pleine: mucous runny nose, dry cough, fever, 
and hyperemia of the pharynx predominate in 96 % of cas-
es. No  statistical differences were revealed cause-specif-
ic to  the gender of  the child in  terms of both the preva-
lence of clinical manifestations (Table 1) and the duration 
of the main symptoms (Table 2).

No differences between the gender groups were also 
revealed while comparing the main haematological and bi-
ochemical parameters of blood and urine in children with 
influenza (Table 3).

In the epidemic season of 2009, according to the find-
ings of S.A. Chavanina et al. (2011), among the peculiarities 
of seasonal influenza it was observed that in 25 % of cases 
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patients were being admitted to hospital on the 6–9th day 
from the  onset of  the  disease, often against the  back-
ground of  already developed complications. The  height 
of  fever was  higher in  children with seasonal influenza 
AH1N1 (mean  – 39.2  °C vs. 37.9  °C in  pandemic influen-
za A H1N1sw2009); marked intoxication and haemorrhag-
ic syndrome were statistically significantly more prevalent 
in seasonal influenza AH1N1 [21]. The analysis of haemato-
logical changes revealed a high incidence of leukocytosis 
in patients with influenza AH1N1 (33.3 %) [22], while in our 
study we obtained data revealing that leukocytosis in chil-
dren with influenza was observed in 6 % of cases and ac-
celerated ESR syndrome in 42 % of cases.

The duration of infusion, antiviral and antibiotic thera-
py for influenza in children of different sexes did not differ. 
All hospitalized children were discharged with recovery.

Determination of cytokine and high-sensitivity CRP con-
centrations in children with influenza during the first days 
of hospitalisation was compared with a group of healthy 
children standardised by the copy-pair method. The meth-

od is  based on  the  selection for  each observation unit 
of the group under study by one or more characteristics, 
in this case – by gender, age; this method of selection is ex-
pedient for  studying rare phenomena. The  levels of  CRP 
and cytokine profile parameters studied in  healthy chil-
dren were within the reference range according to the test 
system manufacturer’s instructions: CRP  <  5  pg/ml;  
IL-1β  <  11  pg/mL; IL-4  <  4  pg/mL; IL-6  <  10  pg/mL; 
IL-8  <  12  pg/mL; TNF-α  <  6  pg/mL; INF-α  <  11  pg/mL; 
INF-γ  <  20  pg/mL. In  the  serum of  children with influen-
za, the concentrations of IL-1β, IL-4, IL-6, IL-8, TNF-α, INF-γ 
and CRP were significantly higher than the  upper limit 
of the range.

A number of literature sources provide age and gender 
differences in the levels of pro- and anti-inflammatory cy-
tokines in children, which is important to consider when in-
terpreting cytokine status parameters [2, 21, 23].

No  statistically significant differences were revealed 
by  analysing cytokine levels associated with influenza 
in children of different genders (Table 4).

T A B L E   1
MAIN CLINICAL SYMPTOMS IN CHILDREN WITH INFLUENZA ACCORDING TO GENDER (n = 50)

Indices Influenza A, boys (n = 26) Influenza A, girls (n = 24) P (Fisher’s exact criterion)

Mucous rhinitis 19 (73 %) 17 (70.8 %) 0.554

Dry cough 17 (65.4 %) 19 (79.2 %) 0.222

Fever 15 (57.7 %) 22 (91.6 %) 0.539

Intoxication 10 (38.5 %) 9 (37.5 %) 0.588

Pharynx hyperemic 25 (96.2 %) 23 (95.8 %) 0.734

Drowsiness, lethargy 11 (42.3 %) 11 (45.8 %) 0.513

Weakness 9 (34.6 %) 8 (33.3 %) 0.581

Vomiting 6 (23.1 %) 7 (29.2 %) 0.433

Note. * – differences are statistically significant at p < 0.05.

T A B L E   2
DURATION OF MAJOR CLINICAL PARAMETERS IN CHILDREN WITH INFLUENZA ACCORDING TO GENDER 

Duration of symptoms 
(days)

Influenza A, boys (n = 26)
Me (Q25; Q75)

Influenza A, girls (n = 24)
Me (Q25; Q75) p (U-test)

Rhinitis 5 (3; 6) 5 (1.5; 5) 0.302

Cough 5 (4; 6) 5 (4; 7) 0.380

Fever 2 (2; 4.25) 2 (1; 3) 0.482

Note. * – differences are statistically significant at p < 0.05.
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T A B L E   3
LABORATORY PARAMETERS IN CHILDREN WITH INFLUENZA ACCORDING TO GENDER 

Indices Influenza A, boys (n = 26)
Me (Q25; Q75)

Influenza A, girls (n = 24)
Me (Q25; Q75) p (U-test)

Erythrocytes, ×1012 4.35 (4.06; 4.70) 4.36 (4.07; 4.79) 0.917

Hemoglobin, g/L 120 (113.00; 127.00) 120 (113.25; 127.00) 0.796

Platelets, ×109 226 (191.75; 250.75) 226 (187.25; 252.25) 0.358

Leukocytes, ×109 3.57 (2.73; 5.00) 3.59 (2.74; 4.93) 0.796

Stab neutrophils, ×109 1.84 (0.98; 3.34) 1.84 (0.98; 3.16) 0.876

Segmented neutrophils, ×109 0.84 (0; 2.27) 0.00 (0.00; 1.37) 0.515

Lymphocytes, ×109 1.32 (1.08; 1.89) 1.32 (1.09; 1.88) 0.764

Monocytes, ×109 0.43 (0.34; 3.00) 0.48 (0.34; 3.00) 0.287

Eosinophils, ×109 0.03 (0.01; 0.06) 0.03 (0.01; 0.07) 0.392

ESR, mm/h 12 (5.00; 19.00) 12 (5.00; 19.00) 0.179

C-reactive protein, mg/L 17.10 (3.87; 18.30) 15.10 (5.57; 18.10) 0.926

Total protein, g/L 67.10 (60.25; 70.93) 67.60 (60.63; 70.98) 0.983

Glucose, mmol/L 4.02 (3.52; 4.58) 4.02 (3.54; 4.49) 0.664

AST, U/L 51.25 (38.15; 68.38) 51.25 (38.36; 67.53) 0.529

ALT, U/L 15.25 (10.95; 21.25) 15.25 (10.85; 20.95) 0.860

Creatinine, μmol/L 44.9 (41.12; 53.15) 45.35 (41.33; 53.25) 0.278

Urea, mmol/L 1.53 (0.00; 3.86) 1,53 (0.00; 3.79) 0.967

Amylase, U/L 0 (0.00; 34.30) 0 (0.00; 35.10) 0.332

Urine specific gravity, g/L 1020 (1013.75; 1020.00) 1020 (1015; 1020) 0.470

Ketones in urine, mg/dL 0 (0.00; 0.50) 0 (0.00; 0.50) 0.489

Note. ESR – erythrocyte sedimentation rate; AST – aspartate aminotransferase; ALT – alanine aminotransferase; * – differences are statistically significant at p < 0.05.

T A B L E   4
CYTOKINE LEVELS IN CHILDREN WITH INFLUENZA CAUSE-SPECIFIC TO GENDER 

Cytokine concentration 
(pg/mL)

Influenza A, boys (n = 26)
Me (Q25; Q75)

Influenza A, girls (n = 24)
Me (Q25; Q75) p (U-test)

IL-1β 8.10 (3.25; 12.45) 8.30 (2.75; 21.80) 0.853

IL-4 3.80 (1.95; 6.60) 3.2 (1.92; 4.45) 0.593

IL-6 18.30 (13.42; 32.77) 22.50 (14.20; 41.82) 0.509

IL-8 157.55 (72.02; 233.17) 183.70 (102.85; 287.30) 0.361

TNF-α 2.25 (1.70; 4.03) 2.55 (1.30; 4.52) 0.961

IFN-α 27.35 (4.90; 54.80) 21.4 (13.75; 59.03) 0.838

IFN-γ 1.60 (0.85; 5.50) 1.2 (0.35; 3.17) 0.289

Note. * – differences are statistically significant at p < 0.05.
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Analysis of cytokine and CRP levels in influenza among 
children of different ages revealed that children of primary 
school age have increased synthesis of IL-1β, IL-6, IL-8, IFN-α, 
in contrast to young children, but no statistically significant 
differences were revealed (p > 0.05) (Table 5).

Increased synthesis of IL-4, TNF-α, IFN-γ was observed 
in  young children, in  contrast to  preschool and primary 
school children; no statistically significant differences were 
revealed (p > 0.05) (Table 5).

T A B L E   5
CYTOKINE AND C-REACTIVE PROTEIN LEVELS  
IN CHILDREN WITH INFLUENZA CAUSE-SPECIFIC TO AGE

Indices Influenza A,  
Me (Q25; Q75) p (U-test)

IL-1β1 5.50 (12.89; 28.64) 0.614

IL-1β2 6.60 (9.29; 17.26) 0.159

IL-1β3 14.50 (23.85; 63.29) 0.299

IL-41 3.60 (1.95; 4.33) 0.470

IL-42 3.35 (2.70; 5.02) 0.792

IL-43 3.45 (1.86; 4.94) 0.760

IL-61 14.80 (28.59; 63.55) 0.626

IL-62 18.90 (11.00; 20.43) 0.278

IL-63 31.60 (44.40; 117.85) 0.215

IL-81 119.65 (88.71; 197.13) 0.581

IL-82 199.24 (70.69; 131.32) 0.121

IL-83 247.80 (76.87; 204.04) 0.161

TNF-α1 3.15 (3.15; 7.00) 0.277

TNF-α2 1.75 (1.18; 2.20) 0.769

TNF-α3 2.70 (15.69; 41.66) 0.117

IFN-γ1 2.55 (2.93; 6.51) 0.284

IFN-γ2 1.20 (2.19; 4.07) 0.953

IFN-γ3 1.40 (2.75; 7.31) 0.451

IFN-α1 31.85 (17.04; 37.86) 0.338

IFN-α2 17.00 (43.39; 80.61) 0.364

IFN-α3 45.75 (45.96; 121.99) 0.230

CRP 1 14.55 (5.615; 12.477) 0.322

CRP 2 17.20 (5.84; 10.85) 0.953

CRP 3 15.25 (5.95; 15.80) 0.439

Note. 1 – age category of children from 1 year to 2 years 11 months 29 days (n = 14); 2 – age category 
of children from 3 years to 6 years 11 months 29 days (n = 22); 3 – age category of children from 7 to 11 years 
inclusive (n = 14); * – differences are statistically significant at p < 0.05.

Preschool children have increased synthesis of  CRP, 
as  opposed to  children of  other age categories; no  sta-
tistically significant differences were revealed (p  >  0.05)  
(Table  5).  The  pro-inflammatory cytokines IL-1β,  
IL-6, IL-8 and anti-inflammatory IFN-α are elevated in se-
rum among children with seasonal influenza com-
pared to  healthy controls, with IL-6 concentration 
statistically significantly increased in  all age groups 
(p  <  0.05). In  the  age group of  7–11  years, a  more 
significant increase was revealed in  serum IL-1β – 
14.50 (23.85; 63.29) pg/ml, IL-8 – 247 (76.87; 204.04) pg/ml, 
IFN-α – 45.75 (45.96; 121.99) pg/ ml, compared to children 
of early and preschool age. Such results in school-age chil-
dren can probably be explained both by a more efficient re-
alisation of phagocytic neutrophil functions and by a more 
pronounced activity of inflammation. An increase in serum 
interleukins 1-β, IL-8 and INF-α is considered by some au-
thors as unfavourable prognostic signs against the devel-
opment of pneumonia and its prolonged and complicat-
ed course [21, 24, 25]. The  interpretation of the  increase 
in pro-inflammatory cytokine levels, according to the lit-
erature data, has  a  contradictory character and further 
requires the analysis of the relationship of systemic con-
centrations of IL-1β, IL-6, IL-8 and TNF-α with the severity 
and duration of  intoxication syndrome, the  peculiarities 
of the influenza course.

One of the key cytokines in the implementation of an-
tiviral and anti-infectious immunity is IL-4, which provides 
induction of immune response through the humoral path-
way. The cell-mediated Th1-type response is most effec-
tive in viral infections; therefore, in a number of diseases, 
IL-4 hyperproduction against the background of IFN-γ de-
crease is considered as an unfavourable prognostic sign 
[26]. However, there is  a  study that revealed increased 
levels of the anti-inflammatory cytokine IL-4 to be prog-
nostically favourable in the course of pneumonia in pre-
term neonates, in contrast, an increase in TNF-α was asso-
ciated with an unfavourable outcome of the disease [27]. 
Among children with influenza, a statistically significant 
increase in IL-4 was revealed in all age groups, in contrast 
to the control group (p < 0.05). The IFN-γ level during influ-
enza in children of the 2nd and 3rd age groups was high-
er than in healthy children, and at early age had no sta-
tistically significant differences in the influenza acute pe-
riod, which can be considered a failure of the interferon 
system in  children under 3  years of  age and can be  re-
garded as a decrease in antiviral defense and as a predic-
tor of a complicated, prolonged course of viral infection 
in this age group.

The analysis of CRP level as a marker of the acute phase 
of inflammation is of great diagnostic significance in bac-
terial infections, while in viral diseases the increase of CRP 
is  determined less frequently, and a  significant increase 
in serum CRP in  influenza may be a prognostically unfa-
vourable sign against the development of bacterial com-
plications.

We have studied the  relationship between the  pa-
rameters of  cytokine status and CRP in  children with in-
fluenza as  a  cause-specific complication of  pneumonia  
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(Table  6). Consequently, in  children with uncomplicated 
influenza pneumonia a positive correlation between CRP  
and IL-1β levels was revealed, which is evidence of inflam-
mation activity and timely activation of innate immunity fac-
tors. The negative correlation between CRP and IFN-γ levels 
in children with influenza without pneumonia is evidence 
of insufficiency of the interferon system in childhood dur-
ing the acute phase of viral infection.

Influenza with pneumonia in children was character-
ised by a statistically significant direct correlation between 
CRP and IL-4 levels, which indicates deviation of Th0-lym-
phocyte differentiation by CD4+/Th2-type and is a deter-
mining factor affecting the  severity of  clinical manifesta-
tions and outcome of influenza infection [28, 29].

CONCLUSION

Clinical manifestations of influenza in children aged 1 
to 11 years, admitted to an infectious diseases hospital, cor-
respond to the classic pattern/forme pleine: mucous runny 
nose, dry cough, fever, and pharyngeal hyperaemia predom-
inate in 96 % of cases. Complications of the underlying dis-
ease were observed in 30 % of patients (n = 15) in the form 
of  acetonemic vomiting syndrome or ketoacidosis syn-
drome, pneumonia, obstructive syndrome. No statistically 
significant differences were revealed in children with influ-
enza cause-specific to gender, prevalence of clinical mani-
festations, duration of main symptoms, duration and inten-
sity of infusion, antiviral and antibacterial therapy. The re-
sults of the analysis of islet-inflammatory, general clinical, 
biochemical indices of blood, urine, parameters of cytokine 
profile in children with influenza also revealed no statisti-
cally significant differences.

The study established the peculiarities of cytokine sta-
tus in children during the acute phase of influenza. The in-
creased concentration of  CRP, systemic levels of  pro-in-
flammatory cytokines IL-1β, IL-6, IL-8 and anti-inflammato-
ry IFN-α in influenza in children in all age groups, especial-
ly at the age of 7–11 years, requires further additional anal-
ysis and identification of the relationship of IL-1β, IL-6, IL-8 
and TNF-α levels with the features of the disease pattern, 
in  particular, with the  severity of  intoxication syndrome, 
in order to determine the degree of influence of each cy-
tokine on the course and outcome of influenza in childhood.

The  absence of  statistically significant differences 
in IFN-γ levels at an early age during the acute period of vi-
ral infection compared with healthy children is  alarming 
considering the risk of prolonged and complicated course 
of influenza, especially if the decrease in IFN-γ is accompa-
nied by increased IL-4 levels. Increased systemic IL-4 level 
along with high concentration of CRP can be considered sta-
tistically significant signs of influenza complicated by pneu-
monia in childhood.

The  revealed peculiarities of  cytokine status in  influ-
enza among children allow to make some approximation 
to the understanding of the nature of the infectious process. 
Studies in this area are worth continuing, as they will have 
practical significance: identification of markers of adverse 
influenza course, development of a personalized approach 
to the treatment of acute respiratory infections in children 
under 3 years of age and timely prescription of medicinal 
products based on interferon and its inducers for prophy-
lactic and therapeutic purposes, as well as the development 
of immunorehabilitation programmes.
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T A B L E   6
CORRELATION BETWEEN C-REACTIVE PROTEIN AND CYTOKINE LEVELS IN CHILDREN WITH INFLUENZA CAUSED-SPECIFIC 
TO THE PRESENCE OF PNEUMONIA COMPLICATION

Cytokines

Children with influenza without complications 
(n = 42)

Children with influenza complicated by pneumonia 
(n = 8)

r р r р 

IL-1β 0.309 0.008* –0.142 0.735

IL-4 0.094 0.257 0.754 0.031*

IL-6 0.206 0.155 0.261 0.530

IL-8 0.217 0.123 0.428 0.289

TNF-α 0.265 0.088 0.144 0.732

IFN-α –0.066 0.284 –0.595 0.119

IFN-γ –0.477 0.001* –0.239 0.567

Note. r – Spearman correlation coefficient; p – statistical significance of differences; * – differences are statistically significant at p < 0.05.
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ABSTRACT

Background. The use of  P-glycoprotein (P-gp) inhibitors and carriage of  cer-
tain ABCB1 polymorphisms can lead to  increased concentrations of  rivaroxaban 
and the development of bleeding. 
The aim. To  study the  features of  drug-drug interactions (DDI) of  rivaroxaban 
in  patients over 80  years of  age with non-valvular atrial fibrillation depending 
on the ABCB1 genotype (rs1045642 and rs4148738) using the example of verapamil 
(P-gp inhibitor) and amlodipine. 
Materials and methods. One hundred and twenty-eight patients were examined 
(median age – 87.5  [83–90]  years). Genotyping, determination of  the  minimum 
equilibrium concentration of rivaroxaban (Cmin, ss), with standardization for the daily 
dose (Cmin, ss/D), coagulogram and analysis of medical documentation for the pres-
ence of  clinically significant non-major bleeding (CSNMB) were carried out. DDI 
was analyzed according to ABCB1 genotype.
Results. The use of rivaroxaban with verapamil in comparison with patients not tak-
ing calcium channel blockers (CCBs) leads to high Cmin, ss values in the CC genotype 
(rs1045642, rs4148738); Сmin, ss and Сmin, ss/D in the CT genotype (rs1045642); pro-
thrombin time in the CC genotype (rs1045642), more frequent occurrence of CRNM 
in  the  TT  genotype (rs1045642, rs4148738). In  comparison with patients taking 
amlodipine, it leads to high Cmin, ss values in the CT genotype (rs1045642), a more 
frequent occurrence of CSNMB in the TT genotype (rs1045642, rs4148738). The use 
of rivaroxaban with amlodipine in comparison with patients not taking CCBs leads 
to high Cmin, ss and Cmin, ss/D values in the CC genotype (rs1045642) (p < 0.017).
Conclusion. The  use of  verapamil with rivaroxaban in ABCB1 TT  carriers 
(rs4148738  and  rs4148738) leads to  the development of CSNMB in 75 and 78  % 
of cases, respectively. In patients taking rivaroxaban, it is advisable to test the ABCB1 
genotype (rs4148738 and rs4148738) before adding a P-gp inhibitor to therapy.
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РЕЗЮМЕ

Обоснование. Применение ингибиторов гликопротеина  Р (P-gp) и носи-
тельство определённых полиморфизмов ABCB1 могут привести к увеличе-
нию концентрации ривароксабана и развитию кровотечений. 
Цель работы. Изучить особенности межлекарственного взаимодействия 
(МЛВД) ривароксабана у пациентов старше 80 лет с неклапанной фибрилля-
цией предсердий в зависимости от генотипа ABCB1 (rs1045642 и rs4148738) 
на примере верапамила (ингибитор P-gp) и амлодипина. 
Материалы и методы. Обследовано 128 пациентов (медиана возраста – 
87,5 [83–90] лет). Проведены генотипирование, определение минимальной 
равновесной концентрации ривароксабана (Сmin,  ss) со стандартизацией 
на суточную дозу (Сmin, ss/D), коагулограмма и анализ медицинской докумен-
тации на наличие клинически значимых небольших кровотечений (КЗНК). 
Анализ по МЛВД проводился в зависимости от генотипа ABCB1.
Результаты. Применение ривароксабана с верапамилом в сравнении 
с  пациентами, не  принимающими блокаторы кальциевых каналов (БКК), 
приводит к высоким значениям Сmin, ss у генотипа СС (rs1045642, rs4148738); 
Сmin, ss и Сmin, ss/D – у генотипа СТ (rs1045642); протромбинового времени – 
у генотипа СС (rs1045642); более частому возникновению КЗНК у генотипа ТТ 
(rs1045642, rs4148738). В сравнении с пациентами, принимающими амлоди-
пин, применение ривароксабана с верапамилом приводит к высоким значе-
ниям Сmin, ss у генотипа СТ (rs1045642), более частому возникновению КЗНК 
у генотипа ТТ (rs1045642, rs4148738). Применение ривароксабана с амлодипи-
ном в сравнении с пациентами, не принимающими БКК, приводит к высоким 
значениям Сmin, ss и Сmin, ss/D у генотипа СС (rs1045642) (р < 0,017).
Заключение. Применение верапамила с ривароксабаном у носителей 
генотипа ТТ ABCB1 (rs4148738 и rs4148738) приводит к развитию КЗНК в 75 % 
и  78  % случаев соответственно. У  пациентов, принимающих риварокса-
бан, целесообразно исследование генотипа ABCB1 (rs4148738 и rs4148738) 
перед добавлением к терапии ингибитора P-gp.

Ключевые слова: межлекарственные взаимодействия, ривароксабан, ве-
рапамил, ABCB1 (rs1045642 и rs4148738), терапевтический лекарственный 
мониторинг, пожилые пациенты
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RELEVANCE

Rivaroxaban is a  substrate of  the  glycoprotein  P  
(P-gp) transfer protein encoded by the ABCB1 gene, which 
regulates the absorption of rivaroxaban from the lumen 
of the gastrointestinal tract and is also involved in its ex-
cretion through the liver and kidneys. Additionally, rivar-
oxaban is  metabolised by  cytochrome P-450 (CYP450), 
mainly by CYP3A4, with a minor contribution from CYP2J2 
[1, 2]. Co-administration of medicinal products (MPs) that 
inhibit these metabolic pathways may increase rivaroxa-
ban concentrations and increase the risk of adverse reac-
tions (ARs), including bleeding [3]. In our previous study, 
we observed that co-administration of verapamil (a strong 
P-gp inhibitor and moderate CYP3A4 inhibitor) in  com-
bination with rivaroxaban resulted in a higher minimum 
equilibrium concentration (Cmin,  ss) of  rivaroxaban com-
pared with controls (Me, 73.8 [50.6–108.8] vs. 40.5 [25.6–
74.3] ng/ml, respectively; p = 0.003) and, as a consequence, 
to more frequent AR in the form of small clinically signifi-
cant non-major bleeding (CSNMB) (33 % vs. 13 %, respec-
tively; p = 0.036) [4].

Genetic factors can also influence P-gp activity. Nu-
merous SNP (single nucleotide polymorphism) have been 
observed in the ABCB1 gene encoding P-gp, which may 
be associated with variations in P-gp expression and ac-
tivity in  humans during in  vitro cell line studies [5–8]. 
ABCB1 polymorphisms and haplotypes have been as-
sociated with changes in  MP distribution and the  de-
velopment of  AR to  various MP substrates [9–11], al-
though opinions are  still conflicting [12, 13]. Although 
earlier in our study we did not obtain statistically signif-
icant differences in  the  pharmacokinetic profile in  pa-
tients 80 years and older with non-valvular atrial fibrilla-
tion (AF) caused-specific to ABCB1 gene polymorphisms 
(rs1045642 and rs4148738), nevertheless, we showed that 
AR in the form of clinically significant small hemorrhages 
was more frequent in patients carrying the homozygous 
type (TT) of the ABCB1 gene (rs1045642) compared to pa-
tients carrying the wild type (СС) (29.3 % vs. 4.5 % of cas-
es; p < 0.050) and prothrombin time (PT) was statistical-
ly significantly higher. Patients carrying the homozygous 
type (TT) of the ABCB1 (rs4148738) gene were statistical-
ly significantly more likely to  have clinically significant 
minor bleeding compared to patients carrying the wild 
type (СС) (39.3 % vs. 8.1 % of cases; p < 0.050) and hete-
rozygous type (СТ) (39.3 % vs. 14.3 % of cases; p < 0.050) 
of the ABCB1 (rs4148738) gene [14].

Therefore, as a continuation of our studies, it was de-
cided to  separately analyse the  pharmacokinetic profile 
of  patients carrying each of  the  genotypes (CC, СT and 
TT) of the ABCB1 gene (rs1045642 and rs4148738) in rela-
tion to concomitant therapy with calcium channel block-
ers (CCBs), where co-administration of  rivaroxaban (P-gp 
substrate) with amlodipine (dihydropyridine BCA (DCCB))  
(P-gp substrate) may lead to  drug interaction caused 
by  competition between the  substrates for  binding sites 
on  cell membranes, and  co-administration of  rivaroxa-
ban with verapamil (non-DCCB) (strong P-gp inhibitor 

and mode rate CYP3A4 inhibitor) may lead to drug inter-
actions as  a  result by  inhibition of  the  leading transport 
and metabolic pathways of rivaroxaban.

THE AIM OF THE STUDY

To study the features of drug interaction between rivar-
oxaban in patients over 80 years old with non-valvular atri-
al fibrillation caused-specific to ABCB1 genotype (rs1045642 
and rs4148738) using verapamil (P-gp inhibitor) and am-
lodipine as an example.

MATERIALS AND METHODS

Study design and ethics
A cross-sectional study of patients 80 years and older 

with non-valvular AF recruited between January 2019 and 
February 2020 was conducted. The study was approved 
by the Ethical Committee of the Russian Medical Acade-
my of Continuous Professional Education (Protocol No. 1 
dated January 22, 2019) and was conducted in accordance 
with the World Medical Association’s Declaration of Hel-
sinki in compliance with the rules of good clinical practice. 
Verbal and written informed consent was obtained from 
all participants included in the study.

Patients
We examined 128 patients older than 80 years (me-

dian age – 87.5 [83–90] years; 75 % women) of Cauca-
sian race with non-valvular AF who were under treat-
ment in  a  multi disciplinary hospital in  Moscow. Pa-
tients were consecutively included in the study if they 
met the inclusion criteria. Inclusion criteria: 1) patients 
with non-valvular AF of both sexes; 2) age at the time 
of inclusion in the study – 80 years and older; 3) dura-
tion of  previous intake of  rivaroxaban with verapamil, 
amlodipine or without CCB – at least 1 year from the time 
of inclusion in the study; 4) signing a voluntary informed 
consent for participation in the study. The main exclusion 
criteria were 1) age less than 80 years; 2) concomitant 
drug therapy with known drug interactions with rivar-
oxaban (fluconazole, ketoconazole and other azole an-
tifungal drugs; ritonavir and other human immunodefi-
ciency virus protease inhibitors; amiodarone, clarithro-
mycin, erythromycin; platelet aggregation inhibitors (in-
cluding acetylsalicylic acid); non-steroidal anti-inflam-
matory drugs; selective serotonin and norepinephrine 
reuptake inhibitors; rifampicin, phenytoin, carbamaz-
epine, phenobarbital, Hypericum perforatum prepara-
tions); 3) patient’s violation of the procedures of the ex-
amination and treatment plan; 4) refusal to participate 
in the study.

All patients were taking rivaroxaban (once-daily) 
for  ischemic stroke prophylaxis at a dose of 15 mg/day 
(86.7 % of patients) and 20 mg/day (13.3 % of patients). 
Each patient was genotyped for the examined polymor-
phism and the minimum equilibrium concentration of ri-
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varoxaban (Cmin, ss) was determined. An additional stand-
ardisation of  the  minimum equilibrium concentration 
of  rivaroxaban per  daily drug dose (Cmin,ss/D) was per-
formed. Furthermore, all patients underwent clinical and 
biochemical blood tests, urinalysis, coagulogram with de-
termination of PT in plasma. Medical records were ana-
lysed for the presence of AR in the form of CSNMB bleed-
ing against the background of rivaroxaban intake during 
the previous year from the time of inclusion in the study 
[15, 16].

Genotyping
The  material for  DNA extraction was venous blood, 

which was sampled in 4 ml Vacuette® vacuum tubes with 
K3  EDTA anticoagulant. Genotyping by  polymorphisms 
rs1045642 and rs4148738 of the ABCB1 gene was performed 
using real-time polymerase chain reaction on  a  CFX96 
Touch™ Real-Time PCR Detection System DNA amplifier 
(Bio-Rad Laboratories Inc., USA) at the Research Institute 
of Molecular and Personalised Medicine, Russian Medical 
Academy of Continuing Professional Education, Ministry 
of Health of Russia.

Determination of rivaroxaban concentration 
in plasma

Venous blood was sampled to  determine Cmin,  ss 
of  rivaroxaban on  day  7 of  administering a  fixed dose 
of  anticoagulant (at  least 5  half-lives) immediately be-
fore the next dose of medicinal product. Determination 
of Cmin, ss of rivaroxaban in blood was performed by high-
performance liquid chromatography with mass spec-
trometric detection. Samples were analysed on an Agi-
lent  1200 liquid chromatograph (Agilent Technologies, 
USA) (four-channel pump, mobile phase degasser, chro-
matographic column thermostat). Agilent Extend-C18 col-
umn (Agilent Technologies, USA) (length 100 mm, inner 
diameter 2.1 mm, grain size 3.5 μm) was used in this study. 
The methodology is described in more detail in our pre-
vious study [14].

Laboratory tests
Venous blood for coagulogram determination, clini-

cal blood count and urinalysis (morning portion) was col-
lected at the same time as blood collection for measure-
ment of Cmin, ss of rivaroxaban. Coagulogram was deter-
mined using an  automatic coagulometer ACL Elite Pro 
(Instrumentation Laboratory, USA); clinical blood analy-
sis was performed on a haematological analyser ADVIA® 
2120i (Siemens, USA), biochemical blood analysis was 
performed using an integrated analyser for  biochemi-
cal, immunochemical and electrolyte analysis Siemens 
Dimension X and Plus (Siemens, USA); total urine analy-
sis was performed on an automated urine analyser Au-
tion Max™ AX-4280 Automated Urine Chemistry Analyzer 
(ARKRAY Factory Inc., Russia). All studies were performed 
according to  the  manufacturer’s instructions. The  glo-
merular filtration rate was calculated using the CKD-EPI 
(Chronic Kidney Disease Epidemiology Collaboration) 
formula [17].

S t a t i s t i c a l  d a t a  p r o c e s s i n g  w a s  p e r f o r m e d 
in the IBM SPSS Statistics 26 software package (IMB Corp., 
USA). Sample description for  non-normally distribut-
ed indicators was performed by calculating the median 
(Me) and interquartile range as the 25th and 75th percen-
tiles (C25 and C75); for normally distributed indicators – 
by  determining the  mean (Mean) with standard devia-
tion (SD, standard deviation). The normality of the distri-
bution of the obtained parameters was evaluated using 
the Shapiro – Wilk criterion. For non-normally distributed 
indicators, the non-parametric Mann – Whitney U test was 
applied; categorical data were evaluated using Fi sher’s 
exact test, where differences are considered statistically 
significant at p < 0.050. To reduce the probability of oc-
currence of the first type errors in multiple comparisons, 
the  statistical significance of  differences was assessed 
with the Bonferroni correction, dividing the value of 0.05 
by  the  number of  comparisons (3) [18], with  p  <  0.017 
considered to be the threshold value of statistical signif-
icance of differences.

RESULTS

Peculiarities of drug interaction between rivaroxaban 
and calcium channel blockers cause‑specific to ABCB1 

(rs1045642) genotype
Cause-specific to  the  ABCB1 genotype (rs1045642), 

patients were divided into three groups: group 1 – carri-
ers of the wild-type CC genotype (n = 22); group 2 – car-
riers of the heterozygous CT genotype (n = 65); group 3 – 
carriers of the homozygous TT genotype (n = 41). Drug in-
teractions were analysed within each group cause-specific 
to concomitant therapy: patients taking rivaroxaban with-
out CCB were assumed to have no drug interactions; pa-
tients taking rivaroxaban + amlodipine DCCB had a poten-
tially possible drug interaction caused by substrate compe-
tition for binding sites on cell membranes; in patients tak-
ing rivaroxaban + non-DCCB (verapamil), a strong P-gp in-
hibitor, these drugs may lead to drug interactions as a result 
of inhibition of the leading transport and metabolic path-
ways of rivaroxaban.

Group 1. Wild type (CC) carriers  
of the ABCB1 gene (rs1045642)

We divided group 1 patients (n = 22) into subgroups 
cause-specific to concomitant therapy. Subgroup 1 – 7 pa-
tients taking rivaroxaban without CCB (median age – 
91 [81.0–91.0] years; 71.4 % women); subgroup 2 – 11 pa-
tients taking rivaroxaban + amlodipine (median age – 
89.0  [81.0–90.0]  years; 90.9  % women); subgroup  3  – 
4 patients taking rivaroxaban + verapamil (median age – 
90.5  [85.3–93.5]  years; 100  % women). The  baseline 
characteristics of the patients included in the subgroups are 
presented in Table 1. Patients in subgroup 3 (rivaroxaban + 
verapamil) were more likely to have a history of stroke than 
patients in subgroup 1 (rivaroxaban without CCB). In other 
parameters, patients in the subgroups studied were com-
parable.
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In  patients carrying the  wild-type (WS) ABCB1 gene 
(rs1045642), the Cmin, ss levels of rivaroxaban were statisti-
cally significantly higher in subgroup 3 (rivaroxaban + ve-
rapamil) compared with subgroup 1 (rivaroxaban without 
CCB) (p = 0.014) and statistically significantly higher in sub-
group 2 (rivaroxaban + amlodipine) compared with sub-
group 1 (p = 0.002).

In subgroup 2 (rivaroxaban + amlodipine), the Cmin, ss/D 
levels of rivaroxaban were statistically significantly higher 
than in subgroup 1 (rivaroxaban without CCB) (p = 0.023).

PT levels in subgroup 3 (rivaroxaban + verapamil) were 
higher than in  subgroup  1, (rivaroxaban without CCB) 
and subgroup 2 (rivaroxaban + amlodipine), but without 
reaching statistical significance of  differences p  =  0.059 
and p = 0.358, respectively) (Table 2).

Group 2. Heterozygous type (CT) carriers  
of the ABCB1 gene (rs1045642)

We divided group 2 patients (n = 65) into 3 subgroups 
cause-specific to  concomitant therapy. Subgroup  1 – 
28 patients taking rivaroxaban without CCB (median age – 

88.0 [84.0–90.0] years; 71.4 % women); subgroup 2 – 23 pa-
tients taking rivaroxaban + amlodipine (median age  – 
85.0  [83.0–88.0] years; 82.6  % of  women); subgroup  3 – 
14 patients taking rivaroxaban + verapamil (median age – 
88.0  [81.0–89.3]  years; 64.3  % of women). The  baseline 
characteristics of  the  patients included in  the  subgroups 
are presented in Table 3. The patients in the study groups 
were comparable with respect to the main parameters.

Baseline characteristics of patients carrying the CT gen-
otype of the ABCB1 gene (rs1045642)

In  patients carrying the  heterozygous type (CT) 
of the ABCB1 gene (rs1045642), the Cmin, ss levels of rivar-
oxaban were statistically significantly higher in subgroup 3 
(rivaroxaban + verapamil) compared to subgroup 1 (rivar-
oxaban without CCB) (p  =  0.011) and compared to  sub-
group 2 (rivaroxaban + amlodipine) (p = 0.017). Rivaroxaban 
Cmin, ss/D levels were statistically significantly higher in sub-
group 3 (rivaroxaban + verapamil) compared to subgroup 1 
(rivaroxaban without CCB) (p = 0.014) (Table 4).

No differences in PT and the number of patients who ex-
perienced AR in  the  form of  clinically significant minor 

T A B L E   1
BASELINE CHARACTERISTICS OF PATIENTS CARRYING THE CC GENOTYPE OF ABCB1 GENE (rs1045642)

Indicators

CC genotype (n = 22) of the ABCB1 gene (rs1045642)

р valueRivaroxaban 
without CCBs

Rivaroxaban 
and amlodipine

Rivaroxaban 
and verapamil

Rivaroxaban 
without CCB 

and rivaroxaban 
+ amlodipine

Rivaroxaban 
and amlodipine 
and rivaroxaban 

+ verapamil

Number of patients,  
abs. (%) 7/22 (31.8) 11/22 (50) 4/22 (18.2) 18/22 (81.8) 15/22 (68.2) –

Age (years),  
Me [C25–C75]

91.0  
[81.0–91.0]

89.0  
[81.0–90.0]

90.5  
[85.3–93.5]

89.5  
[81.0–91.0]

89.0  
[84.0–91.0]

p4 = 0.596
p5 = 0.315
p6 = 0.280
p7 = 0.262
p8 = 1.000

Women, abs. (%) 5/7 (71.4) 10/11 (90.9) 4/4 (100) 18/18 (100) 14/15 (93.3)

p4 = 0.280
p5 = 0.237
p6 = 0.533
p7 = 0.380
p8 = 0.163

BMI (kg/m2),  
Me [C25–C75]

27.2  
[24.1–30.3]

25.6  
[24.2–29.8]

29.3  
[22.1–33.1]

25.6  
[24.3–29.5]

26.5  
[24.2–31.4]

p4 = 0.792
p5 = 0.762
p6 = 0.539
p7 = 0.554
p8 = 1.000

Scale  
CHA 2 DS 2-VASc (scores),  
Me [C25–C75]

5.0  
[3.0–6.0]

6.0  
[5.3–6.0]

7.0  
[4.5–8.8]

6.0  
[5.0–6.0]

6.0  
[5.3–6.0]

p4 = 0.282
p5 = 0.257
p6 = 0.461
p7 = 0.277
p8 = 0.180

HAS-BLED (scores),  
Me [C25–C75]

4.5  
[3.0–6.0]

3.0  
[3.0–3.8]

4.5  
[3.0–5.0]

3.0  
[3.0–6.0]

3.0  
[3.0–4.0]

p4 = 0.081
p5 = 0.762
p6 = 0.073
p7 = 0.382
p8 = 0.151
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Number of MPs (scores), 
Me [C25–C75]

6.0  
[5.0–8.0]

6.0  
[5.0–9.0]

6.0  
[5.3–7.5]

6.0  
[5.0–8.3]

6.0  
[5.0–8.0]

p4 = 1.000
p5 = 1.000
p6 = 0.851
p7 = 0.837
p8 = 1.000

Number of MPs ≥ 5, 
abs. (%) 6/7 (85.7) 11/11 (100) 4/4 (100) 17/18 (94.4) 15/15 (100)

p4 = 0.197
p5 = 0.428

p6 = –
p7 = 0.629
p8 = 0.134

Dose of rivaroxaban  
15 mg, abs. (%) 6/7 (85.7) 9/11 (81.8) 3/4 (75) 15/18 (83.3) 12/15 (80)

p4 = 0.829
p5 = 0.658
p6 = 0.770
p7 = 0.696
p8 = 0.746

Dose of rivaroxaban  
20 mg, abs. (%) 1/7 (14.3) 2/11 (18.2) 1/4 (25) 3/18 (16.7) 3/15 (20)

p4 = 0.829
p5 = 0.658
p6 = 0.770
p7 = 0.696
p8 = 0.746

Creatinine (µmol/L),  
Me [C25–C75]

96.8  
[79.4–104.0]

97.4  
[82.8–129.5]

91.8  
[58.9–106.9]

97.3  
[82.3–109.0]

96.4  
[82.8–111.8]

p4 = 0.497
p5 = 0.648
p6 = 0.343
p7 = 0.386
p8 = 0.856

Hemoglobin (g/L),  
Me [C25–C75]

116.0  
[112.0–147.0]

118.0  
[112.0–126.0]

120.5  
[108.0–132.3]

117.0  
[112.0–131.3]

118.0 
[112.0–127.0]

p4 = 0.536
p5 = 0.648
p6 = 0.753
p7 = 1.000
p8 = 0.490

Platelets (109/L),  
Me [C25–C75]

248.0 
[191.0–263.0]

245.0 
[192.0–305.0]

164.5 
[156.0–254.8]

246.5 
[191.8–271.5]

245.0 
[188.0–283.0]

p4 = 0.536
p5 = 0.527
p6 = 0.078
p7 = 0.141
p8 = 0.837

Comorbidities

CHD, abs. (%) 7/7 (100) 11/11 (100) 4/4 (100) 18/18 (100) 15/15 (100)

p4 = –
p5 = –
p6 = –
p7 = –
p8 = –

Effort-induced  
angina pectoris, abs. (%) 6/7 (85.7) 10/11 (90.9) 4/4 (100) 16/18 (88.9) 14/15 (93.3)

p4 = 0.732
p5 = 0.428
p6 = 0.360
p7 = 0.533
p8 = 1.000

Heart failure, abs. (%) 7/7 (100) 11/11 (100) 4/4 (100) 18/18 (100) 15/15 (100)

p4 = –
p5 = –
p6 = –
p7 = –
p8 = –

Arterial hypertension,  
abs. (%) 6/7 (85.7) 9/11 (81.8) 4/4 (100) 15/18 (83.3) 13/15 (86.7)

p4 = 0.829
p5 = 0.428
p6 = 0.360
p7 = 0.380
p8 = 0.952

History of previous  
myocardial infarction,  
abs. (%)

2/7 (28.6) 9/11 (81.8) 2/4 (50) 8/18 (44.4) 8/15 (53.3)

p4 = 0.280
p5 = 0.477
p6 = 0.876
p7 = 0.840
p8 = 0.277
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ACVA (acute  
cerebrovascular accident) 
in past medical history, 
abs. (%)

0/7 (0) 2/11 (18.2) 3/4 (75) 2/18 (11.1) 5/15 (33.3)

p4 = 0.231
p5 = 0.007
p6 = 0.039
p7 = 0.006
p8 = 0.082

Bronchial asthma,  
abs. (%) 0/7 (0) 0/11 (0) 1/4 (25) 0/18 (0) 1/15 (6.7)

p4 = –
p5 = 0.165
p6 = 0.086
p7 = 0.030
p8 = 0.484

Lower extremity  
atherosclerosis,  
abs. (%)

0/7 (0) 0/11 (0) 1/4 (25) 0/18 (0) 1/15 (6.7)

p4 = –
p5 = 0.165
p6 = 0.086
p7 = 0.030
p8 = 0.484

Chronic bronchitis,  
abs. (%) 3/7 (42.9) 4/11 (36.4) 0/4 (0) 7/18 (38.9) 4/15 (26.7)

p4 = 0.783
p5 = 0.125
p6 = 0.159
p7 = 0.131
p8 = 0.448

Type 2 diabetes mellitus, 
abs. (%) 3/7 (42.9) 3/11 (27.3) 0/4 (0) 6/18 (33.3) 3/15 (20)

p4 = 0.494
p5 = 0.125
p6 = 0.243
p7 = 0.176
p8 = 0.262

Charlson’s comorbidity index 
(abs.), Me [C25–C75]

11.0  
[9.0–12.0]

10.0  
[9.0–12.0]

11.0  
[10.3–14.0]

10  
[9–12]

10.0  
[9.0–12.0]

p4 = 0.860
p5 = 0.527
p6 = 0.280
p7 = 0.300
p8 = 0.945

GFR (glomerular  
filtration rate)  
(CKD-EPI) (ml/min/1.73 m2),  
Me [C25–C75]

45.8  
[41.9–59.9]

44.1 
[32.9–55.3]

47.2  
[38.2–76.6]

44.1  
[41.2–56.1]

44.8  
[36.7–55.3]

p4 = 0.246
p5 = 1.000
p6 = 0.412
p7 = 0.594
p8 = 0.488

CKD Stage 4  
(GFR < 30 ml/min/1.73 m2),  
abs. (%)

0/7 (0) 2/11 (18.2) 0 2/18 (11.1) 2/15 (13.3)

p4 = 0.231
p5 = –

p6 = 0.360
p7 = 0.484
p8 = 0.293

GFR in CKD Stage 4  
(ml/min/1.73 m2),  
Me [C25–C75]

– 20.5  
[19.5–20.5] – 20.5  

[19.5–20.5]
20.4  

[19.5–20.4] –

CKD Stage 3B  
(GFR = 30–44 ml/ min/1.73 m2), 
abs. (%)

3/7 (42.9) 5/11 (45.5) 1/4 (25) 8/18 (44.4) 5/15 (33.3)

p4 = 0.914
p5 = 0.554
p6 = 0.475
p7 = 0.474
p8 = 0.751

GFR in CKD Stage 3B  
(ml/min/1.73 m2),  
Me [C25–C75]

41.9  
[40.4–41.9]

42.8  
[37.9–44.1] 36.59 42.3  

[39.4–44.1]
42.7  

[36.6–44.1]

p4 = 1.000
p5 = 0.500
p6 = 0.333
p7 = 0.222
p8 = 1.000

CKD Stage 3A  
(GFR = 45–59 ml/ min/1.73 m2), 
abs. (%)

2/7 (28.6) 3/11 (27.3) 2/4 (50) 5/18 (27.8) 5/15 (33.3)

p4 = 0.952
p5 = 0.477
p6 = 0.409
p7 = 0.388
p8 = 0.751

T A B L E   1  ( c o n t i n u e d )
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GFR in CKD Stage 3A  
(ml/min/1.73 m2),  
Me [C25–C75]

50.6  
[45.8–50.6]

54.8  
[45.5–54.8]

47.2  
[45.9–47.2]

54.8  
[45.6–56.1]

48.5  
[45.7–55.8]

p4 = 1.000
p5 = 1.000
p6 = 1.000
p7 = 0.857
p8 = 0.293

CKD Stage 2  
(GFR = 60–89 ml/min/1.73 m2), 
abs. (%)

1/7 (14.3) 1/11 (9.1) 1/4 (25) 2/18 (11.1) 2/15 (13.3)

p4 = 0.732
p5 = 0.658
p6 = 0.432
p7 = 0.464
p8 = 0.571

GFR in CKD Stage 2  
(ml/min/1.73 m2),  
Me [C25–C75]

59.87 81.1 85.97 70.5  
[59.9–70.5]

83.5  
[81.1–83.5]

p4 = 1.000
p5 = 1.000
p6 = 1.000
p7 = 1.000
p8 = 1.000

CKD Stage 1  
(GFR ≥ 90 ml/min/1.73 m2),  
abs. (%)

1/7 (14.3) – – 1/18 (5.6) 0/15 (0)

p4 = 0.197
p5 = 0.428

p6 = –
p7 = 0.629
p8 = 0.147

GFR in CKD Stage 1  
(ml/min/1.73 m2),  
Me [C25–C75]

96.96 – – 96.96 – –

Note. abs. – absolute number; p4 – differences between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with DCCB (amlodipine); p5 – differences 
between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p6 – differences between the group of patients taking rivaroxaban 
in combination with DCCB (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p7 – differences between the group of patients taking rivaroxaban without CCBs + 
patients taking rivaroxaban in combination with DCCBs (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCBs (verapamil); p8 – differences between the group of patients taking 
rivaroxaban without CCBs and the group of patients taking rivaroxaban in combination with all CCBs (amlodipine + verapamil); BMI – body mass index; CHA2DS2-VASc – scale for assessing the risk of stroke and systemic 
thromboembolism in patients with atrial fibrillation (Congestive heart failure; Hypertension; Age ≥ 75 years; Diabetes mellitus; prior Stroke or TIA or thromboembolism; Vascular disease; Age 65–74 years; Sex Category); 
HAS-BLED – scale for assessing the risk of bleeding in atrial fibrillation (Hypertension; Abnormal renal-liver function; Stroke; Bleeding history or predisposition; Labile international normalised ratio; Elderly (65 years); 
Drugs or alcohol concomitantly); CHD – coronary heart disease; ACVA – acute cerebrovascular accident.

T A B L E   2
PECULIARITIES OF DRUG INTERACTION IN PATIENTS CARRYING THE CC GENOTYPE OF THE ABCB1 GENE (rs1045642)

Indicators

CC genotype (n = 22) of the ABCB1 gene (rs1045642)

р valueRivaroxaban 
without CCBs

Rivaroxaban 
and amlodipine

Rivaroxaban 
and verapamil

Number of patients, abs. (%) 7/22 (31.8) 11/22 (50) 4/22 (18.2) –

Cmin, ss of rivaroxaban (ng/ml), Me [C25–C75] 15.3 [12.0–28.4] 69.4 [45.6–100.8] 67.8 [45.0–76.9]
p 4 = 0.002
p 5 = 0.014
p 6 = 0.602

Cmin, ss/D of rivaroxaban (ng/ml/mg), Me [C25–C75] 1.0 [0.8–1.9] 4.6 [3.0–6.4] 4.0 [2.8–5.1]
p 4 = 0.003
p 5 = 0.023
p 6 = 0.647

Prothrombin time (s), Me [C25–C75] 12.6 [12.3–13.8] 13.4 [12.3–14.5] 14.2 [12.9–18.3]
p 4 = 0.388
p 5 = 0.059
p 6 = 0.358

Data on all clinically significant minor bleeding  
in response to rivaroxaban by history, abs. (%) 1/7 (14.3) 0/11 (0) 0/4 (0) p 4 = 0.197

p 5 = 0.428

Note. abs. – absolute number; p4 – differences between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with DCCB (amlodipine); p5 – differences 
between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p6 – differences between the group of patients taking rivaroxaban 
in combination with DCCB (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil).

T A B L E   1  ( c o n t i n u e d )
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bleeding were observed between the compared subgroups 
(p > 0.017) (Table 4).

Group 3. Homozygous type (TT) carriers  
of the ABCB1 gene (rs1045642)

We divided patients in group 3 (n = 41) into 3 sub-
groups cause-specific to  concomitant therapy. Sub-

group  1  – 12  patients taking rivaroxaban without CCB 
(median age – 88.0  [83.0–88.8]  years; 75  % women); 
subgroup 2 – 17 patients taking rivaroxaban + amlodi-
pine (median age – 86.0  [82.0–88.0]  years; 88.2  % wo-
men); subgroup 3 – 12 patients taking rivaroxaban + ve-
rapamil (median age – 89.5 [85.5–92.0] years; 41.7 % wo-
men). The baseline characteristics of the patients inclu-

T A B L E   3
BASELINE CHARACTERISTICS OF PATIENTS CARRYING THE CT GENOTYPE OF THE ABCB1 GENE (rs1045642)

Indicators

CT genotype (n = 65) of the ABCB1 gene (rs1045642)

р valueRivaroxaban 
without CCBs

Rivaroxaban 
and 

amlodipine

Rivaroxaban 
and verapamil

Rivaroxaban 
without 
CCB and 

rivaroxaban + 
amlodipine

Rivaroxaban 
and amlodipine 

and 
rivaroxaban + 

verapamil
Number of patients,  
abs. (%) 28/65 (43.1) 23/65 (35.4) 14/65 (21.5) 51/65 (78.5) 37/65 (56.9) –

Age (years),  
Me [C25–C75]

88.0  
[84.0–90.0]

85.0  
[83.0–88.0]

88.0  
[81.0–89.3]

87  
[83–90]

86.0  
[82.0–89.0]

p4 = 0.243
p5 = 0.308
p6 = 0.865
p7 = 0.481
p8 = 0.184

Women, abs. (%) 20/28 (71.4) 19/23 (82.6) 9/14 (64.3) 39/51 (76.5) 28/37 (75.7)

p4 = 0.349
p5 = 0.637
p6 = 0.208
p7 = 0.358
p8 = 0.700

BMI (kg/m2),  
Me [C25–C75]

28.5  
[26.0–31.1]

30.5  
[26.9–32.3]

30.0  
[25.4–32.0]

30.1  
[26.2–31.2]

30.5  
[26.6–32.1]

p4 = 0.271
p5 = 0.424
p6 = 0.624
p7 = 0.805
p8 = 0.237

Scale  
CHA2 DS2-VASc (scores),  
Me [C25–C75]

6.0  
[5.0–7.0]

6.0  
[5.0–7.3]

7.0  
[5.0–8.0]

6  
[5–7]

8.0  
[5.0–8.0]

p4 = 0.321
p5 = 0.145
p6 = 0.531
p7 = 0.244
p8 = 0.157

HAS-BLED (scores),  
Me [C25–C75]

3.0  
[2.0–4.0]

3.0  
[3.0–3.5]

3.0  
[2.0–4.0]

3  
[2–4]

3.0  
[2.5–4.0]

p4 = 0.812
p5 = 0.945
p6 = 0.932
p7 = 0.923
p8 = 0.866

Number of MPs (scores), 
Me [C25–C75]

6.0 
[5.0–7.0]

8.0  
[6.0–9.0]

6.0  
[5.8–7.0]

6  
[5–8]

7.0  
[6.0–8.0]

p4 = 0.03
p5 = 0.452
p6 = 0.028
p7 = 0.506
p8 = 0.012

Number of MPs ≥ 5, 
abs. (%) 23/28 (82.1) 22/23 (95.7) 12/14 (85.7) 45/51 (88.2) 34/37 (91.9)

p4 = 0.136
p5 = 0.770
p6 = 0.283
p7 = 0.799
p8 = 0.124

Dose of rivaroxaban 15 mg, 
abs. (%) 25/28 (89.3) 19/23 (82.6) 13/14 (92.9) 44/51 (86.3) 32/37 (86.5)

p4 = 0.491
p5 = 0.710
p6 = 0.377
p7 = 0.507
p8 = 0.734

Dose of rivaroxaban 20 mg, 
abs. (%) 3/28 (10.7) 4/23 (17.4) 1/14 (7.1) 7/51 (13.7) 4/37 (10.8)

p4 = 0.491
p5 = 0.710
p6 = 0.377
p7 = 0.507
p8 = 0.990
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Creatinine (µmol/L),  
Me [C25–C75]

108.0  
[92.9–130.8]

94.8  
[86.0–110.0]

99.6  
[83.4–117.5]

101  
[90.3–123]

97.0  
[85.8–113.5]

p4 = 0.065
p5 = 0.249
p6 = 0.963
p7 = 0.503
p8 = 0.061

Hemoglobin (g/L),  
Me [C25–C75]

123.0  
[112.5–135.3]

125.0 
[11.0–132.0]

127.0  
[116.5–134.3]

125  
[112–133]

125.0  
[112.0–133.0]

p4 = 0.726
p5 = 0.823
p6 = 0.506
p7 = 0.626
p8 = 0.895

Platelets (109/L),  
Me [C25–C75]

222.0 
[165.3–260.3]

217.0  
[190.0–293.0]

203.0  
[169.5–257.5]

219  
[175–264]

215.0  
[176.0–274.0]

p4 = 0.449
p5 = 0.947
p6 = 0.546
p7 = 0.714
p8 = 0.624

Comorbidities

CHD, abs. (%) 28/28 (100) 23/23 (100) 14/14 (100) 51/51 (100) 37/37 (100)

p4 = –
p5 = –
p6 = –
p7 = –
p8 = –

Effort-induced angina  
pectoris, abs. (%) 24/28 (85.7) 20/23 (87.0) 12/14 (85.7) 44/51 (86.3) 32/37 (86.5)

p4 = 0.898
p5 = 1.000
p6 = 0.915
p7 = 0.957
p8 = 0.929

Heart failure,  
abs. (%) 27/28 (96.4) 21/23 (91.3) 12/14 (85.7) 48/51 (94.1) 33/37 (89.2)

p4 = 0.439
p5 = 0.204
p6 = 0.595
p7 = 0.296
p8 = 0.278

Arterial hypertension,  
abs. (%) 27/28 (96.4) 22/23 (95.7) 13/14 (92.9) 49/51 (96.1) 35/37 (94.6)

p4 = 0.887
p5 = 0.608
p6 = 0.715
p7 = 0.611
p8 = 0.727

History of previous  
myocardial infarction,  
abs. (%)

5/28 (17.9) 4/23 (17.4) 2/14 (14.3) 9/51 (17.6) 6/37 (16.2)

p4 = 0.965
p5 = 0.770
p6 = 0.804
p7 = 0.766
p8 = 0.861

ACVA (acute cerebrovascular 
accident) in past medical  
history, abs. (%)

6/28 (21.4) 5/23 (21.7) 3/14 (21.4) 11/51 (21.6) 8/37 (21.6)

p4 = 0.979
p5 = 1.000
p6 = 0.982
p7 = 0.991
p8 = 0.985

Bronchial asthma,  
abs. (%) 0/28 (0) 1/23 (4.3) 2/14 (14.3) 1/51 (2) 3/37 (8.1)

p4 = 0.265
p5 = 0.040
p6 = 0.283
p7 = 0.052
p8 = 0.123

Lower extremity  
atherosclerosis, abs. (%) 3/28 (10.7) 5/23 (21.7) 3/14 (21.4) 8/51 (15.7) 8/37 (21.6)

p4 = 0.281
p5 = 0.350
p6 = 0.982
p7 = 0.612
p8 = 0.246

Chronic bronchitis,  
abs. (%) 10/28 (35.7) 8/23 (34.8) 6/14 (42.9) 18/51 (35.3) 14/37 (37.8)

p4 = 0.045
p5 = 0.653
p6 = 0.623
p7 = 0.603
p8 = 0.861

Type 2 diabetes mellitus,  
abs. (%) 8/28 (28.6) 7/23 (30.4) 4/14 (28.6) 15/51 (29.4) 11/37 (29.7)

p4 = 0.884
p5 = 1.000
p6 = 0.904
p7 = 0.951
p8 = 0.919
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T A B L E   3  ( c o n t i n u e d )

Charlson’s comorbidity index 
(abs.), Me [C25–C75]

10.0  
[9.0–11.0]

10.0  
[9.0–12.0]

10.0  
[9.0–12.0]

10  
[9–11]

10.0  
[9.0–12.0]

p4 = 0.869
p5 = 0.927
p6 = 0.841
p7 = 0.864
p8 = 0.946

GFR  
(glomerular filtration rate) 
(CKD-EPI) (ml/min/1.73 m2),  
Me [C25–C75]

42.8  
[36.0–49.8]

46.5  
[40.5–54.2]

51.7  
[36.8–56.1]

48.0  
[37.1–57.6]

47.8  
[38.9–54.4]

p4 = 0.153
p5 = 0.119
p6 = 0.632
p7 = 0.231
p8 = 0.075

CKD Stage 4  
(GFR < 30 ml/min/1.73 m2),  
abs. (%)

2/28 (7.1) 2/23 (8.7) 1/14 (7.1) 4/51 (7.8) 4/37 (10.8)

p4 = 0.837
p5 = 1.000
p6 = 0.867
p7 = 0.931
p8 = 0.990

GFR in CKD Stage 4  
(ml/min/1.73 m2),  
Me [C25–C75]

24.3  
[19.3–24.3]

27.0  
[24.6–27.0] 26.4 26.9  

[20.7–29.4]
27.8  

[25.0–29.6]

p4 = 0.667
p5 = 1.000
p6 = 1.000
p7 = 1.000
p8 = 0.857

CKD Stage 3B  
(GFR = 30–44 ml/min/1.73 m2),  
abs. (%)

13/28 (46.4) 7/23 (30.4) 4/14 (64.3) 20/51 (39.2) 10/37 (27.0)

p4 = 0.244
p5 = 0.116
p6 = 0.550
p7 = 0.218
p8 = 0.182

GFR in CKD Stage 3B  
(ml/min/1.73 m2),  
Me [C25–C75]

37.8  
[32.5–39.1]

40.5  
[33.2–41.9]

36.12  
[34.3–42.8]

37.8  
[32.9–41.6]

38.9  
[34.6–42.1]

p4 = 0.485
p5 = 0.521
p6 = 0.517
p7 = 0.457
p8 = 0.497

CKD Stage 3A  
(GFR = 45–59 ml/min/1.73 m2),  
abs. (%)

12/28 (42.9) 11/23 (47.8) 9/14 (64.3) 23/51 (45.1) 19/37 (51.4)

p4 = 0.723
p5 = 0.190
p6 = 0.330
p7 = 0.203
p8 = 0.497

GFR in CKD Stage 3A  
(ml/min/1.73 m2),  
Me [C25–C75]

49.3  
[46.4–53.1]

50.5  
[46.6–54.2]

53.9  
[47.9–56.4]

50.3  
[46.6–53.7]

52.6  
[47.8–54.9]

p4 = 0.525
p5 = 0.247
p6 = 0.412
p7 = 0.246
p8 = 0.177

CKD Stage 2  
(GFR = 60–89 ml/min/1.73 m2),  
abs. (%)

1/28 (3.6) 3/23 (13) 1/14 (7.1) 4/51 (7.8) 4/37 (10.8)

p4 = 0.211
p5 = 0.608
p6 = 0.575
p7 = 0.931
p8 = 0.278

GFR in CKD Stage 2  
(ml/min/1.73 m2),  
Me [C25–C75]

62.37 68.0  
[63.3–68.0] 66.76 65.6  

[62.6–71.7]
67.4  

[64.1–71.7]

p4 = 0.500
p5 = 1.000
p6 = 1.000
p7 = 1.000
p8 = 0.400

CKD Stage 1  
(GFR ≥ 90 ml/min/1.73 m2),  
abs. (%)

0/28 (100) 0/23 (0) 0/14 (0) 0/51 (0) 0/37 (0) –

GFR in CKD Stage 1 
(ml/min/1.73 m2),  
Me [C25–C75]

– – – – –

Note. abs. – absolute number; p4 – differences between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with DCCB (amlodipine); p5 – differences 
between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p6 – differences between the group of patients taking rivaroxaban 
in combination with DCCB (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p7 – differences between the group of patients taking rivaroxaban without CCBs + 
patients taking rivaroxaban in combination with DCCBs (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCBs (verapamil); p8 – differences between the group of patients taking 
rivaroxaban without CCBs and the group of patients taking rivaroxaban in combination with all CCBs (amlodipine + verapamil); BMI – body mass index; CHA2DS2-VASc – scale for assessing the risk of stroke and systemic 
thromboembolism in patients with atrial fibrillation (Congestive heart failure; Hypertension; Age ≥ 75 years; Diabetes mellitus; prior Stroke or TIA or thromboembolism; Vascular disease; Age 65–74 years; Sex Category); 
HAS-BLED – scale for assessing the risk of bleeding in atrial fibrillation (Hypertension; Abnormal renal-liver function; Stroke; Bleeding history or predisposition; Labile international normalised ratio; Elderly (65 years); 
Drugs or alcohol concomitantly); CHD – coronary heart disease; ACVA – acute cerebrovascular accident.
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ded in the subgroups are presented in Table 5. Patients 
in subgroup 3 (rivaroxaban + verapamil) had more men 
than patients in subgroup 2 (rivaroxaban + amlodipine); 
they were also more likely than patients in subgroup 1 (ri-
varoxaban without CCB) to have lower extremity ather-
osclerosis and had a higher Charlson comorbidity index. 
In other parameters, patients in  the subgroups studied 
were comparable.

Patients carrying homozygous type (TT) of ABCB1 gene 
(rs1045642) had baseline higher values of Cmin, ss of rivar-
oxaban, Cmin, ss/D of rivaroxaban and PT, and no differenc-
es were found between the compared subgroups in these 
parameters (p > 0.017) (Table 6).

Along with this AR in the form of clinically significant 
minor bleeding occurred in 75 % (!) of cases in subgroup 3 
(rivaroxaban + verapamil), and this rate was statistically 

significantly higher in  comparison with subgroup  1 (ri-
varoxaban without CCB) (p = 0.001), and in comparison 
with subgroup 2 (rivaroxaban + amlodipine) (p = 0.001) 
(Table 6).

Peculiarities of drug interaction between rivaroxaban 
and calcium channel blockers cause‑specific to ABCB1 

(rs4148738) genotype
Cause-specific to the ABCB1 genotype (rs4148738), pa-

tients were divided into  three groups: group  1 – carriers 
of the wild-type CC genotype (n = 37); group 2 – carriers 
of the heterozygous ST genotype (n = 63); group 3 – carriers 
of the homozygous TT genotype (n = 28). Drug interaction 
analyses were performed within each group cause-specific 
to concomitant therapy, in the same manner as for the pre-
vious polymorphism.

T A B L E   4
PECULIARITIES OF DRUG INTERACTION IN PATIENTS CARRYING THE CT GENOTYPE OF THE ABCB1 GENE (rs1045642)

Indicators

CT genotype (n = 65) of the ABCB1 gene (rs1045642)

р valueRivaroxaban 
without CCBs

Rivaroxaban  
and amlodipine

Rivaroxaban  
and verapamil

Number of patients, abs. (%) 28/65 (43.1) 23/65 (35.4) 14/65 (21.5) –

Cmin, ss of rivaroxaban (ng/ml), Me [C25–C75] 41.7 [25.7–70.7] 48.6 [28.2–65.5] 90.7 [51.7–140.8]
p 4 = 0.910
p 5 = 0.011
p 6 = 0.017

Cmin, ss/D of rivaroxaban (ng/ml/mg),  
Me [C25–C75] 2.7 [1.7–4.0] 3.2 [1.9–4.0] 6.1 [3.2–9.4]

p 4 = 1.000
p 5 = 0.014
p 6 = 0.020

Prothrombin time (s), Me [C25–C75] 14.0 [12.6–14.6] 13.2 [12.6–14.3] 14.6 [13.2–16.1]
p 4 = 0.602
p 5 = 0.157
p 6 = 0.121

Data on all clinically significant minor bleeding  
in response to rivaroxaban by history, abs. (%) 4/28 (14.3) 5/23 (21.7) 1/14 (7.1)

p 4 = 0.487
p 5 = 0.500
p 6 = 0.243

Note. abs. – absolute number; p4 – differences between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with DCCB (amlodipine); p5 – differences 
between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p6 – differences between the group of patients taking rivaroxaban 
in combination with DCCB (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil).

T A B L E   5
BASELINE CHARACTERISTICS OF PATIENTS CARRYING THE TT GENOTYPE OF ABCB1 GENE (rs1045642)

Indicators

TT genotype (n = 41) of the ABCB1 gene (rs1045642)

р valueRivaroxaban 
without CCBs

Rivaroxaban 
and 

amlodipine

Rivaroxaban 
and verapamil

Rivaroxaban 
without 
CCB and 

rivaroxaban + 
amlodipine

Rivaroxaban 
and amlodipine 

and 
rivaroxaban + 

verapamil
Number of patients,  
abs. (%) 12/41 (29.3) 17/41 (41.4) 12/41 (29.3) 29/41 (70.7) 29/41 (70.7) –

Age (years),  
Me [C25–C75]

88.0  
[83.0–88.8]

86.0  
[82.0–88.0]

89.5  
[85.5–92.0]

87  
[82–88]

87.0  
[83.0–90.0]

p4 = 0.394
p5 = 0.319
p6 = 0.08

p7 = 0.106
p8 = 0.944
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T A B L E   5  ( c o n t i n u e d )

Women, abs. (%) 9/12 (75) 15/17 (88.2) 5/12 (41.7) 24/29 (82.8) 20/29 (69.0)

p4 = 0.353
p5 = 0.098
p6 = 0.008
p7 = 0.009
p8 = 0.699

BMI (kg/m2),  
Me [C25–C75]

26.6  
[23.5–33.0]

27.5  
[24.3–31.6]

25.6  
[24.2–29.4]

27.4  
[24.3–31.9]

26.9  
[24.3–30.9]

p4 = 0.909
p5 = 0.630
p6 = 0.260
p7 = 0.328
p8 = 0.873

Scale CHA2DS2-VASc (scores),  
Me [C25–C75]

6.0  
[5.0–7.0]

6.0  
[5.3–7.5]

6.0  
[5.0–6.0]

6  
[5–7]

6.0  
[5.0–6.0]

p4 = 0.762
p5 = 0.863
p6 = 0.657
p7 = 0.707
p8 = 0.946

HAS-BLED (scores),  
Me [C25–C75]

3.0  
[2.0–4.0]

3.0  
[3.0–4.0]

3.0  
[2.0–4.0]

3  
[2.5–4]

3.0  
[3.0–4.0]

p4 = 0.606
p5 = 0.941
p6 = 0.442
p7 = 0.611
p8 = 0.847

Number of MPs (scores), 
Me [C25–C75]

6.0  
[4.3–7.0]

7.0  
[5.5–8.5]

7.0  
[4.0–8.8]

6.0  
[5.0–8.0]

7.0  
[5.0–8.5]

p4 = 0.166
p5 = 0.755
p6 = 0.444
p7 = 0.724

p8 = –

Number of MPs ≥ 5, 
abs. (%) 9/12 (75) 16/17 (94.1) 7/12 (58.3) 25/29 (86.2) 23/29 (79.3)

p4 = 0.141
p5 = 0.386
p6 = 0.019
p7 = 0.05

p8 = 0.762

Dose of rivaroxaban 15 mg, 
abs. (%) 9/12 (75) 16/17 (94.1) 11/12 (91.7) 25/29 (86.2) 27/29 (93.1)

p4 = 0.141
p5 = 0.273
p6 = 0.798
p7 = 0.627
p8 = 0.107

Dose of rivaroxaban 20 mg, 
abs. (%) 3/12 (25) 1/17 (5.9) 1/12 (8.3) 4/29 (13.8) 2/29 (6.9)

p4 = 0.141
p5 = 0.273
p6 = 0.798
p7 = 0.627
p8 = 0.107

Creatinine (µmol/l),  
Me [C25–C75]

97.4  
[80.5–121.8]

92.7  
[79.7–120.5]

107  
[94–137]

97.0  
[79.7–121.5]

97.9  
[87.9–120.5]

p4 = 0.744
p5 = 0.378
p6 = 0.097
p7 = 0.127
p8 = 0.810

Hemoglobin (g/l),  
Me [C25–C75]

133.0  
[94.0–138.0]

127.0 
[119.5–132.0]

111  
[106–119]

128.0  
[119.0–133.8]

121.0  
[111.0–130.0]

p4 = 0.547
p5 = 0.211
p6 = 0.007
p7 = 0.016
p8 = 0.308

Platelets (109/l),  
Me [C25–C75]

239.0  
[198.0–293.0]

239.0  
[190.0–313.5]

221.0  
[177.3–279.0]

239.0  
[194.3–297.5]

226.0  
[180.5–291.5]

p4 = 0.926
p5 = 0.413
p6 = 0.444
p7 = 0.358
p8 = 0.654

Comorbidities

CHD, abs. (%) 11/12 (91.7) 17/17 (100) 12/12 (100) 28/29 (96.6) 29/29 (100)

p4 = 0.226
p5 = 0.307

p6 = –
p7 = 0.515
p8 = 0.116

Effort-induced angina  
pectoris, abs. (%) 8/12 (66.7) 10/17 (58.8) 9/12 (75) 18/29 (62.1) 19/29 (65.5)

p4 = 0.668
p5 = 0.653
p5 = 0.367
p7 = 0.427
p8 = 0.944
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T A B L E   5  ( c o n t i n u e d )

Heart failure, abs. (%) 11/12 (91.7) 16/17 (94.1) 11/12 (91.7) 27/29 (93.1) 27/29 (93.1)

p4 = 0.798
p5 = 1.000
p6 = 0.798
p7 = 0.872
p8 = 0.872

Arterial hypertension,  
abs. (%) 12/12 (100) 17/17 (100) 10/12 (83.3) 29/29 (100) 27/29 (93.1)

p4 = –
p5 = 0.140
p6 = 0.081
p7 = 0.024
p8 = 0.351

History of previous  
myocardial infarction,  
abs. (%)

5/12 (41.7) 4/17 (23.5) 5/12 (41.7) 9/29 (31) 9/29 (31)

p4 = 0.298
p5 = 1.000
p6 = 0.298
p7 = 0.514
p8 = 0.514

ACVA (acute cerebrovascular 
accident) in past medical 
history,  
abs. (%)

0/12 (0) 6/17 (35.3) 3/12 (25) 6/29 (20.7) 9/29 (31)

p4 = 0.021
p5 = 0.064
p6 = 0.555
p7 = 0.762
p8 = 0.029

Bronchial asthma,  
abs. (%) 1/12 (8.3) 1/17 (5.9) 3/12 (25) 2/29 (6.9) 4/29 (13.8)

p4 = 0.798
p5 = 0.273
p6 = 0.141
p7 = 0.107
p8 = 0.627

Lower extremity  
atherosclerosis,  
abs. (%)

0/12 (0) 6/17 (35.3) 5/12 (41.7) 6/29 (20.7) 11/29 (37.9)

p4 = 0.021
p5 = 0.012
p6 = 0.728
p7 = 0.168
p8 = 0.013

Chronic bronchitis,  
abs. (%) 5/12 (41.7) 3/17 (17.6) 3/12 (25) 8/29 (27.6) 6/29 (20.7)

p4 = 0.154
p5 = 0.386
p6 = 0.630
p7 = 0.865
p8 = 0.168

Type 2 diabetes mellitus, 
abs. (%) 1/12 (8.3) 5/17 (29.4) 2/12 (16.7) 6/29 (20.7) 7/29 (24.1)

p4 = 0.168
p5 = 0.537
p6 = 0.430
p7 = 0.767
p8 = 0.245

Charlson’s comorbidity index 
(abs.),  
Me [C25-C75]

9.0  
[9.0–10.0]

10.0  
[9.0–11.5]

11.5  
[10.0–13.8]

9  
[9–11]

10.0  
[9.0–12.0]

p4 = 0.471
p5 = 0.008
p5 = 0.048
p7 = 0.01

p8 = 0.083
GFR  
(glomerular filtration rate) 
(CKD-EPI) 
(ml/min/1.73 m2),  
Me [C25-C75]

47.9  
[39.0–59.4]

49.5  
[35.3–55.5]

47.4  
[39.3–52.5]

48.0  
[37.1–57.6]

47.9  
[37.4–53.7]

p4 = 1.000
p5 = 0.843
p6 = 0.948
p7 = 0.877
p8 = 0.899

CKD Stage 4  
(GFR < 30 ml/min/1.73 m2),  
abs. (%)

0/12 (0) 1/17 (5.9) 1/12 (8.3) 1/29 (3.4) 2/29 (6.9)

p4 = 0.393
p5 = 0.328
p6 = 0.798
p7 = 0.509
p8 = 0.351

GFR in CKD Stage 4  
(ml/min/1.73 m2),  
Me [C25–C75]

– 28.6 26.8 28.6 27.7  
[26.8–27.7]

p4 = –
p5 = –

p6 = 1.000
p7 = 1.000
p8 = 0.351

CKD Stage 3B  
(GFR = 30–44 ml/min/1.73 m2),  
abs. (%)

5/12 (41.7) 5/17 (29.4) 3/12 (25) 10/29 (34.5) 8/29 (27.6)

p4 = 0.494
p5 = 0.304
p6 = 0.793
p7 = 0.553
p8 = 0.378
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GFR in CKD Stage 3B  
(ml/min/1.73 m2),  
Me [C25–C75]

38.6  
[34.5–41.7]

35.1  
[33.1–38.3]

38.4  
[36.4–38.4]

35.3  
[34.5–40.5]

35.9  
[34.7–40.4]

p4 = 0.548
p5 = 1.000
p6 = 0.143
p7 = 0.371
p8 = 0.378

CKD Stage 3A  
(GFR = 45–59 ml/
min/1.73 m2),  
abs. (%)

5/12 (41.7) 9/17 (52.9) 7/12 (58.3) 14/29 (48.3) 16/29 (55.2)

p4 = 0.550
p5 = 0.292
p6 = 0.774
p7 = 0.558
p8 = 0.431

GFR in CKD Stage 3A  
(ml/min/1.73 2),  
Me [C25–C75]

48.2  
[47.9–59.3]

51.3  
[47.9–54.1]

51.9  
[46.8–52.5]

51.2  
[47.9–55.5]

51.5  
[47.5–54.3]

p4 = 0.833
p5 = 0.530
p5 = 1.000
p7 = 0.699
p8 = 0.431

CKD Stage 2  
(GFR = 60–89 ml/min/1.73 m2),  
abs. (%)

2/12 (16.7) 2/17 (11.8) 1/12 (8.3) 4/29 (13.8) 3/29 (10.3)

p4 = 0.706
p5 = 0.484
p6 = 0.765
p7 = 0.627
p8 = 0.574

GFR in CKD Stage 2 (ml/
min/1.73 m2),  
Me [C25–C75]

61.6  
[61.1–61.6]

65.1  
[59.7–65.1] 64.19 62.1  

[60.4–65.3]
65.1  

[64.2–65.1]

p4 = 0.800
p5 = 0.667
p6 = 1.000
p7 = 1.000
p8 = 0.574

CKD Stage 1  
(GFR ≥ 90 ml/min/1.73  m2),  
abs. (%)

– – – – – –

GFR in CKD Stage 1  
(ml/min/1.73 m2),  
Me [C25–C75]

– – – – – –

Note. abs. – absolute number; p4 – differences between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with DCCB (amlodipine); p5 – differences 
between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p6 – differences between the group of patients taking rivaroxaban 
in combination with DCCB (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p7 – differences between the group of patients taking rivaroxaban without CCBs + 
patients taking rivaroxaban in combination with DCCBs (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCBs (verapamil); p8 – differences between the group of patients taking 
rivaroxaban without CCBs and the group of patients taking rivaroxaban in combination with all CCBs (amlodipine + verapamil); BMI – body mass index; CHA2DS2-VASc – scale for assessing the risk of stroke and systemic 
thromboembolism in patients with atrial fibrillation (Congestive heart failure; Hypertension; Age ≥ 75 years; Diabetes mellitus; prior Stroke or TIA or thromboembolism; Vascular disease; Age 65–74 years; Sex Category); 
HAS-BLED – scale for assessing the risk of bleeding in atrial fibrillation (Hypertension; Abnormal renal-liver function; Stroke; Bleeding history or predisposition; Labile international normalised ratio; Elderly (65 years); 
Drugs or alcohol concomitantly); CHD – coronary heart disease; ACVA – acute cerebrovascular accident.

T A B L E   5  ( c o n t i n u e d )

T A B L E   6
PECULIARITIES OF DRUG INTERACTION IN PATIENTS-CARRIERS OF TT GENOTYPE OF ABCB1 GENE (rs1045642)

Indicators

TT genotype (n = 41) of the ABCB1 gene (rs1045642)

р valueRivaroxaban 
without CCBs

Rivaroxaban  
and amlodipine

Rivaroxaban  
and verapamil

Number of patients, abs. (%) 12/41 (29.3) 17/41 (41.4) 12/41 (29.3) –

Cmin, ss of rivaroxaban (ng/ml), Me [C25–C75] 57.5 [36.3–91.2] 63.5 [33.5–114.5] 71.2 [33.7–89.1]
p 4 = 0.859
p 5 = 0.908
p 6 = 0.912

Cmin, ss/D of rivaroxaban (ng/ml/mg),  
Me [C25–C75] 3.6 [2.2–5.7] 4.2 [2.2–7.1] 4.6 [2.3–5.4]

p 4 = 0.690
p 5 = 0.603
p 6 = 0.912

Prothrombin time (s), Me [C25–C75] 14.1 [13.5–14.5] 14.0 [12.4–15.8] 15.9 [13.4–17.8]
p 4 = 0.842
p 5 = 0.126
p 6 = 0.066

Data on all clinically significant minor bleeding  
in response to rivaroxaban by history, abs. (%) 1/12 (8.3) 2/17 (11.8) 9/12 (75)

p 4 = 0.765
p 5 = 0.001
p 6 = 0.001

Note. abs. – absolute number; p4 – differences between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with DCCB (amlodipine); p5 – differences 
between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p6 – differences between the group of patients taking rivaroxaban 
in combination with DCCB (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil).
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T A B L E   7
BASELINE CHARACTERISTICS OF PATIENTS CARRYING THE CC GENOTYPE OF THE ABCB1 GENE (rs4148738)

Indicators

CC genotype (n = 37) of the ABCB1 gene (rs4148738)

р valueRivaroxaban 
without CCBs

Rivaroxaban 
and 

amlodipine

Rivaroxaban 
and verapamil

Rivaroxaban 
without 
CCB and 

rivaroxaban + 
amlodipine

Rivaroxaban 
and amlodipine 

and 
rivaroxaban + 

verapamil
Number of patients,  
abs. (%) 14/37 (37.85) 14/37 (37.85) 9/37 (24.3) 28/37 (75.7) 23/37 (62.2) –

Age (years),  
Me [C25–C75]

88.0  
[83.3–91.0]

88.0  
[82.8–90.3]

89.0  
[81.0–92.0]

88.0  
[83.3–90.75]

88.0  
[82.0–91.0]

p4 = 0.982
p5 = 0.975
p6 = 0.926
p7 = 0.931
p8 = 0.963

Women, abs. (%) 10/14 (71.4) 12/14 (85.7) 6/9 (66.7) 22/28 (78.6) 18/23 (78.3)

p4 = 0.357
p5 = 0.809
p6 = 0.280
p7 = 0.469
p8 = 0.639

BMI (kg/m2),  
Me [C25–C75]

29.1  
[25.3–30.7]

28.6  
[25.6–31.9]

28.6  
[23.6–30.9]

29.1  
[25.4–31.2]

28.6  
[25.6–31.5]

p4 = 0.894
p5 = 0.804
p6 = 0.851
p7 = 0.789
p8 = 0.957

Scale CHA2DS 2-VASc (scores),  
Me [C25–C75]

4.5  
[3.0–5.8]

6.0  
[5.3–6.0]

6.0  
[5.0–8.5]

5.0 
[4.0–6.0]

6.0  
[5.5–6.5]

p4 = 0.057
p5 = 0.064
p6 = 0.524
p7 = 0.129
p8 = 0.019

HAS-BLED (scores),  
Me [C25–C75]

4.0  
[2.3–5.0]

3.0  
[3.0–3.0]

4.0  
[2.0–5.0]

3.0  
[3.0–4.8]

3.0  
[3.0–4.0]

p4 = 0.208
p5 = 0.799
p6 = 0.284
p7 = 0.767
p8 = 0.295

Number of MPs (scores), 
Me [C25–C75]

6.0  
[5.0–7.3]

7.0  
[5.0–9.0]

6.0  
[4.5–8.0]

6.0  
[5.0–8.8]

6.0  
[5.0–8.0]

p4 = 0.285
p5 = 0.877
p6 = 0.277
p7 = 0.614
p8 = 0.429

Group 1. Wild‑type (CC) carriers of the ABCB1 gene 
(rs4148738)

We divided group  1 patients (n  =  37) into sub-
groups cause-specific to  concomitant therapy. Sub-
group  1 – 14  patients taking rivaroxaban without CCB 
(median age  – 88.0  [83.3–91.0]  years; 71.4  % women); 
subgroup  2  – 14  patients taking rivaroxaban + amlodi-
pine (median age  – 88.0  [82.8–90.3]  years; 85.7  % wo-
men); subgroup 3 – 9 patients taking rivaroxaban + ve-
rapamil (median age – 89.0 [81.0–92.0] years; 66.7 % wo-
men). The  baseline characterization of  patients accord-
ing to  rs4148738 (ABCB1) genotype is  presented in  Ta-
ble 7. The patients in the study groups were comparable 
with respect to the main parameters.

Among wild-type (CC) carriers of  the  ABCB1 gene 
(rs4148738), the Cmin, ss level of rivaroxaban was statistical-
ly significantly higher in the group of patients taking rivar-
oxaban + verapamil compared with the group of patients 
taking rivaroxaban without CCB (Me 77.6 [47.4–115.3] vs. 

29.4 [14.5–61.9] ng/ml; p = 0.014). The Cmin, ss/D levels of ri-
varoxaban were higher in  the  group of  patients receiv-
ing rivaroxaban + verapamil than in the group of patients 
not administering CCB in combination with rivaroxaban, but 
without reaching statistical significance (Me 5.2  [2.3–7.7]  
vs. 2.0 [1.0–3.8] ng/ml/mg; p = 0.020). No statistically signif-
icant differences were found in the PT rate and the num-
ber of patients who experienced AR in the form of clinically 
significant small bleedings between the compared groups 
(p > 0.017) (Table 8).

Group 2. Heterozygous type (CT) carriers  
of the ABCB1 gene (rs4148738)

We divided group 2 patients (n = 63) into subgroups 
cause-specific to  concomitant therapy. Subgroup  1 – 
24  patients taking rivaroxaban without CCB (median 
age – 88.0 [83.0–91.0] years; 70.8 % women); subgroup 2 – 
27  patients taking rivaroxaban + amlodipine (median 
age – 86.0 [83.0–88.0] years; 81.5 % women); subgroup 3 – 
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Number of MPs ≥ 5, 
abs. (%) 12/14 (85.7) 14/14 (100) 7/9 (77.8) 26/28 (92.9) 21/23 (91.3)

p4 = 0.142
p5 = 0.624
p6 = 0.065
p7 = 0.205
p8 = 0.595

Dose of rivaroxaban 15 mg, 
abs. (%) 12/14 (85.7) 11/14 (78.6) 8/9 (88.9) 23/28 (82.1) 19/23 (82.6)

p4 = 0.622
p5 = 0.825
p6 = 0.524
p7 = 0.633
p8 = 0.804

Dose of rivaroxaban 20 mg, 
abs. (%) 2/14 (14.3) 3/14 (21.4) 1/9 (11.1) 5/28 (17.9) 4/23 (17.4)

p4 = 0.622
p5 = 0.825
p6 = 0.524
p7 = 0.633
p8 = 0.804

Creatinine (µmol/l),  
Me [C25–C75]

106.5  
[95.9–127.5]

99.2  
[93.6–152.5]

102.0  
[92.7–118.0]

121.0  
[112.5–129.8]

99.2  
[93.6–126.5]

p4 = 0.839
p5 = 0.643
p6 = 0.829
p7 = 0.689
p8 = 0.689

Hemoglobin (g/l),  
Me [C25–C75]

123.5  
[114.8–140.3]

121.0  
[104.8–125.5]

127.0  
[119.0–133.6]

121.0  
[112.5–130.8]

124.0  
[112.0–128.0]

p4 = 0.246
p5 = 1.000
p6 = 0.159
p7 = 0.453
p8 = 0.411

Platelets (109/l),  
Me [C25–C75]

247  
[188.5–264.5]

239.5  
[195.8–328.3]

202.0  
[170.0–344.5]

246.0  
[193.0–270.5]

220.0  
[190.0–328.0]

p4 = 0.401
p5 = 0.926
p6 = 0.336
p7 = 0.542
p8 = 0.610

Comorbidities

CHD, abs. (%) 14/14 (100) 14/14 (100) 9/9 (100) 28/28 (100) 23/23 (100)

p4 = –
p5 = –
p6 = –
p7 = –
p8 = –

Effort-induced angina  
pectoris, abs. (%) 12/14 (85.7) 13/14 (92.9) 8/9 (88.9) 25/28 (89.3) 21/23 (91.3)

p4 = 0.541
p5 = 0.825
p6 = 0.742
p7 = 0.973
p8 = 0.595

Heart failure, abs. (%) 14/14 (100) 13/14 (92.9) 8/9 (88.9) 27/28 (96.4) 21/23 (91.3)

p4 = 0.309
p5 = 0.202
p6 = 0.742
p7 = 0.384
p8 = 0.257

Arterial hypertension,  
abs. (%) 13/14 (92.9) 13/14 (92.9) 8/9 (88.9) 26/28 (92.9) 21/23 (91.3)

p4 = 1.000
p5 = 0.742
p6 = 0.742
p7 = 0.704
p8 = 0.867

History of previous  
myocardial infarction,  
abs. (%)

1/14 (7.1) 4/14 (28.6) 3/9 (33.3) 5/28 (17.9) 7/23 (30.4)

p4 = 0.139
p5 = 0.106
p6 = 0.809
p7 = 0.327
p8 = 0.095

ACVA (acute cerebrovascular 
accident) in past medical his-
tory, abs. (%)

0/14 (0) 4/14 (28.6) 3/9 (33.3) 4/28 (14.3) 7/23 (30.4)

p4 = 0.031
p5 = 0.021
p6 = 0.809
p7 = 0.204
p8 = 0.022

Bronchial asthma, abs. (%) 0/14 (0) 1/14 (7.1) 2/9 (22.2) 1/28 (3.6) 3/23 (13)

p4 = 0.309
p5 = 0.064
p6 = 0.295
p7 = 0.075
p8 = 0.159
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Lower extremity  
atherosclerosis, abs. (%) 0/14 (0) 2/14 (14.3) 1/9 (11.1) 2/28 (7.1) 3/23 (13)

p4 = 0.142
p5 = 0.202
p6 = 0.825
p7 = 0.704
p8 = 0.159

Chronic bronchitis,  
abs. (%) 5/14 (35.7) 4/14 (28.6) 4/9 (44.4) 9/28 (32.1) 8/23 (24.8)

p4 = 0.686
p5 = 0.675
p6 = 0.435
p7 = 0.501
p8 = 0.954

Type 2 diabetes mellitus,  
abs. (%) 5/14 (35.7) 5/14 (35.7) 0/9 (0) 10/28 (35.7) 5/23 (21.7)

p4 = 1.000
p5 = 0.043
p6 = 0.043
p7 = 0.036
p8 = 0.353

Charlson’s comorbidity index 
(abs.), Me [C25-C75]

10.5  
[9.0–11.0]

10.0  
[9.0–12.0]

11.0  
[9.0–12.5]

10.0  
[9.0–11.0)]

10.0  
[9.0–12.0]

p4 = 0.667
p5 = 0.403
p6 = 0.734
p7 = 0.519
p8 = 0.467

GFR (glomerular filtration 
rate) (CKD-EPI) 
(ml/min/1.73 m2),  
Me [C25-C75]

41.2  
[36.5–49.3]

43.3  
[33.1–47.5]

44.6  
[35.7–48.2]

42.2  
[36.2–45.9]

44.1  
[35.7–48.0]

p4 = 0.910
p5 = 0.877
p6 = 0.734
p7 = 0.768
p8 = 0.962

CKD Stage 4  
(GFR < 30 ml/min/1.73 m2),  
abs. (%)

1/14 (7.1) 3/14 (21.4) 0/9 (0) 4/28 (14.3) 3/23 (13.0)

p4 = 0.280
p5 = 0.412
p6 = 0.136
p7 = 0.230
p8 = 0.546

GFR in CKD Stage 4  
(ml/min/1.73 m2),  
Me [C25–C75]

29.3 21.4  
[19.5–21.4] 0 23.0  

[19.9–28.3]
21.4  

[19.5–21.4]

p4 = 0.500
p5 = –
p6 = –
p7 = –

p8 = 0.500

CKD Stage 3B  
(GFR = 30–44 ml/min/1.73 m2),  
abs. (%)

9/14 (64.3) 6/14 (42.9) 4/9 (44.4) 15/28 (53.6) 10/23 (43.5)

p4 = 0.256
p5 = 0.349
p6 = 0.940
p7 = 0.634
p8 = 0.270

GFR in CKD Stage 3B  
(ml/min/1.73 m2),  
Me [C25–C75]

38.7  
[36.3–42.7]

40.8  
[36.5–44.1]

35.7  
[34.3–37.2]

39.0 
[36.7–43.5]

37.1  
[35.7–44.1]

p4 = 0.456
p5 = 0.106
p6 = 0.067
p7 = 0.049
p8 = 1.000

CKD Stage 3A  
(GFR = 45–59 ml/min/1.73 m2),  
abs. (%)

1/14 (7.1) 3/14 (21.4) 4/9 (44.4) 4/28 (14.3) 7/23 (30.4)

p4 = 0.280
p5 = 0.034
p6 = 0.242
p7 = 0.056
p8 = 0.236

GFR in CKD Stage 3A  
(ml/min/1.73 m2),  
Me [C25–C75]

45.8 46.1  
[45.5–46.1]

46.5  
[44.7–48.4]

45.9  
[45.6–50.3]

47.9  
[45.5–51.6]

p4 = 1.000
p5 = 1.000
p6 = 0.629
p7 = 0.686
p8 = 0.667

CKD Stage 2  
(GFR = 60–89 ml/min/1.73 m2),  
abs. (%)

2/14 (14.3) 2/14 (14.3) 1/9 (11.1) 4/28 (14.3) 2/23 (8.7)

p4 = 1.000
p5 = 0.825
p6 = 0.825
p7 = 0.809
p8 = 0.837

GFR in CKD Stage 2  
(ml/min/1.73 2),  
Me [C25–C75]

61.1 
[59.9–61.1]

70.4  
[59.7–70.4] 85.97 61.1 

[59.8–76.4]
83.5  

[81.1–83.5]

p4 = 1.000
p5 = 0.667
p6 = 0.667
p7 = 0.400
p8 = 0.667
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CKD Stage 1  
(GFR ≥ 90 ml/min/1.73 m2),  
abs. (%)

1/14 (7.1) 0/14 (0) 0/9 (0) 1/28 (3.6) –

p4 = 0.309
p5 = 0.412

p6 = –
p7 = 0.565
p8 = 0.204

GFR in CKD Stage 1  
(ml/min/1.73 m2),  
Me [C25–C75]

96.9 0 0 96.96 –

p4 = –
p5 = –
p6 = –
p7 = –
p8 = –

Note. abs. – absolute number; p4 – differences between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with DCCB (amlodipine); p5 – differences 
between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p6 – differences between the group of patients taking rivaroxaban 
in combination with DCCB (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p7 – differences between the group of patients taking rivaroxaban without CCBs + 
patients taking rivaroxaban in combination with DCCBs (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCBs (verapamil); p8 – differences between the group of patients taking 
rivaroxaban without CCBs and the group of patients taking rivaroxaban in combination with all CCBs (amlodipine + verapamil); BMI – body mass index; CHA2DS2-VASc – scale for assessing the risk of stroke and systemic 
thromboembolism in patients with atrial fibrillation (Congestive heart failure; Hypertension; Age ≥ 75 years; Diabetes mellitus; prior Stroke or TIA or thromboembolism; Vascular disease; Age 65–74 years; Sex Category); 
HAS-BLED – scale for assessing the risk of bleeding in atrial fibrillation (Hypertension; Abnormal renal-liver function; Stroke; Bleeding history or predisposition; Labile international normalised ratio; Elderly (65 years); 
Drugs or alcohol concomitantly); CHD – coronary heart disease; ACVA – acute cerebrovascular accident.

T A B L E   8
FEATURES OF DRUG INTERACTION IN PATIENTS CARRYING THE CC GENOTYPE OF THE ABCB1 GENE (rs4148738)

Indicators

CC genotype (n = 37) of the ABCB1 gene (rs4148738)

р valueRivaroxaban 
without CCBs

Rivaroxaban and 
amlodipine

Rivaroxaban and 
verapamil

Number of patients, abs. (%) 14/37 (37.85) 14/37 (37.85) 9/37 (24.3) –

Cmin, ss of rivaroxaban (ng/ml), Me [C25–C75] 29.4 [14.5–61.9] 71.2 [28.3–102.8] 77.6 [47.4–115.3]
p 4 = 0.081
p 5 = 0.014
p 6 = 0.571

Cmin, ss/D of rivaroxaban (ng/ml/mg),  
Me [C25–C75] 2.0 [1.0–3.8] 4.6 [1.9–6.9] 5.2 [2.3–7.7]

p 4 = 0.098
p 5 = 0.020
p 6 = 0.378

Prothrombin time (s), Me [C25–C75] 12.7 [12.3–14.2] 13.3 [12.2–14.7] 13.5 [13.1–15.6]
p 4 = 0.581
p 5 = 0.243
p 6 = 0.488

Data on all clinically significant minor bleeding  
in response to rivaroxaban by history, abs. (%) 1/14 (7.1) 1/14 (7.1) 1/9 (11.1)

p 4 = 1.000
p 5 = 0.742
p 6 = 0.742

Note. abs. – absolute number; p4 – differences between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with DCCB (amlodipine); p5 – differences 
between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p6 – differences between the group of patients taking rivaroxaban 
in combination with DCCB (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil).

12 patients taking rivaroxaban + verapamil (median age – 
88.5 [81.3–90.0] years; 75.0 % women). The baseline charac-
terization of patients according to rs4148738 (ABCB1) geno-
type is presented in Table 9. The patients in the study groups 
were comparable with respect to the main parameters.

Among carriers of  the  heterozygous type (CT) 
of  the ABCB1 gene (rs4148738), the  levels of Cmin, ss of  ri-
varoxaban and Cmin,  ss/D of  rivaroxaban were higher 
in  the  group of  patients taking rivaroxaban + verapam-
il and rivaroxaban + amlodipine than in the group of pa-
tients not taking CCB in combination with rivaroxaban, but 
these differences did not reach statistical significance (Ta-
ble 10). PT was higher in the group of patients taking rivar-
oxaban + verapamil than in the group of patients not taking 
CCB in combination with rivaroxaban, but these differences 
also did not reach statistical significance (14.6 [13.5–16.8] 

vs. 14.0 [12.8–14.5] s; p = 0.083) (Table 10). No differences 
in the number of patients who experienced AR in the form 
of clinically significant small hemorrhages were found be-
tween the compared groups (p > 0.017) (Table 10).

Group 3. Homozygous type (TT) carriers  
of the ABCB1 gene (rs4148738)

We divided patients in group 3 (n = 28) into subgroups 
cause-specific to concomitant therapy. Subgroup 1 – 9 pa-
tients taking rivaroxaban without CCB (median age  – 
88.0  [84.0–89.5]  years; 77.8  % women); subgroup  2 – 
10  patients taking rivaroxaban + amlodipine (median 
age – 84.0 [81.8–89.3] years; 100 % women); subgroup 3 – 
9 patients taking rivaroxaban + verapamil (median age – 
88.0 [86.0–92.0] years; 33.3 % women). The baseline charac-
terization of patients according to rs4148738 (ABCB1) gen-
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T A B L E   9
BASELINE CHARACTERISTICS OF PATIENTS CARRYING THE CT GENOTYPE OF THE ABCB1 GENE (rs4148738)

Indicators

CT genotype (n = 63) of the ABCB1 gene (rs4148738)

р valueRivaroxaban 
without CCBs

Rivaroxaban 
and 

amlodipine

Rivaroxaban 
and verapamil

Rivaroxaban 
without 
CCB and 

rivaroxaban + 
amlodipine

Rivaroxaban 
and amlodipine 

and 
rivaroxaban + 

verapamil
Number of patients,  
abs. (%) 24/63 (38.1) 27/63 (42.9) 12/63 (19) 51/63 (81) 39/63 (61.9) –

Age (years),  
Me [C25–C75]

88.0  
[83.0–91.0]

86.0  
[83.0–88.0]

88.5  
[81.3–90.0]

87.0  
[83.0–90.0]

87.0  
[82.0–89.0]

p4 = 0.320
p5 = 0.908
p6 = 0.391
p7 = 0.661
p8 = 0.756

Women, abs. (%) 17/24 (70.8) 22/27 (81.5) 9/12 (75.0) 39/51 (76.5) 31/39 (79.5)

p4 = 0.371
p5 = 0.792
p6 = 0.644
p7 = 0.914
p8 = 0.434

BMI (kg/m2),  
Me [C25–C75]

28.5  
[25.5–31.1]

30.1  
[25.6–31.4]

31.3  
[24.1–32.8]

29.0  
[25.6–31.2]

30.4  
[25.0–31.8]

p4 = 0.695
p5 = 0.440
p6 = 0.786
p7 = 0.554
p8 = 0.523

Scale CHA2DS2-VASc (scores),  
Me [C25–C75]

6  
[5–7]

6.0  
[5.0–8.0]

5.5  
[5.0–8.0]

6.0  
[5.0–7.0]

6.0  
[5.0–8.0]

p4 = 0.669
p5 = 0.914
p6 = 0.603
p7 = 0.715
p8 = 0.789

HAS-BLED (scores),  
Me [C25–C75]

3  
[2–3]

3.0  
[3.0–3.75]

3.0  
[2.75–4.0]

3.0  
[3.0–3.0]

3.0  
[3.0–4.0]

p4 = 0.708
p5 = 0.604
p6 = 0.812
p7 = 0.669
p8 = 0.568

Number of MPs (scores), 
Me [C25–C75]

6  
[5–7]

7.0  
[6.0–9.0]

6.0  
[5.25–7.0]

6.0  
[5.0–8.0]

7.0  
[6.0–8.0]

p4 = 0.019
p5 = 0.753
p6 = 0.080
p7 = 0.396
p8 = 0.056

Number of MPs ≥ 5, 
abs. (%) 20/24 (83.3) 25/27 (92.6) 10/12 (83.3) 45/51 (88.2) 35/39 (89.7)

p4 = 0.306
p5 = 1.000
p6 = 0.379
p7 = 0.646
p8 = 0.244

Dose of rivaroxaban 15 mg, 
abs. (%) 21/24 (87.5) 24/27 (88.9) 11/12 (91.7) 45/51 (88.2) 35/39 (89.7)

p4 = 0.878
p5 = 0.708
p6 = 0.792
p7 = 0.734
p8 = 0.783

Dose of rivaroxaban 20 mg, 
abs. (%) 3/24 (12.5) 3/27 (11.1) 1/12 (8.3) 6/51 (11.8) 3/39 (7.7)

p4 = 0.878
p5 = 0.708
p6 = 0.792
p7 = 0.734
p8 = 0.783

Creatinine (µmol/l),  
Me [C25–C75]

104.0  
[89.5–124.3]

97.9  
[83.6–122.0]

92.3  
[83.6–101.5]

98.1  
[86.0–122.0]

94.7  
[83.6–110.0]

p4 = 0.336
p5 = 0.146
p6 = 0.578
p7 = 0.270
p8 = 0.179
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Hemoglobin (g/l),  
Me [C25–C75]

123.0  
[110.3–136.0]

125.0  
[113.0–129.0]

124.5  
[101.5–132.3]

125.0  
[112.0–132.0]

125.0  
[112.0–130.0]

p4 = 0.799
p5 = 0.497
p6 = 0.869
p7 = 0.649
p8 = 0.630

Platelets (109/l),  
Me [C25–C75]

215.0  
[160.5–259.0]

236.0  
[190.0–305.0]

194.5  
[161.3–260.5]

224.0  
[175.0–276.0]

222.0  
[178.0–293.0]

p4 = 0.122
p5 = 0.987
p6 = 0.168
p7 = 0.436
p8 = 0.240

Comorbidities

CHD, abs. (%) 24/24 (100) 27/27 (100) 12/12 (100) 51/51 (100) 39/39 (100)

p4 = –
p5 = –
p6 = –
p7 = –
p8 = –

Effort-induced angina  
pectoris, abs. (%) 21/24 (87.5) 20/27 (74.1) 9/12 (75) 41/51 (80.4) 29/39 (74.4)

p4 = 0.228
p5 = 0.343
p6 = 0.951
p7 = 0.678
p8 = 0.211

Heart failure, abs. (%) 23/24 (95.8) 25/27 (92.6) 10/12 (83.3) 48/51 (94.1) 35/39 (89.7)

p4 = 0.623
p5 = 0.201
p6 = 0.379
p7 = 0.214
p8 = 0.385

Arterial hypertension,  
abs. (%) 23/24 (95.8) 26/27 (96.3) 11/12 (91.7) 49/51 (96.1) 37/39 (94.9)

p4 = 0.932
p5 = 0.607
p6 = 0.545
p7 = 0.518
p8 = 0.862

History of previous  
myocardial infarction,  
abs. (%)

9/24 (37.5) 6/27 (22.2) 3/12 (25) 15/51 (29.4) 9/39 (23.1)

p4 = 0.232
p5 = 0.453
p6 = 0.849
p7 = 0.761
p8 = 0.218

ACVA (acute cerebrovascular 
accident) in past medical  
history, abs. (%)

6/24 (25.0) 6/27 (22.2) 3/12 (25) 12/51 (23.5) 9/39 (23.1)

p4 = 0.815
p5 = 1.000
p6 = 0.849
p7 = 0.914
p8 = 0.862

Bronchial asthma,  
abs. (%) 0/24 (0) 0/27 (0) 2/12 (16.7) 0/51 (0) 2/39 (5.1)

p4 = –
p5 = 0.040
p6 = 0.029
p7 = 0.003
p8 = 0.260

Lower extremity  
atherosclerosis,  
abs. (%)

3/24 (12.5) 7/27 (25.9) 4/12 (33.3) 10/51 (19.6) 11/39 (28.2)

p4 = 0.228
p5 = 0.137
p6 = 0.635
p7 = 0.303
p8 = 0.145

Chronic bronchitis,  
abs. (%) 11/24 (45.8) 9/27 (33.3) 5/12 (41.7) 20/51 (39.2) 14/39 (35.9)

p4 = 0.361
p5 = 0.813
p6 = 0.617
p7 = 0.876
p8 = 0.434

Type 2 diabetes mellitus, abs. 
(%) 7/24 (29.2) 7/27 (25.9) 3/12 (25) 14/51 (27.5) 10/39 (25.6)

p4 = 0.796
p5 = 0.792
p6 = 0.951
p7 = 0.863
p8 = 0.759
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Charlson’s comorbidity index 
(abs.), Me [C25–C75]

10.0  
[9.3–11.0]

10.0  
[9.0–11.0]

10.0  
[9.0–11.0]

10.0  
[9.0–11.0]

10.0  
[9.0–11.0]

p4 = 0.369
p5 = 0.631
p6 = 0.916
p7 = 0.844
p8 = 0.240

GFR (glomerular filtration 
rate) (CKD-EPI) 
(ml/min/1.73 m2),  
Me [C25–C75]

41.2  
[36.5–49.3]

43.3  
[33.1–47.5]

44.6  
[35.7–48.2]

42.2  
[36.2–45.9]

51.8  
[40.5–56.0]

p4 = 0.910
p5 = 0.877
p6 = 0.734
p7 = 0.768
p8 = 0.374

CKD Stage 4  
(GFR < 30 ml/min/1.73 m2),  
abs. (%)

2/24 (8.3) 3/27 (11.1) 1/12 (8.3) 5/51 (9.8) 4/39 (10.3)

p4 = 0.739
p5 = 1.000
p6 = 0.792
p7 = 0.876
p8 = 0.801

GFR in CKD Stage 4  
(ml/min/1.73 m2),  
Me [C25–C75]

29.3 21.4  
[19.5–21.4] 0 23.0  

[19.9–28.3]
28.9  

[26.9–29.5]

p4 = 0.500
p5 = –
p6 = –
p7 = –

p8 = 0.800

CKD Stage 3B  
(GFR = 30–44 ml/min/1.73 m2), 
abs. (%)

8/24 (33.3) 9/27 (33.3) 1/12 (8.3) 17/51 (33.3) 10/39 (25.6)

p4 = 1.000
p5 = 0.102
p6 = 0.099
p7 = 0.085
p8 = 0.512

GFR in CKD Stage 3B  
(ml/min/1.73 m2),  
Me [C25–C75]

38.7  
[36.3–42.7]

40.8  
[36.5–44.1]

35.7  
[34.3–37.2]

39.0  
[36.7–43.5]

38.0  
[34.2–41.9]

p4 = 0.456
p5 = 0.106
p6 = 0.067
p7 = 0.049
p8 = 0.897

CKD Stage 3A  
(GFR = 45–59 ml/min/1.73 m2),  
abs. (%)

13/24 (54.2) 11/27 (40.7) 8/12 (66.7) 24/51 (47.1) 19/39 (48.7)

p4 = 0.338
p5 = 0.473
p6 = 0.135
p7 = 0.222
p8 = 0.674

GFR in CKD Stage 3A  
(ml/min/1.73 m2),  
Me [C25–C75]

45.8 46.1  
[45.5–46.1]

46.5  
[44.7–48.4]

45.9  
[45.6–50.3]

53.9  
[50.5–55.8]

p4 = 1.000
p5 = 1.000
p6 = 0.629
p7 = 0.686
p8 = 0.077

CKD Stage 2  
(GFR = 60–89 ml/min/1.73 m2),  
abs. (%)

1/24 (4.2) 4/27 (14.8) 2/12 (16.7) 5/51 (9.8) 6/39 (15.4)

p4 = 0.202
p5 = 0.201
p6 = 0.882
p7 = 0.496
p8 = 0.169

GFR in CKD Stage 2  
(ml/min/1.73 m2),  
Me [C25–C75]

61.1  
[59.9–61.1]

70.4  
[59.7–70.4] 85.97 61.1  

[59.8–76.4]
66.1  

[63.4–69.2]

p4 = 1.000
p5 = 0.667
p6 = 0.667
p7 = 0.400
p8 = 0.286

CKD Stage 1  
(GFR ≥ 90 ml/min/1.73 m2),  
abs. (%)

– – – – – –

GFR in CKD Stage 1  
(ml/min/1.73 m2),  
Me [C25–C75]

96.6 96.9 0 0

p4 = –
p5 = –
p6 = –
p7 = –
p8 = –

Note. abs. – absolute number; p4 – differences between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with DCCB (amlodipine); p5 – differences 
between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p6 – differences between the group of patients taking rivaroxaban 
in combination with DCCB (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p7 – differences between the group of patients taking rivaroxaban without CCBs + 
patients taking rivaroxaban in combination with DCCBs (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCBs (verapamil); p8 – differences between the group of patients taking 
rivaroxaban without CCBs and the group of patients taking rivaroxaban in combination with all CCBs (amlodipine + verapamil); BMI – body mass index; CHA2DS2-VASc – scale for assessing the risk of stroke and systemic 
thromboembolism in patients with atrial fibrillation (Congestive heart failure; Hypertension; Age ≥ 75 years; Diabetes mellitus; prior Stroke or TIA or thromboembolism; Vascular disease; Age 65–74 years; Sex Category); 
HAS-BLED – scale for assessing the risk of bleeding in atrial fibrillation (Hypertension; Abnormal renal-liver function; Stroke; Bleeding history or predisposition; Labile international normalised ratio; Elderly (65 years); 
Drugs or alcohol concomitantly); CHD – coronary heart disease; ACVA – acute cerebrovascular accident.
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otype is presented in Table 11. Patients in subgroup 3 (ri-
varoxaban + verapamil) had a higher proportion of women, 
had higher creatinine levels and lower haemoglobin lev-
els than those in subgroup 2 (rivaroxaban + amlodipine), 
and had a higher Charlson comorbidity index than patients 
in subgroup 1 (rivaroxaban without CCB). In other param-
eters, patients in the studied subgroups were comparable.

Among homozygous type (TT) carriers of  the ABCB1 
gene (rs4148738), the  levels of  Cmin,  ss of  rivaroxaban, 
Cmin, ss/D of rivaroxaban and PT were higher in patients tak-
ing rivaroxaban + verapamil compared to all study groups, 
but without reaching statistical significance of  the  dif-
ferences. AR in  the  form of  clinically significant minor 
bleeding occurred quite frequently – in  77.8  % of  cases 
in  the  group of  patients taking rivaroxaban + verapamil, 
and this rate was statistically significantly higher in com-
parison with the group of patients not taking CCB in com-

bination with rivaroxaban (11.1 %; p = 0.004), and in com-
parison with the  group of  patients taking rivaroxaban + 
amlodipine, the difference reached statistical significance 
(30 %; p = 0.037) (Table 12).

DISCUSSION

The  data obtained reveal that in  patients 80  years 
and  older with non-valvular AF and carriers of  the  wild-
type genotype (CC) of the ABCB1 gene (rs1045642), co-ad-
ministration of rivaroxaban with CCBs (amlodipine or ve-
rapamil), which are capable of drug interaction with rivar-
oxaban, resulted in higher values of Cmin, ss of rivaroxaban 
compared with patients not taking CCBs. In carriers of het-
erozygous genotype (CT) of ABCB1 gene (rs1045642), co-

T A B L E   1 0
FEATURES OF DRUG INTERACTION IN PATIENTS CARRYING THE CT GENOTYPE OF THE ABCB1 GENE (rs4148738)

Indicators

CT genotype (n = 63) of the ABCB1 gene (rs4148738)

р valueRivaroxaban 
without CCBs

Rivaroxaban and 
amlodipine

Rivaroxaban and 
verapamil

Number of patients, abs. (%) 24/63 (38.1) 27/63 (42.9) 12/63 (19) –

Cmin, ss of rivaroxaban (ng/ml), Me [C25–C75] 41.7 [25.4–58.2] 56.4 [29.3–91.3] 56.0 [34.1–114.2]
p 4 = 0.093
p 5 = 0.112
p 6 = 0.738

Cmin, ss/D of rivaroxaban (ng/ml/mg),  
Me [C25–C75] 2.6 [1.7–3.4] 3.8 [2.0–4.6] 3.7 [2.1–7.6]

p 4 = 0.093
p 5 = 0.131
p 6 = 0.715

Prothrombin time (s), Me [C25–C75] 14.0 [12.7–14.5] 13.3 [12.6–14.6] 14.6 [13.5–16.8]
p 4 = 0.962
p 5 = 0.083
p 6 = 0.117

Data on all clinically significant minor bleeding  
in response to rivaroxaban by history, abs. (%) 4/24 (16.7) 3/27 (11.1) 2/12 (16.7)

p 4 = 0.565
p 5 = 1.000
p 6 = 0.632

Note. abs. – absolute number; p4 – differences between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with DCCB (amlodipine); p5 – differences 
between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p6 – differences between the group of patients taking rivaroxaban 
in combination with DCCB (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil).

T A B L E   1 1
BASELINE CHARACTERISTICS OF PATIENTS CARRYING THE TT GENOTYPE OF THE ABCB1 GENE (rs4148738)

Indicators

TT genotype (n = 28) of the ABCB1 gene (rs4148738)

р valueRivaroxaban 
without CCBs

Rivaroxaban 
and 

amlodipine

Rivaroxaban 
and verapamil

Rivaroxaban 
without 
CCB and 

rivaroxaban + 
amlodipine

Rivaroxaban 
and amlodipine 

and 
rivaroxaban + 

verapamil
Number of patients,  
abs. (%) 9/28 (32.1) 10/28 (35.8) 9/28 (32.1) 19/28 (67.9) 19/28 (67.9) –

Age (years),  
Me [C25–C75]

88.0  
[84.0–89.5]

84.0  
[81.8–89.3]

88.0  
[86.0–92.0]

86.0  
[82.0–89.0]

87.0  
[83.0–90.0]

p4 = 0.400
p5 = 0.666
p6 = 0.113
p7 = 0.243
p8 = 0.809
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Women, abs. (%) 7/9 (77.8) 10/10 (100) 3/9 (33.3) 17/19 (89.5) 13/19 (68.4)

p4 = 0.115
p5 = 0.058
p6 = 0.002
p7 = 0.002
p8 = 0.609

BMI (kg/m2),  
Me [C25–C75]

25.6  
[23.9–32.6]

27.0  
[23.8–33.7]

26.8  
[25.0–30.1]

26.9  
[24.2–33.1]

26.9  
[24.7–31.1]

p4 = 0.968
p5 = 0.931
p6 = 0.604
p7 = 0.699
p8 = 1.000

Scale CHA2DS2-VASc (scores),  
Me [C25–C75]

6.0  
[5.0–7.0]

6.0  
[4.0–6.5]

6.0  
[5.3–7.0]

6.0  
[5.0–8.0]

6.0  
[5.0–7.0]

p4 = 0.639
p5 = 0.694
p6 = 0.435
p7 = 0.473
p8 = 1.000

HAS-BLED (scores),  
Me [C25–C75]

3.0  
[1.75–4.5]

3.0  
[3.0–4.5]

3.0  
[2.0–4.0]

3.0  
[3.0–4.0]

3.0  
[5.0–7.0]

p4 = 0.429
p5 = 1.000
p6 = 0.222
p7 = 0.442
p8 = 0.765

Number of MPs (scores), 
Me [C25–C75]

6.0  
[4.0–8.0]

7.0  
[6.0–8.0]

6.0  
[4.0–9.0]

6.0  
[5.0–8.0]

7.0  
[6.0–8.0]

p4 = 0.243
p5 = 0.666
p6 = 0.842
p7 = 0.923
p8 = 0.332

Number of MPs ≥ 5, 
abs. (%) 6/9 (66.7) 10/10 (100) 6/9 (66.7) 16/19 (84.2) 16/19 (84.2)

p4 = 0.047
p5 = 1.000
p6 = 0.047
p7 = 0.291
p8 = 0.291

Dose of rivaroxaban 15 mg, 
abs. (%) 7/9 (77.8) 9/10 (90) 8/9 (88.9) 16/19 (84.2) 17/19 (89.5)

p4 = 0.466
p5 = 0.527
p6 = 0.937
p7 = 0.741
p8 = 0.409

Dose of rivaroxaban 20 mg, 
abs. (%) 2/9 (22.2) 1/10 (10) 1/9 (11.1) 3/19 (15.8) 2/19 (10.5)

p4 = 0.466
p5 = 0.527
p6 = 0.937
p7 = 0.741
p8 = 0.409

Creatinine (µmol/l),  
Me [C25–C75]

97.0  
[84.9–117.5]

89.7  
[85.0–95.5]

112  
[98.6–146.5]

92.9  
[85.6–97.7]

94.8  
[86.9–112.0]

p4 = 0.156
p5 = 0.161
p6 = 0.006
p7 = 0.014
p8 = 0.962

Hemoglobin (g/l),  
Me [C25–C75]

132.5  
[98.0–144.3]

132.5  
[117.8–138.0]

110  
[106–117]

132.5  
[115.5–138.0]

119.0  
[110.0–136.0]

p4 = 0.762
p5 = 0.277
p6 = 0.01

p7 = 0.027
p8 = 0.696

Platelets (109/l),  
Me [C25–C75]

264.5  
[201.3–296.8]

208  
[172.0–275.0]

216  
[165–256]

215.0  
[189.3–290.8]

213.0  
[175.0–264.0]

p4 = 0.146
p5 = 0.093
p6 = 0.905
p7 = 0.322
p8 = 0.066

Comorbidities

CHD, abs. (%) 8/9 (88.9) 10/10 (100) 9/9 (100) 18/19 (94.7) 19/19 (100)

p4 = 0.279
p5 = 0.303

p6 = –
p7 = 0.483
p8 = 0.139

Effort-induced angina  
pectoris, abs. (%) 5/9 (55.6) 7/10 (70) 8/9 (88.9) 12/19 (63.2) 15/19 (78.9)

p4 = 0.515
p5 = 0.114
p6 = 0.313
p7 = 0.159
p8 = 0.201

T A B L E   1 1  ( c o n t i n u e d )
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Heart failure, abs. (%) 8/9 (88.9) 10/10 (100) 9/9 (100) 18/19 (94.7) 19/19 (100)

p4 = 0.279
p5 = 0.303

p6 = –
p7 = 0.483
p8 = 0.139

Arterial hypertension,  
abs. (%) 9/9 (100) 9/10 (90) 8/9 (88.9) 18/19 (94.7) 17/19 (89.5)

p4 = 0.330
p5 = 0.303
p6 = 0.937
p7 = 0.575
p8 = 0.312

History of previous myocardial 
infarction, abs. (%) 2/9 (22.2) 4/10 (40) 3/9 (33.3) 6/19 (31.6) 7/19 (36.8)

p4 = 0.405
p5 = 0.599
p6 = 0.764
p7 = 0.926
p8 = 0.439

ACVA (acute cerebrovascular 
accident) in past medical  
history, abs. (%)

0/9 (0) 3/10 (30) 3/9 (33.3) 3/19 (15.8) 6/19 (31.6)

p4 = 0.073
p5 = 0.058
p6 = 0.876
p7 = 0.291
p8 = 0.057

Bronchial asthma,  
abs. (%) 1/9 (11.1) 1/10 (10) 2/9 (22.2) 2/19 (10.5) 3/19 (15.8)

p4 = 0.937
p5 = 0.527
p6 = 0.466
p7 = 0.409
p8 = 0.741

Lower extremity  
atherosclerosis, abs. (%) 0/9 (0) 2/10 (20) 4/9 (44.4) 2/19 (10.5) 6/19 (31.6)

p4 = 0.156
p5 = 0.023
p6 = 0.252
p7 = 0.041
p8 = 0.057

Chronic bronchitis,  
abs. (%) 2/9 (22.2) 2/10 (20) 0/9 (0) 4/19 (21.1) 2/19 (10.5)

p4 = 0.906
p5 = 0.134
p6 = 0.156
p7 = 0.137
p8 = 0.409

Type 2 diabetes mellitus, 
abs. (%) 0/9 (0) 3/10 (30) 3/9 (33.3) 3/19 (15.8) 6/19 (31.6)

p4 = 0.073
p5 = 0.058
p6 = 0.876
p7 = 0.291
p8 = 0.057

Charlson’s comorbidity index 
(abs.), Me [C25–C75]

9.0  
[9.0–9.5]

10.0  
[9.0–12.3]

12.0  
[10.0–15.5]

10.0  
[9.0–11.0]

12.0  
[10.0–13.0]

p4 = 0.156
p5 = 0.001
p6 = 0.079
p7 = 0.004
p8 = 0.007

GFR (glomerular filtration rate) 
(CKD-EPI) (ml/min/1.73 m2),  
Me [C25-C75]

47.9  
[39.4–59.3]

50.4  
[46.8–54.5]

46.8  
[37.5–52.4]

48.0  
[45.7–56.7]

49.5  
[45.4–52.5]

p4 = 0.497
p5 = 0.546
p6 = 0.243
p7 = 0.285
p8 = 0.962

CKD Stage 4  
(GFR < 30 ml/min/1.73 m2),  
abs. (%)

0/9 (0) 0/10 (0) 1/9 (11.1) 0/19 (0) 1/19 (5.3)

p4 = –
p5 = 0.303
p6 = 0.279
p7 = 0.139
p8 = 0.483

GFR in CKD Stage 4  
(ml/min/1.73 m2),  
Me [C25–C75]

0 0 26.8 0 26.81

p4 = –
p5 = –
p6 = –
p7 = –
p8 = –

CKD Stage 3B  
(GFR = 30–44 ml/min/1.73 m2),  
abs. (%)

3/9 (33.3) 1/10 (10) 2/9 (22.2) 4/19 (21.1) 3/19 (15.8)

p4 = 0.213
p5 = 0.599
p6 = 0.466
p7 = 0.944
p8 = 0.291

T A B L E   1 1  ( c o n t i n u e d )
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GFR in CKD Stage 3B  
(ml/min/1.73 m2),  
Me [C25–C75]

38.6  
[34.4–38.6] 41.1 37.4  

[36.4–37.4]
39.4  

[35.4–40.9]
38.4  

[36.4–38.4]

p4 = 0.500
p5 = 1.000
p6 = 1.000

p7 = –
p8 = 1.000

CKD Stage 3A  
(GFR = 45–59 ml/min/1.73 m2),  
abs. (%)

5/9 (55.6) 8/10 (80) 6/9 (66.7) 13/19 (68.4) 14/19 (73.7)

p4 = 0.252
p5 = 0.629
p6 = 0.510
p7 = 0.926
p8 = 0.337

GFR in CKD Stage 3A  
(ml/min/1.73 m2),  
Me [C25–C75]

48.0  
[46.8–59.3]

50.4  
[47.1–53.1]

51.6  
[46.5–53.2]

49.5  
[47.4–55.2]

50.9  
[46.9–52.8]

p4 = 0.833
p5 = 0.792
p6 = 1.000
p7 = 0.533
p8 = 0.754

CKD Stage 2  
(GFR = 60–89 ml/min/1.73 m2),  
abs. (%)

1/9 (11.1) 1/10 (10) 0/9 (0) 2/19 (10.5) 1/19 (5.3)

p4 = 0.937
p5 = 0.303
p6 = 0.330
p7 = 0.312
p8 = 0.575

GFR in CKD Stage 2  
(ml/min/1.73 m2),  
Me [C25–C75]

61.1 65.1 0 63.1  
[61.1–68.1] 65.05

p4 = 1.000
p5 = –
p6 = –

p7 = 0.898
p8 = 1.000

CKD Stage 1  
(GFR ≥ 90 ml/min/1.73 m2),  
abs. (%)

– – –– – – –

GFR in CKD Stage 1  
(ml/min/1.73 m2),  
Me [C25–C75]

– – – – – –

Note. abs. – absolute number; p4 – differences between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with DCCB (amlodipine); p5 – differences 
between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p6 – differences between the group of patients taking 
rivaroxaban in combination with DCCB (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p7 – differences between the group of patients taking rivaroxaban without 
CCBs + patients taking rivaroxaban in combination with DCCBs (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCBs (verapamil); p8 – differences between the group of patients 
taking rivaroxaban without CCBs and the group of patients taking rivaroxaban in combination with all CCBs (amlodipine + verapamil); BMI – body mass index; CHA2DS2-VASc – scale for assessing the risk of stroke and 
systemic thromboembolism in patients with atrial fibrillation (Congestive heart failure; Hypertension; Age ≥ 75 years; Diabetes mellitus; prior Stroke or TIA or thromboembolism; Vascular disease; Age 65–74 years; Sex 
Category); HAS-BLED – scale for assessing the risk of bleeding in atrial fibrillation (Hypertension; Abnormal renal-liver function; Stroke; Bleeding history or predisposition; Labile international normalised ratio; Elderly 
(65 years); Drugs or alcohol concomitantly); CHD – coronary heart disease; ACVA – acute cerebrovascular accident.

T A B L E   1 1  ( c o n t i n u e d )

T A B L E   1 2
PECULIARITIES OF DRUG INTERACTION IN PATIENTS CARRYING TT GENOTYPE OF ABCB1 GENE (rs4148738)

Indicators

TT genotype (n = 28) of the ABCB1 gene (rs4148738)

р valueRivaroxaban 
without CCBs

Rivaroxaban  
and amlodipine

Rivaroxaban  
and verapamil

Number of patients, abs. (%) 9/28 (32.1) 10/28 (35.8) 9/28 (32.1) –

Cmin, ss of rivaroxaban (ng/ml), Me [C25–C75] 66.0 [36.4–103.1] 45.1 [20.1–52.8] 82.2 [49.8–120.95]
p 4 = 0.165
p 5 = 0.508
p 6 = 0.022

Cmin, ss/D of rivaroxaban (ng/ml/mg),  
Me [C25–C75] 3.8 [2.3–6.9] 3.0 [1.2–3.5] 5.1 [3.3–8.1]

p 4 = 0.221
p 5 = 0.402
p 6 = 0.022

Prothrombin time (s), Me [C25–C75] 14.2 [13.6–14.5] 13.1 [12.3–14.6] 17.4 [13.6–18.5]
p 4 = 0.252
p 5 = 0.046
p 6 = 0.027

Data on all clinically significant minor bleeding  
in response to rivaroxaban by history, abs. (%) 1/9 (11.1) 3/10 (30) 7/9 (77.8)

p 4 = 0.313
p 5 = 0.004
p 6 = 0.037

Note. abs. – absolute number; p4 – differences between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with DCCB (amlodipine); p5 – differences 
between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p6 – differences between the group of patients taking rivaroxaban 
in combination with DCCB (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil).
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administration of rivaroxaban with verapamil (strong P-gp 
inhibitor and moderate CYP3A4 inhibitor) resulted in high-
er values of  Cmin,  ss of  rivaroxaban compared to  patients, 
not taking CCBs, and compared to patients taking rivaro-
xaban and amlodipine (potentially possible drug interac-
tions caused by competition of substrates for binding sites 
on cell membranes). In carriers of the homozygous geno-
type (TT) of the ABCB1 gene (rs1045642), the co-administra-
tion of rivaroxaban with verapamil was associated with AR 
in the majority of cases in the form of clinically significant 
small bleeds (up to 75 %), and their number was statistical-
ly significantly higher in comparison with patients not tak-
ing CCB, and in comparison with patients taking rivaroxa-
ban and amlodipine.

In  patients 80  years and older with non-valvular 
AF and  patients carrying the  wild-type genotype (WS) 
of the ABCB1 gene (rs4148738), co-administration of rivaro-
xaban with verapamil resulted in higher Cmin, ss values of ri-
varoxaban compared with patients not taking CCB in com-
bination with rivaroxaban. In carriers of heterozygous geno-
type (CT) of  ABCB1 gene (rs4148738) co-administration 
of rivaroxaban with CCB did not lead to statistically signi-
ficant differences between the studied parameters. In car-
riers of the homozygous genotype (TT) of the ABCB1 gene 
(rs4148738), co-administration of  rivaroxaban with vera-
pamil resulted in statistically higher AR in the form of clini-
cally significant minor bleeding compared to  the  group 
of patients not taking CCB in combination with rivaroxa-
ban (up to 78 %).

We would like to  draw the  readers’ attention 
to the fact that earlier in our studies we have already re-
vealed that  co-administration of  verapamil (a  strong 
P-gp inhibitor and  moderate CYP3A4 inhibitor) in  com-
bination with rivaro xaban resulted in  more frequent 
AR development (in  33  % of  patients) [4], and ho-
mozygous type (TT) carriers of  ABCB1 gene (rs1045642 
and  rs4148738) were associated with more frequent 
AR development (29.3  % and 39.3  %, respectively) [10]. 
In  this study, it was observed that co-administration 
of  verapamil (a  strong P-gp inhibitor and moderate  
CYP3A4 inhibitor) in combination with rivaroxaban in ho-
mozygous type (TT) carriers of the ABCB1 gene (rs1045642 
and rs4148738) resulted in AR in 75 and 78 % of cases, re-
spectively. Consequently, it may be advisable to genotype 
patients to  clarify the  carriage of  polymorphic variants 
of ABCB1 gene (rs1045642 and rs4148738) before the ad-
ministration of verapamil (a strong P-gp inhibitor and mo-
derate CYP3A4 inhibitor) in combination with rivaroxaban 
and then decide about the further strategy of patient treat-
ment. This study could prevent the  development of  AR 
in the form of clinically significant minor bleeding in pa-
tients 80 years and older with non-valvular AF.

The  fact that more than half of  the  patients car-
rying the  TT genotype of  the  ABCB1 gene (rs1045642 
and rs4148738) in the subgroup of patients taking rivaro-
xaban + verapamil were men, whereas in the subgroups 
of patients taking rivaroxaban + amlodipine and rivaroxa-
ban without CCB, women predominated (Tables 5, 11), also 
requires discussion. In our previous study, we demonstra-

ted that there were 10 cases of CSNMB when taking rivaro-
xaban with verapamil, 8 of which were haematuria [4]. 
The resolution of  the Eurasian Association of Therapists 
on the algorithm for assessment and modification of risk 
factors for minor bleeding in patients with AF treated with 
direct oral anticoagulants (DOACs) states that the  most 
common causes of haematuria in patients taking rivaroxa-
ban or other DOACs are benign prostatic hyperplasia (BPH) 
and prostatitis [19]. Consequently, it may be assumed that 
in patients carrying the TT genotype of the ABCB1 gene 
(rs1045642 and rs4148738) the sharply pronounced dif-
ferences in the CPNA incidence in the three selected sub-
groups may be explained by the heterogeneity of the sub-
groups by sex composition. The incidence of BPH, however, 
increases with age, reaching 88 % after the age of 80 years 
[20]. Considering the fact that all our patients were over 
80 years of age, it can be assumed that of the 25 % (32 pa-
tients) of men included in  the study, 88 % (28 patients) 
of  the  men may have BPH, of  which 39  % (11  patients) 
had haematuria, whereas in the population of men over 
75 years of age, haematuria occurs in only 13 % of cases 
[20]. Alternatively, if we consider haematuria as a compli-
cation of BPH, then the cause of its occurrence is not only 
and not so much the disease of the prostate gland itself, 
but rather the change in bladder function and, as a con-
sequence, dilated varicose veins of  the  bladder neck, 
which can also develop as a result of other (not only BPH) 
causes, such as bladder ‘ageing’, changes in neurological 
status, the presence of comorbidities, and therefore oc-
curs with approximately equal frequency in  both older 
men and older women [20]. Nevertheless, to confirm or re-
fute the assumption that the heterogeneity of subgroups 
by  sex composition influenced the  sharply pronounced 
differences in  the  CPNA incidence among patients car-
rying the  TT genotype of  the  ABCB1 gene (rs1045642 
and rs4148738) in the three selected subgroups, it is nec-
essary to  conduct an  additional study that will include 
a larger number of participants and homogeneous groups 
by sex composition.

Our data are comparable with the results of a num-
ber of foreign studies. Thus, K. Lorenzini et al. [21] report-
ed a case of bleeding in a 79-year-old patient on taking 
rivaroxaban 20 mg per day (for 3 months). The authors 
hypothesised that the presence of homozygous TT geno-
types for rs2032582 and rs1045642 of the ABCB1 gene 
and decreased CYP3A4/5 activity as a result of drug inter-
action with simvastatin may have contributed to the in-
creased susceptibility to  rivaroxaban in  the  presented 
patient.

A. Sennesael et al. [22] prospectively analyzed 10 pa-
tients admitted to the emergency department for bleed-
ing against the background of rivaroxaban administration. 
Among the three patients who experienced severe bleeding 
associated with Сmin, ss rivaroxaban > 136 ng/ml, two were 
heterozygous and one was homozygous (TT) for rs1045642 
of the ABCB1 gene. However, no clear association between 
ABCB1 genotype and calculated minimum concentrations 
was observed (p > 0.050). At the same time, however, all 
three patients were also receiving MPs with potential drug 
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interactions (diltiazem + clarithromycin, or simvastatin, 
or amiodarone).

In  a  study by  I.  Gouin-Thibault et  al. [23], it was re-
vealed that ABCB1 genotype (rs2032582; c.2677G>A/T; 
p.Ala893Thr/Ser and rs1045642; c.3435C>T; p.Ile1145Ile) 
is  not a  significant determinant of  individual variabil-
ity of  rivaroxaban pharmacokinetics in  healthy volun-
teers, whereas co-administration of  rivaroxaban with 
a  P-gp/ CYP3A4 inhibitor (clarithromycin) may increase 
the risk of overdose, since it increases rivaroxaban’s AUC 
by 94 % (p < 0.0001) and its Cmax, ss by 92 % (p < 0.0001): 
geometric mean ratios were 1.94 [95% confidence interval 
(95% CI): 1.42–2.63] and 1.92 [95% CI: 1.60–2.28] for AUC 
and Cmax, ss, respectively, and this effect was not affected 
by ABCB1 genotype.

By  contrast, P.  Pham et  al. [24] assessed the  risk 
of bleeding in patients with AF against the background 
of administering standard doses of DOACs in combination 
with verapamil or diltiazem. A total of 1764 patients re-
ceiving DOACs with verapamil or diltiazem compared with 
3105 patients receiving amlodipine and 1793 patients re-
ceiving DOACs with verapamil or diltiazem compared with 
3224 patients receiving metoprolol were analysed. Results 
revealed that rivaroxaban and apixaban were not associat-
ed with increased bleeding rates in patients receiving ve-
rapamil or diltiazem compared to those receiving amlodi-
pine or metoprolol. Among patients receiving dabigatran 
etexilate, the overall incidence of bleeding was 52 % high-
er (hazard ratio (HR) – 1.52; 95% CI: 1.05–2.20) when tak-
ing verapamil or diltiazem compared with amlodipine 
and  43  % higher (HR  =  1.43; 95%  CI: 1.02–2.20) when 
compared with  metoprolol. The  incidence of  bleeding 
during the administration of dabigatran with verapamil 
or diltiazem was generally higher for other types of bleed-
ing (244.9 vs. 158.4 per 1000 person-years; adjusted risk 
ratio for  total gastrointestinal bleeding – 2.16 (95%  CI: 
1.30–3.60), minor bleeding – 1.56 (95% CI: 1.07–2.27), mi-
nor gastrointestinal bleeding – 2.16 (95% CI: 1.29–3.63). 
Sensitivity analyses revealed consistent results for dab-
igatran being used with verapamil and diltiazem with 
hazard rate increase values ranging from 50 % to 100 % 
and no statistically significant results for apixaban or ri-
varoxaban. In contrast to this study, in P. Pham et al. pa-
tients had no  history of  chronic kidney disease (CKD) 
and also 60 % of patients were younger than 65 years with 
only about 5.5 % older than 80 years; in this study, only 
12 % had no history of CKD and all patients were older 
than 80 years, which could have affected the difference 
in the results obtained. The results of our study, howev-
er, need to be verified in a prospective study with a larg-
er number of participants.

Study limitations
Our study has several limitations. Firstly, the sample 

of patients in the groups according to the gene polymor-
phisms under study was small. Second, the baseline char-
acterization of  patients was not  comparable in  a  num-
ber of  parameters. These limitations may have affected 
the outcome.

CONCLUSION

This study, in  which features of  drug interaction be-
tween rivaroxaban and CCB in patients 80 years and old-
er with non-valvular AF cause-specific polymorphisms 
of ABCB1 gene (rs1045642 and rs4148738) were examined, 
showed statistically significant changes in  the  pharma-
cokinetic profile of certain ABCB1 gene variants (rs1045642 
and rs4148738) and, as  a  consequence, the  occurrence 
of AR in the form of clinically significant minor bleeding. 
Therefore, to prevent their occurrence in patients 80 years 
and older with non-valvular AF, genotyping for  variants 
of the above polymorphisms of the ABCB1 gene (rs1045642 
and rs4148738) may be considered before prescribing ve-
rapamil (a strong P-gp inhibitor and a moderate CYP3A4 
inhibitor).
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ABSTRACT

Background. In the pathogenesis of ischemic cardiomyopathy (ICMP), angiopoiesis 
remains unexplored.
The aim of the study. To describe the vasculature of the heart and the imbalance 
of angiogenesis mediators in the coronary circulation in association with the num-
ber of endothelial progenitor cells (EPC) and desquamated endothelial cells (DEC) 
in the blood of patients with coronary heart disease (CHD), suffering and not suf-
fering from ICMP.
Materials and methods. Fifty-two patients with CHD (30  patients with ICMP, 
22 patients without ICMP), 15 healthy donors were examined. The content of EPC 
(CD14+CD34+VEGFR2+) in the blood from the cubital vein and DEC (CD45–CD146+) 
in the blood from the coronary sinus and the cubital vein was determined by flow 
cytometry. The concentrations of VEGF-A (vascular endothelial growth factor A), PDGF 
(platelet-derived growth factor), and SDF-1 (stromal cell-derived factor 1) in blood 
plasma were recorded using immunofluorescence assay; the angiopoietin-2, MMP-9 
(matrix metallopeptidase 9) were recorded using enzyme immunoassay. In myocar-
dial biopsies the specific area of vessels and the expression of αSMA (smooth muscle 
alpha-actin) were determined by morphometric and immunohistochemical methods.
Results. In the peripheral blood of patients with CHD, regardless of the presence 
of ICMP, the DEC content exceeded the physiological level, and the VEGF-A, PDGF, 
angiopoietin-2, and MMP-9 corresponded to  the  norm. In  CHD patients without 
cardiomyopathy, there was an excess of SDF-1 and EPC in the blood from the cubital 
vein, and in ICMP, their physiological significance was noted. In the coronary blood 
flow in patients with CHD without cardiomyopathy, an increase in the concentration 
of PDGF was found, which was not determined in patients with ICMP, who had an in-
creased content of DEC, angiopoietin-2 and MMP-9. The specific area of the vessels 
in the patients of the two groups was comparable; the expression of αSMA in ICMP 
was 6.2 times lower than in patients with CHD without cardiomyopathy.
Conclusion. The  development of  ICMP is  accompanied by  impaired maturation 
of vessels in the myocardium, associated with the absence of a compensatory reac-
tion of activation of cellular and humoral factors of angiogenesis.

Key words: angiogenesis, growth factors, endothelial progenitor cells, myocardium, 
coronary heart disease
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РЕЗЮМЕ

Актуальность. При ишемической кардиомиопатии (ИКМП) ангиогенез 
остаётся неизученным.
Цель исследования. Охарактеризовать сосудистую сеть сердца и дис-
баланс медиаторов ангиогенеза в коронарном кровотоке в ассоциации 
с  численностью эндотелиальных прогениторных клеток (ЭПК) и десква-
мированных эндотелиальных клеток (ДЭК) в крови у больных ишемической 
болезнью сердца (ИБС), страдающих и не страдающих ишемической карди-
омиопатией.
Методы. Обследованы 52 больных ИБС (30 пациентов с ИКМП, 22 пациента 
без ИКМП) и 15 здоровых доноров. В крови из кубитальной вены определяли 
содержание ЭПК (CD14+CD34+VEGFR2+), из коронарного синуса и кубиталь-
ной вены – ДЭК (CD45–CD146+) методом проточной цитофлуориметрии. В 
плазме крови регистрировали концентрацию фактора роста эндотелия 
сосудов A (VEGF-A, vascular endothelial growth factor A), фактора роста тром-
боцитов (PDGF, platelet-derived growth factor), стромального клеточного 
фактора 1 (SDF-1, stromal cell-derived factor  1) с помощью иммунофлуорес-
центного анализа; ангиопоэтина-2, матриксной металлопротеиназы  9 
(ММР-9, matrix metallopeptidase 9) – методом иммуноферментного анализа. 
В биоптатах миокарда определяли удельную площадь сосудов и экспрессию 
αSMA (smooth muscle alpha-actin) морфометрическим и иммуногистохими-
ческим методами.
Результаты. В периферической крови у больных ИБС вне зависимости 
от наличия ИКМП содержание ДЭК превышало физиологический уровень, 
а  содержание VEGF-A, PDGF, ангиопоэтина-2 и ММР-9 соответствовало 
норме. У  больных ИБС без кардиомиопатии в  крови из кубитальной вены 
отмечался избыток SDF-1 и ЭПК, а при ИКМП – их физиологическое значение. 
В коронарном кровотоке у больных ИБС без кардиомиопатии установлено 
повышение концентрации PDGF, чего не определялось у пациентов с ИКМП, 
у которых было увеличено содержание ДЭК, ангиопоэтина-2 и ММР-9. Удель-
ная площадь сосудов у больных двух групп была сопоставимой, экспрессия 
αSMA при ИКМП была в 6,2 раза ниже, чем у больных ИБС без кардиомиопатии.
Заключение. Развитие ИКМП сопровождается нарушением созревания 
сосудов в  миокарде, связанным с отсутствием компенсаторной реакции 
активации клеточных и гуморальных факторов ангиогенеза.

Ключевые слова: ангиогенез, факторы роста, эндотелиальные прогени-
торные клетки, миокард, ишемическая болезнь сердца
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INTRODUCTION

Ischemic cardiomyopathy (ICMP) is  a  severe disease 
that has no specific pharmacotherapy to date and is char-
acterised by disease progression in some patients even af-
ter surgical correction of the coronary bed and left ventric-
ular cavity [1, 2]. This demonstrates the insufficiently stud-
ied pathogenesis of ICMP, in which the role of chronic in-
flammation, cardiomyocyte apoptosis, disorders of  Ca2+ 
homeostasis and myocardial contractile function, synthe-
sis of different types of collagens, and microvascular dys-
function have been actively discussed to date [2–4]. There-
with, the  interest of scientists is  focused on the vasomo-
tor form of endothelial dysfunction [5, 6]. Angiogenic form 
of endothelial dysfunction in ICMP, including impaired an-
giogenesis, balance of reparative and destructive process-
es in vessels [7], however, has not been studied.

Both forms of  chronic coronary heart disease (CHD) 
are accompanied by damage to the vascular intima, since 
the morphological substrate of CHD, either complicated 
or uncomplicated by ICMP, is atherosclerosis of the coro-
nary arteries. On the one hand, plaque macrophages sup-
port chronic inflammation, prolong vascular alteration 
and  endothelial desquamation with the  help of  matrix 
metalloproteinases (MMP) [1, 8, 9], but they also contrib-
ute to atheroma vascularisation, which increases the risk 
of  plaque haemorrhage with its subsequent destabilisa-
tion [5, 10]. On the other hand, induction of angiogenesis 
is necessary for formation of collateral blood flow and re-
pair of damaged vessels, which has protective and adap-
tive value in  CHD and ICMP. Angiogenesis is  performed 
by endothelial progenitor cells (EPC), most of which have 
a monocytic immunophenotype and reparative potential 
in relation to endothelium as a result of paracrine secre-
tion of angiogenesis factors [11].

In  this regard, studying the  output of  such media-
tors of angiogenesis as vascular endothelial growth fac-
tor (VEGF) A, platelet-derived growth factor (PDGF), stro-
mal cell-derived factor (SDF)  1, angiopoietin (Ang)  2 
and MMP-9 in the heart [11, 12] can establish the mecha-
nisms of angiogenesis and angiopoietic endothelial dys-
function in  CHD both complicated and uncomplicated 
by  ICMP. At  the  same time, comparison of  the  number 
of  EPCs of  monocytic immunophenotype and desqua-
mated endothelial cells (DEC) in blood, as well as deter-
mination of  the  specific volume of  vessels and expres-
sion of alpha-smooth muscle actin (αSMA), which is syn-
thesized by  vascular smooth muscle cells [13], will ena-
ble to determine the correlation of angiogenesis factors 
with the degree of coronary endothelial damage in ICMP 
relative to CHD without cardiomyopathy.

THE AIM OF THE STUDY

To  reveal features of  vascular network formation 
in the heart and imbalance of angiogenesis mediators in cor-
onary blood flow in association with the number of endothe-
lial progenitor and desquamated cells in  blood from  pa-

tients affected by coronary heart disease with and without 
ischemic cardiomyopathy.

METHODS

A single-stage controlled (case-control) single-center 
observational study was conducted from February  2020 
to May 2022. The study included 52 CHD patients with ten-
sion angina II–IV functional class and circulatory insufficien-
cy, mainly II–III  functional class according to NYHA (New 
York Heart Association), who had a history of myocardial 
infarction and were hospitalised at the Research Institute 
of  Cardiology of  Tomsk National Research Medical Cen-
tre of  the  Russian Academy of  Sciences for  the  purpose 
of coronary bypass surgery. Patients with CHD were cat-
egorised into two groups: 30 patients with ICMP (27 men 
and 3 women; mean age – 61.0 [56.0; 64.0] years) and 22 pa-
tients without cardiomyopathy (18  men and 4  women; 
mean age – 64.0 [59.5; 67.0] years). According to the crite-
ria of G.M. Felker et al. (2002), the signs of ICMP were low 
left ventricular ejection fraction (less than 40 %), haemo-
dynamically significant stenosis of two or more epicardi-
al vessels or the trunk of the  left descending artery [14]. 
CHD patients without cardiomyopathy had similar coro-
nary vessel changes but had preserved left ventricular ejec-
tion fraction (more than 40 %). The control group consist-
ed of 15 practically healthy donors (13 men and 2 women; 
mean age – 57.63 ± 8.12 years) without any cardiovascu-
lar diseases and relevant complaints.

CHD patients both with and without ICMP were com-
parable in  terms of  age, sex, body mass index, duration 
of CHD, functional class of angina and circulatory insuffi-
ciency, as well as frequency of prescription of statins. Howe-
ver, they were statistically significantly different in  terms 
of  left ventricular parameters: ICMP patients compared 
to CHD patients without cardiomyopathy had higher myo-
cardial mass (233.0 [221.7; 266.2] g vs. 184.0 [140.5; 214.5] g; 
p < 0.001) but lower ejection fraction (30.00 [22.00; 36.00] % 
vs. 59.50 [50.25; 67.00] %; p < 0.001), as a decrease in the lat-
ter less than 40 % was a criterion for ICMP diagnosis and pa-
tient grouping. The pattern of comorbidity in the patient 
cohorts was also comparable, except for  a  higher inci-
dence of type 2 diabetes mellitus in CHD patients with-
out ICMP (31.82 % vs. 6.67 %; p = 0.046) and chronic cer-
ebral circulatory disorders in patients with ICMP (90.0 % 
vs. 59.1 %; p = 0.023).

All CHD patients underwent coronary artery bypass sur-
gery with similar anaesthetic management (diazepam, ket-
amine, fentanyl, promedol, pipecuronium). At the preoper-
ative stage, patients of both groups were treated according 
to the generally accepted principles of CHD therapy (pro-
longed-acting nitrates and on demand – calcium channel 
blockers, β1-adrenoblockers, statins, antiaggregants). The-
rapy was similar in the CHD patient groups, except for more 
frequent use of calcium channel blockers in CHD patients 
without cardiomyopathy, compared with ICMP patients 
(63.6 % vs. 0 %; p < 0.001). More frequent prescription of an-
ticoagulants in CHD patients without cardiomyopathy may 
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be associated with a greater intensity of atherogenesis and 
involvement of lower limb vessels than in ICMP.

The  exclusion criteria of  patients from the  study 
were  as  follows: age older than 70  years; presence of  al-
lergic disease in the exacerbation stage, autoimmune dis-
eases, anaemia, tumour process, syphilis, HIV infection, 
viral hepatitis; presence of  acute infectious diseases less 
than 3 weeks before surgery; prescription of erythropoie-
tin or immunosuppressive therapy; patient’s refusal to par-
ticipate in the study.

The studies were conducted in accordance with the ethi-
cal principles outlined in  the  World Medical Association 
Declaration of  Helsinki (1975) and with the  permission 
of the local Ethical Committee of the Siberian State Medi-
cal University of the Ministry of Health of Russia (Protocol 
No.  7981 dated December  16, 2019). Informed consent 
for participation in the study was obtained from all indi-
viduals examined.

The study material included blood samples from the cu-
bital vein (peripheral blood) and blood from the  coro-
nary sinus (sinus blood) stabilized with heparin (25 IU/ml), 
as well as biopsy specimens of the auricle of the right atri-
um. Peripheral blood was collected in  a  volume of  5  ml 
from the cubital vein in the morning on an empty sto mach 
in  both healthy donors and  CHD patients of  both study 
groups on  the day of  surgery immediately before induc-
tion into anaesthesia. Peripheral blood was used for immu-
nophenotyping of EPCs and DECs, its plasma was used to es-
timate the concentration of the studied mediators. Blood 
from the coronary sinus in the volume of 5 ml was obtained 
only in CHD patients: intraoperatively, by transmyocardi-
al puncture after surgical access to  the heart, but before 
connection of the artificial circulation device and the main 
stage of the surgery. DEC content was determined in blood 
from the coronary sinus, blood plasma from the coronary si-
nus was used to study the concentration of the studied me-
diators. Myocardial biopsies of the right atrial auricle in vol-
ume not more than 10 mm3 were obtained intraoperative-
ly at the stage of its cannulation for connection of the ar-
tificial circulation device, but before the commencement 
of extracorporeal perfusion. Myocardial biopsy specimens 
were used to  determine specific vessel area by  morpho-
metric method and  α-SMA expression by  immunohisto-
chemical method.

DEC absolute amount and EPC relative content in blood 
were determined by flow cytofluorimetry in venous blood 
obtained from the cubital vein in healthy donors and in CHD 
patients of both groups (peripheral blood). In patients, DEC 
content was also assessed in blood from the coronary si-
nus. Whole blood was lysed by adding FACS Lysing solu-
tion (BD Biosciences, USA), then cells were washed three 
times with 20-fold volume of Cell-WASH-solution BD buff-
er (Becton Dickinson, USA). Mouse Anti-Human CD14-FITC, 
CD34-PE, VEGFR2(KDR; CD309)-Alexa Fluor 647, CD45-
FITC and  CD146-Alexa Fluor 647 monoclonal antibod-
ies were  used to detect EPCs with CD14+CD34+VEGFR2+ 
immunophenotype and DECs with CD45-CD146+ immu-
nophenotype, according to  the  manufacturer’s instruc-
tions (BD Bio sciences, USA). Fluorescence intensity meas-

urements were performed using an Accuri C6 flow cytome-
ter (BD Bio sciences, USA), and the data were analyzed using 
BD Cell Quest for Mac OS® X software application (BD Bio-
sciences, USA). DEC fraction among all blood cells analysed 
was correlated with the  total number of  leukocytes ex-
pressing CD45+ (CD45 – total leukocyte antigen), expressed 
in ×105/l. The total number of leukocytes in blood was as-
sessed by flow cytofluorimetry using a XS-1000i haemato-
logical analyzer (Sysmix Corporation, Japan).

Peripheral blood plasma from CHD patients of  both 
study groups and  healthy donors, as  well as  blood plas-
ma from the  coronary sinus of  CHD patients of  both 
groups was  aliquoted and stored at  –80  °C for  no  more 
than 12 months. The concentration of VEGF-A, PDGF, SDF-1 
was measured using a commercial multiplex assay test sys-
tem ‘Magnetic Luminex Assay Kit for VEGFA, VEGFB, PDGF, 
SDF1, SCF, FGF1, GM-CSF, MSR1’ (Cloud-Clone Corp., USA) 
and an automated analyzer Bio-Plex Protein Assay System 
(Bio-Rad, USA). The concentration of Ang-2 and MMP-9 pro-
teinase in plasma was measured by enzyme-linked immu-
nosorbent assay using commercial kits ‘RayBio Human AN-
GPT2 ELISA Kit’ (RayBiotech, USA) and ‘Human MMP9 ELI-
SA’ (ThermoFisher Scientific, USA) according to the manu-
facturers’ instructions.

The myocardial samples obtained were fixed in 10 % 
neutral buffered formalin, paraffinized and histological 
sections 4–5 μm thick were made using an automatic rota-
ry microtome HM 355 S (Thermo Scientific, USA). Sections 
were  stained with hematoxylin and eosin [15], enclosed 
in BioMount mounting medium (BioOptica, Italy). Immuno-
histochemical staining was performed on 4 μm thick paraf-
fin sections for which deparaffinization, antigen demasking, 
and blocking of non-specific binding with 3 % bovine se-
rum albumin in phosphate-buffered saline (PBS) were per-
formed. Following this, slices were incubated with prima-
ry antibodies to αSMA (Spring BioScience, USA) for 60 min 
in  a  humid chamber followed by  3-fold washing in  PBS, 
then incubated with secondary HRP-labelled antibodies 
for 45 min followed by 3-fold washing in PBS. In  the  last 
step, DAB-chromagen substrate (HRP-DAB (horseradish 
peroxidase – diaminobenzidine) imaging system; DAKO, 
USA) was added and stained with haematoxylin. All sections 
were enclosed in BioMount mounting medium (BioOptica, 
Italy). The preparations were studied in  transmitted light 
using an  Axioskop  40 microscope (Carl Zeiss, Germany); 
images were digitized using a Canon G 10 camera (Canon, 
Japan). Tissue markers were counted at  ×400 magnifica-
tion in 10 randomly selected fields of view corresponding 
to 1 mm2 of tissue [16]. Specific vessel area and αSMA ex-
pression as percentage of the studied tissue area were esti-
mated using the AxioVision graphic image processing pro-
gram (Carl Zeiss, ImageJ).

Statistical analysis of  the  data was performed us-
ing Statistica 10.0 program (StatSoft Inc., USA). In statisti-
cal description of the results, median, 25th and 75th per-
centiles were calculated for quantitative traits; for qualita-
tive traits, sample fraction was estimated. In order to com-
paratively analyze sample data, Mann – Whitney (for inde-
pendent samples) and Wilcoxon (for dependent samples) 
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criteria were applied, using Benjamini – Hochberg correc-
tion for multiple comparisons. Chi-square test with Yeats’ 
correction for continuity was applied to compare the fre-
quencies of occurrence of the trait in the groups. The re-
sults of statistical analysis were considered statistically sig-
nificant at p < 0.05.

RESULTS

The  DEC content in  peripheral blood of  CHD pa-
tients, whether ICMP was present or not, was higher 
than that of healthy donors and did not differ between pa-
tient groups in both blood from the cubital vein (Table 1) 
and blood from the coronary sinus (Table 2). At the same 
time, EPC abundance in  peripheral blood was elevated 

in CHD patients without cardiomyopathy (Table 1). In pa-
tients with ICMP, on the contrary, this parameter of total 
blood flow varied within physiological values (Table  1), 
while DEC abundance in sinus blood was 2.5 times higher 
than in peripheral blood, which was not observed in CHD 
patients without cardiomyopathy (Tables 1, 2).

The   content of   VEGF-A and PDGF growth fac-
tors in  peripheral blood of  CHD patients correspond-
ed to the values in healthy donors irrespective of  ICMP 
presence and did not differ between the patient groups 
(Table 1), but the coronary blood flow analysis revealed 
significant differences (Table 2). For instance, in CHD pa-
tients without cardiomyopathy, PDGF levels were high-
er in sinus blood than in peripheral blood (Tables 1, 2). 
Meanwhile, VEGF-A content in blood from the coronary 
sinus prevailed over its level in  blood from the  cubital 

T A B L E   1
CONTENT OF ENDOTHELIAL PROGENITOR AND DESQUAMATED CELLS AS WELL AS MEDIATORS OF ANGIOGENESIS 
IN BLOOD FROM THE CUBITAL VEIN IN CHD PATIENTS AFFECTED AND NOT AFFECTED BY ICMP, Me [Q1; Q3]

Indicators

Group of examined individuals

CHD without ICMP CHD with ICMP Healthy donors

EPC content 
VEGFR2+CD34+CD14+, %

0.74 [0.46; 1.23]
pk < 0.001

0.31 [0.15; 0.64]
pk = 0.260
p = 0.038

0.19 [0.13; 0.32]

DECs number
CD45–CD146+, ×10 5/l

7.25 [6.80; 7.47]
pk = 0.038

7.26 [5.43; 17.94]
pk = 0.037
p = 0.597

5.12 [3.73; 5.84]

VEGF-A, pg/ml
4.50 [3.00; 8.00]

pk = 0.314

6.00 [3.00; 9.50]
pk = 0.216
p = 0.502

3.80 [1.00; 6.50]

SDF-1, pg/ml
60.00 [50.00; 80.00]

pk = 0.042

49.00 [37.00; 56.00]
pk = 0.174
p = 0.115

30.00 [5.00; 45.00]

PDGF, pg/ml
3.10 [2.10; 7.05]

pk = 1.000

4.85 [1.20; 9.10]
pk = 1.000
p = 0.870

2.68 [1.65; 7.10]

Angiopoetin-2, pg/ml
445.0 [137.5; 552.5]

pk = 1.000

540.0 [403.0; 670.0]
pk = 0.612
p = 0.884

388.0 [317.0; 460.0]

MMP-9, pg/ml
11.95 [7.00; 13.40]

pk = 0.460

13.65 [6.50; 19.60]
pk = 0.848
p = 0.588

13.20 [9.60; 19.00]

Note. pk – level of statistical significance of the differences in indicators compared with the content of cytokines/cells in healthy donors; p – level of statistical significance of the differences in indicators compared 
with the content of cytokines/cells in CHD patients without cardiomyopathy; statistically significant differences are marked in bold.
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vein in CHD patients of both groups without differences 
between patient cohorts (Tables 1, 2). SDF-1 concentra-
tions in peripheral blood exceeded the norm only in CHD 
patients without cardiomyopathy (Table 1); however, re-
gardless of the ICMP occurrence, the level of this medi-
ator corresponded to that in sinus blood, and no differ-
ences between the patient groups were revealed in both 
blood samples (Tables 1, 2).

The content of Ang-2 and MMP-9 in peripheral blood 
of CHD patients affected and not affected by ICMP was reg-
istered at  the  level of  parameters of  healthy donors 
and did not reveal any differences between patient groups 
(Table 1). Meanwhile, the concentration of both mediators 

in blood from the coronary sinus was higher in patients 
with ICMP than in CHD patients without cardiomyopathy 
(Table 2). Furthermore, the concentration of Ang-2 in sinus 
blood prevailed over that in peripheral blood only in pa-
tients with ICMP, and the content of MMP-9 correspond-
ed to its content in peripheral blood independently from 
the ICMP occurrence (Tables 1, 2).

The  study of  histological preparations of  myocar-
dium revealed that the  vessel specific area in  CHD pa-
tients of both study groups was determined at a compa-
rable level, but αSMA expression in  patients with ICMP 
was 6.2 times lower than in CHD patients without cardio-
myopathy (Table 2).

T A B L E   2
DESQUAMATED ENDOTHELIAL CELLS AND MEDIATORS OF ANGIOGENESIS IN BLOOD FROM THE CORONARY SINUS 
IN ASSOCIATION WITH SPECIFIC VESSEL AREA CHARACTERIZATION AND ΑSMA EXPRESSION IN MYOCARDIUM FROM CHD 
PATIENTS BOTH AFFECTED AND NOT AFFECTED BY ICMP, Me [Q1; Q3]

Indicators

Group of examined individuals

CHD without ICMP CHD with ICMP

DECs number
CD45–CD146+, ×10 5/l

10.17 [6.80; 18.83]
p1 = 0.128

17.98 [10.27; 22.97]
p1 = 0.036
p = 0.156

VEGF-A, pg/ml 7.80 [3.25; 9.75]
p1 = 0.041

6.89 [3.25; 15.60]
p1 = 0.007
p = 0.918

SDF-1, pg/ml 40.30 [26.00; 62.00]
p1 = 0.086

46.80 [32.50; 64.00]
p1 = 0.286
p = 0.623

PDGF, pg/ml 7.60 [3.70; 9.94]
p1 = 0.036

7.86 [2.92; 8.77]
p1 = 0.674
p = 0.736

Angiopoietin-2, pg/ml 767.0 [494.0; 988.0]
p1 = 0.128

1111.5 [845.0; 1235.0]
p1 < 0.001
p = 0.002

MMP-9, pg/ml 5.92 [5.07; 17.42]
p1 = 0.972

16.64 [6.63; 29.12]
p1 = 0.649
p = 0.038

Vessel specific area, % 5.70 [5.60; 6.70] 6.60 [4.60; 8.90]
p = 0.815

αSMA expression, % 8.10 [7.60; 11.30] 1.30 [0.60; 2.80]
p = 0.007

Note. p1 – level of statistical significance of the differences in indicators compared with the content of cytokines/cells in peripheral blood; p – level of statistical significance of the differences in indicators compared 
with the content of cytokines/cells in CHD patients without cardiomyopathy; statistically significant differences are marked in bold.
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DISCUSSION

The obtained data demonstrates significant differen-
ces in the mediator profile of blood from the coronary si-
nus in  CHD patients affected and not  affected by  ICMP, 
which does not correspond to the nature of the imbalance 
of  angiogenesis factors in  peripheral blood (Tables  1, 2), 
indicating the involvement of different mechanisms of an-
giogenesis regulation in the affected heart and at the sys-
temic level. Specifically, in patients with ICMP, DEC content 
in blood from the coronary sinus was higher than in periph-
eral blood (Tables 1, 2), and EPC level in blood from the cu-
bital vein remained normal (Table 2). In contrast, in CHD pa-
tients without cardiomyopathy, DEC abundance in blood 
samples was comparable (Tables  1, 2) with high levels 
of  EPCs in  the  systemic bloodstream (Table  2). This indi-
cates an increased attraction of EPCs with reparative poten-
tial from bone marrow into blood in CHD patients without 
cardiomyopathy, which is a compensatory reaction during 
atherogenesis and, obviously, provides reparative angio-
genesis adequate to endothelial destruction in the heart. 
In  ICMP patients this compensatory reaction, apparently, 
is not realized: physiological level of EPC in blood is insuf-
ficient for coronary vessels repair in conditions of athero-
sclerosis, therefore angiogenesis is not effective, and en-
dothelial destruction prevails, which proves the presence 
of  angiopoietic endothelial dysfunction in  ICMP. Signifi-
cantly, no increased destruction of coronary endothelium 
was revealed by measurement of DEC content in blood from 
the cubital vein in ICMP (Table 1).

HIF-1 (hypoxia-inducible factor  1) is  a  central regu-
lator of  angiogenesis as  it  enhances gene transcription 
of  several pro-angiogenic proteins (SDF-1, VEGF, PDGFB,  
Ang-1, Ang-2) and their receptors [17], thereby preven ting 
myocardial ischaemic damage [18]. Insufficient coronary 
vascular repair in ICMP may be associated with an imbal-
ance of angiogenesis mediators that ensure EPC mobiliza-
tion from the bone marrow, their homing and proliferation/
differentiation/secretory activity in coronary vessels. Among 
the  studied mediators of  angiogenesis in  the  peri pheral 
blood of CHD patients without cardiomyopathy mani festing 
EPC excess, only SDF-1 concentration was elevated, while 
in patients with ICMP both indices (EPC and SDF-1 content) 
were in  compliance with the  norm (Table  1). Accumula-
tion of SDF-1 in plasma stimulates mobilization of CXCR4+ 
cells from the  bone marrow, including haematopoietic 
stem cells and EPCs, which express CXCR4 as  a  receptor  
for SDF-1. The interaction between SDF-1 and CXCR4 also 
stimulates the recruitment and retention of stem cells in is-
chaemic areas [12, 19].

The  content of  another angiogenesis activator  
VEGF-A in  blood from the  coronary sinus exceeded 
that  in  peripheral blood among CHD patients of  both 
groups (Tables 1, 2), apparently reflecting the induction 
of angiogenesis under ischaemic conditions. VEGF-A binds  
to VEGFR1 and VEGFR2, stimulating proliferation and dif-
ferentiation of EPCs into endothelial cells, formation of tu-
bular structures and increased permeability of the vascu-
lar wall, and inhibits cardiomyocyte apoptosis [12, 20–22]. 

Since hypoxia increases the  expression of  VEGFR1 [21], 
which is a trap receptor for VEGF-A and can inhibit angi-
ogenesis [22] and activate MMP-9 secretion from vascu-
lar myocytes [23], the interaction of VEGF-A with VEGFR1 
may be enhanced in ICMP patients considering widespread 
myocardial ischaemia, explaining the  lack of  increase 
in  its blood concentration. In  addition to  the  proangio-
genic VEGF-Axxxa family, there is also a  family of VEGF-
Axxxb isoforms that inhibit angiogenesis [23]. The synthe-
sis of the latter increases under the action of transform-
ing growth factor (TGF)  β [23], which is  actively secret-
ed in the myocardium of ICMP patients [24]. Additional-
ly, VEGF-A has proatherogenic properties (accumulates 
triacylglycerols, inhibits lipoprotein lipase), in  contrast 
to  VEGF-B, which is  characterised by  hypolipidemic ef-
fects [22].

Along with that, the  increase of PDGF concentra-
tion in sinus blood relative to peripheral blood in CHD 
patients without cardiomyopathy (Tables  1, 2) indi-
cates stabilization of newly formed vessels in the heart  
with VEGF-A parti cipation, which probably does not oc-
cur in  ICMP patients. PDGF is  known to  promote not 
only differentiation, mobilization of  EPCs from bone 
marrow and their migration [25], but also vascular mat-
uration since, unlike VEGF, it  attracts pericytes [26], 
vascular smooth muscle cells and stimulates endothe-
lial-mesenchymal transition [27]. It is being activated 
in the vascular wall and represents the process of loss 
of EPC endothelial phenotype and their transdifferenti-
ation into smooth muscle cells, but in dilated cardiomy-
opathy it is also accompanied by the transition of EPCs 
into myofibroblasts [28]. PDGF addition to smooth mus-
cle cell culture in vitro increases their survival through 
activation of  a  signalling pathway involving Notch3, 
and  stimulation of  Notch1 signalling maintains their 
contractile phenotype [13]. This explains the higher ex-
pression of αSMA in the myocardium of CHD patients 
without cardiomyopathy compared with ICMP patients 
(Table  2). The  αSMA protein is  synthesized by  vascu-
lar smooth muscle cells, which are the most numerous 
in the vascular wall, providing sustenance of vascular 
tone [13, 28]. Considering that the specific vascular area 
in CHD patients both without and with ICMP was com-
parable, and αSMA expression was lower in  patients 
with ICMP (Table 2), therefore, it can be concluded that 
vascular volume is not altered in ICMP, but the struc-
ture of  the  vascular wall is  obviously disturbed. Spe-
cifically, in ICMP, newly formed vessels are immature, 
and existing vessels are likely to lose tone, exacerbat-
ing ischaemia and causing myocardial contractile dys-
function and progression of heart failure.

Ang-2 is a negative regulator of angiogenesis since 
it  blocks the  binding of  proangiogenic Ang-1 to  their 
common receptor Tie-2, destabilises early vessels, 
and  increases their permeability [29]. Ang-2 in  con-
ditions of  VEGF-A excess, however, can be  a  Tie-2 ag-
onist and activate angiogenesis, and in  the  absence  
of  VEGF-A excess, Ang-2 accumulation is  associat-
ed with  vascular regression [23]. Therefore, increased  
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Ang-2 concentration in sinus blood in patients with ICMP 
compared with CHD patients without cardiomyopa-
thy, while  the  level of  VEGF-A in  coronary blood flow 
was  comparable between them (Table  2), can be  con-
sidered as  a  sign of  impaired angiogenesis in  ICMP. 
Ang-2 and MMP-9 are  considered as  markers of  cardi-
ovascular disease, atherosclerosis and endothelial dys-
function [6]. MMP-9 degrades extracellular matrix com-
ponents, including fibronectin [24, 30], which is  part 
of  the  basolateral membrane of  blood vessels [31]. 
This can either promote angiogenesis or vascular da mage 
[6, 30]. Consi dering that in  ICMP patients the  content  
of MMP-9 and DEC in sinus blood was higher than in pe-
ripheral blood, while in CHD patients without cardiomy-
opathy it was the same (Tables 1, 2), the hypersecretion  
of MMP-9 in myocardium probably indicates its angiode-
structive effect.

The results of the study may be limited by the clin-
ical status of patients, provided that the data obtained 
are  valid for  CHD patients with haemodynamically sig-
nificant multivessel lesions of  the  main coronary arter-
ies. Consequently, these patterns may not yet be evident 
in patients in the early stages of ICMP formation, which re-
quires further studies. The results were obtained for indi-
viduals of Caucasoid origin living predominantly in the Si-
berian Federal District.

CONCLUSION

To date, studies of ICMP mechanisms consider the im-
balance of different types of collagen, cardiomyocyte ap-
optosis, impaired Ca2+ homeostasis and myocardial con-
tractile function, vasomotor dysfunction of microvessels 
as  its  pathogenetic factors. However, the  mechanisms 
of  angiogenesis in  ICMP patients have not  been stud-
ied before. The present study has revealed that in CHD, 
complicated and uncomplicated by ICMP, two different 
variants of its pathogenesis are realized: with and with-
out impaired angiogenesis. The  progression of  CHD 
without cardiomyopathy is  accompanied by  a  com-
pensatory increase in  the  mobilization of  EPCs from 
the bone marrow in response to atherogenesis by excess  
SDF-1 in the blood. EPCs are actively recruited to the heart 
by  VEGF-A and  PDGF. Mature vessels containing suffi-
cient smooth muscle cells (expressing αSMA) are formed 
in the myocardium as a result of PDGF secretion; there-
fore, activation of  angiogenesis limits the  progression 
of  ischaemia and endothelial desquamation remains 
moderate. ICMP formation is  associated with the  ab-
sence of increased EPC mobilization, which are attracted 
to the myocardium by the action of VEGF-A alone, where, 
without the  involvement of  PDGF, immature vessels 
are formed that are easily degraded by Ang-2 and MMP-9. 
Such angiogenesis is obviously inadequate to the degree 
of vascular damage and forms a vicious circle of myocar-
dial ischaemia in ICMP. The obtained knowledge about 
the mechanisms of dysregulation of angiogenesis in ICMP 
defines targets for its angiogenic the rapy, the develop-

ment of which will enable to slow down the progression 
of this severe disease.
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ABSTRACT

Background. To date, the genetic variability of Rickettsia helvetica has not been 
sufficiently studied.
The aim. To study the prevalence and genetic variability of R. helvetica in Ixodes spp. 
collected in Western Siberia and the Russian Far East.
Materials and methods. Ixodes  spp. collected from rodents in  the  Omsk prov-
ince, Western Siberia (n = 280) and collected by flagging on Putyatin and Russky 
Islands in Primorsky Krai, Russian Far East (n = 482) were analyzed for the presence 
of Rickettsia spp. All positive samples were genotyped for the gltA gene fragment. 
For a number of R. helvetica samples, fragments of the 16S rRNA, ompA, ompB, sca4, 
htrA, and groEL genes and 23S–5S intergenic spacer were additionally sequenced.
Results. Four Rickettsia species (R. helvetica, “Candidatus Rickettsia tarasevichiae”, 
“Candidatus Rickettsia uralica”, and “Candidatus Rickettsia mendelii”) were found. 
Of them, R. helvetica was identified in 72.2 % of Ixodes apronophorus and 18.8 % 
of  Ixodes trianguliceps from the  Omsk province and in  single Ixodes persulcatus 
from the Omsk province and Putyatin Island. This is the first finding of Rickettsia spp. 
in I. apronophorus. All known R. helvetica sequences from this study and the GenBank 
database belonged to four well supported monopheletic groups forming genetic line-
ages I–IV. Lineage I included European isolates from Ixodes ricinus, Western Siberian 
isolates from I. persulcatus, and some sequences from I. apronophorus. All R. helvetica 
sequences from I.  trianguliceps from the  Omsk province and  I.  persulcatus from 
the Komi Republic and one sequence from I. apronophorus were assigned to line-
age II. Most sequences from I. apronophorus formed lineage III; all known R. helvetica 
sequences from I. persulcatus from the Far East formed genetic lineage IV.
Conclusion. The  genetic heterogeneity of  R.  helvetica population was first dem-
onstrated. Known isolates of R. helvetica are reliably assigned to four genetic line-
ages, but not in all cases association of different lineages with a specific tick species 
or specific territory was observed.

Key words: Ixodes apronophorus, Ixodes persulcatus, Ixodes trianguliceps, Rickettsia 
helvetica, sympatric areas, genetic lineages, phylogenetic analysis
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РЕЗЮМЕ

Обоснование. Генетическая вариабельность Rickettsia helvetica недоста-
точно изучена.
Цель исследования. Изучить встречаемость и генетическую вариабель-
ность R. helvetica в Ixodes spp., собранных в Сибири и на Дальнем Востоке.
Методы. На наличие риккетсий проанализированы клещи, снятые с грызу-
нов в Омской области (n = 280) и собранные на флаг на островах Путятина 
и Русский в Приморском крае (n = 482). Для всех образцов риккетсий секвени-
рованы фрагмента гена gltA, а для ряда образцов R. helvetica дополнительно 
секвенированы фрагменты  16S rRNA, ompA, ompB, sca4, htrA и groEL генов 
и 23S–5S межгенного спейсера.
Результаты. Всего было выявлено четыре вида риккетсий. Из них R. helvetica 
обнаружена в 72,2 % Ixodes apronophorus и 18,8 % Ixodes trianguliceps из Омской 
области и в единичных Ixodes persulcatus из Омской области и с острова 
Путятина. Это первое выявление риккетсий в I. apronophorus. На основании 
проведённого филогенетического анализа последовательности R. helvetica 
из данной работы и из базы данных GenBank отнесены к четырём генети-
ческим линиям. Линия  I включает европейские изоляты из Ixodes ricinus, 
изоляты из I. persulcatus из Западной Сибири и некоторые последователь-
ности из I. apronophorus. Все последовательности R. helvetica из I. trianguliceps 
из Омской области и из I. persulcatus из Республики Коми, а также последова-
тельность из I. apronophorus отнесены к линии II. Большинство последова-
тельностей из I. apronophorus образуют линию III, а все последовательности 
R. helvetica из I. persulcatus с Дальнего Востока – линию IV.
Заключение. Впервые показана генетическая гетерогенность популяции 
R.  helvetica. Известные изоляты R.  helvetica надёжно отнесены к четырём 
генетическим линиям, однако ассоциация различных линий с определённым 
видом клеща или с определённой территорией наблюдается не во всех 
случаях.

Ключевые слова: Ixodes apronophorus, Ixodes persulcatus, Ixodes trianguliceps, 
Rickettsia helvetica, область симпатрии, генетические линии, филогенети-
ческий анализ
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INTRODUCTION

Rickettsia helvetica Beati et  al. 1993 [Rickettsiaceae;  
Rickettsiales], belonging to the spotted fever group (SFG), 
is one of the causative agents of rickettsioses in Eurasia. Rick-
ettsiosis caused by R. helvetica is characterized by a wide 
range of clinical manifestations: fever is more often with-
out rash, and cases of perimyocarditis, meningitis, and sar-
coidosis have been described [1–5]. This infection is mainly 
diagnosed in European countries. In Russia, only one case 
of rickettsiosis caused by R. helvetica has been described 
in a patient with signs of acute febrile illness from the Perm 
Territory [6].

Specific vectors of  R.  helvetica are ticks of  the  genus  
Ixodes. Rickettsia helvetica is widely prevalent in ticks Ixodes 
ricinus (Linnaeus, 1758) in various European countries [7, 8]. 
In Russia, R. helvetica is observed in different regions; howev-
er, in most regions the occurrence of this species was rather 
low and did not exceed 5–8 %. Thus, R. helvetica was found 
in 4.6 % of the taiga tick (Ixodes persulcatus (Schulze, 1930)) 
in the Komi Republic [9], in 1.9 % of I. persulcatus in the Omsk 
region [10], in 5.1 % of Ixodes spp. in the Altai Territory [11], 
as well as in 8.1 % of Ixodes persulcatus (Pomerantzev, 1946) 
and in 6.9 % of interspecies hybrids of I. persulcatus/I. pav-
lovskyi in the Altai Republic [12]. In the mainland of the Far 
East, the occurrence of R. helvetica in taiga ticks was also low 
and amounted to 3.8–4.3 % in some areas of Khabarovsk 
Territory, and 2.4 % in the south of the Kamchatka Penin-
sula [13, 14]. The exception is Sakhalin Island, where the oc-
currence of R. helvetica in I. persulcatus exceeded 60 % [14].

In addition to I. persulcatus and I. pavlovskyi attacking 
humans, the  nidicolous ticks Ixodes trianguliceps (Birula, 
1895) and Ixodes apronophorus (Schulze, 1924), all devel-
opmental stages of which feed on small mammals, inhabit 
various areas of Western Siberia. Both species have an ex-
tensive but mosaic range. The tick I. apronophorus is a mois-
ture-loving species inhabiting wetlands; one of  its main 
hosts is the European water vole (Arvicola amphibius (Lin-
naeus, 1758)) [15–18].

Many works have been devoted to the study of I. per-
sulcatus for  the  presence of  various species of  rickettsia; 
most often, "Candidatus Rickettsia tarasevichiae" is detected 
in I. persulcatus ticks (up to 90 % of infected ticks), and in rare 
cases  – R.  helvetica, Rickettsia heilongjiangensis, Rickettsia 
raoultii and Rickettsia sibirica [10, 12, 14, 19]. The tick I. tri-
anguliceps is significantly less studied; in our previous stud-
ies, a new candidate species "Candidatus Rickettsia uralica" 
was found in I. trianguliceps ticks, as well as R. helvetica and 
"Candidatus R. tarasevichiae" [19]. Data on  the  infection 
of I. apronophorus ticks with rickettsiae were not available 
at the beginning of this study.

In the southern taiga and sub-taiga of Western Siberia 
there are areas of sympatry of three tick species that belong 
to the genus Ixodes: I. persulcatus, I. trianguliceps and I. apro-
nophorus. In these areas of sympatry, the preimaginal stages 
of I. persulcatus and all developmental stages of I. trianguli-
ceps and I. apronophorus can feed on the same small mam-
mals, which may result in the transmission of any rickettsi-
al species/gene variants from one tick species to another. 

In preliminary studies, we have discovered sites in the sym-
patric regions of  I.  apronophorus/I.  persulcatus/I.  triangu-
liceps in the Omsk region with the high abundance of all 
three tick species [20]. Islands in the Far East are also of great 
interest for study, as one of these islands (Sakhalin Island) 
had an unexpectedly high infection rate of the taiga tick 
with R. helvetica [14].

THE AIM OF THE STUDY

To study the occurrence and genetic variability of R. hel-
vetica in different species of ticks of the genus Ixodes in re-
mote areas of the Omsk region and the Far East.

MATERIALS AND METHODS

Collecting ticks
The material was collected on the territory of Bolsheu-

kovsky district (site Om-Bo, 56°  46’  N, 72°  03’  E) and 
Znamensky district (site Om-Zn, 57°  23’  N, 73°  40’  E) 
of the Omsk Region, as well as on the territory of Putyat-
in Island (site Put 42° 50’ N, 132° 25’ E) and Russky Island 
(site Rus 43° 00’ N, 131° 50’ E), located in Peter the Great 
Bay of the Sea of Japan in Primorsky Territory (Fig. 1). Ix-
odes spp. ticks collected from rodents in the Omsk region 
and ticks collected by flagging in Primorsky Territory were 
included in the study.

Rodents were captured in the Omsk region at the Om-
Bo site in  June 2016 and at  the  Om-Zn site from June 
through September 2014–2015. Animals were examined 
for  the presence of attached ticks (larvae, nymphs and 
adults), which were removed with tweezers. The species 
and developmental stage of  ticks were preliminarily de-
termined using a stereomicroscope MC-800 (Micros, Aus-
tria), according to morphological keys [21]. Some of the en-
gorged and nearly engorged larvae and nymphs were 
stored at  10–15  °C for  1–2  weeks and then transported 
to the laboratory for metamorphosis. The remaining ticks 
were placed in sealed plastic tubes that were stored in li-
quid nitrogen until DNA extraction.

Questing ticks were collected from vegetation by flag-
ging on Putyatin Island in 2021 and on Russky Island in 2019 
and  2021. The  species and  developmental stage of  ticks 
were preliminarily determined based on  morphological 
criteria; only ticks of the genus Ixodes were included in fur-
ther study.

Carrying out metamorphosis of ticks  
under laboratory conditions

Partially engorged larvae and nymphs were fed on 
laboratory white mice to repletion to  successfully un-
dergo metamorphosis. Each engorged tick was placed 
in an individual glass tube and kept in the dark at 100 % 
relative humidity at  24–26  °C until moulting was com-
pleted. The  ticks that underwent metamorphosis after 
4  weeks were individually frozen and stored at –70  °C 
until DNA isolation.
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DNA isolation
Frozen ticks were homogenized with a MagNA Lyser In-

strument using MagNa Lyser Green Beads (Roche Diagnos-
tics, Switzerland). Total DNA was isolated using the Proba 
NK kit (DNA-Technology, Russia) according to the manu-
facturer’s protocol.

Determination of tick species  
by molecular genetic methods

The species of I. persulcatus, I. trianguliceps, and I. apro-
nophorus ticks was determined by  multiplex polymer-
ase chain reaction (PCR) using species-specific primers 
for the  ITS2 intergenic spacer fragment as previously de-
scribed [20]. I. persulcatus, I. pavlovskyi and interspecific hy-
brids were differentiated based on the determination of mi-
tochondrial (cox1) and nuclear (ITS2) loci as described pre-
viously [12].

Identification and genotyping  
of Rickettsia helvetica

Rickettsia DNA was detected using nested PCR 
in  the  presence of  genus-specific primers from the  gltA 
gene region in the first round and primers specific for "Can-
didatus R. tarasevichiae" and specific for SFG rickettsiae 
in the second round, as described previously [14]. The ob-
tained gltA gene fragments were sequenced for all posi-
tive rickettsiae samples from the SFG. For a number of pos-
itive samples containing R. helvetica DNA, gene fragments 
of 16S rRNA, ompA, ompB, sca4, and htrA, as well as a frag-
ment of  the  groESL operon and the  intergenic spac-
er 23S-5S rRNA (23S-5S  IGS) were additionally amplified 
in  the presence of primers indicated in Table 1 for sub-
sequent sequencing. In  addition, the  same fragments 

of seven genetic loci were amplified for samples of R. hel-
vetica revealed earlier on  Sakhalin Island (site Skh) and 
in Khabarovsk Territory (site Khab) [14]. The identified nu-
cleotide sequences have been deposited in the GenBank 
database under accession numbers OQ092468-OQ092487, 
OQ102487-OQ102493, OQ271213-OQ271221, OQ275007-
OQ275011, OQ675828-OQ675832, OQ861252, OQ866612-
OQ866624.

Sequencing and phylogenetic analysis
PCR products were purified using GFX columns (Am-

ersham Biosciences, USA). The Sanger sequencing reac-
tion was performed using BigDye Terminator v. 3.1 Cy-
cling Sequencing Kit (Applied Biosystems, USA) accord-
ing to the manufacturer’s instructions. Sequencing prod-
ucts were purified using CentriSep columns (Princeton 
Separations, USA) and analyzed using ABI 3500 Genet-
ic Analyzer (Applied Biosystems, USA). Sequence analy-
sis was performed using BlastN [29]. Phylogenetic analy-
sis was performed with the MEGA 7.0 phylogenetic soft-
ware package [30] using the maximum likelihood (ML) 
method [31].

RESULTS

Species identification  
of collected ticks

The  species identity of  all ixodid ticks collected 
in  the Omsk Region and Primorsky Territory was deter-
mined using molecular genetic methods. Ticks of three 
species (I. apronophorus, I. persulcatus and I. trianguliceps) 
were found in two sites in the Omsk region, but the pro-

FIG. 1.  
Tick collection sites
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T A B L E   1
PRIMERS USED FOR R. HELVETICA AMPLIFICATION

Locus Organism Round Primer Sequence 5’-3’ T (°С) Ref.

16S gene 
rRNA Rickettsia spp.

I
16S1 gacgggtgagtaacacgtggg

56

[14]
16S2 gtcttttagggatttgctccac

II
16S3 gatggatgagcccgcgtcag

60
16S4 gcatctctgcgatccgcgac

ompA gene 
Fragment I Rickettsia spp.

Rr190.70p atggcgaatatttctccaaaa
55 [22]

190-701 gttccgttaatggcagcatct

ompA gene

Rickettsia spp.

I
Afnw_1 ggcacaaatactttaacattacc

52
#

190-6808 cacgaactttcacactacc [22]

II
Afnw_3 aagcctactcctaaagagaatg

53 #
Afnw_4 cgacagtctctagtgccg

Rickettsia spp.

I
A1 taacattacaagctggaggaagcc

58

#
A2 ttcagagcctgaccaccgg

II
A5 caagtgctggtgatgttacta

56
A6 tagttacatttcctgcacctac

R. helvetica

I
Afn1_helv gtaatactagcatcaccgaaatcc

55
#

190-6808 cacgaactttcacactacc
[22]

II
190-5125 gcggttactttagccaaagg

54
Afnw_4 cgacagtctctagtgccg #

ompB gene 

Rickettsia spp.

I
M59 F ccgcagggttggtaactgc

55
[23]

120-1497m* cctatatcgccggtaattgtagc

#
II

BR1 gttactaatggatttattcaagt
53

BR2 gcataaacttgtccagcgat

Rickettsia spp.

I
B2f_5 taaacttgctgacggtacag

56
#B2f_2 cgattatgccgttatcgcttccaag

II
B2f_3 gtagcctaacaaatgctcaaac

52
120-2399 cttgtttgtttaatgttacggt

[23]

R. helvetica

I
B2f_3 gtagcctaacaaatgctcaaac

52
B2f_2 cgattatgccgttatcgcttccaag

II
B2f_1helv cagtacaattcgctcacaacac

55 #
120-2399 cttgtttgtttaatgttacggt

Rickettsia spp.

I
B1 atatgcaggtatcggtact

56

#
B2 ccatataccgtaagctacat

II
B3 gcaggtatcggtactataaac

56
B4 aatttacgaaacgattacttccgg
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portion of ticks of different species on these sites differed 
significantly. At the Om-Bo site, 67 (40.6 %) I. apronopho-
rus, 73 (44.2 %) I. persulcatus and 25 (15.1 %) I. trianguli-
ceps were identified among 145 ticks removed from 29 ro-
dents and 20 ticks removed from rodents and underwent 
metamorphosis in laboratory conditions, and at the Om-Zn 
site among 115 ticks removed from rodents and molted 
in the  laboratory, 5  (4.4 %) I. apronophorus, 87  (75.6 %) 
I. persulcatus and 23 (20.0 %) I. trianguliceps were found 
(Table 2).

In the Far East, on Putyatina Island, 56 I. persulcatus, 
4 I. pavlovskyi and one I. persulcatus/I. pavlovskyi interspe-
cies hybrid were identified among unfed adults collected 
from vegetation by flagging, and on Russian Island – 190 
I. persulcatus, 199 I. pavlovskyi and 32 interspecies hybrids 
were found (Table 2).

Identification of Rickettsia spp. in Ixodes spp. ticks 
in the Omsk region

Among ticks from the Om-Bo site collected from rodents 
but not molted R. helvetica DNA was identified in 45 (72.5 %) 
I. apronophorus of all development stages (including 1 case 
of R. helvetica and "Candidatus R. tarasevichiae" mixed in-
fection) and in 9 (37.5 %) I. trianguliceps but was not identi-
fied in I. persulcatus. Notably, all infected I. trianguliceps were 
larvae (Table 2). Additionally, "Candidatus R. tarasevichiae" 
DNA was found in 48 (81.4 %) I. persulcatus and 1 (1.6 %) 
I.  apronophorus larvae, and "Candidatus R. uralica" DNA 
was found in 7 (29.2 %) I. trianguliceps. "Candidatus R. tara-
sevichiae" with Rickettsia raoultii was detected in one larva 
(1.6 %) of I. persulcatus.

Among the  molted ticks, 3 out  of  5 are I.  aprono-
phorus from the  Om-Bo site and  4 of  5 I.  apronophorus  

T A B L E   1  ( c o n t i n u e d )

Rickettsia spp.

I
120-3462 ccacaggaactacaaccatt

52 [23]
120-4879m* tagaagtttacacggacttttagag

II
B3f_3f gctggacctgaagctggagc

55
#

120-4879m* tagaagtttacacggacttttagag [23]

sca4 gene Rickettsia spp.

I
D1f atgagtaaagacggtaacct

52 [24]
D1876rm* tagtttgttccgccgtaatc

II
sc1f_3 gatgtaggtgatgaactctg

52
#

D1390r cttgcttttcagcaatatcac [24]

I
sc4-1 atgtctctgaattaagcaatgc

52
#

Rj2837r cctgatactacccttacatc [25]

II
sc4-5 ccggcacaacaacaattgatg

50 #
sc4-6 cctttaccagctcatctactt

I
sc4-3 aattattaggctctgtattaaaga

52
#

D3069r tcagcgttgtggaggggaag [24]

II
sc4-5 ccggcacaacaacaattgatg

52
#

sc4-7 ctctcttttaataggtgttgatt #

htrA gene Rickettsia spp.
17k-5 gctttacaaaattctaaaaaccatata

55 [26]
17k-3 tgtctatcaattcacaacttgcc

23S-5S 
IGS Rickettsia spp.

RCK/23-5-F gataggtcrgrtgtggaagca
55 [27]

RCK/23-5-R tcgggaygggatcgtgtgtttc

groESL
Operon Rickettsia spp.

I
Ric-ESL-F1 ggtaaatgggcaggyaccgaa

60

[28]
Ric-ESL-R1 gaagcaacrgaagcagcatctt

II
Ric-ESL-F2 atcgttatgaaagaaagcgayg

58
Ric-ESL-R2 agwgcagtacgcactactttagc

Note. T (°С) – annealing temperature; m* – modified primer; # – this study.
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T A B L E   2
IDENTIFICATION OF R. HELVETICA IN IXODES SPP. TICKS

Sites/ 
analyzed ticks Tick species Stage Tick population Ticks containing R. helvetica 

DNA, abs. (%)

Om-Bo/ 
collected from rodents

I. apronophorus

Larvae 47 33

Nymphs 5 4

Adults 10 8

All stages 62 45 (72.5)

I. persulcatus

Larvae 55 0

Nymphs 4 0

All stages 59 0

I. trianguliceps

Larvae 17 9

Nymphs 4 0

Adults 3 0

All stages 24 9 (37.5)

Om-Bo/ 
molted

I. apronophorus

Nymphs 2 1

Adults 3 2

All stages 5 3 (60)

I. persulcatus

Nymphs 3 0

Adults 11 0

All stages 14 0

I. trianguliceps
Nymphs 1 0

All stages 1 0

Om-Zn/ 
molting

I. apronophorus

Nymphs 4 3

Adults 1 1

All stages 5 4 (80)

I. persulcatus

Nymphs 23 0

Adults 64 1

All stages 87 1 (1.1)

I. trianguliceps

Nymphs 10 0

Adults 13 0

All stages 23 0
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from  the  Om-Zn site contained R.  helvetica DNA. In  ad-
dition, R.  helvetica was revealed in  one molted I.  persul-
catus as a mixed infection with "Candidatus R.  tarasevi-
chiae" (Table 2). "Candidatus R. tarasevichiae" DNA was re-
vealed in 80  (79.2 %) I.  persulcatus and 2  (8.3 %) I.  trian-
guliceps, while "Candidatus R. uralica" DNA was detected 
in 3 (12.5 %) I. trianguliceps. A mixed infection "Candidatus 
R. uralica" with Rickettsia sp. was revealed in 1 (1 %) nymph 
of I. persulcatus.

Combining data obtained for all examined ticks from 
the  Omsk region, R.  helvetica was revealed in  75.0  % 
of  I.  apronophorus, 18.8  % of  I.  trianguliceps and 1.9  % 
of  I. persulcatus, indicating a close ecological relationship 
between R. helvetica and I. apronophorus.

Identification of Rickettsia spp. in Ixodes spp. ticks 
in the Primorsky Territory

R. helvetica DNA was revealed in only 1 of 56 I. persulca-
tus from Putyatin Island, but was not revealed in any oth-
er tick species from the same site, nor in any of 421 ticks 
of the genus Ixodes from Russky Island (Table 2). "Candi-
datus R. tarasevichiae" DNA was revealed in 42 (75.0 %) 
I. persulcatus, in 1 of 4 I. pavlovskyi and in the single inter-
species hybrid from Putyatin Island, and in 73.7 % of I. per-
sulcatus, 5.3 % of I. pavlovskyi and 31.3 % of inter-species 
hybrids from Russky Island. DNA of "Candidatus Rickett-
sia mendelii" was revealed in 2 I. pavlovskyi on Russky Is-
land (2016).

R. helvetica genotyping
Sequences of  the gltA gene fragment (840  nucleo-

tide pairs) were determined for all R.  helvetica isolates, 
and 6 sequence variants were identified based on ana-
lysis of these sequences. Fragments of ompB (1255 bp), 
sca4(783  bp), and 16S rRNA (684  bp) genes were addi-
tionally sequenced for  a  number of  samples with dif-
ferent variants of  the  gltA gene. Comparative analysis 
of the sequences obtained revealed 7 sequence variants 
of  R.  helvetica differing from each other by  2–8  nucle-
otide substitutions; all detected sequence variants dif-
fered from the sequence of the prototypical strain C9P9 
(AICO01000001) (Fig. 2а).

Phylogenetic  analysis  based on  comparison 
of  the  concatenated sequences gltA-ompB-sca4 with 
a total length of 2259 bps showed that the sequences ob-
tained belong to four genetic lineages (Fig. 3). The sam-
ples belonging to  lineage  I (European lineage) formed 
a  common cluster together with the  prototype strain 
R.  helvetica C9P9 isolated from the  tick I.  ricinus from 
Switzerland. Lineage  I sequences were revealed only  
at the Om-Zn site in three I. apronophorus and one I. persul-
catus (Table 3); these sequences differed from the R. hel-
vetica C9P9 sequences by single substitutions at the gltA 
or ompB genes (Fig.  2a). Lineage  II (I.  trianguliceps line) 
included all samples of  R.  helvetica from I.  trian guliceps 
ticks and one sample from molted I.  apronophorus 
from  the  Om-Bo site. The  lineage  II sequences deter-
mined in  this study were  identical to  previously deter-
mined sequences from two nymphs of  I.  trianguliceps 
taken from  rodents from another area of  Omsk region. 
Lineage III (I. apronophorus line) was the most numerous 
and  included sequences of  48 I.  apronophorus, mainly 
from the Om-Bo site. Samples from this lineage were ge-
netically heterogeneous – one sample differed by a sin-
gle substitution in the gltA gene from the others; notably, 
5 tick samples taken from the same rodent had the same 
substitution in the 16S rRNA gene. Lineage IV (Far Eastern 
lineage) included all determined sequences of R. helvet-
ica from I. persulcatus from the Far East: Putyatin Islands, 
Sakhalin and Khabarovsk Territory (Table 3).

Since most R.  helvetica isolates from the  GenBank 
data base have been characterized using only the ompB 
gene, we used this locus to compare the R. helvetica se-
quences obtained in this study with those published 
previously. Phylogenetic analysis based on comparison 
of the sequences of the ompB gene, 2684 bps in length, 
showed the presence of the same four genetic lineages. 
Based on the analyses conducted, the European lineage 
(lineage I) additionally contained a number of specimens 
of  R.  helvetica from I.  ricinus originated from Germany 
and  one specimen from I.  persulcatus from the  Novosi-
birsk region, and the I. trianguliceps linage (lineage II) ad-
ditionally included 32 specimens of R. helvetica from I. per-
sulcatus from the Komi Republic (Fig. 4). Sequence analy-

T A B L E   2  ( c o n t i n u e d )

Put/ 
collected by flagging

I. persulcatus Adults 56 1 (1.8)

I. pavlovskyi Adults 4 0

hybrids Adults 1 0

Rus/ 
collected by flagging

I. persulcatus Adults 190 0

I. pavlovskyi Adults 199 0

hybrids Adults 32 0

Note. Combined data for all stages examined for each tick species are shown in bold.
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Isolates Tick species Region Lineage

gltA ompB sca4 16S

17
55

25

17
55

76

17
58

47

17
60

92

17
61

56

38
10

79

38
15

49

38
19

58

38
21

76

38
22

39

81
25

83

81
21

47

52
37

27

C9P9 I. ricinus Europe I G C T C C G C G G G G C T

Om-74_Iapr_m I. apronophorus Siberia I . . . . . . . . T . . . .

Om-20_Iper_m I. persulcatus Siberia I . . . T . nd nd nd nd nd . . nd

Om-75_Itr I. apronophorus Siberia II A . . . T A . A T . . . .

Om-145_Iapr I. apronophorus Siberia III . T . . . . T A T A . T .

Om-79_Iapr I. apronophorus Siberia III . T . . . . T A T A . T G

Om-103_Iapr I. apronophorus Siberia III . T A nd nd . T nd nd nd . T nd

Skh-7_Iper I. persulcatus Far East IV . . . . . . . A T . A . .

Put-117_Iper I. persulcatus Far East IV . . . . . . . A T . A . .

а

Isolates Lineage

gltA ompA ompB sca4 htrA 16S IGS

17
55

25
17

55
76

17
61

56

20
96

75

20
86

48

20
85

57

38
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02
49

38
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92
38
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22

38
10

79
38

15
49

38
19
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38

21
76

38
22

39
38

25
62

38
28

24
38

28
95

38
30

24
81

36
13

81
34

72

81
33

41

81
25

83

81
21

47

81
18

67

19
50

41

52
37

27
52

39
07

11
87

52
2

11
87

46
3

C9P9 I G C C C G T T A C T G C G G G G T C G A A C G C G T T A T G

Novosibirsk08-5 I . . . nd nd nd . . . . . . . . . . . . . nd nd nd nd nd nd nd nd nd nd nd

Komi II . . T nd nd nd . G . C A . A T . A . . . nd nd nd nd nd nd nd nd nd nd nd

Om-74_Iapr_m I . . . . . . . . . . . . . T . . . . . . . . . . . . . . . .

Om-75_Itr II A . T T . . . G T C A . A T . A . . . C G . . . A . . . C .

Om-145_Iapr III . T . . . . G . . C . T A T A . C T . . . . . T . G . G . .

Om-79_Iapr III . T . . . . G . . C . T A T A . C T . . . . . T . G G G . .

Skh-7_Iper IV . . . . A C . . . C . . A T . . C . . . . T A . . . . . C A

Put-117_Iper IV . . . . A . . . . C . . A T . . C . A . . T A . . . . . C A

b

FIG. 2.  
а – condensed alignment based on gene sequences of gltA (840 bp), ompB (1255 bp), sca4 (783 bp) and 16S rRNA (684 bp) sequence vari-
ants of R. helvetica; b – condensed alignment based on gene sequences gltA (1037 bp), ompA (1417 bp), ompB (3100 bp), sca4 (2398 bp), 
htrA (499 bp), 16S rRNA (1070 bp) genes and the intergenic spacer 23S-5S rRNA (23S-5S IGS) (489 bp) of R. helvetica genetic lines. Polymor-
phic sites are listed according to the sequence of R. helvetica, strain C9P9 (AICO01000000). Non-synonymous substitutions are marked 
in green color
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T A B L E   3
PREVALENCE OF DIFFERENT GENETIC LINEAGES OF R. HELVETICA IN IXODES SPP.

Site Tick species Analyzed ticks Number of genotyped 
R. helvetica samples

Number of R. helvetica specimens 
belonging to the lineage

I II III IV

Om-Bo I. apronophorus

Not molted 45 0 0 45 0

Molted 3 0 1 2 0

Total 48 0 1 47 0

I. trianguliceps Not molted 9 0 9 0 0

Om-Zn
I. apronophorus Molted 4 3 0 1 0

I. persulcatus Molted 1 1 0 0 0

Put I. persulcatus Collected by flagging 1 0 0 0 1

Khab I. persulcatus Collected by flagging 1 0 0 0 1

Skh I. persulcatus Collected by flagging 4 0 0 0 4

R. helvetica I. ricinusisolate B81 / Germany HQ232247), (

. , (R isolate M22 / Germany HQ232245)helvetica I. ricinus

, (R. helvetica I. ricinusisolate M19 / Germany HQ232249)

, (R. helvetica I. ricinusisolate W79 / Germany HQ232250)

R. helvetica I. persulcatusNovosibirsk-08-5 / Novosibirsk KU310591), (

strain C9P9 / AICOR. helvetica I. ricinus, Switzerland ( 01000000)

R. helvetica I. ricinusstrain AS819 / Germany MF163037), (

isolate Om-74 lapr m / Omsk (OQ866619)R. helvetica I. apronophorus,

R. helvetica I. persulcatusisolate Komi / Komi Resp. Kp866151), (

R. helvetica I. triangulicepsisolate Om-75 ltr / Omsk (OQ092470),

isolate Om-94 ltr / Omsk (OQ092484)R. helvetica I. trianguliceps,

isolate Om-145 lapr / Omsk (OQ092489)R. helvetica I. apronophorus,

isolate Om-79 laprr / Omsk (OQ092477)R. helvetica I. apronophorus,

R. helvetica I. persulcatusSkh-4 lper / Sakhalin (OQ209945),

R. helvetica I. persulcatusSkh-7 lper / Sakhalin (OQ209952),

Putyatin Isl. ( )R. helvetica I. persulcatusPut-117 lper / 9OQ866620,

R. asiatica strain Maytaro 1284 (Ap019563)

I. trianguliceps
(II)lineage

European

lineage (I)

I. apronophorus
(III)lineage

Far East lineage (IV)

0.001

87

70

85
72

95

FIG. 4.  
Dendrogram constructed by ML method based on sequences of the ompB gene fragment (2684 bps) of R. helvetica. R. asiatica sequence 
was used as an outgroup. Sequences obtained in this study are highlighted in bold font

FIG. 3.  
Dendrogram constructed by ML method based on concatenated sequences of gltA-ompB-sca4 gene fragments (2259 bps). Sequences ob-
tained in this study are highlighted in bold font

R. helvetica I. apronophorusisolate Om-98 lapr m / Omsk,

. 103 , ОR isolate Om- lapr / mskhelvetica I. apronophorus

,R. helvetica I. apronophorusisolate Om-79 lapr / Omsk

145 ,R. helvetica I. apronophorusisolate Om- lapr / Omsk

R. helvetica I. ricinusC9P9 / AIC O01000001), Switzerland (

R. helvetica I. apronophorusisolate Om-74 lapr_m / , Omsk

isolate Om-75 ltr /R. helvetica I. trianguliceps, Omsk

isolate Om-84 ltr /R. helvetica I. trianguliceps, Omsk

isolate Om-89 lapr_m /R. helvetica I. apronophorus, Omsk

Skh-7 lper /R. helvetica I. persulcatus, Sakhalin

4 SakhalinR. helvetica I. persulcatusSkh- lper / ,

Putyatin Isl.R. helvetica I. persulcatusPut-117 lper / ,

R. asiatica strain Maytaro 1284 (AP019563)

I. apronophorus lineage

European lineage

I. apronophorus lineage

Far East lineage

0.001

95

86



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, № 6

101
Microbiology and virology

sis of the sca4 gene revealed that the Far Eastern lineage 
also includes R.  helvetica specimens from I.  persulcatus 
from Japan [25].

For more detailed genotyping of the 16S rRNA gene 
sequence (1070 bp), gltA (1037 bp), ompA (1417 bp), 
ompB (3100 bp), sca4 (2398 bp), htrA (499 bp), GroEL 
(1528  bp), as  well as  23S-5S IGS (489  bp) were de-
termined for  eight samples of  R.  helvetica belong-
ing to  different genetic lineages. All groEL gene se-
quences were identical. The  remaining genetic loci 
had polymorphic sites; of these, the ompB gene was 
the most variable. Among the coding sequences, nu-
cleotide substitutions at  15 of  the  25 polymorphic 
sites were nonsynonymous (Fig.  2b). Phylogenetic 
analysis based on a comparison of the concatenated 
sequences 16S – gltA – ompA – ompB – sca4 – htrA – 
IGS (9840 bps) also revealed with a high level of sup-
port the presence of four clusters that corresponded 
to the genetic lineages identified based on the anal-
ysis of shorter sequences (Fig. 5). It should be noted 
that within each genetic lineage, R. helvetica samples 
differed among themselves by 1–2 nucleotide substi-
tutions. In  the case of genetic lines  I and II, samples 
from the  Omsk region differed from samples from 
other regions, and in  the  case of  genetic lineage  IV, 
the sample from Putyatin Island differed by two sub-
stitutions from samples from Sakhalin.

DISCUSSION

Different species of  rickettsiae tend to  be  associated 
with certain species of  ticks. Rickettsia helvetica is  close-
ly related to ticks of the genus Ixodes and is the dominant 
species of  rickettsia in  I.  ricinus in Europe and  I.  persulca-
tus in some regions of Russia (Sakhalin Island and Komi Re-
public) [7, 9, 14].

The  study of  tick infectivity with  infectious agents 
in areas of sympatry is of particular interest because it al-
lows us to compare the pathogen-tick association for dif-

ferent tick species in  the  same area. This study includ-
ed ticks collected at  two sites in  the  areas of  sympatry 
I. apronophorus/I. persulcatus/I. trianguliceps in the Omsk 
region; at the Om-Bo site the abundance of all three tick 
species was high, while at the Om-Zn site I. persulcatus was 
dominant and the abundance of I. apronophorus was low. 
In this study, rickettsiae were first revealed in I. apronopho-
rus. Rickettsia helvetica was revealed in  60–80  % of  ticks 
at  different developmental stages from both sites, indi-
cating a close association of R. helvetica with I. apronopho-
rus (Table 2).

In the Omsk region, R. helvetica was also revealed in sin-
gle I.  persulcatus and in 38 % of  I.  trianguliceps collected 
from rodents from the Om-Bo site. It should be noted that 
R. helvetica was revealed only in I. trianguliceps larvae, but 
not in nymphs and adults (Table 2). Considering that all lar-
vae infected with R. helvetica were collected from only two 
voles, the observed discrepancy can be explained by the in-
sufficient number of I. trianguliceps examined and the un-
even distribution of infected and uninfected larvae, being 
offspring from different females. This uneven distribution 
of larvae can also explain the fact that all R. helvetica sam-
ples with a unique substitution in the 16S rRNA gene were 
revealed only in larvae (but not in adults) of I. apronopho-
rus collected from the same vole.

In addition to the areas of sympatry in the Omsk re-
gion, ticks collected on two islands in Primorsky Territo-
ry were also included in the study. Since an unexpected-
ly high level of  infection of  taiga ticks with R.  helveti-
ca was  previously observed on  Sakhalin Island, it could 
be expected that other islands would also show an atypi-
cal distribution of Rickettsia spp. in different tick species. 
Notwithstanding, on the surveyed Putyatin and Russky is-
lands, as well as on the mainland of the Far East and in Wes-
tern Siberia [10, 12–14, 19], "Candidatus R. tarasevichiae" 
was significantly dominant in I. persulcatus ticks, and R. hel-
vetica was revealed only in one I. persulcatus on Putyat-
in Island (Table 2).

Rickettsia helvetica is a highly variable species. Analysis 
of the sequences of this species determined in this study 

FIG. 5.  
A dendrogram constructed by the ML method based on concatenated sequences of fragments of seven loci (gltA – ompA – ompB – sca4 – 
htrA – 16S rRNA – IGS) (9840 bp). Sequences obtained in this study are highlighted in bold font

R. helvetica I. ricinusstrain C9P9 / AICO, Switzerland ( 01000000)

isolate Om-74 lapr m / OmskR. helvetica I. apronophorus,

isolate Om-75 ltr / OmskR. helvetica I. trianguliceps,

isolate Om-94 ltr / OmskR. helvetica I. trianguliceps,

isolate Om-79 laprr / OmskR. helvetica I. apronophorus,

R. helvetica I. apronophorusisolate Om-145 lapr / Omsk,

Put-117 lper / ,R. helvetica I. persulcatus Putyatin Isl.

,R. helvetica I. persulcatusSkh-4 lper / Sakhalin

,R. helvetica I. persulcatusSkh-7 lper / Sakhalin

R. asiatica strain Maytaro 1284 (Ap019563)
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(II)lineage
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lineage (I)

I. apronophorus
(III)lineage

Far East

lineage (IV)
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100

95100
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and available in the GenBank database resulted in the as-
signment of  R.  helvetica isolates to  four genetic lineages, 
but the association of different lineages with a particular 
tick species or territory was not observed in all cases. Thus, 
genetic lineage I combined all genotyped specimens from 
I. ricinus from Europe, a number of specimens from I. apro-
nophorus from the Omsk region and specimens from I. per-
sulcatus from the Omsk and Novosibirsk regions. The ge-
netic lineage of I. trianguliceps (lineage II) was found in two 
different species of Ixodes spp. in distant regions: in I. trian-
guliceps in the Omsk region and I. persulcatus in the Komi 
Republic. At the same time, the genetic lineage of I. apro-
nophorus (lineage III) was revealed only in I. apronophorus 
in the Omsk region; and the Far Eastern genetic lineage (lin-
eage IV) was revealed only in I. persulcatus in the Far East. 
Thus, three genetic lineages of R. helvetica were revealed 
in samples from the Omsk region, and only one lineage was 
identified in samples from the Far East.

The observed high genetic heterogeneity of the R. hel-
vetica population may be  associated with a  wide range 
of their vectors: I. ricinus, I. pavlovsky, I. persulcatus, I. apro-
nophorus, I.  trianguliceps, Ixodes hexagonus (Leach  1815), 
Ixodes arboricola (Schulze & Schlottke, 1929), Ixodes ovatus 
(Neumann, 1899) and Ixodes monospinosus (Saito, 1968) [7, 
9, 12, 14, 32]. It should be noted that in I. trianguliceps only 
one sequence variant belonging to genetic lineage II was 
revealed, whereas in  I.  apronophorus five sequence vari-
ants belonging to three genetic lineages were revealed (Ta-
ble 3). Sequences belonging to three lineages were iden-
tified in I. persulcatus ticks: lineage I in ticks from Western 
Siberia, lineage II in ticks from the Komi Republic, and lin-
eage IV in ticks from the Far East. Such inconsistency may 
be associated with the significantly higher genetic varia-
bility of  I. apronophorus and I. persulcatus ticks compared 
to I. trianguliceps [20].

At present, there is no reliable data to support the pres-
ence of co-feeding transmission of rickettsiae in ticks. Al-
though such transmission can occur under artificial con-
ditions (in the case of Rickettsia rickettsia (Wolbach 1919) 
Brumpt 1922)), its impact on pathogen transmission in na-
ture appears to be negligible [33]. Our study of larvae col-
lected from rodents revealed that there was no effective  
contained R. helvetica DNA  transmission of R. helvetica be-
tween different species of Ixodes spp. during simultaneous 
feeding on small mammals. Actually, all I. persulcatus larvae 
collected from rodents were not infected with R. helvetica, 
I. apronophorus larvae contained R. helvetica DNA only from 
lineage III, and I. trianguliceps larvae only from lineage II (Ta-
bles 2, 3). Notably, the association between tick species and 
R. helvetica variants was observed even when larvae of dif-
ferent species were fed on the same rodent.

It should be noted that the data on genetic variability 
of R. helvetica are limited to a small number of studied re-
gions and include mainly samples from Germany, the Komi 
Republic, the Omsk and Novosibirsk Regions, and the Far 
East. Further genotyping of  R.  helvetica specimens from 
other regions and different tick species is needed to assess 
the prevalence of different genetic lineages of this species. 

It is possible that different genetic lineages of R. helvetica 
may differ in their pathogenic properties.

CONCLUSION

In conclusion, a  high level of  infection of  I.  aprono-
phorus ticks with the pathogenic for humans R. helvetica 
was revealed for the first time. High genetic variability was 
observed for R. helvetica samples from the Omsk region. 
For the first time, it was revealed that R. helvetica isolates 
could be  reliably assigned to  four genetic lineages, but 
no strict association of different R. helvetica lineages with 
a particular tick species or territory was observed.
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ABSTRACT

Background. Klebsiella pneumoniae belongs to a group of opportunistic bacteria 
that can form multiple resistance to  antibiotics and transmit it to  various types 
of bacteria through horizontal gene transfer. These studies examine the structural 
and functional diversity of CRISPR/Cas systems that protect bacteria from foreign 
DNA. Their analysis using the  example of  antibiotic-resistant strains of  Klebsiella 
pneumoniae will demonstrate their resistance to  certain bacteriophages, which 
will make it possible to develop approaches to the treatment of complex infectious 
diseases caused by these microorganisms by creating targeted phage therapy.
The aim of the study. To perform a bioinformatics analysis of the identified struc-
tural components of  CRISPR/Cas systems for  screening bacteriophages through 
CRISPR cassette spacers using the example of antibiotic-resistant strains of Klebsiella 
pneumoniae.
Materials and methods. The article analyzed 29 full-genome sequences of Kleb-
siella pneumoniae, in the genome of which the structures of CRISPR/Cas systems 
and  antibiotic resistance genes were determined (according to  NCBI). To  achieve 
this  goal, using software modeling methods, a  search was made for  Cas genes 
and CRISPR cassettes, and their structural and functional characteristics were given.
Results. Using bioinformatic search algorithms in  the  genome of  antibiotic-
resistant strains, functionally active CRISPR/Cas systems with the presence of one 
or two CRISPR cassettes and belonging to Type I Subtype IE were identified. Groups 
of resistant strains with identical spacer composition of CRISPR cassettes have been 
identified. A phylogenetic analysis was carried out confirming their common origin. 
By  analyzing the  spacer sequences of  CRISPR cassettes, the  spectrum of  diversity 
of phages of bacteria of the genus Klebsiella, Salmonella, belonging to the same 
family Enterobacteriaceae, was determined. Thus, information was obtained about 
the bacteriophages that are targeted by the action of CRISPR systems of Klebsiella 
pneumoniae strains that have antibiotic resistance.
Conclusions. Analysis of the functional and structural features of the CRISPR/Cas 
systems of antibiotic resistant Klebsiella pneumoniae strains made it possible to ob-
tain information about their evolutionary history and about the  bacteriophages 
against which their action is directed, that is, about their phage resistance. The ap-
proach used in this study may serve as the basis for  the creation of personalized 
phage therapy.

Key words: Klebsiella pneumoniae, spacer, antibiotic resistance, CRISPR/Cas-system, 
bacteriophage, protospacer, bioinformatics
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РЕЗЮМЕ

Обоснование. Klebsiella pneumoniae относится к группе бактерий-оппор-
тунистов, обладающих способностью формировать множественную анти-
биотикорезистентность и передавать её разным видам бактерий путём 
горизонтального переноса генов. Данные исследования посвящены изучению 
структурного и функционального разнообразия CRISPR/Cas-систем, защи-
щающих бактерии от инородной ДНК. Их анализ на примере антибио-
тикорезистентных штаммов Klebsiella pneumoniae продемонстрирует 
их устойчивость к определённым бактериофагам, что позволит разрабо-
тать подходы в лечении сложных инфекционных заболеваний, вызванных 
данными микроорганизмами, путём создания таргетной фаговой терапии.
Цель исследований. Выполнить биоинформатический анализ выявлен-
ных структурных компонентов CRISPR/Cas-систем для скрининга отбора 
бактериофагов через спейсеры CRISPR-кассет на примере антибиотикоре-
зистентных штаммов Klebsiella pneumoniae.
Материалы и методы. В статье проанализированы 29 полногеномных 
последовательностей Klebsiella pneumoniae, в геноме которых были опреде-
лены структуры CRISPR/Cas-систем и гены антибиотикорезистентности 
(по данным NCBI). Для решения поставленной цели с помощью программных 
методов моделирования произведён поиск Сas-генов и CRISPR-кассет, дана 
их структурная и функциональная характеристики.
Результаты. При помощи биоинформационных алгоритмов поиска 
в геноме антибиотикорезистентных штаммов были определены функци-
онально активные CRISPR/Cas-системы с наличием одной или двух CRISPR-
кассет и относящиеся к Type I Subtype IЕ. Определены группы резистентных 
штаммов, обладающие идентичным спейсерным составом CRISPR-кассет. 
Проведён филогенетический анализ, подтверждающий их единое проис-
хождение. Путём анализа спейсерных последовательностей CRISPR-кассет 
определён спектр разнообразия фагов бактерий рода Klebsiella, Salmonella, 
относящихся к  одному семейству Enterobacteriaceae. Таким образом, 
была  получена информация о  бактериофагах, на которые нацелено дей-
ствие CRISPR-систем штаммов Klebsiella pneumoniae, обладающих анти-
биотикорезистентностью.
Заключение. Анализ функциональных и структурных особенностей 
CRISPR/ Cas-систем антибиотикорезистентных штаммов Klebsiella 
pneumoniae позволил получить информацию об их эволюционной истории 
и о бактериофагах, против которых направлено их действие, то  есть 
об их фагоустойчивости. Использованный в данный исследованиях подход 
в дальнейшем может послужить основой для создания персонифицирован-
ной фаготерапии.

Ключевые слова: Klebsiella pneumoniae, антибиотикорезистентность, 
CRISPR/Cas-система, спейсер, протоспейсер, бактериофаг, биоинформатика
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INTRODUCTION

Antibiotics are one of mankind’s greatest achievements. 
With their invention, previously fatal diseases became 
curable. Nevertheless, the  formation of  microorganism 
resistance to antibacterial drugs is one of the most serious 
problems of the health care system today [1]. The prevalence 
of  antibiotic-resistant strains is  increasing worldwide 
[2–6]. Infectious diseases caused by  these pathogens 
are characterized by a longer course, adherence to numerous 
complications, increased disability and  mortality [7–
9]. As  a  result, the  economic costs associated with 
the increase in the duration and cost of treatment of patients 
in hospital significantly increased [10, 11]. In February 2017, 
the  World Health Organisation (WHO) published a  list 
of  bacterial pathogens that require new treatment 
approaches as a consequence of their high virulence and 
antibiotic resistance. Klebsiella pneumoniae belongs to this 
group. It  is a  Gram-negative opportunistic pathogen 
causing various infectious diseases including urinary 
tract infections, bacteremia, pneumonia and abscesses 
[12, 13]. The worldwide spread of Klebsiella pneumoniae 
clones producing extended-spectrum beta-lactamases 
(ESBL) and Klebsiella pneumoniae carbapenemase (KPCs) 
has become a serious threat to healthcare facilities, as they 
are a major cause of life-threatening nosocomial infections 
[14]. The  widespread prevalence of  strains with multiple 
antibiotic resistance necessitates the search for alternative 
methods to  combat them. WHO has initiated numerous 
campaigns to combat antibiotic resistance. Epidemiologic 
surveillance of  microbial resistance to  antimicrobial 
agents has been launched [1]. New approaches are being 
created in the treatment of infectious diseases that reduce 
or completely replace the use of antibiotics [15]. Against 
this background, there is a  renewed interest in  the  use 
of bacteriophages for the treatment of diseases of bacterial 
origin in medical practice. One of the real tools of effective 
control is  the  recently discovered CRISPR/Cas system 
in  bacteria, which protects bacteria from alien mobile 
genetic elements. Bacteria are  capable of  acquiring and 
integrating genetic elements into their own genome [16]. 
In this manner, they preserve the genetic record of previous 
attacks by  foreign nucleic acids in  CRISPR arrays. These 
arrays consist of short and conserved repetitive sequences 
called repeats, which are strategically placed between 
unique sequences called spacers. They are being integrated 
by  specialised Cas proteins into the  CRISPR array during 
infections by  nucleic acid invasion [17–20]. Adaptive 
immunity of prokaryotes against foreign genetic elements 
is achieved through the  formation of effector complexes 
of  RNA-oriented endonucleases, which  have the  ability 
to  detect and incise foreign DNA previously integrated 
into the  CRISPR array upon secondary infection [17, 21]. 
Thus, the  study of  the  peculiarities of  the  structure and 
functioning of CRISPR/Cas systems of Klebsiella pneumoniae 
strains with antibiotic resistance will provide an opportunity 
to work out approaches for the development of targeted 
phage therapy in  the  treatment of  complex infectious 
diseases.

THE AIM OF THE STUDY

Perform bioinformatics analysis of  the  identified 
structural components of CRISPR/Cas systems for screen-
ing bacteriophages through CRISPR cassette spacers us-
ing antibiotic-resistant Klebsiella pneumoniae strains 
as an exam ple.

MATERIALS AND METHODS

The study was performed at the Laboratory of Molec-
ular Virology and Biotechnology of the Research Institute 
of Biomedical Technologies of Irkutsk State Medical Univer-
sity. The system design of the conducted research is pre-
sented in Figure 1.

In these studies, 50 full-genome sequences of Klebsiel-
la pneumoniae were randomly identified in  the  genome 
of which CRISPR/Cas systems were revealed by a bioinfor-
matic method. The object of the study was 29 out of 50 full 
genome sequences of Klebsiella pneumoniae, download-
ed from GenBank database, in the genome of which anti-
biotic resistance genes were revealed (according to NCBI 
(National Center for Biotechnology Information)). To ad-
dress this goal, the developed bioinformatics software al-
gorithm was used to search for CaS genes and CRISPR cas-
settes, and  their structural and functional characteristics 
were obtained.

Software modeling methods were used to  search 
for  CRISPR/Cas systems and Cas genes: Macromolecu-
lar System Finder (MacSyF, ver.  1.0.2) with the  auxiliary 
packages makeblastDB (ver. 3.0) and HMMER (ver. 2.2.28). 
CRISPR cassettes in genomes were detected and analyzed  
using online services of available programs: CRISPRCasFind-
er [22] and CRISPROne [23]. To search for phages, the de-
coded spacer sequences in FASTA format were uploaded 
to the CRISPRTarget online application. Only those strains 
in whose genome CRISPR/Cas-systems were determined 
according to the results of all used programs were consid-
ered in this study.

Phylogenetic trees were constructed and aligned us-
ing the MEGA X program using the nearest neighbor join-
ing method (NJ) with bootstrap topology statistical sig-
nificance analysis (number of replicates – 500) and using 
the Maximum Composite Likelihood genetic distance mod-
el. To “root” the tree, a strain of another Escherichia coli spe-
cies (NC 000913.3) was added to the sample of test organ-
isms and constituted an outgroup.

RESULTS AND DISCUSSION

Twenty-nine out of 50 strains with CRISPR/Cas system 
present in the genome and possessing antibacterial drug 
resistance genes (according to NCBI) served as the object 
of the study. Of the 29 strains tested, 55.2 % (n = 16) had Kleb-
siella pneumoniae carbapenemase activity, 3.4 % (n = 1) each 
were resistant to rifampicin and trimethoprim-sulfamethoxa-
zole and 11 (37.9 %) strains had multiple antibiotic resistance.
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FIG. 1.  
Scheme of systematic research design

FIG. 2.  
Arrangement of CRISPR cassettes and Cas genes of the Type I Subtype IE system in the genome of Klebsiella pneumoniae strains (data from 
GenBank: NZ_CP011624.1, NZ_CP006798.1)
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Using several bioinformatic search programs, the pres-
ence of  one or two CRISPR cassettes was revealed 
in the CRISPR/Cas systems of the strains studied. In all cas-
es, a complete set of Cas genes characteristic of Type I Sub-
type IE systems (cas2, cas1, cas5, cas7, cas6, cse2gr11, cas8, 
cas3) was revealed next to the cassettes, which indicates 
the  functional activity of  CRISPR/Cas systems of  the  stu-
died bacteria (Fig. 2).

In  all CRISPR cassettes examined, the  number of  re-
vealed spacers was 1629. Among them, 498  spacers 
were non-repeatable, and 276 spacers had repeats at two 
or more CRISPR loci. No  spacer repeats were recorded  
within the cassettes. The number of spacers in the cassettes 
ranged from 4 to 64. The total number of spacers was great-
er in strains containing one cassette compared to strains 
containing two cassettes.

Two types of consensus sequences of CRISPR cassette 
repeats were observed during the study. This may indicate 
the presence of a certain type of CRISPR system (in our case 
it is Type I Subtype IE) and its rather stable operation, since 
these repeats are recognized by  Cas endonuclease pro-
teins, the action of which is aimed at cutting and destruc-
tion of the target (Fig. 3).

FIG. 3.  
Nucleotide sequence of CRISPR consensus repeats of antibiotic-re-
sistant Klebsiella pneumoniae strains

Screening of  CRISPR cassette spacer sequences 
of  the  strains under study showed their complete cor-
respondence to  the  protospacers of  phages of  bacteria 
of the family Enterobacteriaceae of the genus Klebsiella (Ta-
ble 1). It is important to note that for most spacers, there 
was no complete correspondence between the protospac-
ers of phages from known databases.

In  the  analysis it  was found that in  CRISPR cassettes 
of  the  studied strains (NZ_CP013322.1) there  was a  cor-
respondence of the site of one spacer (6) to protospacers 
of several phages of bacteria of the same family, and cor-
respondence of  several spacers (52, 55) of  one strain  
(NZ_CP017934.1) to  protospacers of  the  same phage. 
This  may indicate that during evolution, bacteria have 
adapted to  acquire only those phage DNA spacers 
that are efficiently recognized by their effector complex, 
thus enhancing the protective effect of CRISPR/Cas systems.

Therefore, the  full spectrum of  bacteriophages 
detected through spacer sequences of CRISPR cassettes 
of  antibiotic-resistant Klebsiella pneumoniae strains 
with access to  their complete genome in  GenBank 

was determined. Considering the principle of operation 
of  bacteria CRISPR/Cas-systems, it  can be  assumed 
t h a t   w h e n  e n c o u n t e r i n g  t h e s e  p h a g e s ,  t h e y 
will be destroyed by Cas-nucleases provided that a part 
of its genome corresponds to the sequence of the spacer 
in  the  CRISPR-cassette of  bacteria. This approach 
can be  used in  the  future as  a  basis for  the  creation 
of personalized phagotherapy.

Next, groups of bacteria possessing identical CRISPR 
spacer cassettes were revealed by  analyzing antibiotic-
resistant strains. The first group consisted of  two strains 
possessing a different combination of Klebsiella pneumoniae 
carbapenemase genes (NDM-1, OXA-48, OXA-181) 
that were associated with other resistance determinants, 
including extended-spectrum β-lactamases and ArmA 
methylase encoding resistance to  aminoglycosides. So, 
they were  defined as  pan-resistant, as  they possessed 
multiple antibiotic resistance. Among the  antibiotic-
resistant bacteria, five strains were revealed. It  should 
be  noted that these strains, having similar spacer 
composition, were isolated in different regions of the world 
(South Korea, China (Shanghai)) and  at  different times 
(2013, 2014) (Table 2).

The  second group consisted of  three strains with 
multiple antibiotic resistance isolated in the same hospital 
(Greece) but at  different times (2011, 2013). They were 
identified as  intrahospital strains. One CRISPR cassette 
was  identified in each of their genomes. Furthermore, two 
strains had the same spacer cassette composition represented 
by 24 spacers (Table 3).

The third group consisted of eight Klebsiella pneumo-
niae carbapenemase-producing strains isolated from pa-
tients treated at  a  hospital in  Lower Saxony, Germany, 
where  a  nosocomial outbreak caused by  Klebsialla pneu-
moniae was reported. These strains were found to have one 
CRISPR cassette each in the genome, consisting of 35 spac-
ers that were completely identical to each other. Also in-
cluded in this group were three other strains with similar 
spacer cassette composition but isolated in different regions 
of the world (Arab Emirates, USA, Singapore) and at differ-
ent times (2015, 2016, 2014).

The  similarity of  the  spacer composition of  cassettes 
in the genomes of the strains of the represented groups may 
indicate their common origin. It can be assumed that as a re-
sult of widespread circulation, strains genetically changed 
but retained the CRISPR cassette structure, while in hospital 
conditions (in-hospital outbreaks) they exchanged genet-
ic information, acquiring new properties but also retaining 
the CRISPR cassette structure. To confirm this point, a phy-
logenetic analysis of the strains under study was performed 
based on the 16S rRNA nucleotide sequence (Fig. 4).

Phylogenetic analysis revealed that strains with simi-
lar spacer composition of CRISPR cassettes in the studied 
groups are closely related, as they are located on bran ches 
having the same ancestor (one node). At  the same time, 
the strain (NZ_CP012745.1), which is a member of group 2 
and has an  individual spacer composition of CRISPR cas-
settes, has no common ancestor with the other represent-
atives of this group.



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, N 6

110
Microbiology and virology

T A B L E   1
DIVERSITY OF SPACERS AND THEIR CORRESPONDING PROTOSPACER PHAGES IN THE GENOMES  
OF ANTIBIOTIC-RESISTANT KLEBSIELLA PNEUMONIAE STRAINS

Strain Cassette/spacer Bacteriophage GenBank access number

NZ_CP008929.1 1/6 Klebsiella phage ST13-OXA48phi12.4 MK422450

NZ_CP009208.1 1/2 Klebsiella phage ST512-KPC3phi13.1 MK448235

NZ_CP009208.1 1/2 Klebsiella phage ST11-VIM1phi8.1 MK448233

NZ_CP009208.1 2/4 Klebsiella phage ST147-VIM1phi7.2 MK448232

NZ_CP009208.1 2/4 Klebsiella phage 1 LV-2017 KY271401

NZ_CP012426.1 1/3 Klebsiella phage ST101-KPC2phi6.1 MK448231

NZ_CP012743.1
NZ_CP012744.1

1/12 Klebsiella phage ST11-OXA245phi3.2 MK416010

1/12 Klebsiella phage ST11-OXA245phi3.2 MK416010

NZ_CP012745.1 1/3 Klebsiella phage ST101-KPC2phi6.1 MK448231

NZ_CP012745.1 1/22 Klebsiella phage YMC1601N133_KPN_BP MF476925

NZ_CP012745.1 1/25 Klebsiella phage 2b LV-2017 KY271395

NZ_CP013322.1 1/6 Klebsiella phage ST512-KPC3phi13.1 MK448235

NZ_CP013322.1 1/6 Klebsiella phage ST101-KPC2phi6.1 MK448231

NZ_CP013322.1 1/6 Klebsiella phage ST11-VIM1phi8.1 MK448233

NZ_CP013322.1 1/6 Klebsiella phage 2 LV-2017 KY271396

NZ_CP013322.1 1/6 Klebsiella phage 2b LV-2017 KY271395

NZ_CP015382.1 1/3 Klebsiella phage ST101-KPC2phi6.1 MK448231

NZ_CP015500.1 1/3 Klebsiella phage ST101-KPC2phi6.1 MK448231

NZ_CP015500.1 1/22 Klebsiella phage YMC1601N133_KPN_BP MF476925

NZ_CP015500.1 1/25 Klebsiella phage 2b LV-2017 KY271395

NZ_FO834906.1 1/10 Klebsiella phage ST11-VIM1phi8.2 MK448234

NZ_CP022127.1 2/6 Klebsiella phage ST13-OXA48phi12.4 MK422450

NZ_CP017934.1

1/53 Klebsiella phage ST405-OXA48phi1.2 MK416007

1/55 Klebsiella phage 1 LV-2017 KY271401

1/22 Klebsiella phage ST101-KPC2phi6.3 MK416017

1/36 Klebsiella phage 2b LV-2017 KY271395

1/52 Klebsiella phage ST101-KPC2phi6.3 MK416017

1/52 Klebsiella phage ST147-VIM1phi7.2 MK448232

1/52 Klebsiella phage 1 LV-2017 KY271401

1/18 Klebsiella phage ST16-OXA48phi5.1 MK416013

1/18 Klebsiella phage 5 LV-2017 KY271399

NZ_CP018140.1
NZ_CP018686.1
NZ_CP018695.1
NZ_CP018701.1
NZ_CP018707.1
NZ_CP018713.1
NZ_CP018719

NZ_CP017985.1

1/3 Klebsiella phage ST101-KPC2phi6.1 MK448231

NZ_CP018140.1
NZ_CP018686.1
NZ_CP018695.1
NZ_CP018701.1
NZ_CP018707.1
NZ_CP018713.1
NZ_CP018719

NZ_CP017985.1

1/14 Klebsiella phage YMC1601N133_KPN_BP MF476925
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T A B L E   1  ( c o n t i n u e d )

NZ_CP018140.1
NZ_CP018686.1
NZ_CP018695.1
NZ_CP018701.1
NZ_CP018707.1
NZ_CP018713.1
NZ_CP018719

NZ_CP017985.1

1/17 Klebsiella phage 2b LV-2017 KY271395

NZ_CP018458.1 2/6 Klebsiella phage ST13-OXA48phi12.4 MK422450

NZ_CP019047.1 2/11 Klebsiella phage 2 LV-2017 KY271396

NZ_CP019047.1 2/5 Klebsiella phage ST11-OXA245phi3.2 MK416010

NZ_CP019047.1 2/13 Klebsiella phage ST101-KPC2phi6.1 MK448231

NZ_CP019047.1 2/12 Klebsiella phage ST16-OXA48phi5.2 MK448230

T A B L E   2
SPACER COMPOSITION OF CRISPR CASSETTES OF THE FIRST GROUP OF PAN-RESISTANT KLEBSIELLA PNEUMONIAE 
STRAINS

No. of strain 
in GenBank NZ_CP014004.1 NZ_CP012753.1

Place and 
year of strain 

isolation

China, Jiangxi 
2014

South Korea 
2013

Ca
ss

et
te

 1

TGCCTCCAATGCAATCACCGGCCTGCTAACCGG TGCCTCCAATGCAATCACCGGCCTGCTAACCGG

CGTGTCGAAGCGCACCTCGTAGCCGAGCCAGTC CGTGTCGAAGCGCACCTCGTAGCCGAGCCAGTC

CGTCATCAGCGCCTTGTTCCAGCGGCGACCACC CGTCATCAGCGCCTTGTTCCAGCGGCGACCACC

TCCAGTCGTCGTAGTCCTCGGTAATGTCCTCGA TCCAGTCGTCGTAGTCCTCGGTAATGTCCTCGA

TATCGTGCAGAGTCACAACCTGACGGGATTATC TATCGTGCAGAGTCACAACCTGACGGGATTATC

TCGTGCATGGTGAGGATTCTACAGTCGCACCAT TCGTGCATGGTGAGGATTCTACAGTCGCACCAT

TACCTCCCGGCGTCCGCGCCAGGGCGATCACGTG TACCTCCCGGCGTCCGCGCCAGGGCGATCACGTG

CCTGCAGCTGGCCGTCGAGCTGACGGATGCCGG CCTGCAGCTGGCCGTCGAGCTGACGGATGCCGG

TTCATCACGTGTGAGCGGATTTGGCTCTATCCT TTCATCACGTGTGAGCGGATTTGGCTCTATCCT

TATCATCCCTATCGCGCAGCACTTCGACGGCGA TATCATCCCTATCGCGCAGCACTTCGACGGCGA

TACCGCCGCGATACTGGCAGTTTTCAGCTGAAT TACCGCCGCGATACTGGCAGTTTTCAGCTGAAT

TCCCGCTGGGTAAGCAATATATAACATTTGCAG

TTTAACATTCTGAAAGTGCAATTTTTGAGGCTC

TTAAGGAGGGGCGCCATGGAGCCCGTATTGATT

Ca
ss

et
te

 2

CAGCGGCGGCGGTAACGCCGCCAGGAGCAACCT CAGCGGCGGCGGTAACGCCGCCAGGAGCAACCT

CACCGATCTGCGCCAGCTGGGTGAGACGATGAC CACCGATCTGCGCCAGCTGGGTGAGACGATGAC

TACACTCAAGAAAACAAAATCTCAGGTTGATAC TACACTCAAGAAAACAAAATCTCAGGTTGATAC

TGGAAGGCGCGATTTGGAGATAGAGCAGCATGA TGGAAGGCGCGATTTGGAGATAGAGCAGCATGA

CTCGCACAGCATCGCCCGGATCCGCTTCCACGC CTCGCACAGCATCGCCCGGATCCGCTTCCACGC

CACCCGCGTTTTCGAAAGGGATGGCGGCTATGT CACCCGCGTTTTCGAAAGGGATGGCGGCTATGT

CGACGGGGCAGGTTTACGTCTACCCGGGCAGGG CGACGGGGCAGGTTTACGTCTACCCGGGCAGGG

CATACCAGTCTCCGCCGCGGTCGTACTCAATAT CATACCAGTCTCCGCCGCGGTCGTACTCAATAT

TCCGCCGTTTAATCGCGGTGATGATATCCGGCA TCCGCCGTTTAATCGCGGTGATGATATCCGGCA

GGAATCCACGACGCGCCGTACCAGCGCGGGCATTCGTTCT TGGAATCCACGACGCGCCGTACCAGCGCGGGCATTCGTTCT
Note. Identical spacers are highlighted in color.
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The  detection of  similar spacers in  CRISPR cassettes 
of different strains may thus indicate phylogenetic relation-
ships between strains. This technique can be used in epide-
miologic analysis of outbreaks caused by antibiotic-resist-
ant strains of Klebsiella pneumoniae.

Screening of  bacteriophages by  spacer sequenc-
es of  CRISPR cassettes of  strains from the  above groups 
is  presented in  Table  1, with the  exception of  two pan-
resis tant strains from the  first group (NZ_CP014004.1  

and NZ_CP012753.1), as no  complete correspondence 
of spacers in the composition of their cassettes to proto-
spacers from known databases was revealed. The analysis 
of the spacer sequences, however, resulted in the highest 
correspondence to the protospacers of phages of Klebsiella 
and Salmonella bacteria belonging to the same family En-
terobacteriaceae (Table 4).

Of  significance, the  CRISPR cassettes of  the  strains 
studied revealed the  correspondence of  one of  the  spa-

FIG. 4.  
Phylogenetic tree based on the 16S rRNA marker of antibiotic-resistant Klebsiella pneumoniae strains (Maximum Composite Likelihood 
model of genetic distances was used)
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cers to protospacers of several bacterial phages belong-
ing to the same family. This may indicate the conservativ-
ity of the acquired new spacers from phage DNA regions. 
In  this way, the  bacterium “one spacer” protects itself 
against multiple phages. The presence of this mechanism 
increases the  efficiency of  the  protective action of  CRIS-
PR/Cas systems.

The study of the identified bacteriophages revealed 
that  all Klebsiella phage are prophages of  Klebsiella 
pneumoniae bacteria belonging to  isolates which are 
part of clo nal group ST 307 (according to NCBI data) pro-
ducing Klebsiella pneumoniae carbapenemase (Table 5). 
The  ST  307 genome has been demonstrated to  en-
code genetic features that may provide an advantage 

T A B L E   4
DIVERSITY OF BACTERIOPHAGES CORRESPONDING TO IDENTICAL SPACERS IN THE FIRST GROUP  
OF KLEBSIELLA PNEUMONIAE STRAINS WITH MULTIPLE ANTIBIOTIC RESISTANCE

GenBank strain 
access number Nucleotide sequence of the spacer Bacteriophage

GenBank  
bacteriophage 
access number

Number 
of nucleotide 
substitutions

NZ_CP014004.1
TTCATCACGTGTGAGCGGATTTGGCTCTATCCT Klebsiella phage  

6 LV-2017 KY271400 2
NZ_CP012753.1

NZ_CP014004.1
TGCCTCCAATGCAATCACCGGCCTGCTAACCGG Klebsiella phage  

ST101-KPC2phi6.1 MK448231 1
NZ_CP012753.1

NZ_CP014004.1
CGTCATCAGCGCCTTGTTCCAGCGGCGACCACC Salmonella phage  

FSL SP-062 KC139634 2
NZ_CP012753.1

NZ_CP014004.1
NZ_CP012753.1 TCCAGTCGTCGTAGTCCTCGGTAATGTCCTCGA

Klebsiella phage  
ST512-KPC3phi13.1 MK448235 1

Klebsiella phage  
ST11-VIM1phi8.1 MK448233 1

Klebsiella phage  
ST101-KPC2phi6.1 MK448231 1

Klebsiella phage  
2b LV-2017 KY271395 1

Klebsiella phage  
2 LV-2017 KY271396 2

T A B L E   5
LIST OF IDENTIFIED BACTERIOPHAGES IN THE FIRST GROUP OF KLEBSIELLA PNEUMONIAE STRAINS WITH MULTIPLE 
ANTIBIOTIC RESISTANCE

Bacteriophage Bacteriophage Access 
Number (GenBank) Source of bacteriophage isolation

Location 
of bacteriophage 

isolation

Klebsiella phage 6 LV-2017 KY271400 Klebsiella pneumoniae ST307 Италия, Рим

Klebsiella phage ST101-KPC2phi6.1 MK448231 Klebsiella pneumoniae ST101-KPC2 Испания, Ла-Корунья

Salmonella phage FSL SP-062 KC139634 Молочная ферма Нью-Йорк, США

Klebsiella phage ST512-KPC3phi13.1 MK448235 Klebsiella pneumoniae ST512-KPC3 Испания, Ла-Корунья

Klebsiella phage ST11-VIM1phi8.1 MK448233 Klebsiella pneumoniae ST11-VIM1 Испания, Ла-Корунья

Klebsiella phage ST101-KPC2phi6.1 MK448231 Klebsiella pneumoniae ST101-KPC2 Испания, Ла-Корунья

Klebsiella phage 2b LV-2017 KY271395 Klebsiella pneumoniae KH43 –  
клон Klebsiella pneumoniae ST307 Италия, Рим

Klebsiella phage 2b LV-2017 KY271396 Klebsiella pneumoniae H151440672 –  
клон Klebsiella pneumoniae ST307 Италия, Рим
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in adaptation to the hospital environment and human 
host. All ST  307 isolates are encapsulated and there-
fore have a higher resistance to complement-mediat-
ed eradication. All this ensures the spread and preva-
lence of strains with this genetic sequence worldwide 
[24]. It is known that prophages remain latent in the ge-
nome for several cell divisions, but under the influence 
of external factors they change into virulent forms and 
lysate the  bacterial cell. In  summary, the  antibiotic-
resistant strains under study have a  genetic memory 
of these bacteriophages in the form of spacers of their 
CRISPR cassettes.

This analysis of the strains under study showed a rath-
er wide spacer composition of their CRISPR cassettes, di-
versity of  bacteriophages detected through spacer se-
quences, which makes it  possible to  suggest that they 
possess not only antibiotic resistance, but also resistance 
to  many bacteriophages. Consequently, a  personalized 
approach to  the  integrated selection of  antibiotics and 
bacteriophages will potentially help to address the treat-
ment of diseases caused by these strains.

CONCLUSION

The  results of  these studies provided information 
about the  structure of  CRISPR/Cas systems in  the  ge-
nomes of  antibiotic-resistant Klebsiella pneumoniae 
strains and their functional features. The  revealed di-
versity of spacer sequences indicates the evolutionary 
history and adaptive capabilities of these strains. In this 
case, the detection of similar spacers in CRISPR cassettes 
of different strains may indicate phylogenetic relation-
ships between strains. The study of phage-bacteria in-
teraction patterns based on spacer and protospacer se-
quences makes it possible to determine the resistance 
and sensitivity of  strains to  specific bacteriophages. 
In this way, the putative resistance of antibiotic-resist-
ant strains to specific phages was determined. The mech-
anism of studying CRISPR/Cas systems in bacterial ge-
nomes using bioinformatics analysis will in  the  future 
provide more complete information about the proper-
ties of causative agents, their evolution and the selec-
tion of highly specific bacteriophages.
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ABSTRACT

Coronaviruses (family Coronaviridae, genera Alphacoronavirus, Betacoronavirus) 
are dangerous viral pathogens that have caused three outbreaks of severe respiratory 
diseases SARS, MERS, COVID-19. In Russia, data on coronaviruses in natural reservoirs 
are limited, as investigations began only during the COVID-19 pandemic.
The aim of the work. To study the diversity of coronaviruses among rodents and in-
sectivores in the Altai Republic.
Materials and methods. Rodents (n  =  67) and  shrews (n  =  52) were  captured 
in 2022. Samples were analyzed by reverse transcription-polymerase chain reaction 
followed by sequencing.
Results and conclusions. Four samples from rodents (Myodes rutilus, M. glareolus, 
Apodemus peninsulae, A. agrarius) and two samples from an insectivore (Crocidura 
sibirica) were positive for coronaviruses, among which three different coronaviruses 
were detected. Rodent-borne coronaviruses are classified in the genus Betacorona-
virus, subgenera Embecovirus, and have shown host associated clustering. The nu-
cleotide sequences of Siberian coronaviruses from rodents were identical for closely 
related species (M. rutilus and M. glareolus, A. agrarius and A. peninsulae) and close 
(> 94 % homology) to previously published sequences in each of the groups of car-
riers found in the territory Novosibirsk region, Europe and China. The coronavirus 
identified from the insectivore, possibly belonging to a new subgenera of the family 
Coronaviridae, has also been assigned to the genus Betacoronavirus.
Conclusion. Five species of natural carriers of three different coronaviruses were de-
tected in the Altai Republic. A high level of identity of coronaviruses genomes from 
rodents has been revealed, indicating a relatively low rate of their evolution.
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РЕЗЮМЕ

Коронавирусы (семейство Coronaviridae, роды Alphacoronavirus и  Betacoro-
navirus) относятся к числу опасных вирусных патогенов, вызвавших три 
вспышки тяжёлых респираторных заболеваний SARS, MERS, COVID-19. В Рос-
сии данные о коронавирусах, циркулирующих в природных резервуарах, огра-
ничены, так как исследования начались только во время пандемии COVID-19.
Цель работы. Исследование многообразия коронавирусов среди грызунов 
и насекомоядных в Республике Алтай.
Материалы и методы. Грызуны (67  особей) и насекомоядные (52  особи) 
были отловлены в 2022 г. Образцы проанализированы методом обратной 
транскрипции – полимеразной цепной реакции и последующим секвениро-
ванием.
Результаты и обсуждение. Положительными на коронавирусы оказались 
4  образца от  грызунов (Myodes rutilus, M.  glareolus, Apodemus peninsulae, 
A.  agrarius) и  2  образца от  насекомоядного (Crocidura sibirica), в которых 
обнаружены 3  различных коронавируса. Ассоциированные с грызунами 
коронавирусы отнесены к роду Betacoronavirus, подроду Embecovirus и демон-
стрировали филогенетическое группирование в соответствии с видом 
природного носителя. Нуклеотидные последовательности сибирских 
изолятов коронавирусов от грызунов были идентичными для носителей 
близкородственных видов (M. rutilus и M. glareolus, A. agrarius и A. peninsulae) 
и близки (> 94 % гомологии) к ранее опубликованным последовательностям 
в каждой из групп носителей, обнаруженных на территории Новосибирской 
области, Европы и Китая. К роду Betacoronavirus отнесён и  коронавирус, 
выявленный от насекомоядного, возможно, относящийся к новому подроду 
семейства Coronaviridae.
Заключение. Обнаружены 5  видов природных носителей 3  различных 
коронавирусов на территории Республики Алтай. Выявлен высокий уровень 
идентичности геномов коронавирусов от грызунов, свидетельствующий 
об относительно низкой скорости их эволюции.

Ключевые слова: коронавирус, таксономия, грызуны, насекомоядные, 
Сибирь
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INTRODUCTION

Coronaviruses (family Coronaviridae, genera Alphacor-
onavirus and Betacoronavirus) are among the dangerous vi-
ral pathogens that have caused three outbreaks of severe 
respiratory diseases SARS, MERS, COVID-19 in the last two 
decades [1–3]. After the SARS outbreak in 2002–2003, epi-
demiological and etiological studies confirmed that SARS-
CoV entered humans via civets [4]. Subsequent field and ex-
perimental studies showed that civet was only an interme-
diate host of SARS-CoV and bats were its natural host [5].  
MERS-CoV, which first appeared in the Middle East in 2012, 
also originates from bats and  infects humans via camels 
[6]. After COVID-19 was first revealed in Wuhan, its etiolog-
ical agent, a  novel coronavirus later named SARS-CoV-2, 
was  not only immediately identified based on  genome 
studies, but also the virus was found to have high homolo-
gy with a known bat coronavirus identified in 2018 [3, 7, 8]. 
Additionally, recent studies have revealed that human cor-
onaviruses such as OC43, 229E, HKU1 and NL63 also origi-
nate from bats or rodents [9, 10].

Coronaviruses are characterized by high genetic diver-
sity in wild small mammals. Over a long evolutionary his-
tory, viruses have not only co-evolved with their hosts, but 
have also often crossed the interspecies barrier and spread 
between species and evolved to adapt to new hosts [11]. 
A very diverse range of coronaviruses has been consistent-
ly detected in rodents in recent years, some of which cir-
culate simultaneously in  several rodent species or even 
several subfamilies [12–15]. Recent studies have shown 
that OC43 and HKU1 coronaviruses, which cause human 
respiratory diseases, can also be originated from rodents 
[9, 16]. Along with rodents, small mammals such as shrews, 
which are also highly genetically diverse, can also be carri-
ers of various coronaviruses. Shrew coronaviruses have re-
cently been discovered to have important evolutionary sig-
nificance [17].

The problem of  coronavirus research is  relevant 
for  Russia, since no epidemiological studies were  con-
ducted to  reveal coronaviruses in  natural reservoirs be-
fore the  pandemic. Only in  2020, SARS-like coronaviru-
ses (Khosta-1 and Khosta-2) were identified in two species 
of bats of the horseshoe bat genus in the Krasnodar region 
of  the Russian Federation and their full-length genomes 
were studied [18]. Subsequent studies revealed that the re-
ceptor-binding domain of one of the novel coronaviruses 
is capable of utilising the human ACE2 receptor and poses 
a potential risk to humans [19]. Another coronavirus was re-
vealed among Pipistrellus bats in the central part of Euro-
pean Russia [20]. The  evolutionary history of  this novel  
MERS-like coronavirus suggests recombination of the an-
cestral genomes from bat and hedgehog. Studies of coro-
naviruses among rodents and insectivores were first con-
ducted in  Siberia (Novosibirsk Region) [21]. Circulation 
of  viral corona viruses was  found in  three species of  ro-
dents and one species of insectivores. The rodent-associ-
ated corona viruses belonged to the Betacoronavirus genus, 
evidenced phylogenetic grouping according to the natu-
ral host species, and showed similarity to related corona-

viruses from China and European countries. A new corona-
virus species was revealed among insectivores, which be-
longed to the Alphacoronavirus genus.

THE AIM OF THE STUDY

To study the diversity of coronaviruses among rodents 
and insectivores in the Altai Republic.

MATERIALS AND METHODS

Small mammals were captured on the northern coasts 
of Lake Teletskoye in the Altai Republic (51° 47´ N, 87° 18´ E). 
Animals were  captured in  accordance with the  proto-
col and  recommendations for  safe work in  compliance 
with methodological guidelines MU 3.1.1029-01, approved 
on April 6, 2001; cotton swabs were used to collect bat oral 
swabs; rectum pieces were placed in a solution with RNA 
Later (QIAGEN, Germany).

RNA isolation was performed using the RIBO-prep kit 
(Central Research Institute of Epidemiology, Russia) from 
lavages or rectal slices. 0.2  ml of  sterile 0.9%  NaCl solu-
tion was  added to  the  tubes with lavages before isola-
tion. Samples were  screened by  two-round reverse tran-
scriptase-polymerase chain reaction (RT-PCR) using Rever-
tAid Premium RNA polymerase (Thermo Fisher Scientific, 
USA), Hot Start Taq DNA polymerase (Sibenzyme, Russia) 
according to  the  protocol and  with primers for  the  con-
served region of the coronavirus RNA-dependent RNA pol-
ymerase (RdRp) gene (fragment 397 nucleotides) that have 
previously been described [12]. The  nucleotide se-
quences of  each amplicon chain were  determined using  
the BigDye Terminator Cycle Sequencing kit (Applied Bio-
systems, USA) on an ABI Prism 310 automatic analyser. A tax-
onomical identification of  coronaviruses and  their natu-
ral hosts was based on the determination and comparison 
with  the  GenBank database of  the  nucleotide sequenc-
es of viral genome fragments and the cytochrome b gene 
of the hosts’ mitochondrial DNA.

Nucleotide sequence alignment was  performed us-
ing the  MUSCLE algorithm in  MEGA X software (Mega 
Software, USA). The  maximum likelihood (ML) method 
with the GRT + G + I evolutionary model was used to con-
struct the phylogenetic tree. Calculations were performed 
for 500 repeats.

RESULTS AND DISCUSSION

In September 2022, 119 specimens of 10 species of small 
mammals were  captured within the  forest area located 
in the vicinity of the village of Artybash in the Altai Repub-
lic (Table 1). All captured animals were tested for the pres-
ence of coronavirus RNA.

3.8 % (2/52) of insectivores and 5.9 % (4/67) of rodents 
were positive for coronaviruses (Table 1). Viral RNA was re-
vealed in  2 out  of  11 Siberian shrew (Crocidura sibirica), 



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, N 6

120
Microbiology and virology

1 out of 5 bank voles (Myodes glareolus), 1 out of 15 red-
backed voles (Myodes rutilus), 1 out of 20 field mice (Ap-
odemus agrarius) and 1 out of 15 Korean field mice (Apode-
mus peninsulae).

Based on the results of phylogenetic analysis, the ro-
dent-borne coronaviruses (M. rutilus, M. glareolus, A. penin-
sulae and A. agrarius) were classified in the subgenus Embe-
covirus of the genus Betacoronavirus. The shrew-borne virus 
detected in C. sibirica, was classified in the genus Betacor-
onavirus and is probably a representative of a new subge-
nus, as it differs significantly from other known coronavi-
ruses (Fig. 1).

The  nucleotide sequences of the RdRp gene frag-
ment of new RNA isolates of  coronaviruses identified 
in rodents, have a homology level of 86.7 % between iso-
lates from animals of  the genus Myodes and  Apodemus, 
are identical for closely related species M. rutilus/M. glare-
olus and A. peninsulae/A. agrarius and demonstrate close 
simi larity with  previously published sequences of  coro-
naviruses found in each of the host groups. Specifically, 
for the new coronavirus isolates from M. glareolus/M. ru-
tilus (RtCoV/Mg-724/RUS/2022 and  RtCoV/Mrut-816/
RUS/2022), a  similarity level of  95.8  % and  93.8–94.9  % 
was  found with  the  RtCoV/ Mrut-288/RUS/2021 RNA 
isolate identified from M.  rutilus in  the  Novosibirsk re-
gion and  in  Germany (D_RMU10_1974/Myo_gla/GER  
and D_RMU10_1919/ Myo_gla/GER), respectively. For Si-
berian isolates of  coronavirus from  the  Altai Republic 
from A.  agrarius/A.  peninsulae (RtCoV/Ap-709/RUS/2022 
and RtCoV/Aa-818/RUS/2022), a high level of homology 
was revealed (97.2 % and 98.3–98.6 %, respectively) both 
with  RtCoV  /  Aa-528/RUS/2021 isolate from A.  agrarius 

from the nearby Novosibirsk Region, and with geographi-
cally remote strains from China (RtAa/SX2014) and Germa-
ny (KS11_0997/Apo_agr/GER/2011), respectively.

The coronavirus identified in two specimens of the Si-
berian white-toothed shrew (ShrewCov/Cs-711/RUS/2022 
and  ShrewCov/Cs-764/RUS/2022) differs by  more 
than  28.0  % in  nucleotide sequence from  other repre-
sentatives of the genera Alfacoronavirus and Betacorona-
virus. The highest level of difference (45.0 %) was  found 
with  corona virus from another insectivore species, 
the  common shrew (Sorex araneus) (ShrewCoV/Sa-314/
RUS/2021), circulating in  the  nearby Novosibirsk region. 
In  contrast to  rodent-associated coronaviruses, corona-
viruses from insectivores revealed higher genome varia-
bility. Specifically, the  level of  sequence differences ob-
tained from two Siberian white-toothed shrew captured at 
the same site was 2.0 %. Considering the high level of var-
iation in  the  conserved RdRp gene with representatives 
of other genera and species, it can be assumed that the RNA 
isolate from C. sibirica is a representative of a new subge-
nus of  the  Betacoronavirus genus. This requires sequen-
cing the  full-length genome and  analysing it according 
to the criteria of the international committee of viral taxo-
nomy [22].

We have studied the diversity of coronaviruses circu-
lating among rodents and insectivores in a natural focus 
located in the Altai Republic. Co-circulation of several cor-
onavirus species has been shown for the same location, 
as was previously reported [21]. All the studied animals 
were captured in the vicinity of the Teletskiy scientific sta-
tion of the Institute of Systematics and Ecology of Animals 
SB RAS (Siberian Branch of the Russian Academy of Sci-

T A B L E   1
SPECIES COMPOSITION OF INSECTIVORES AND RODENTS TESTED FOR CORONAVIRUS RNAs

Carriers Type Coronavirus RNA+/studied

Insectivores

Common shrew (Sorex araneus) 0/39

Taiga shrew (Sorex isodon) 0/1

Laxmann's shrew (Sorex caecutiens) 0/1

Siberian shrew (Crocidura sibirica) 2/11

Rodents

Korean field mouse (Apodemus peninsulae) 1/15

Striped field mouse (Apodemus agrarius) 1/20

Root vole (Alexandromys oeconomus) 0/3

Grey-red-backed vole (Myodes rufocanus) 0/9

Red-backed vole (Myodes rutilus) 1/15

Bank vole (Myodes glareolus) 1/5
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FIG. 1.  
Phylogenetic analysis of the nucleotide sequences of the RdRp gene fragment of coronaviruses corresponding to positions 15429-15825 
of the HKU-1 isolate (Genbank NC_006577). New coronaviruses obtained from Myodes glareolus (RtCoV/Mg-724/RUS/2022), Myodes rutilus 
(Rt CoV/Mrut-816/RUS/2022), Apodemus peninsulae (RtCoV/Ap-709/RUS/2022), Apodemus agrarius (RtCoV/Aa-818/RUS/2022) and Croci-
dura sibirica (ShrewCoV/Cs-711/RUS/2022, ShrewCoV/Cs-764/RUS/2022), were compared with known CoVs belonging to the genera  
Alphacoronavirus and Betacoronavirus. The tree is constructed using the maximum likelihood method and the GRT + G + I evolution  
model. Support indices were calculated for 500 repetitions, and support indices (> 70 %) are represented at the respective nodes. The scale 
bar indicates the number of nucleotide substitutions per site. New isolates are highlighted in bold and asterisk, isolates from the Novosibirsk 
region are highlighted in bold and circle
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ences) within a forest area of no more than 0.2 km2. Co-
circulation of two rodent-borne coronaviruses and one 
coronavirus carried by an insectivorous host, the Siberian 
shrew, has been demonstrated in a limited area.

Coronaviruses associated with natural carriers belon-
ging to genus Myodes and Apodemus have previously been 
reported to be classified into two genera – Alfacoronavi-
rus and Betacoronavirus [15]. New Siberian isolates from 
rodents classified in the Embecovirus subgenus of the ge-
nus Betacoronavirus were  characterised by  high (93.8–
95.8 % and 97.2–98.3 %) homology with previously known 
isolates in each group, found over a wide area including  
Europe (Germany), Siberia (Novosibirsk region) and  Chi-
na, with sequences from a  single capture site in  the  Al-
tai Republic being identical. These findings indicate rel-
atively high stability of  coronavirus genomes compared  
to other RNA-containing viruses associated with rodents. 
Accor dingly, the difference in RdRp gene sequences in han-
taviruses (family Hantaviridae, genus Orthohantavirus) 
found in the same host species from geographically dis-
tant regions of Siberia and Europe was more than 20 % [23]. 
A higher level of variation in partial nucleotide sequences 
of the RdRp gene was found among coronaviruses from in-
sectivores. The level of sequence difference from two speci-
mens of Siberian shrews was 2.0 %, which is comparable 
to the level of difference between Seewis hantavirus iso-
lates from the same location [24].

CONCLUSION

Three different coronaviruses were  detected among 
4  species of  rodents and  one species of  insectivores  
living together in the natural biotope in the Altai Repub-
lic. Coronaviruses from rodents (M.  glareolus/M.  rutilus 
and A. agrarius/A. peninsulae) are classified in the genus Beta-
coronavirus subgenus Embecovirus, coronavirus from an in-
sectivore (C. sibirica) is classified in the genus Betacorona-
virus and is assumed to belong to a new subgenus. The ge-
nomes of rodent-associated coronaviruses were revealed 
to be highly stable.
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ABSTRACT

Background. Bedaquiline is a new and promising anti-tuberculosis drug, however 
resistance can develop with long-term use. This is mainly due to mutations in the atpE 
and mmpR genes in M. tuberculosis (MTB).
The aim of the work. The aim of the research was to test a system for automated 
interpretation of results for predicting resistance to bedaquiline by the molecular data.
Materials and methods. DNA was isolated from strains of M. tuberculosis in the Irkutsk 
region and Yakutia. The total quantity of DNA samples was 27 strains from Yakutia 
and 21 strains from the Irkutsk region. The study of MBT genomes was carried out 
on the DNA previously obtained by the authors in the territories of the Irkutsk region 
(n = 5), Yakutia (n = 4), Buryatia (n = 3), Zabaykalskiy kray (n = 4) and the Far East 
(n = 8). We used the BSATool program to detect bedaquiline resistance based on Sanger 
sequencing and genomic data. Sanger sequencing analyzed the atpE and mmpR genes, 
and whole genome sequencing examined mutations in the same sequences, as well 
as additionally in mmpL5, mmpS5, Rv0678, Rv1979c, and pepQ.
Results. Complete agreement between the  phenotypic and  genotypic analysis 
of resistance to bedaquiline was found for three strains from Yakutia. One genome 
with significant mutations associated with resistance to bedaquiline was identified. 
A conclusion was made about the relatively low prevalence of mutations that may 
induce resistance to this antibiotic, which coincides with the data of other studies 
in Russia. A conclusion was made about the importance of molecular analysis of tar-
get genes with subsequent detection of resistance to bedaquiline in silico.

Key words: bedaquiline, sequencing, resistance, genes, atpE, mmpR, mmpL5, 
mmpS5, Rv0678, Rv1979c, pepQ
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РЕЗЮМЕ

Обоснование. Бедаквилин – новый и многообещающий противотубер-
кулёзный препарат, однако при длительном лечении к нему развивается 
устойчивость. Это связано преимущественно с мутациями в генах atpE 
и mmpR у M. tuberculosis (МБТ).
Цель работы. Апробация системы автоматизированной интерпретации 
результатов при прогнозировании устойчивости к бедаквилину на основе 
молекулярно-биологических данных.
Материалы и методы. ДНК выделяли из штаммов M. tuberculosis, цирку-
лировавших в Иркутской области и Республике Саха (Якутии). Общее коли-
чество исследованных ДНК составило 27 штаммов из Якутии и 21 штамм 
из Иркутской области. Исследование геномов МБТ было проведено на ДНК 
штаммов, полученных авторами ранее на территориях Иркутской области 
(n = 5), Республики Саха (Якутия) (n = 4), Республики Бурятия (n = 3), Забайкаль-
ского края (n = 4) и Дальнего Востока (n = 8). Для выявления устойчивости 
к бедаквилину на основе нуклеотидной последовательностей генов и геном-
ных данных мы использовали программу BSATool. При использовании секвени-
рования по Сэнгеру анализировались гены atpE и mmpR, при полногеномном 
секвенировании исследовались мутации в этих же последовательностях, 
а также дополнительно в mmpL5, mmpS5, Rv0678, Rv1979c и pepQ.
Результаты. Обнаружено полное соответствие фенотипических и гено-
типических результатов оценки устойчивости к бедаквилину для трёх 
штаммов из Якутии. Кроме того, при анализе геномных данных обнаружен 
один геном со значимыми мутациями, способными вызвать устойчивость 
к бедаквилину. Делается вывод об относительно низком распростране-
нии мутаций, способных вызвать устойчивость к этому антибиотику, 
что совпадает с данными других исследователей в России. Сделано заклю-
чение о важности молекулярно-биологического анализа генов-мишеней 
с последующим выявлением устойчивости к бедаквилину in silico.

Ключевые слова: бедаквилин, секвенирование, резистентность, гены, atpE, 
mmpR, mmpL5, mmpS5, Rv0678, Rv1979c, pepQ
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Tuberculosis is an infectious disease caused by patho-
genic mycobacteria belonging to  the  class Actinobac-
teria, order Actinomycetales, family Mycobacteriaceae, 
forming the Mycobacterium tuberculosis complex group 
[1]. In 2019, the World Health Organization (WHO) repor-
ted 10 million new cases and 1.2 million deaths [2]. How-
ever, the emergence and spread of multi-drug resistant 
(MDR) and extensively drug resistant (XDR) strains of My-
cobacterium tuberculosis up to half a million annually [3] 
requires the introduction of new anti-TB drugs into treat-
ment regimens. Bedaquiline is a new and promising an-
tituberculosis drug, but as with other drugs, it  is possi-
ble that M.  tuberculosis (MTB) may develop resistance 
to  it  with  long-term treatment. Speci fically, mutations 
in the atpE gene prevent drug inter action with its target, 
ATP synthase, and mutations in the efflux pump repres-
sor mmpR (Rv0678) lead to accelerated drug evacuation 
from  the  microbial cell [4–6]. Despite the  involvement 
of a significant number of genes in resistance to bedaqui-
line and clofazimine (including cross-resistance), muta-
tions in  the  atpE and  mmpR genes (Rv0678) are  deter-
minant in the majority of clinical isolates [7]. Consider-
ing these results, a  Sanger sequencing of  these genes 
was used to analyse the developed software package.

An online service for automated interpretation of se-
quencing data and prediction of pyrazinamide resistance 
has been previously developed by us [8]. The service is avail-
able at https://bsatool.ru. In the current study, we present 
an  extension of  the  capabilities of  the  BSATool software 
package for automated interpretation of results in predict-
ing bedaquiline resistance based on molecular biological 
data, including Sanger sequencing and whole genome se-
quencing.

MATERIALS AND METHODS

The strains were obtained from the bacteriological lab-
oratories of the Irkutsk Regional Clinical Tuberculosis Hos-
pital (IRCTB) and E.N. Andreev Scientific and Practical Cen-
tre “Phthisiatry” (SPC “Phthisiatry”). Phenotypic sensitivity 
of MTB isolates to antituberculosis drugs (ATDs) was deter-
mined by absolute concentrations on Levenshtein – Jensen 
medium (IRCTB and SPC “Phthisiatry”) and on Middlebrook 
7H9 medium using an automated system Bactec MGIT 960 
(Becton, Dickinson and Company, USA), including sensitivity 
to bedaquiline (SPC “Phthisiatry”). Strains were inactivated 
in situ. DNA isolation was performed according to the pre-
viously described method [9].

The  total number of  DNA samples examined inclu-
ded  27  strains from Yakutia and  21  strains from  the  Ir-
kutsk region. The  study of  MBT genomes was carried 
out on  the  MBT strains previously obtained by  the  au-
thors in the territories of the Irkutsk region (n = 5), Yakutia 
(n = 4), Buryatia (n = 3), Zabaykalskiy kray (n = 4) and the Far 
East (n  =  8). Therefore, our  study included a  set of  DNA 
samples representing different regions and  territories. 
The structure of polymerase chain reaction (PCR) primers 
for the amplification of atpE and mmpR genes was devel-

oped independently by the authors. The following primers 
were used for the atpE gene: 1305F 5’-TCGAAGAGGAACAC-
CACTAG and 1305R 5’-GGACAATCGCGCTCACTTC. The prim-
ers Bdq678F 5’-CACGCTTGAGAGTTCCAATCA and Bdq678R 
5’-ACCGCATCAACAAGGAGTGA were used for  the  mmpR 
(Rv0678) gene. These oligonucleotides were designed 
to amplify PCR fragments of 368 and 679 base pairs, re-
spectively.

PCR parameters were set, according to  previous-
ly published protocols [8]. Sanger sequencing was per-
formed using a  domestic genetic analyzer Nanofor-05 
(Syntol, Russia). Genomic libraries were prepared using 
DNA Flex kit (Illumina, USA). Full genome sequencing 
of  samples was performed on  NextSeq 550 sequencer  
(Illumina, USA) also using reagents v.  2.5 and  flow cell 
(high output) at 300 cycles.

Primary data processing included removal of  short 
low-quality sequences and  technical fragment cut-offs 
and  was  performed according to  previously published 
methods [10]. Sanger sequencing and full-genome sequenc-
ing were performed at the Center for Development of Pro-
gressive Personalized Health Technologies (shared research 
facility of the Scientific Centre for Family Health and Human 
Reproduction Problems (Irkutsk).

To  reveal resistance to  bedaquiline by  Sanger se-
quencing, we  used the  BSATool software [8], which an-
alysed mutations in  atpE and  mmpR. To  reveal resist-
ance to bedaquiline, mutations in  the same genes (atpE 
and  mmpR) and  additionally in  mmpL5, mmpS5, Rv0678, 
Rv1979c and pepQ were analysed using BSATool genom-
ic data. Based on the above analyses, potential resistance 
to bedaquiline was identified in an in silico model. The clin-
ical significance of the detected mutations in causing drug 
resistance was assessed according to the mutation cata-
logue recommended by  the  World Health Organization 
as a reference database [11].

RESULTS

Analysis of Sanger sequencing results  
in manual mode and by the BSATool  

software system
Of the 27 strains obtained from the Republic of Sakha 

(Yakutia), 9  were classified as extensively drug-resistant 
strains or  their precursors (pre-XDR), 10  were sensitive 
to all ATDs, and the rest showed multidrug resistance [11]. 
Resistance to bedaquiline was found in only three pre-XDR 
strains.

When analysed by  Sanger sequencing and  using 
the BSATool service, significant mutations with  the po-
tential to cause resistance to bedaquiline were revealed 
in the same three strains. Based on the results of micro-
biological studies, these strains were registered as XDR.

Among the 21 strains from Irkutsk, 10 were classified as 
pre-XDR and the remaining 11 strains showed multi drug 
resistance. Among all these strains, only two had signi-
ficant mutations that can induce resistance to bedaqui-
line, both in  manual Sanger sequencing analysis  
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and  using the  BSATool service. Notwithstanding, 
due to the lack of a methodology for determining re-
sistance to  bedaquiline in  the  bacteriological labo-
ratory of  the  IRCTB, these strains were not assigned 
XDR status.

Figure 1 shows an example of DNA analysis of four strains 
using the BSATool software package, one of which contains 
a mutation that can induce resistance to bedaquiline.

Analysis of the results  
of whole genome sequencing  
by BSATool software package

Manual analysis of the whole-genome data was 
not feasible due to  the  large amount of  information. 
The  study analysed the  genome of  24 MTB strains, 
inclu ding those from the  Irkutsk Region, the  Republic 
of  Sakha (Yakutia), the  Republic of  Buryatia, the  Trans-
Baikal Territory and  the  Far East. A  significant muta-
tion 2223444C/T in  the  Rv1979 gene was only revealed 
in one strain, which belongs to the most virulent subtype  
B0/W148 of the Beijing genotype [12]. It is important to em-
phasize that the remaining strains analyzed by whole-ge-
nome sequencing did not show resistance to bedaquiline 
as part of in silico prediction.

DISCUSSION

Assessment of resistance to anti-TB drugs using molec-
ular biological methods requires an individual approach de-
pending on the prevalence of clinically relevant mutations. 
The hotspots for rifampicin are centered on a small 81 bp 
(base pair) long stretch of DNA and the most feasible meth-
od is to reveal them by real-time PCR. This method has al-
ready been successfully used in the practice of medical di-
agnostics for almost a decade.

For other ATDs, the situation with clinically relevant 
mutations is not as favourable, which requires the  use 
of  sequencing of  multiple gene nucleotide sequences. 
The use of software systems that can reveal significant 
mutations in  the  results of  whole-genome sequencing 
or Sanger sequencing significantly expands the possibil-
ities of using these molecular biological methods in clin-
ical practice. The  relatively low frequency of  revealed 
mutations causing resistance to bedaquiline is consist-
ent with the results of studies conducted by colleagues 
in  the  European part of  Russia [13]. All the  mutations 
identified were observed in patients receiving long-term 
bedaquiline treatment as part of MDR/XDR tuberculosis 
chemotherapy regimens.

FIG. 1.  
Analysis of the results of Sanger sequencing of the atpE gene for two strands in four different strains: a significant mutation associated 
with resistance to bedaquiline was revealed in strain 860; no resistance-associated mutations were revealed in the other strains



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, N 6

128
Microbiology and virology

CONCLUSION

Molecular biological analysis of nucleotide sequenc-
es of target genes followed by in silico resistance assess-
ment against bedaquiline using the BSATool auto mated 
analysis system (publicly available) may be recommen-
ded primarily for  laboratories performing Sanger se-
quencing. The  low frequency of mutations associat-
ed with  resistance to  bedaquiline may be explained 
by the recent use of the drug in the treatment of patients 
and, consequently, by the small number of MTB strains 
resistant to bedaquiline. The validation of the proposed 
approaches for predicting bedaquiline resistance in clini-
cal samples from patients with repeated courses of MDR/
XDR tuberculosis treatment confirms the  re liability 
of the obtained data.
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ABSTRACT

Background. Infections that are transmitted to humans through the bites of ixodid 
ticks remain a significant problem for public healthcare. However, in many regions 
endemic for tick-borne diseases, the diversity and prevalence of infections transmit-
ted by ticks are still underexplored.
The aim of the study. To characterize the modern diversity and prevalence of tick-
borne pathogens in the ecosystems of the valley of the Chikoy River (Trans-Baikal 
Territory, Russian Federation).
Materials and methods. Real-time polymerase chain reaction was used to examine 
48 imagoes of Ixodes persulcatus ticks, one Haemaphysalis concinna female tick 
and 38 small mammals specimens for infection with seven tick-borne pathogens.
Results. The H. concinna tick tested negative for all studied pathogens. In I. persul-
catus ticks, the prevalence of infection with Borrelia burgdorferi s.l. comprised 39.5 %, 
Anaplasma phagocytophilum – 16.7 %, B. miyamotoi – 8.3 % and Ehrlichia sp. – 2.1 
%. Tick-borne encephalitis virus (TBEV), Rickettsia sibirica and R. heilongjiangensis 
were not detected in I. persulcatus. Four species of vertebrate hosts of ticks and tick-
borne infections were found: Myodes rufocanus (44.7  %) Apodemus peninsulae 
(39 %), Microtus oeconomus (13.2 %) and M. rutilus (2.6 %). In rodent populations, 
the prevalence of TBEV infection comprised 5.3 %, B. burgdorferi s. l. – 39.5 %, B. miy-
amotoi – 28.9 %, Ehrlichia sp. – 21.1 %, A. phagocytophilum – 18.4 %.
Conclusion. The widespread distribution of taiga ticks, the presence of numerous 
populations of competent vertebrate hosts of infections, and the high prevalence 
of infections among vertebrate and invertebrate hosts indicate that active natural 
foci of tick-borne encephalitis, Lyme disease, tick-borne relapsing fever caused by B. 
miyamotoi, human granulocytic anaplasmosis, and human monocytic ehrlichiosis 
(HME) are present in the ecosystems of Chikoy River valley.

Key words: the Trans-Baikal Territory, Borrelia, tick-borne encephalitis virus, Ana-
plasma phagocytophilum, Riskettsia, Ixodes persulcatus
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РЕЗЮМЕ

Обоснование. Инфекции, передающиеся человеку при укусах иксодовых кле-
щей, остаются актуальной проблемой здравоохранения. Однако во многих 
частях нозоареала разнообразие и распространённость клещевых инфекций 
остаются недостаточно исследованными.
Цель исследования. Охарактеризовать современное разнообразие и рас-
пространённость возбудителей клещевых инфекций в долине р.  Чикой 
(Забайкальский край, Россия), входящей в буферную зону Байкальской при-
родной территории.
Материалы и методы. С помощью полимеразной цепной реакции в реаль-
ном времени на заражённость семью возбудителями клещевых инфекций 
исследованы 48  имаго клещей Ixodes persulcatus, 1  особь Haemaphysalis 
concinna и 38 особей мелких млекопитающих.
Результаты. Клещ H.  concinna не был заражён ни одним из исследуемых 
патогенов. Зараженность I. persulcatus Borrelia burgdorferi s. l. составила 39,5 %, 
Anaplasma phagocytophilum – 16,7 %, B. miyamotoi – 8,3 % и Ehrlichia sp. – 2,1 %. 
Вируса клещевого энцефалита (ВКЭ), Rickettsia sibirica и R.  heilongjiangensis 
в таёжных клещах не обнаружено. Выявлены 4 вида позвоночных хозяев кле-
щей и инфекций: Myodes rufocanus (44,7 %) Apodemus peninsulae (39 %), Microtus 
oeconomus (13,2 %) и M. rutilus (2,6 %). В популяциях мелких млекопитающих 
зараженность ВКЭ составила 5,3 %, B. burgdorferi s. l. – 39,5 %, B. miyamotoi – 
28,9 %, Ehrlichia sp. – 21,1 %, A. phagocytophilum – 18,4 %.
Заключение. Повсеместное распространение таёжных клещей, наличие 
многочисленных популяций компетентных позвоночных хозяев инфекций, 
а также высокие показатели заражённости позвоночных и беспозвоночных 
хозяев свидетельствуют о широком распространении в долине р.  Чикой 
активных природных очагов клещевого энцефалита, болезни Лайма, кле-
щевой возвратной лихорадки, вызываемой B. miyamotoi, гранулоцитарного 
анаплазмоза и моноцитарного эрлихиоза человека.

Ключевые слова: Забайкальский край, Borrelia, вирус клещевого энцефали-
та, Anaplasma phagocytophilum, Riskettsia, Ixodes persulcatus
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INTRODUCTION

Zoonotic infections are still recognized as one of most 
significant threats to the human health in Russian Federa-
tion. This is particularly true for infections transmitted by ix-
odid ticks due to the wideness of spread and the severity 
of the illnesses. In the Asian part of the Russian Federation, 
the main vector of many tick-borne infections are  Ixodes 
persulcatus ticks (Schulze, 1930) [1].

The  most epidemically significant causative agents 
of  tick-borne diseases (TBD) are  tick-borne encephalitis 
virus (TBEV), Lyme disease agent Borrelia burgdorferi sen-
su lato, the agent of the tick-borne relapsing fever B. miy-
amotoi a few species of rickettsiae, anaplasmas, ehrlichi-
ae and other pathogens [2]. Ticks can be infected either 
by a single human pathogen (mono-infection) or simul-
taneously by two or more species of pathogens (co-infec-
tion). Mono- and co-infections are clinically distinctive de-
pending on the combination of pathogens. This requires 
the development of new approaches to the diagnosis, pre-
vention and treatment of known tick-borne infections, in-
cluding co-infections [3, 4].

The  main source of  information for  assessing 
the  epi demiological situation is  active monitoring 
of natural foci of tick-borne infections, based on direct 
evaluation of the number of tick vectors and mammals – 
reservoir hosts of infections and tick feeders in the eco-
system, as  well  as evaluation of the prevalence of in-
fection with the studied pathogens. Active monitoring 
requires highly qualified personnel and is labor-inten-
sive and time-consuming. As a result, in many territo-
ries that are endemic for TBD, there is a lack of informa-
tion about the  prevalence and  diversity of  tick-borne 
infections, as well as the structure and risk assessment 
of  their natural foci. Despite the  obvious advantages 
of  this approach, it has a number of  significant draw-
backs. This  method, for  example, does  not  consider 
a  number of  important aspects of  the  infection pro-
cess, such as multiplexing of several pathogens in one 
parasitic system, the  intensity of  contact between 
people and  tick vectors, the  socio-demographic state 
of  the population, and migration processes in human 
and wildlife populations [5]. Besides, in order to obtain 
reliable data during active monitoring, it  is necessary 
to  study large numbers of  vectors and  feeders (ticks 
and vertebrates) at the same time at sampling key sites 
located in different landscapes The study should be per-
formed using unified methods of detection and iden-
tification of pathogens for the entire sample of mate-
rials collected during field expeditions [6, 7]. As a  re-
sult, in  many areas endemic for  tick-borne infections, 
the peculiarities of the spread and circulation of path-
ogens in nature remain poorly studied.

One of  such areas is  the  Krasnochikoysky district 
of  the  Trans-Baikal Territory, which has  the  highest in-
cidence rates of  tick-borne encephalitis and  Lyme dis-
ease [8]. Despite this, research on  tick-borne infections 
in  these  areas has previously been sporadic and  was 
mainly focused on tick-borne encephalitis virus and Lyme 

di sease agents, while no information is  available con-
cerning the  circulation of  other pathogens transmitted 
by  ixodid ticks. The  Chikoy is  one of  the  largest rivers 
in the Lake Baikal catchment area, and the Chikoy valley 
along with the adjacent ranges of the Khentii Mountains 
is part of the Baikal Natural Area. Large areas of indige-
nous cedar forest unaffected by  human activity, pecu-
liar flora and fauna, unique natural objects, and deposits 
of natural resources (uranium ores) predetermine the po-
tential for  further recreational, economic and  industri-
al development of the Chikoy valley [9]. Given the fore-
going, characterization of the current situation in natu-
ral foci of TBD seems to be a significant task both scien-
tifically and practically.

THE AIM

To  characterize the  current diversity and  prevalence 
of causative agents of tick-borne infections in the Chikoy 
River valley (Krasnochikoysky District, Trans-Baikal Territo-
ry, Russian Federation).

MATERIALS AND METHODS

Materials
Ixodid ticks were collected from vegetation in the most 

common biotopes of the study area using flannel flag. 
The abundance of the ticks was evaluated using the stand-
ard methods [10] and expressed as the number of ticks per 
flag per kilometer of the route. The captured ticks were de-
livered to the laboratory alive. Information about each tick 
was registered in the information-analytical system “Field 
ticks” [11]. Small mammals were captured using Sher-
man live traps on survey lines. The abundance of animals 
was expressed as a number of specimens per trap per day. 
Animals were euthanized at the place of capture in compli-
ance with the “Ethical Principles for Medical Research In-
volving Human Subjects” [12]. For each captured animal, 
species, sex, age group (juveniles or adults), and infesta-
tion with ectoparasites were individually determined. Af-
terwards the tissue sampling of brain, spleen, kidney and 
lung was performed. Tissue samples were stored in liquid 
nitrogen until delivery to the laboratory and then at –80 °C 
until study.

Preparation of tick and mammalian  
organ suspensions

Each tick was individually washed in  70  % ethanol 
and dried on filter paper, and then the species, sex and con-
dition of the tick were determined. The tick species was iden-
tified morphologically using the key guide of the USSR ix-
odid tick fauna [13]. Prepared ticks were homogenized us-
ing a TissueLyzer II automatic homogenizer (QIAgen, Ger-
many) and sterile 3 mm diameter tungsten carbide beads. 
Homogenates were resuspended in 300 μl of sterile phos-
phate buffered saline PBS; (pH = 7.4) and examined imme-
diately after preparation.
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The species of small mammals was identified morpho-
logically in accordance with the key guide of  the  USSR 
rodent fauna [14]. The  infestation of  animals by  ixodid 
ticks was assessed based on the index of abundance (IA; 
ave rage number of  ticks per specimen) and  the  index 
of  occurrence (IO; proportion of  animals in  the  sample 
on which ixodid ticks were found).

Animal tissue samples (30–50 mg) were homogenized 
using a TissueLyzer II and chilled sterile 5 mm steel beads. 
Homogenates were resuspended in 300 μl of chilled sterile 
PBS (pH = 7.4) and examined immediately after preparation.

Nucleic acids extraction
Total RNA/DNA was extracted from individual ticks 

or tissue samples. Briefly, 100μl of suspension was purified  
using RealBest Extraction 100 or RealBest UniMag kits (Vec-
torBest, Novosibirsk) and KingFisher Flex (Thermo Fisher 
Scientific, Finland) magnetic particle processor according 
to  the manufacturer’s instructions. The resulting nucleic  
acids were dissolved in 300 μl of elution buffer.

Real‑time PCR
Polymerase chain reaction (PCR) with real-time hybrid-

isation-fluorescence detection was used to reveal causa-
tive agents of tick-borne infections. Reagent kits “RealBest 
DNA Borrelia burgdorferi s. l./RNA VKE”, “RealBest DNA An-
aplasma phagocytophilum/Ehrlichiamuris, Ehrlichia chaf-
feensis”, “RealBest DNA Borrelia miyamotoi” and  “Real-
Best DNA Rickettsia sibirica/Rickettsia heilongjiangensis” 
(VectorBest, Novosibirsk). Since E. muris and E. chaffeen-
sis were detected in a single PCR reaction without species 
identification, the identified Ehrlichiae were hereafter des-
ignated as Ehrlichiasp.

Fifty microliters of DNA/RNA preparation was used 
as  a  matrix for  reverse transcription PCR. Reaction 
and real-time results were recorded using a CFX C1000 
Touch amplifier (BioRad, USA) according to the kit man-
ufacturer’s instructions. Bio Rad CFX Manager 3.1 soft-
ware (BioRad, USA) was  used  to  process and analyze 
the results.

Quantitative PCR
Quantif ication of  Borrelia   sp.  was  performed  

using multiplex quantitative PCR (qPCR) target-
ing the  16S  rRNA gene [15]. Briefly, the  16S rRNA 
gene fragments of  B.  burgdorferi sensu lato (strain 
B31)  and  B .   m i y a m o t o i  ( s t ra in  HT31)  were  PCR 
amplif ied using BspF-16s [5`-GCTGTAAACGATG-
CACACTTGGT-3`] and BspR-16s [5`- GGCGGCACACT-
TAACACGTTAG-3`] primers. The  obtained PCR frag-
ments (70 nucleotide bases in  length) were  indepen-
dently cloned in the plasmid vector pCR4-TOPO (Ther-
mo Fisher Scientific, USA) and  grown in  competent  
DH5α strain of Escherichia coli (Nippon Gene, Japan)  
as described previously [15]. The number of spirochetes 
in the samples was estimated using calibration curve 
produced by serial tenfold dilution of standard DNA 
samples of the corresponding Borrelia spp. and ex-
pressed as log10 genome copies per tick. PCR was per-

formed in a reaction volume of 25 μL. The reaction mix-
ture contained 1U Taq polymerase HSTaq (Eurogen), 
2.5 µl of DNA template, primers BspF-16s and BspR-16s 
at a concentration of 900 nM each and probes FAM-LD  
[ 5 ` - F A M - T T C G G T A C T A A C T T T T A G T T A A - B H Q 1 - 3 ` ] 
and VIC-RF [5`-R6G-CGGTACTAACCTTTCGATTA-BHQ1-3`] 
at  a  concentration of  200  nM each. PCR conditions 
were set up as follows: an initial cycle at 50 °C for 2 min, 
followed by a cycle at 95 °C for 2 min, then 45 cycles 
of 95 °C for 15 s and 63 °C for 60 °C. The fluorescence 
was measured at the 63 °C stage of every cycle and 
compared to the calibration curve readings, with the 
FAM channel determining the presence and concentra-
tion of B. burgdorferi s. l. DNA, and the VIC channel – 
the presence and concentration of B. miyamotoi DNA..

Statistical methods of data processing
Sex ratio and  infection prevalence were assessed 

as  the  proportion of  infected specimens (in percent) 
and 95% confidence intervals (95% CI) were calculated.

To  assess associations between TBEV infections 
with B. burgdorferi s. l. l., B. miyamotoi, A. phagocytophilum 
and Ehrlichia sp. in ticks, 2 × 2 contingency tables were con-
structed for each pair of microorganisms [16]. In this case, 
infected and uninfected tick conditions were taken as bi-
nary determinants. Analysis of variance based on Fisher’s  
F-criterion [17] was used to assess the statistical significance 
of differences between group mean values.

Statistical analyses were  performed using MS  Excel 
software (Microsoft Corp., USA), MaxStat Light and R ver-
sion  4.0.2 (R  Foundation, Austria). Statistical significance 
was set at 0.95. All tests of statistical significance were two-
tailed. Differences were considered statistically significant 
at p < 0.05.

RESULTS AND DISCUSSION

The tick and animal surveys and sample collection were 
conducted between the 3rd and 10th of July, 2021 during 
a field survey along the Chikoy River valley in the Repub-
lic of Buryatia and Krasnochikoysky District of the Trans-
Baikal Territory. A total of 13 sampling sites were studied 
(Fig. 1). The survey routes for tick abundance assessment 
and sample collection comprised 15.7 km. The survey of 
small mammal’s abundance and specimen collection result-
ed in 455 traps-nights. In total, 49 specimens of ixodid ticks 
and 38 specimens of rodents were collected. Besides this, 
116 larvae and nymphs of taiga ticks were found on small 
mammals, but were excluded from PCR tests.

Ixodid tick abundance ranged from low to moderate 
and ranged from 0.4 to 13 individuals per flag/km. Consi-
dering the suboptimal survey season (early July), such tick 
abundance suggest that there are natural foci of tick-borne 
infections with medium and  high tick activity in  the  sur-
veyed area. The  highest tick numbers were  associated 
with mixed grass pine-birch forests with spiraea and rose-
hip as underbrush. One tick captured at survey point No. 7 
(Fig. 1) was  identified as a female Haemaphysalis concina 
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(Koch, 1844). The remaining 48 ticks were identified as Ix-
odes persulcatus (Shulze, 1930). All ticks were imagoes, with 
a sex ratio of 0.6 males per female.

Relative abundance of  small mammals ranged from 
10 to  21.5  exv./100  trap-nights, with no  animals cap-
tured at three locations. Species diversity was represent-
ed by four predominant species: Korean field mouse Ap-
odemus penin sulae (Thomas, 1907), grey red-backed vole 
Myodes rufocanus (Sundevall, 1846), tundra vole Microtus 
oeconomus (Pallas, 1776), and grey red-backed vole Myo-
des rutilus (Pallas, 1779). M. rufocanus (44.7 %) and A. pen-
insulae (39.5 %) were the most common species captured, 
whereas M. oeconomus and M. rutilus were scarce (13.2 % 
and 2.6 % of the sample, respectively).

I. persulcatus larvae were found only on rodents of two 
species: A.  peninsulae and  M.  rufocanus, with  A.  peninsu-
lae playing a slightly more significant role in the feeding 
of taiga tick larvae (IA = 5.3; IO = 60 %) compared to M. ru-
focanus (IA = 2.1; IO = 35.3 %), despite the greater abun-
dance of the latter. Only grey-sided vole served as feeding 
hosts for taiga tick nymphs, with IA = 0.12 ticks per specimen 
and IO = 11.8 %. Ixodid ticks of any other species have not 
been found on rodents.

Diversity and prevalence of tick‑borne infections 
among ixodid ticks

The prevalence of tick-borne infections in ticks
The  only female of H.  concinna was not infected 

by any of the pathogens studied. The agents of the North 

Asian tick typhus R. sibirica and the Far-Eastern spotted fever 
R. heilongjiangensis have not been obser ved in ticks or in tis-
sue samples from rodents, and therefore these pathogens 
are not discussed further.

In taiga ticks collected per flag from vegetation, the most 
common pathogen was B. burgdorferi s. l., which was detected 
in 39.6 % of samples. Second abundant patho gen appeared 
to be A. phagocytophilum (16.6 %), followed by B. miyamotoi 
(8.3 %). The proportion of Ehrlichia sp. was 2 %. No tick-borne 
encephalitis virus was detected in ticks (Table 1).

The quantitative borrelia load was estimated for eight 
specimens of I. persulcatus infected with B. burgdorferi s. l. 
and for two specimens infected with B. miyamotoi. The mean 
concentration of B. miyamotoi was 2.5 ± 5.1 with a maxi-
mum of 2.9 log10 genome copies per tick. The concentra-
tion of B. burgdorferi s. l. varied from 1.1 to 3.8 and averaged 
2.7 ± 0.7 log10 genome copies per tick. It can be assumed 
that the load of B. burgdorferi s. l. per tick is slightly higher 
than B. miyamotoi, although the differences are not statis-
tically significant.

Co-infection of taiga ticks  
with two or more pathogens

In more than 90 % of cases, ticks were infec ted with only 
one of  the  tested microorganisms, but  3  (6.2  %)  ticks 
were simultaneously infected with B.  burgdorferi s.  l. 
and A. phagocytophilum. No statistically significant asso-
ciations between these infections was revealed. No other 
combinations of pathogens were revealed in the studied 
sample of taiga ticks.

FIG. 1.  
Survey area and localization of sampling sites. Mapping of tick and rodent capture sites and image creation were performed using  
GoogleEarthPro 7.3 software. Survey points: 1, 2 – Republic of Buryatia, Kyakhtinsky District, vicinity of Ulady village; 3 – border of Burya-
tia and Trans-Baikal Territory; 4–7 – Trans-Baikal Territory, Krasnochikoysky District, Fomichevo village; 8 – Trans-Baikal Territory, Krasno-
chikoyskiy District, Zakharovo village; 9–11 – Trans-Baikal Territory, Krasnochikoyskiy District, Shimbylik village; 12, 13 – Trans-Baikal  
Territory, Krasnochikoyskiy District, Steklozavod village
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Diversity and prevalence  
of tick‑borne infections among small  

mammalian ixodid tick feeders
All tick-borne pathogens found in  taiga ticks 

were  detected in  small mammals, and  two rodents 
were infected with TBEV – an adult female grey-sided 
vole and a juvenile male East Asian wood mouse – were 
also revealed. A.  peninsulae was  the  most infected – 
about 53 % of animals were infected with at least one 
of the studied microorganisms. Among five specimens 
of  M.  oeconomus, two were  infected with tick-borne 
pathogens. The  infestation of  rodents of  different 
species is sum marized in Table 2.

Mammalian infestation  
with tick-borne encephalitis virus

In contrast to taiga ticks, TBEV was observed in the tis-
sues of 5 % of vertebrate hosts. In one A. peninsulae speci-
men, viral RNA was revealed in brain, and in one M. rufocanus 
specimen, systemic infection was observed with the pres-
ence of  viral RNA in  the  brain, spleen, kidney and  lungs. 

The prevalence of infections in of TBEV infection was compa-
rable in both species comprising 7 % and 6 %, respectively.

Mammalian infestation and patterns  
of infection with B. burgdorferi s. l.

The agents of Lyme disease were the  most com-
mon pathogens among vertebrate hosts and, in average, 
were observed in 39 % of animals, which is almost identi-
cal to the infection rate among taiga ticks. B. burgdorferi 
s. l. DNA was found in all examined mammalian species 
with nearly the same prevalence of 39–40 %. The excep-
tion was M. rufocanus, which had 35 % infection rate, al-
though the difference was statistically insignificant.

In small mammals, B. burgdorferi s. l. DNA was de-
tected in all organs examined (Table 3), although with 
different frequencies. In kidney tissues borreliae were 
found rare and only among numerous species of A. pen-
insulae and  M.  rufocanus. Most often (in almost all in-
fected animals) the B. burgdorferi s.l. infection was ob-
served in lung tissues. Among the low abundant spe-
cies of M. oeconomus and M. rutilus, all infected animals 

Specimens 
studied

Of those infected, n, % (95% CI)
Not infected, % 

(95% CI)
TBEV B. b. s. l. B. m. A. ph. E. sp.

I. persulcatus, females 30 0 12  
40 (22; 58)

2  
7 (0; 16)

4  
13 (1; 25)

1 
3 (0; 10)

12 
40 (22; 58)

I. persulcatus, males 18 0 7  
39 (16; 61)

2 
11 (0; 26)

4 
22 (3; 41) 0 7 

39 (16; 61)

Total 48 0 19 
40 (26; 53)

4  
8 (1 ;16)

8 
17 (6; 27)

1 
2 (0; 6)

19
40 (26; 53)

Note. TBEV – tick-borne encephalitis virus; B. b. s. l. – B. burgdorferi sensu lato; B. m. – B. miyamotoi; A. ph. – Anaplasma phagocytophilum; E. sp. – Ehrlichia sp.

T A B L E   1
THE PREVALENCE OF TICK-BORNE PATHOGENS AMONG I. PERSULCATUS TICKS IN THE ECOSYSTEMS OF THE CHIKOY 
RIVER VALLEY

T A B L E   2
THE PREVALENCE OF TICK-BORNE PATHOGENS AMONG SMALL MAMMALS IN THE ECOSYSTEMS OF THE CHIKOY RIVER 
VALLEY

Type Specimens 
studied

Of those infected, n, % (95% CI)
Not infected, % 

(95% CI)
TBEV B. b. s. l. B. m. A. ph. E. sp.

Apodemus peninsulae 15 1 
7 (0; 19)

6  
40 (15; 65)

4  
27 (4; 49)

1  
7 (0; 19)

5  
33 (9; 57)

7  
47 (21; 72)

Microtus oeconomus 5 0 2  
40 (0; 83) 0 1  

20 (0; 55)
1  

20 (0; 55)
3  

60 (17; 103)

Myodes rufocanus 17 1  
6 (0; 17)

6  
35 (13; 58)

2  
12 (0; 27)

3  
18 (0; 36)

1  
6 (0; 17)

9  
53 (29; 77)

Myodes rutilus 1 0 1 0 1 0 0

Total 38 2  
5 (0; 12)

15  
39 (24; 55)

6  
16 (4; 27)

6  
16 (4; 27)

7  
18 (6; 31)

19 
50 (34; 66)

Note. TBEV – tick-borne encephalitis virus; B. b. s. l. – B. burgdorferi sensu lato; B. m. – B. miyamotoi; A. ph. – Anaplasma phagocytophilum; E. sp. – Ehrlichia sp.
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had signs of systemic B. burgdorferi s. l. infection involv-
ing at least three organs, i.e., brain, spleen and lungs. 
Among A. peninsulae, the systemic infection was ob-
served in three specimens with involvement of two or 
more organs, and in three specimens DNA of B. burg-
dorferi s. l. was detected only in lungs. In M. rufocanus a 
similar pattern was observed: three specimens exhib-
ited systemic infection involving 3 or 4 organs, and in 
three cases borreliae were detected only in lungs (two 
specimens) or brain (one specimen). 

The quantitative load of B. burgdorferi s. l. was possi-
ble to be determined for three specimens of M. rufocanus 
and one each of A. peninsulae, M. oeconomus and M. rutilus 
(Table 4). The attempts to quantify the spirochete concen-
trations in brain tissues were not successful. 

Trace amounts of B. burgdorferi s. l. DNA were detect-
ed in the kidneys of only one of M. rufocanus. In spleen 
and  lung tissues, B. burgdorferi s. l. DNA concentrations 
were comparable for most samples and were on the or-
der of 10 genomic copies per 10 mg of tissue. In tissues of 
a single specimen of the M. oeconomus the concentration 

of B. burgdorferi s. l. DNA was 3.5 log10 genomic copies, 
which is about 1000 times higher than similar parameters 
of M. rufocanus and A. peninsulae (Table 4).

Infection and features of mammalian infection  
with B. miyamotoi

The agent of tick-borne relapsing fever B.  miyamo-
toi, has only been found among abundant rodent species. 
The prevalence of infection in A. peninsulae was more than 
twice higher than in M. rufocanus (27 % and 12 %, respec-
tively). In rodent organism, B. miyamotoi infection was more 
disseminated than B. burgdorferi s. l. (Table 5) and affect-
ed 2 or more organs in all cases, with the exception of one 
specimen of  A.  peninsulae, in  which these spirochetes 
were found only in spleen.

The  quantitative load of  B.  miyamotoi was deter-
mined for  three infected specimens of  A.  peninsulae 
and two M. rufocanus (Table 6). Overall, the concentra-
tion of B. miyamotoi in mammalian tissues was about 
10-fold higher than that of B. burgdorferi s. l. and ranged 
from 50 to  about 10,000  genome copies per  10  mg 

T A B L E   3
OCCURRENCE OF B. BURGDORFERI S. L. IN ORGANS OF SMALL MAMMALS

Mammalian 
species

B. burgdorferi s. l. infected, 
specimens

Organs in which B. burgdorferi s. l. DNA was revealed, n (%)

brain spleen kidneys lungs

A. peninsulae 6 1 (16.7) 2 (33,3) 1 (16.7) 6 (100)

M. oeconomus 2 2 (100) 2 (100) 0 (0) 2 (100)

M. rufocanus 6 3 (50) 3 (50) 2 (33.3) 5 (83.3)

M. rutilus 1 1 (100) 1 (100) 0 (0) 1 (100)

T A B L E   4
MEAN BACTERIAL LOAD OF B. BURGDORFERI S. L. IN ORGANS OF SMALL MAMMALS

Mammalian 
 species

B. burgdorferi s. l. concentration in tissues (lg genome copies/10 mg)

spleen kidneys lungs

A. peninsulae 1 0 0.8

M. oeconomus 3.5 0 3.3

M. rufocanus 0 0.1 0.9

M. rutilus 0.6 0 1.4



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, № 6

137
Microbiology and virology

of tissue. In A. peninsulae, the quantitative load of spi-
rochetes in different organs was approximately equal, 
whereas in  M.  rufocanus, spleen tissues were promi-
nent, in  which the  DNA concentration of  B.  miyamo-
toi was 2 orders of magnitude higher than in other or-
gans (Table 6).

Prevalence and patterns of infection 
with A. phagocytophilum in rodents

Overall, the  causative agent of  human granulocy-
tic anaplasmosis (HGA), A.  phagocytophilum, was  found 
in  16  % of  mammals but  the  incidence of  infection 
with  this  pathogen varied between species. Thus, M.  ru-
focanus and  M.  oeconomus were characterized by  infec-
tion rates close to the mean value, but among A. peninsu-

lae the prevalence of infection was three times lower (18–
20 % vs. 7 %, respectively; Table 2).

In most cases, A. phagocytophilum infection resulted 
in a systemic spread of the pathogen involving all organs 
examined, except the kidneys (Table 7). The only exception 
was an infected specimen of A. peninsulae, in which HGA 
agent DNA of  the  human granulocytic anaplasmosis  
pathogen was detected only in the spleen (Table 7).

Prevalence and patterns of infection  
with Ehrlichia sp. in rodents

Ehrlichia infection was most common of  A.  peninsu-
lae, in which these microorganisms were observed in 33 % 
of cases. Among other mammalian species, these bacteria 
were found in single specimens (Table 2).

T A B L E   5
OCCURRENCE OF B. MIYAMOTOI IN ORGANS OF SMALL MAMMALS

Mammalian 
species

B. miyamotoi infected, 
specimens

Organs in which B. miyamotoi DNA was revealed, n (%)

brain spleen kidneys lungs

A. peninsulae 4 2 (50) 4 (100) 0 (0) 3 (75)

M. rufocanus 2 0 (0) 1 (50) 1 (50) 2 (100)

T A B L E   6
MEAN BACTERIAL LOAD OF B. MIYAMOTOI IN ORGANS OF SMALL MAMMALS

Mammalian species
B. miyamotoi concentration in tissues, lg genome copies/10 mg

brain spleen kidneys lungs

A. peninsulae 2 2.7 0 2.3

M. rufocanus 0 4.1 1.4 2.2

T A B L E   7
OCCURRENCE OF A. PHAGOCYTOPHILUM IN ORGANS OF SMALL MAMMALS

Mammalian 
species

Infected with A. phagocytophilum, 
specimens

Organs in which A. phagocytophilum DNA was revealed, n (%)

brain spleen lungs

A. peninsulae 1 0 1 (100) 0

M. oeconomus 1 1 (100) 1 (100) 1 (100)

M. rufocanus 3 2 (66.7) 3 (100) 3 (100)

M. rutilus 1 1 (100) 1 (100) 1 (100)
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In  contrast to  all other pathogens studied, Ehrli-
chia sp. infection was always systemic, and in A. penin-
sulae, ehrlichiae DNA was detected in all organs exami-
ned (Table 8).

Co-infection of small mammals  
with two or more pathogens

Co-infection with two or more pathogens appeared 
to be widespread among vertebrate hosts of tick-borne in-
fections. The only M. rufocanus specimen studied was simul-

taneously infected with two pathogens, i. e. B. burgdorferi s. l. 
and A. phagocytophilum. Of the two infected M. oeconomus, 
one was infected with three bacteria species, i. e. B. burg-
dorferi  s.  l., A.  phagocytophilum and  Ehrlichia sp. The  pat-
tern of infection with tick-borne pathogens among multi-
ple mammalian species is summarized in Table 9.

Korean field mice A. peninsulae were co-infected more 
often – about 40 % of animals were simultaneously infected 
with two or more pathogens, with mono-infections only be-

T A B L E   8
DISTRIBUTION OF EHRLICHIA SP. IN VARIOUS ORGANS OF SMALL MAMMALS

Mammalian species Ehrlichia sp. infected, 
specimens

Organs in which Ehrlichia sp. DNA was revealed, n (%)

brain spleen kidneys lungs

A. peninsulae 5 4 (80) 5 (100) 1 (20) 5 (100)

M. oeconomus 1 1 (100) 1 (100) 0 1 (100)

M. rufocanus 1 1 (100) 1 (100) 0 1 (100)

T A B L E   9
CO-INFECTION PATTERNS OF TICK-BORNE PATHOGENS IN SMALL MAMMALS

Pathogens Mono-infection, 
n (%)

Co-infection, 
n (%)

Co-infection with (%)

B. b. s. l.* B. m. A. ph. E. sp. more than 
2 pathogens

A. peninsulae (n = 15)

TBEV 0 1 (6.7) 0 0 0 0 1 (6.7)

B. b. s. l. 0 6 (40) – 1 (6.7) 1 (6.7) 2 (13.3) 2 (13.3)

B. m. 1 (6.7) 3 (20) 1 (6.7) – 0 0 2 (13.3)

A. ph. 0 1 (6.7) 1 (6.7) 0 – 0 0

E. sp. 1 (6.7) 4 (26.7) 2 (13.3) 0 0 – 2 (13.3)

Total 2 (13.3) 6 (40) 4 (26.7) 1 (6.7) 1 (6.7) 2 (13.3) –

M. rufocanus (n = 17)

TBEV 1 (5.9) 0 0 0 0 0 0

B. b. s. l. 2 (11.8) 4 (23.5) – 1 (5.9) 2 (11.8) 0 1 (5.9)

B. m. 1 (5.9) 1 (5.9) 1 (5.9) – 0 0 0

A. ph. 0 3 (17.6) 2 (11.8) 0 – 0 1 (5.9)

E. sp. 0 1 (5.9) 0 0 0 – 1 (5.9)

Total 4 (23.5) 4 (23.5) 3 (17.6) 1 (5.9) 2 (11.8) 0 –

Note. TBEV – tick-borne encephalitis virus; B. b. s. l. – B. burgdorferi sensu lato; B. m. – B. miyamotoi; A. ph. – Anaplasma phagocytophilum; E. sp. – Ehrlichia sp.
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ing observed for B. miyamotoi and Ehrlichia sp. The only case 
of TBEV infection in this rodent species was observed only 
in co-infection with B. burgdorferi s. l., B. miyamotoi and Ehr-
lichia sp. Among the bacteria, B. burgdorferi s.  l. were ob-
served with approximately equal frequency in all co-infec-
tions; B. miyamotoi was observed either in multiple co-in-
fections or in combination with B. burgdorferi s. l., the only 
case of A. peninsulae infection with anaplasmas was in com-
bination with B. burgdorferi s. l., whereas the more common 
ehrlichiae occurred in about equal numbers, both as mo-
no-infections and in various combinations with other mi-
croorganisms.

Among M. rufocanus, approximately 25 % of animals 
were infected with one pathogen and the same num-
ber – with two or more pathogens. Mono-infections have 
been reported for  TBEV, B.  burgdorferi s.  l. and  B.  miy-
amotoi. Among the co-infections, the most notable were 
B. burgdorferi s. l., which occurred in all available combi-
nations except TBEV. For the other bacteria, co-infections 
in this rodent species were not common and were limit-
ed to single cases of multiple infections or co-infections  
with B. burgdorferi s. l.

CONCLUSION

In  the  Krasnochikoysky district of  the  Trans-Baikal 
Territory within the Chikoy River valley, a stable circula-
tion of at least five causative agents of tick-borne infec-
tions has been revealed for the first time: tick-borne en-
cephalitis virus, B. burgdorferi s. l., B. miyamotoi, A. phago-
cytophilum and Ehrlichia sp. It has been shown that these 
pathogens not only infect tick vectors, but are also spread 
among natural vertebrate hosts – small mammals. I. per-
sulcatus ticks are the most relevant vectors of tick-borne 
infections in  the  surveyed area, while the  most impor-
tant vertebrate hosts and  tick feeders are M.  rufocanus 
and A. peninsulae.

No  cases of  infection of  taiga ticks and  rodents 
with causative agents of tick-borne rickettsiosis of north-
ern Asia R.  sibirica and  Far Eastern tick-borne rickettsio-
sis R. heilongjiangensis were revealed. However, the exist-
ence of  natural foci of  these diseases in  the  ecosystems 
of the Chikoy River catchment cannot be excluded. A lim-
ited sample size of ticks and vertebrate hosts, on the one 
hand, does  not  allow us to  assert the  completeness 
of  the description of  the  ixodid tick fauna of  the Chikoy 
River valley, as well as  the  biodiversity of  pathogens in-
fecting them. In contrast, the discovery of the H. concinna 
tick (which is the  competent invertebrate host of  R.  hei-
longjiangensis), also suggests that  the  species diversity 
of both tick vectors and tick-borne pathogens in the Kras-
nochikoisky district may be even wi der than established 
in the present study.

Summarising the results obtained, we can note a high 
risk of  infection with tick-borne encephalitis, Lyme dis-
ease, tick-borne relapsing fever caused by  B.  miyamotoi, 
HGA and HME in the Krasnochikoisky district of the Trans-
Baikal Territory, which is part of the Baikal Natural Area, in-

cluding the most attractive areas for residence and recre-
ation of the local population, Russian and foreign tourists. 
This evaluation is supported by the widespread distribu-
tion of epidemically significant vectors of tick-borne infec-
tions – I. persulcatus ticks, the presence of numerous pop-
ulations of  competent vertebrates – hosts of  infections 
and tick feeders, high prevalence of infections in of ticks 
and  small mammals, as  well  as a  significant proportion 
of animals simultaneously infected with two or more patho-
gens. All this indicates the need to further improve the sur-
veillance of  tick-borne infections with the  involvement 
of  all the  possibilities of  modern science for  both short-
term and medium- and long-term forecasting of the epi-
demiological situation.
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ABSTRACT

The  aim of  the  study. To  evaluate the  anti-nociceptive and  reparative effects 
of adipose-derived mesenchymal stem cells (ADMSCs) under the pharmacological 
blockade of cannabinoid CB2 receptors in a model of peripheral neuropathic pain.
Material and methods. In 40 male Wistar rats, modeling of peripheral neuropa-
thy (NP) was performed by excising a sciatic nerve. On day 7 of the study, ADMSCs 
(1 × 106 cells/kg) were transplanted into the area of sciatic nerve injury without ad-
ditional influences or after administration of the CB2 receptor antagonist AM630, 
as  well  as after incubation with  AM630. Within 90  days, nociceptive sensitivity 
was studied, as well as a detailed analysis of gait using CatWalk XT (Noldus, Nether-
lands). On day 21 and day 90, histostructure of the distal segment of the sciatic nerve 
was assessed.
Results. Pharmacological blockade of  CB2 receptors both on  the  ADMSCs 
and in the soft tissues surrounding the site of sciatic nerve injury led to a decrease 
in withdrawal threshold and withdrawal latency from day 28 of the study compared 
with the  group of  rats with NP and  transplantation of  ADMSCs only. Local injec-
tion of AM630 before transplantation of ADMSCs contributed to the development  
of  NP-induced gait disturbances and  increase of  the  number of  damaged nerve 
fibers in the distal segment of sciatic nerve. Transplantation of ADMSCs pretreated 
with  AM630 did not significantly affect the  rate of  recovery of  gait parameters, 
and decreased the number of damaged nerve fibers by day 90 of study.
Conclusion. Blockade of  CB2 receptors, both on  the  membranes of  MSCs 
and in the area of damage to the peripheral nerve, has a negative effect on the de-
velopment of the anti-nociceptive and reparative effects of MSCs.

Key words: mesenchymal stem cells, neuropathic pain, sciatic nerve, cannabinoid 
receptors, pharmacological blockade of CB2 receptors
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РЕЗЮМЕ

Цель исследования. Оценить антиноцицептивный и репаративный 
эффекты мезенхимальных стволовых клеток жировой ткани (МСК  ЖТ) 
на  фоне фармакологической блокады каннабиноидных рецепторов CB2 
в модели периферической нейропатической боли.
Материал и методы. У 40 крыс-самцов Wistar осуществили моделирование 
периферической нейропатии (НП) путём иссечения участка седалищного 
нерва. На 7-е сутки исследования проведена трансплантация МСК  ЖТ 
(1 × 106 клеток/кг) в область повреждения седалищного нерва без дополни-
тельных воздействий, а также после локального введения антагониста 
СВ2-рецептора АМ630 и предварительной инкубации с АМ630. В течение 
90 суток регистрировали ноцицептивную чувствительность и анализи-
ровали походку крыс с  помощью CatWalk  XT (Noldus, Нидерланды). На 21-е 
и 90-е сутки проведена оценка гистоструктуры дистального сегмента 
седалищного нерва после аксотомии.
Результаты. Фармакологическая блокада СВ2-рецепторов как на мем-
бранах МСК  ЖТ, так  и  в  мягких тканях, окружающих место повреждения 
седалищного нерва, приводила к снижению порога и латентного периода 
ноцицептивной реакции с 28-х суток исследования по сравнению с группой 
крыс с НП и группой животных после трансплантации только МСК ЖТ. После 
локального введения АМ630 перед трансплантацией МСК ЖТ отмечены ухуд-
шение параметров походки, вызванные НП, и увеличение доли повреждённых 
нервных волокон в дистальном сегменте седалищного нерва. Транспланта-
ция МСК, преинкубированных с АМ630, не оказывала существенного влияния 
на скорость восстановления параметров походки, к 90-м суткам исследо-
вания сопровождалась снижением числа повреждённых нервных волокон.
Заключение. Блокада СВ2-рецепторов как на мембранах МСК, так в зоне 
повреждения периферического нерва сопровождается снижением антиноци-
цептивного эффекта МСК при их локальной трансплантации и подавляет 
репаративное действие МСК.

Ключевые слова: мезенхимальные стволовые клетки, нейропатическая 
боль, седалищный нерв, каннабиноидные рецепторы, фармакологическая 
блокада СВ2-рецепторов
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INTRODUCTION

Chronic pain syndromes of neurogenic origin, associat-
ed with damage or dysfunction of peripheral parts of the so-
matosensory nervous system [1], occur in 7–20 % of the Eu-
ropean population [2] and in 30–50 % of the world popula-
tion [3]. Cell therapy using adipose-derived mesenchymal 
stem cells (ADMSC) appears promising for peripheral nerve 
injuries and related pain syndromes [4, 5]; their antinocice-
ptive effect with local transplantation has been evidenced 
in models of peripheral neuropathy of various etiologies [6–
11]. The ability of MSC to alleviate neuropathic pain is cur-
rently associated mainly with the suppression of local in-
flammatory response by secretion of a number of paracrine 
factors [5], but the mechanisms of activation of these pro-
cesses are not fully disclosed.

Cannabinoid CB2 receptors are involved in  modu-
lating the transduction, transmission and processing 
of nociceptive signals at  both the  peripheral and  cen-
tral levels of  the  somatosensory nervous system [12] 
and serve as a target for pain management. MSCs are able 
to produce CB2 receptor ligands [13], which may be one 
of the mechanisms of their analgesic action. Conversely, 
CB2 receptors are present in MSCs and are involved in sus-
taining their viability and metabolic activity [13–16], indi-
cating a possible interaction between MSCs and endoge-
nous cannabinoids in the transplantation area. It is essen-
tial to study the changes of MSC effects under the con-
ditions of blockade of these receptors in order to under-
stand the role of CB2-receptors in analgesic and reparative 
action of MSC at local injection into the area of peri pheral 
nerve injury.

THE AIM

Assessment of  antinociceptive and  reparative ef-
fects of adipose-derived mesenchymal stem cells against 
pharmacological blockade of  cannabinoid CB2 receptors 
in a model of peripheral neuropathic pain.

MATERIALS AND METHODS

The study was conducted on 40 male Wistar rats weigh-
ing 180–200  g. The  animals were kept in  the  vivarium 
of the Institute of Physiology, National Academy of Scienc-
es of Belarus with free access to water and food and 12/12 h 
day/night cycle. Animals were divided into 4 groups by sim-
ple randomization method (using random number table), 
in each group n = 10:

1) rats with peripheral neuropathy (NP) model without 
treatment (NP group);

2) rats with NP model and  transplantation of  al-
logeneic ADMSC to  the  area of  sciatic nerve injury 
(NP + ADMSC group);

3) rats with NP model and  ADMSC transplanta-
tion under pharmacological blockade of  CB2 recep-

tors in  soft tissues of  the  sciatic nerve injury area 
(NP + AM630 + ADMSC group);

4) rats with NP model and  ADMSC transplantation, 
which underwent pharmacological blockade of  CB2 re-
ceptors when pre-incubated with selective antagonist 
(NP + pre-AM630-ADMSC group).

All  manipulations involving experimental animals 
were undertaken in compliance with the principles of bio-
ethics as set out in the European Convention for the Protec-
tion of Vertebrates Animals used for Experimental and oth-
er Scientific Purposes. The study minutes were approved 
by the Bioethics Commission of the Institute of Physiolo-
gy, National Academy of Sciences of Belarus (Minutes No. 1 
dated February 02, 2023).

Surgical manipulations. NP was modelled on the left 
hind limb of rats by axotomy of a 0.5 cm section of the sci-
atic nerve according to the previously described method 
[8]. The surgery was performed under general anaesthe-
sia induced by intravenous injection of sodium thiopen-
tal (JSC ‘Sintez’, Russia) at a dose of 20 mg/kg with local 
anaesthesia (lidocaine hydrochloride (JSC ‘Borisov Medi-
cal Preparations Plant’, Republic of Belarus), 0.1 ml intra-
muscularly).

ADMSC transplantation. On day  7 after NP mo-
delling, experimental groups were injected with ADMSCs 
in the amount of 1 × 106 cells/kg. ADMSCs isolated from 
visceral fat of intact rats were cultured in a CO2 incubator 
(37 °C; 5% CO2) until the 3rd passage according to the pre-
viously described method [17]. Using flow cytofluorime-
ter FACSCanto II (Becton Dickinson, USA) the  phenotype  
of  ADMSC was analysed by the  presence of  character-
istic markers CD29, CD44 and  CD90 and  absence of  he-
matopoietic marker CD45. Cell suspension in phosphate-
buffered saline (PBS, phosphate-buffered saline) buffer 
(pH = 7.2; Sigma-Aldrich, Germany) was injected intramus-
cularly with an insulin syringe with an integrated 30 G nee-
dle in four injections around the area of surgical excision 
of the nerve site according to an imaginary dial pattern at 3, 
6, 9, and 12 hours.

CB2 receptor pharmacological blockade. To achieve 
blockade of CB2 receptors on ADMSC's membranes, cells 
were incubated with the  selective antagonist AM630 
(Sigma-Aldrich, Germany) for 24 h (2 μM). Pharmacologi-
cal blockade of CB2-receptors in soft tissues of the sciatic 
nerve injury area was performed by intramuscular injec-
tion of AM630 (100 µg/kg) 15 min before ADMSC trans-
plantation. The  AM630 antagonist was diluted in  a  sol-
vent consisting of sterile PBS buffer (pH = 7.4; Sigma-Al-
drich, Germany) and 0.2 % dimethyl sulfoxide (NeoFroxx 
GmbH, Germany).

An assessment of nociceptive sensitivity. The Ran-
dall – Selitto algesimeter (Panlab, Spain) was used to de-
termine nociceptive sensitivity to  a  mechanical stimu-
lus (mechanical withdrawal threshold (MWT)), and  Hot 
Plate’ algesimeter (Panlab, Spain) was used to  deter-
mine nociceptive sensitivity to a thermal stimulus (ther-
mal withdrawal latency (TWL)) [18]. Measurements were 
performed three times with an interval of 5–7 min. Noci-
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ceptive sensitivity was assessed on days 0, 7, 14, 21, 28, 
60 and 90 of the study.

Analysis of gait parameters. Detailed analysis of gait 
was performed using the software and hardware complex 
CatWalk XT 10.6 (Noldus, Netherlands). The system ena-
bles qualitative and quantitative assessment of gait pa-
rameters during the animal’s free movement on a glass 
platform. The intensity of green light at the point of con-
tact between the paws and the surface of the glass po-
dium illuminated with green LED lighting was record-
ed with a  high-speed video camera with a  wide-angle 
lens Gevicam GP-3360 (GEViCAM Inc., USA) located un-
der the corridor. Paw prints were analysed and gait pa-
rameters were calculated using the software of this hard-
ware-software complex. Prior to  the  study, the  animals 
were adapted to  the  device and  run recording condi-
tions. Runs of each animal were recorded in a dark, venti-
lated room 3 times each with a maximum step variability 
of 60 % and a run time of no more than 5.00 s. The analy-
sis included static and dynamic parameters, which reflect 
the degree of tonic pain sensations in this model and also 
indirectly demonstrate the functional state of the sciatic 
nerve. Dynamic parameters included:

Stand Time – duration of  the  paw stand phase 
on the ground;

Swing Time – duration of the paw swing phase in the air;
Duty Cycle – working cycle of  the  paw, the  ratio 

of  the  duration of  the  paw stand phase to  the  duration 
of the full step cycle.

Static gait parameters:
Print Length – the length of the print;
Print Width – the width of the print;
Print Area – the area of the print;
Max contact area – the area of the print at the most in-

tensive contact of the paw with the platform;
Max intensity – the  maximum intensity of  the  paw 

print;
Mean intensity – the  average intensity of  the  paw 

print;
Sciatic functional index (SFI).
These parameters were selected based on  previ-

ous studies [6–7, 19]. To exclude the effects of run speed 
and body weight of animals influencing gait parameters, 
data were calculated as a percentage of the contralateral 
hind paw, except for SFI.

Assessment of  the  sciatic nerve histostructure.  
On days 21 and 90 of the study, a distal segment of the sci-
atic nerve was sampled for histological examination. 
The samples were fixed in 10 % neutral buffered forma-
lin. Sections 5  μm thick were stained with hematoxy-
lin and eosin according to standard techniques. The ob-
tained preparations were viewed and  digitized using 
an  Optec  BK  5000  light microscope with a  digital cam-
era (Optec, China) at a magnification of × 400. The per-
centage of normal and damaged nerve fibres was count-
ed on transverse sections of  the sciatic nerve [20]. Mor-
phometric parameters were assessed in the field of view 
of a microscope at × 400 magnification (area 67072.0 μm2) 
in at least five fields of view.

Statistics. Statistical processing of data was per-
formed using Statistica  10 software (StatSoft  Inc., 
USA). Data were checked for normality of distribution 
by the Shapiro – Wilk test. In normal characteristic dis-
tribution, results are presented as mean ± standard de-
viation (M ± SD); in an abnormal distribution, results 
are presented as median and quartiles (Me (Q25; Q75)). 
Differences in nociceptive sensitivity and gait param-
eters were assessed by repeated measures analysis 
of variance with posterior comparisons using the least 
significant difference method. Morphometric data 
were compared by the  Kruskal  –  Wallis criterion fol-
lowed by a  posteriori comparisons. The  conclusion 
about statistical significance of differences was made 
at p < 0.05.

RESULTS

Alterations in  nociceptive sensitivity. On day  7 
after NP modelling, the  development of  mechanical 
and  thermal hyperalgesia was observed. This was ev-
idenced by a  35.5  % decrease in  ipsilateral limb MWT  
(from 136.0 ± 1.9  to 87.7 ± 2.0 g) and 34.3 % decrease 
in TWL (from 18.1 ± 0.6 to 11.9 ± 0.4 s) relative to baseline  
values (p < 0.001) (Fig. 1a, b). There was no tendency for 
MWT and  TWL to  recover to  their original values over 
the  course of  the  study. The  MWT of  the  contralater-
al healthy limb did not change statistically significant-
ly throughout the  study (p  >  0.05 compared to  day  0; 
Fig. 1a).

A  single intramuscular injection of  ADMSC into 
the  area of  sciatic nerve injury resulted in  a  32.3  % in-
crease in the MWT of the ipsilateral extremity by day 14 
(from 85.4 ± 2.0 to 113.0 ± 1.9 g; p < 0.001 by day 7; Fig. 1a), 
TWL by 17.1 % (from 11.7 ± 0.5 to 13.7 ± 0.5 s; p < 0.001 
by day 7; Fig. 1b). By day 21 of the study, the MWT of the ip-
silateral limb had already increased to  129.4  ±  2.0  g 
(p < 0.001 by day 7; p > 0.05 by day 0; Fig. 1a) and the TWL 
to 16.2 ± 0.5 s (38.5 % higher; p < 0.001 by day 7; p > 0.05 
by  day  0; Fig.  1b). Further up  to and  including day  90, 
MWT and  TWL were  not statistically significantly differ-
ent from baseline values (p > 0.05; Fig. 1a, b). Administra-
tion of ADMSC to rats with NP also statistically significant-
ly increased their MWT and MWT when compared to un-
treated animals already on day 14 day of the study: MWT 
was higher by 26.2 % (p < 0.001), and TWL – by 20.2 % 
(p  <  0.001). From day  21 onwards, the  increase in  MWT 
relative to the untreated NP group was 53.5 % (p < 0.001), 
TWL was 54.3 % (p < 0.001).

Antagonist  AM630 administration at   a  dose 
of  100  μg/ kg to  the  area of  nerve injury in  rats with NP 
on day 7 of the study did not lead to statistically significant 
changes in MWT of the ipsilateral extremity, as well as TWL 
after 15 min (Table 1).

ADMSC injection 15  min after pharmacological 
blockade of  CB2 receptors in  the  area of  sciatic nerve 
injury resulted in a 21.9 % increase in MWT on day 14 
of  the  experiment relative to  the  values on  day  7 
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(from 94.5 ± 2.1 to 115.2 ± 2.6 g; p < 0.001). And these  
values were not statistically significantly different from 
the  NP  +  ADMSC group (p  >  0.05), but were  18.7  % 
higher than in  the  NP group without treatment 
(p < 0.001). By day 21, MWT tended to decrease com-
pared to  the  NP  +  ADMSC group and  tended to  in-
crease by  33.3  % compared to  the  NP group with-
out treatment (p  <  0.001). On day  28, MWT increased 
to 120.4 ± 4.1 g, which was 9.3 % lower than the values  
of the NP + ADMSC group (p < 0.001) and 33.2 % higher 
than those of untreated rats (p < 0.001; Fig. 1a). Thereaf-
ter, a decreasing trend in MWT was observed (Fig. 1a). An 
increase in TWL by day 14 of the study by 21.5 % was ob-
served in  relation to  the  values obtained on  day  7: 
from 10.7 ± 0.3 to 13.0 ± 0.3 s (p < 0.001; no statistical-
ly significant differences with the NP + ADMSC group 

(p  >  0.05); 14.0  % higher in  comparison with the  PN 
group without treatment (p < 0.05) (Fig. 1b). By day 28, 
TWL increased to 13.1 ± 0.2 s, and the index was 22.0 % 
lower than in  the  NP  +  ADMSC group (p  <  0.001). 
By day 90 of the study, we observed a marked decrease 
in TWL to 11.5 ± 0.3 s (p > 0.05 compared to NP with-
out treatment; p < 0.001 compared to NP + WL MSCs; 
Fig. 1b).

ADMSC injection preincubated with AM630 increased 
the MWT of the ipsilateral extremity on day 14 of the study 
by 18.3 % relative to the values obtained on day 7 (from 
95.9  ±  1.4 to  113.4  ±  2.0  g; p  <  0.001; Fig.  1a) and  TWL 
by 13.3 % relative to the values obtained on day 7 (from 
10.5 ± 0.4 to 11.9 ± 0.3 s; p < 0.001). Meanwhile, MWT was not 
significantly different from the values in the NP + ADMSC 
group (p > 0.05) and in the NP + AM630 + ADMSC group 
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FIG. 1.  
Dynamics of nociceptive sensitivity to mechanical (a) and thermal (b) stimuli in rats with NP, ADMSC transplantation on the background 
of pharmacological blockade of CB2-receptors by AM630 antagonist: arrow indicates the time of ADMSC transplantation; * – p < 0.05 
compared to day 0; + – p < 0.05 compared to NP without treatment; # – p < 0.05 compared to NP + ADMSC; ! – p < 0.05 compared 
to NP + AM630 + ADMSC 

T A B L E   1
NOCICEPTIVE SENSITIVITY PARAMETERS IN RATS WITH PN AFTER ADMINISTRATION OF AM630 ANTAGONIST 
TO THE SITE OF SCIATIC NERVE INJURY

Parameters MWT (left paw), g MWT (right paw), g TWL, s

Day 0 133.2 ± 1.3 132.5 ± 1.0 19.1 ± 0.6

Day 7 91.2 ± 1.8* 133.9 ± 0.9 10.6 ± 0.3*

15 min after AM630 injection 94.5 ± 2.1* 131.6 ± 1.3 10.7 ± 0.3*

Note. * – p < 0.05 compared to day 0.
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(p  >  0.05), whilst TWL was 13.1  % lower than the  values 
of  the  NP  +  ADMSC group and  was  not statistically sig-
nificantly different from the group with NP without treat-
ment (p > 0.05). By day 21, both parameters in this group 
were lower than those in the rats that had only received  
ADMSC by 8.3 % (p < 0.05) and 18.5 % (p < 0.001), respective-
ly, but higher than those in the NP + AM630 + ADMSC group 
by 5.6 % and 13.8 %, respectively (p < 0.05). By day 90, a de-
crease in MWT to 117.0 ± 1.5 g (p < 0.001 to NP group with-
out treatment; p < 0.001 to NP + ADMSC group) and TWL 
to 11.3 ± 0.2 s (p > 0.05 to NP without treatment; p < 0.001 
to PN + ADMSC) were observed.

By  comparing both methods of  pharmacologi-
cal blockade of  CB2-receptors it  was revealed that  af-
ter transplantation of  ADMSC preincubated with 
AM630 there was observed an increase of MWT relative 
to NP + AM630 + ADMSC group on day 21 of the study 
by 5,6 % (p < 0.05), and also a decrease of TWL on day 14 

by 8.5 % (p < 0.05) with the subsequent increase on day 21 
of the study by 13.8 % (p < 0.02). At later terms of the study 
no  statistically significant differences in  the  studied in-
dices between these groups were revealed. Overall,  
ADMSC transplantation following local injection of AM630 
resulted in a more pronounced reduction in the antinoci-
ceptive action of ADMSC.

Dynamic gait parameters. In the untreated NP group, 
a reduction in the duration of the ipsilateral paw stand du-
ration to 91.0 % (p < 0.001) and of the duty cycle to 95.4 % 
(p < 0.001) was observed from day 7 of the experiment, with 
no statistically significant differences in the swing duration 
(p > 0.05; Fig. 2c). By day 21 of the study, there was an adap-
tive recovery of the above parameters (Fig. 2a, b).

After ADMSC injection at  a  dose of  1  ×  106  cells/ kg 
into the  area of  sciatic nerve transection, the  recov-
ery of  the  stand duration (up to  98.4  %) and  duty cy-
cle (up  to  101.9  %) was observed by  day  14 (Fig.  2a,  b), 
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and  no  further changes were revealed. After ADMSC in-
jection against the background of pharmacological block-
ade of CB2-receptors in the area of sciatic nerve transec-
tion, the recovery of the stand duration was fixed by day 60 
of  the  study (Fig.  2a), and  of  the  duty cycle  – by  day  90 
of the study (Fig. 2b). On day 28 of the experiment, there 
was a decrease in the stand duration of the ispilateral paw 
compared to the NP group without treatment (by 8.1 %; 
p < 0.005) and duty cycle (by 5.1 %; p < 0.01). Compared 
to the NP + ADMSC group, the stand duration of the ipsilat-
eral paw was shorter on day 21 (7.1 %; p < 0.05) and day 28 
(8.8 %; p < 0.002) of the study; the duty cycle was short-
er on day 14 (6.8 %; p < 0.005) and day 60 (4.9 %; p < 0.02) 
of the study. Pre-AM630-MSC injection of ADMSCs result-
ed in restoration of the stand duration to 99.2 % by day 14 
(p > 0.05 by day 0; p < 0.05 for the NP group without treat-
ment) and of the duty cycle to 100.5 % (p > 0.05 by day 0; 
p < 0.05 for the NP group without treatment). No statisti-
cally significant differences in  dynamic parameters from 
the  NP  +  ADMSC group were revealed, and  the  pattern 
of changes in these gait parameters in these two groups 
was similar.

Sciatic functional index. This index in  the  un-
treated NP group decreased 2.3-fold, by 229.9 % (from 
–7.65  ±  0.30 to  –24.99  ±  2.45; p  <  0.001 compared 
to  the  data on  day  0) by  day  7 of  the  study (Fig.  2d). 
The tendency to recovery of this index was observed only 
from the day 60 of the study, but by day 90 of the study 
no recovery of  SFI to  the  baseline level was observed 
(p < 0.01) (Fig. 2d). After ADMSC transplantation, recovery 
of SFI to –7.75 ± 1.57 was observed by day 14 of the study. 
Further, no statistically significant changes in  SFI were 
observed throughout the  study compared to  the  val-
ues on day 0. If AM630 was administered 15 min before 
ADMSC transplantation, a partial recovery of SFI was ob-
served by day 14 of the study (to –16.75 ± 1.74; p < 0.002 
by  day  0; p  <  0.05 to  the  untreated NP group). From 
day 21 of the study, the index decreased again to the lev-
el of the NP group without treatment (to –26.69 ± 3.05; 
p  <  0.001 by  day  0; p  >  0.05 to  the  NP group without 
treatment). SFI in  this group returned to  baseline only 
by day 90 of the study (to 12.10 ± 1.85), but was not sta-
tistically significantly different from NP without treat-
ment. Compared to the NP + ADMSC group, SFI in this 
group was statistically significantly decreased on day 14 
(p  <  0.001), day  21 (p  <  0.001) and  day  28 (p  <  0.001) 
of the experiment. After transplantation of ADMSC pre-
incubated with AM630, SFI was fully recovered by day 21 
(to –9.16 ± 1.12; p > 0.05 by day 0; p < 0.001 to the NP 
group without treatment). Compared to the NP + ADMSC 
group, SFI in this group was lower on day 14 of the study 
(by 76.4 %; p < 0.005).

Static gait parameters. From day  28 onwards, 
the untreated NP group observed a decrease in the print 
length of the injured paw compared to day 0 to 93.6 % 
(p  <  0.02; Fig.  3a), and  in  the  print width to  96.1  % 
(p < 0.001; Fig. 3b). The print area of the ipsilateral ex-
tremity decreased to  84.5  % of  the  contralateral paw 
(p  <  0.001; Fig.  3c), the  max contact area decreased 

to 84.7 %, (p < 0.005; Fig. 3f), the max intensity decreased 
to 91.5 % (p < 0.001; Fig. 3d), and the mean intensity de-
creased to 98.3 % (p < 0.01; Fig. 3e). No tendency to re-
covery of static gait parameters in animals of this group 
was revealed up to day 90 of observation inclusive.

No statistically significant changes in static parame-
ters were observed after ADMSC transplantation through-
out the study. Relative to the NP group without treatment, 
an increase in print area and max contact area, as well as 
intensity parameters were observed on day 28 (p < 0.005) 
and day 60 (p < 0.02) day of the experiment. When ADM-
SCs were transplanted 15 min after AM630 injection from 
day 21 of the experiment, we observed a decrease in print 
area to 90.2 % of the contralateral paw (p < 0.002 by day 0; 
Fig. 3c). Compared to the NP group without treatment, 
there was a reduction in print width to 93.8 % (p < 0.001), 
max intensity to 102.5 % (p < 0.001), and mean intensity 
to 100.3 % (p < 0.005; Fig. 3b, d, e) on day 21 of the study. 
Relative to the NP + ADMSC group, print area was low-
er on  day  21 (p  <  0.05), day  28 (p  <  0.05) and  day  60 
(p < 0.005) of the experiment; max contact area was low-
er on days 28 and 60 of the experiment (p < 0.05). No oth-
er gait parameters were different when compared with 
the NP + ADMSC group. No statistically significant changes 
in static gait parameters were observed after transplanta-
tion of pre-AM630-ADMSCs against the values before NP 
modelling, as well as against the group of NP + ADMSCs.

Changes in  the  histologic structure of  the  sciat‑
ic nerve. The  content of  normal and  damaged nerve fi-
bres of the distal segment of the sciatic nerve of the ex-
perimental groups was assessed by the state of the mye-
lin sheath and the location of the axial cylinder in the nerve 
fibre. Normal nerve fibres were clearly differentiated axial 
cylinders around which a uniformly stained myelin sheath 
with clear boundaries was observed. Damaged nerve fibres 
were characterized by swelling, vacuolated degeneration 
of myelin sheath, blurring of nerve fibre boundaries, with 
the axial cylinder displaced to the periphery or undetect-
able on histological sections (Fig. 4).

The contents of  normal and  damaged nerve fibres 
in the distal segment of the sciatic nerve in the NP group 
without treatment on  day  21 of  the  experiment were 
13 [11.75; 14] % and 87 [86; 87.5] %, respectively (Table 2; 
Fig. 4c).

After ADMSC transplantation, the  proportion of  pre-
served nerve fibres was statistically significantly high-
er in  the  distal segment of  the  sciatic nerve on  day  21 
of the study compared to the NP group without treatment 
(p = 0.002; Fig. 4a).

After ADMSC injection against the background of phar-
macological blockade of CB2-receptors in the soft tissues 
of the sciatic nerve transection area on day 21 no statisti-
cally significant changes in the content of normal and dam-
aged nerve fibres were observed in comparison with the NP 
group without treatment (p = 0.326), but their number was 
significantly lower in  comparison with the  NP  +  ADMSC 
group (p = 0.004).

By day 90 of the study, 74 [72; 74] % damaged nerve fi-
bres and 13 [11; 14] % undamaged nerve fibres were ob-
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FIG. 3.  
Changes in static gait parameters: print length and print width (a, b), print area (c, f), as well as intensity parameters (d, e) – in rats af-
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served in  NP without treatment (Table  2). After ADMSC 
transplantation, on day 90 of the study, the number of dam-
aged nerve fibres was statistically significantly lower than 
that in NP without treatment (p = 0.001).

After ADMSC injection against the background of  lo-
cal administration of  AM630 antagonist on  day  90 a  de-
crease in the proportion of damaged nerve fibres was ob-
served in  comparison with the  NP group without treat-

  
     а                     b             c
FIG. 4.  
Myelin nerve fibres of rat sciatic nerve: a – preserved nerve fibres of the distal sciatic nerve fragment of an animal from the group after in-
jection of ADMSCs, day 21; b – presence of dystrophically altered nerve fibres (arrows) in the distal sciatic nerve fragment of an animal from 
the group of NP + preAM630-ADMSCs, day 21; c – presence of dystrophically altered nerve fibres (arrows) in the distal sciatic nerve fragment 
of the group of NP animals without treatment. Hematoxylin and eosin staining, magnification ×400

T A B L E   2
STRUCTURE OF NORMAL AND DAMAGED NERVE FIBRES OF THE DISTAL SEGMENT OF THE SCIATIC NERVE 
OF THE EXPERIMENTAL GROUPS ON DAYS 21 AND 90 OF THE STUDY

Group % of normal nerve fibers % of damaged nerve fibers

Day 21 of the study

Untreated NPs 13 [11.75; 14] 87 [86; 87.5]

NP + ADMSCs 86 [84; 86]* 14 [13; 16]

NP + AM630 + ADMSCs 48 [48; 48]# 52 [51; 52]#

NP + pre-AM630-ADMSCs 55 [49; 55] 45 [38; 51]

Day 90 of the study

Untreated NPs 26 [25; 28] 74 [72; 74]

NP + ADMSCs 61 [61; 63]* 37 [37; 39]*

NP + AM630 + ADMSCs 37 [26; 37]# 63 [60; 74]#

NP + pre-AM630-ADMSCs 65 [56.5; 65]*; ! 35 [32; 43.5]*; !

Note. * – p < 0.05 to NP without treatment; # – p < 0.05 to NP + MSC; ! – p < 0.05 between preincubation and local injection (Kruskal – Wallis criterion).
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ment (p  =  0.008) and  an  increase in  comparison with 
the NP + ADMSC group (p = 0.036). Pre-AM630-MSC trans-
plantation resulted in a decrease in  the number of dam-
aged nerve fibres and an  increase in  the number of nor-
mal nerve fibres by day 90 of  the study compared to NP  
without treatment (p  =  0.042) and  was comparable 
to the NP + ADMSC group.

DISCUSSION

ADMSC transplantation is  currently positioned as 
an effective method to reduce the progression of pain 
syndrome of  inflammatory [21] and neurogenic origin 
[6–11]. ADMSC effectiveness in  suppressing nocicetp-
tive sensitivity disorders, such as mechanical and ther-
mal hyperlagia and  allodynia has been demonstrated 
in experimental models of chronic ligation of the sciat-
ic nerve [8] and infraorbital nerve [9] in rodents, as well 
as in models of partial [8, 10] and complete traumatic 
nerve injury [6, 7], a model of streptozotocin-induced di-
abetic polyneuropathy [11]. However, the mechanisms  
of ADMSC realised effects are still being studied. The en-
docannabinoid system is known to be involved in the in-
hibition of  nociceptive signal transduction and  trans-
mission in both peripheral tissues and the central nerv-
ous system, and modulation of  its components serves 
as one of the targets of pain relief in neuropathic pain. 
Conversely, ADMSCs express components of the endo-
cannabinoid system, in  particular, CB1 and  CB2 recep-
tors [14–16], the activation of which increases their se-
cretion of  such factors as vascular endothelial growth 
factor, transforming growth factor-beta and hepatocyte 
growth factor [16]. Moreover, activation of  the CB2 re-
ceptor on MSC leads to decreased production of inter-
leukin (IL) 6, IL-8 and tumour necrosis factor α, as well 
as increased IL-10 [13, 15, 22]. From the evidence avail-
able in the literature, the authors suggested that CB2 re-
ceptors mediate immunomodulatory and antinocicep-
tive effects of ADMSCs.

The data obtained in this study indicate that pharma-
cological blockade of  CB2-receptors both on  the  mem-
branes of MSCs and in the soft tissues surrounding the site 
of sciatic nerve injury, reduces the antinociceptive effect 
of ADMSCs at their transplantation into the site of sciatic 
nerve transection in rats, which was revealed by the lack 
of MWT and TWL recovery in the respective groups of an-
imals, as well as worsening of mechanical and thermal hy-
peralgesia at the later stages of the study (Fig. 1a, b). Block-
ade of CB2-receptors on MSCs significantly slowed down 
SFI recovery (Fig.  2d), and  their deactivation in  tissues 
in the area of sciatic nerve transection completely abol-
ished the SFI restoring effect of MSCs (Fig. 2d). The above-
mentioned facts in  aggregate allow to  assume at  least 
weakening of antinociceptive properties of ADMSC in re-
sponse to blockade of the indicated receptor.

The histological study of  the  sciatic nerve distal 
segment revealed the  protective effect of  MSC, which 
was manifested in weakening of degenerative changes 

of nerve fibres. Both methods of CB2 receptor blockade 
abolished the  mentioned protective effect of  ADMSC 
against the injured nerve fibres. The content of the lat-
ter on day 21 of the experiment did not differ in these 
groups from that in untreated animals (Table 2). In addi-
tion, at late study periods (90 days), CB2-receptor block-
ade in ipsilateral soft tissues was accompanied by a high-
er proportion of injured nerve fibres than in the NP + pre-
AM630-MSC group (Table  2). In summary, the  results 
of this study indicate the involvement of CB2 receptors 
in  the  mechanisms of  the  ADMSCs protective effects. 
In this case CB2-receptor blockade applied to peripheral 
nerve fibres has a greater effect on the MSC reparative 
potential, and pharmacological inactivation of these re-
ceptors on stem cells themselves – to their antinocice-
ptive action.

CONCLUSION

It has been experimentally confirmed that pharmaco-
logical blockade of CB2-receptors both on ADMSC mem-
branes and in the peripheral nerve injury area decreases 
antinociceptive and  reparative effect of ADMSC at  their 
local transplantation. This indicates the direct participa-
tion of these receptors in the protective effects realised 
by MSCs. Further study of the CB2-receptor stimulation ef-
fect will allow to estimate the degree to which the antino-
ciceptive and reparative effects of ADMSCs are enhanced 
when they have been transplanted into the site of periph-
eral nerve injury.
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ABSTRACT

A critical analysis of the literature on the structure and properties of alpha-synuclein 
under physiological and pathological conditions is presented, when the conformation 
of this protein changes, which contributes to its aggregation and changes in localiza-
tion features in brain structures in such neurodegenerative diseases as Parkinson’s dis-
ease, dementia with Lewy bodies, multiple systemic atrophy and Alzheimer’s disease.
It has been shown that the toxic effect of conformationally altered alpha-synuclein 
can indirectly affect the functions of neurons due to its interaction with neuroglial 
cells, primarily microglia and astrocytes, and can also modulate the aggregation 
and expression of other proteins that are functionally important for the development 
of neurodegeneration.
Further study of the mechanisms of interaction of conformationally altered alpha-
synuclein with other proteins and clarification of the relationship between its accu-
mulation in brain structures and neuronal dysfunction remains relevant for modern 
neurology.
Literature search was carried out in the “PubMed” and “eLIBRARY” databases.

Key words: conformations of alpha-synuclein, neurons, neuroglia, Parkinson’s 
disease, dementia with Lewy bodies, multiple system atrophy, Alzheimer’s disease
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РЕЗЮМЕ

Представлен критический анализ литературы о строении и свойствах 
альфа-синуклеина в физиологических условиях и в условиях патологии, ког-
да изменяется конформация этого белка, что способствует его агрегации 
и изменению особенностей локализации в структурах головного мозга 
при таких нейродегенеративных заболеваниях, как болезнь Паркинсона, 
деменция с тельцами Леви, множественная системная атрофия и болезнь 
Альцгеймера.
Показано, что токсическое действие конформационно изменённого альфа-
синуклеина может опосредованно влиять на функции нейронов вследствие 
его взаимодействия с клетками нейроглии, в первую очередь с микроглией 
и астроцитами, а также может модулировать агрегацию и экспрессию 
других белков, функционально значимых для развития нейродегенерации.
Дальнейшее исследование механизмов взаимодействия конформационно 
измененного альфа-синуклеина с другими белками и уточнение взаимосвязи 
между его накоплением в структурах головного мозга и дисфункцией нейро-
нов остаются актуальными для современной неврологии.
Поиск литературы проводился в базах данных «PubMed» и «eLIBRARY».

Ключевые слова: конформации альфа-синуклеина, нейроны, нейроглия, 
болезнь Паркинсона, деменция с тельцами Леви, множественная системная 
атрофия, болезнь Альцгеймера

Для цитирования: Сальков В.Н., Воронков Д.Н. Накопление агрегированного альфа-
синуклеина в структурах нервной ткани при нейродегенеративных заболеваниях. 
Acta biomedica scientifica. 2023; 8(6): 153-161. doi: 10.29413/ABS.2023-8.6.14
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INTRODUCTION

Most neurodegenerative diseases associated with old 
age are characterised by  morphochemical signs of  pro-
teinopathies, i.e. impairment accompanied by disturbanc-
es in  the  structure of  certain proteins (alpha-synuclein, 
tau-protein, beta-amyloid, etc.) and their metabolism [1]. 
The most common diseases in this group are Parkinson’s 
(PD) and Alzheimer’s (AD) diseases [2]. At their core are pro-
teinopathies associated with impaired aggregation of al-
pha-synuclein, a protein that accumulates in brain struc-
tures [3]. In experiments on laboratory animals and studies 
using brain autopsy material in the mentioned nosological 
forms of alpha-synucleinopathies, the peculiarities of chang-
es in the structure of this protein have been revealed [4], 
but the peculiarities of its accumulation in nervous tissue 
in these and other forms of alpha-synucleinopathies have 
been studied insufficiently.

THE AIM OF THE STUDY

To characterise the peculiarities of aggregated alpha-
synuclein accumulation in neural tissue structures in neuro-
degenerative diseases based on the analysis of  literature 
sources.

GENERAL CHARACTERIZATION  
OF ALPHA-SYNUCLEIN AND  
ITS BIOCHEMICAL PROPERTIES

Alpha-synuclein is a  small protein (molecular mass 
not exceeding 40 kilodaltons) that is synthesised mainly 
in the cytoplasm and presynaptic terminals of neurons 
of the human and vertebrate central nervous system [5]. 
The structure of this protein distinguishes between a hy-
drophobic central domain, known as  the  non-amyloid 
component, and two terminal areas: one is the N-termi-
nal, which  exhibits amphipathic properties and inter-
acts with cell membranes, and the other area is the neg-
atively charged C-terminal, which contains several phos-
phorylation sites [6]. The non-amyloid component accu-
mulates in high concentrations in senile plaques during 
AD [7], the N-terminus has the ability to undergo most 
of the known mutations associated with PD – A53T, A30P 
as well as E46K, G51D and H50Q [8], and phosphoryla-
tion (by serine) of site-129 of the C-terminus causes im-
paired polymerisation and aggregation of alpha-synucle-
in with subsequent formation of intracellular inclusions 
in  brain structures, which is charac teristic of  both PD 
and other alpha-synucleinopathies (dementia with Lewy 
bodies (DLB), multiple system atrophy (MSA), etc.) [9]. 
Compared to  other synucleins with a  similar structure 
to  alpha-synuclein, it has a  significant level of  expres-
sion in brain structures (compared to gamma-synuclein) 
and is capable of aggregation (compared to beta-synu-
clein, which has no non-amyloid component in its struc-
ture) [10].

Alpha-synuclein is characterized by structural diversity. 
Thus, while in physiological conditions it is located in cells 
in the state of a monomer (non-toxic low-molecular poly-
peptide capable of polymerisation reactions), in the above-
mentioned neurodegenerative diseases its structure chan-
ges, which promotes its self-organisation first into oligom-
ers (dimers, trimers, tetramers), which consist of single mon-
omers, and later, by transforming all or part of the previous-
ly unstructured polypeptide into well-defined β-sheet-rich 
secondary structures (insoluble filaments or fibrils) [11], 
penetrating into other neurons, “recruiting” endogenous 
alpha-synuclein into them, and forming new insoluble ag-
gregates [12]. Due to the ability of pathological forms of al-
pha-synuclein to be transmitted from neuron to neuron, 
alpha-synucleinopathies are often correlated with prion 
diseases [13] and it is assumed that, by analogy with pri-
on diseases, which are caused by different strains of pri-
ons that differ in their biochemical characteristics (ability 
to be cleaved by proteinase K, glycosylation capacity, etc.), 
different alpha-synucleinopathies may also be associated 
with different “strains” of pathological alpha-synuclein [14]. 
As evidence, the observation that the pathological process 
in the limbic cortex, as well as in other areas of the brain, 
develops much faster in DLB than in PD [15] is provided, 
and it is suggested that this may be due to the fact that 
these diseases are caused by different “strains” of alpha-sy-
nuclein [6]. Such evidence is not conclusive, however, since 
to date no biochemical differences have been demonstrat-
ed between the types of alpha-synuclein that accumulates 
in cortical structures during PD and DLB. It would appear 
that a more significant argument in  favour of the “prion 
hypothesis” is the fact that wild-type alpha-synuclein con-
tains glutamate at amino acid residue 46 and lysine in cas-
es of hereditary forms of PD [16]. The change in this resi-
due is sufficient to prevent alpha-synuclein conformation, 
which accumulates in hereditary forms of PD, from adopt-
ing any of the conformations that alpha-synuclein protofi-
brils have in MSA.

Alpha-synuclein under physiological conditions 
can be found in the cell in a membrane-bound and solu-
ble stable state; the latter was discovered by examining 
the proteins in human erythrocytes using analytical cen-
trifugation [17, 18]. In cells, alpha-synuclein binds to lipid 
membrane structures such as  liposomes, lipid droplets 
and lipid rafts, which require the presence of oxidised li-
pids [19] such as  phosphatidylserine or phosphatidylin-
ositol and involves membrane interaction with lysines 
found in the structure of this protein. Binding to negative-
ly charged lipid membrane structures causes alpha-synu-
clein to acquire a helical conformation [20]. This form of al-
pha-synuclein is thought to be observed in cells as  two 
variants: a single elongated α-helix and a broken α-helix 
represented by  two antiparallel non-interacting helices 
[21]. Molecular modelling methods have been used to re-
veal that the formation of an elongated α-helix is promot-
ed by the interaction of alpha-synuclein with membrane 
structures of large diameter (~100 nanometres or more), 
while its interaction with membrane structures of small-
er diameter promotes the formation of a broken α-helix 
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[22]. The above spiral shapes appear to be characteristic 
of native alpha-synuclein under physiological conditions, 
whereas under pathological conditions it takes the form 
of a β-sheet. This alpha-synuclein conformation is asso-
ciated with the processes of aggregation of this protein, 
formation of  fibrils and their deposition in  Lewy’s bod-
ies, which  are formed in  the  black substance neurons 
of the brain as a result of PD [23]. The β-sheet alpha-synu-
clein conformation is thought to be neurotoxic, but the ex-
act genesis of this form remains unclear [24].

ALPHA-SYNUCLEIN TOXICITY  
AND ITS INTERACTION WITH NEURONAL 
DYSFUNCTION

Serine phosphorylated alpha-synuclein (α-Syn-p129) 
was found experimentally to  be highly toxic regardless 
of  the  size of  its aggregates accumulating in  nerve cells 
and neuropil [25]. Accordingly, it was revealed that if both 
single oligomers of α-Syn-p129 and its larger aggregates 
(fibrils) obtained from PD patients were stereotactically 
injected into the brain shell structures of adult baboons, 
which in turn were isolated from Lewy’s bodies of autopsy 
brains of individuals with PD (brain donation programme 
of  the Brain Bank ‘GIE NeuroCEB’), then in 2 years in ex-
perimental animals, regardless of the size of alpha-synu-
clein fractions administered to them, neurodegeneration 
developed in  the  compact part of  the  black substance 
of  the brain, leading to the death of not only dopamine 
neurons, but also other neurons. The cytotoxicity of alpha-
synuclein may be attributed to its ability to bind to large 
curvature membranes [26], which is a common property 
for amphipathic α-helices and is explained by the fact that, 
compared to flattened membranes, large curvature mem-
branes provide a higher density of binding sites for helix-
shaped proteins when interacting with lipid membrane 
structures [27]. Furthermore, it is suggested that in impair-
ment, alpha-synuclein, by acting on mitochondrial mem-
branes, may cause their fragmentation [28]. At the same 
time, binding mainly to  the  inner mitochondrial mem-
brane, it can interact with complex I, which reduces mito-
chondrial activity and increases autophagy (mitophagy) 
of these structures [29].

The  neurotoxicity of  α-Syn-p129 is also manifest-
ed in the fact that it can induce the influx of calcium ions 
into the cell both directly, through the formation of pore-
like ring structures in the plasma membrane [30], and indi-
rectly, through the activation of potential-dependent N-type 
calcium channels [31], as a result of which the concentra-
tion of calcium ions in neurons increases, and the cell mem-
brane of the nerve cell depolarises, which leads to the re-
lease of neurotransmitters.

The  toxicity of  alpha-synuclein conformation 
may  be  associated with the  loss of  the  helical confor-
mation by this protein [32]. The relative stability of hel-
icality was  demonstrated in  an  in  vitro experiment 
in  which  the  addition of  small single-layer negatively 
charged lipid vesicles did not induce significant conforma-

tional changes in the native alpha-synuclein tetra mer [17]. 
However, exposure to  a  number of  factors, such as  ge-
netic mutations, aging, inflammatory process, and  en-
vironmental toxins, can contribute to the fact that it lo-
ses the orderliness of its structure and consequently lo-
ses its helical conformation, taking the form of an insuf-
ficiently structured protein, i.e. β-sheet [33]. Such alpha-
synuclein conformation is adopted in neurodegenerative 
diseases, the development of which is induced by oxida-
tive stress and accumulation of nitric oxide (II) in ner vous 
tissue [34]. Alpha-synuclein oligomers formed during ox-
idative stress are phosphorylated and as a result hydro-
gen peroxide molecules are released [35]. This process 
results in  the presence of  transition metal ions exhibit-
ing redox properties: Fe (II), Cu (I) and others. Metal ions, 
binding to  the  alpha-synuclein molecule, form specific 
oxygen bridges that are destabilised when the alpha-sy-
nuclein conformation changes and oligomerises. This re-
leases superoxide anion, which subsequently undergoes 
reversible conversion to hydrogen peroxide [36]. Nitro-
sative stress, in  which the  formation of  active nitrogen 
forms exceeds the possibilities of their neutralisation or 
elimination, leads to  the  formation of  covalent bonds 
between nitric oxide (II) and specific thiol groups of pro-
teins and can be considered as a probable mechanism, 
contributing to NO-induced incorrect aggregation of var-
ious proteins, including alpha-synuclein [37], which is con-
firmed by the detection of nitrosylated alpha-synuclein 
in Lewy’s bodies, which are localised in brain structures 
during PD [38].

The relationship between the accumulation of high-
ly toxic α-Syn-p129 in  neurons and their dysfunction, 
however, remains unclear [39]. The number of neurons 
in the black substance significantly decreases even be-
fore the  development of  the  main clinical symptoms 
of PD or at early stages of the disease (from 50 to 90 %) 
[40], which, according to studies of the relationship be-
tween neuronal loss and the accumulation of α-Syn-p129 
in dopamine neurons of the black substance in this im-
pairment, suggests that its accumulation in brain struc-
tures is not as significant as the loss of nerve cells [39]. 
In other nervous system entities, such as the enteric nerv-
ous system, the clinical manifestations of Parkinsonism 
are not related to neuronal death but to the accumula-
tion of α-Syn-p129 in nervous tissue [41]. Simultaneous-
ly, transgenic mice with high expression of wild-type al-
pha-synuclein showed impaired behavioural responses 
associated with changes in olfaction, intestinal peristalsis 
and motor activity, but they did not reveal morphological 
signs of neurodegenerative process [42]. Besides, mor-
phological signs of alpha-synuclein accumulation were 
observed in autopsy material of the midbrain of elderly 
people who died from intercurrent diseases, but no neu-
rological symptoms were revealed in these people during 
their lifetime [43]. Accordingly, it is suggested that the ac-
cumulation of aggregated alpha-synuclein in the brains 
of  neurologically healthy individuals is an  adaptive re-
sponse of  the  organism, and the  increase in  morpho-
chemical indicators of  the  neurodegenerative process 
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in the brains of PD patients is the result of the accumu-
lation of toxic α-Syn-p129.

Consequently, despite the high toxicity of α-Syn-p129, 
the excessive accumulation of this protein in nervous tis-
sue alone is clearly insufficient for the development of neu-
rodegeneration, and its actual role in  the  development 
of this process remains to be determined.

The  information about the  structural characteristics 
of aggregated alpha-synuclein and its neurotoxicity out-
lined above was obtained mainly in experimental animal 
studies. Accordingly, they do not provide a complete pic-
ture of the morphological basis and possible mechanisms 
of  pathogenesis of  alpha-synucleinopathies. Meanwhile, 
these data significantly expand and supplement the data 
of  pathomorphological studies performed by  immuno-
histochemical methods on  autopsy material of  patients 
with alpha-synucleinopathies.

ALPHA-SYNUCLEIN LOCALIZATION  
AND ACCUMULATION  
IN PARKINSON’S DISEASE

Localisation of  α-Syn-p129 during PD, considered 
as  an  alpha-synucleinopathy, is observed not  only 
in the central (CNS) but also in the peripheral nervous sys-
tem [44], and in the latter this protein often starts to accu-
mulate earlier than in the CNS [45]. This can probably ex-
plain the  earlier appearance during PD of  symptoms in-
dicating peripheral cranial nerve damage (hyposmia, re-
duced visual contrast and colour discrimination), symp-
toms of  gastrointestinal and cardiovascular dysfunction, 
and the later appearance of symptoms of motor disorders, 
which are considered to be the main clinical manifestations 
of the disease [44].

The sequence of α-Syn-p129 deposition in different 
parts of the nervous system revealed in pathomorpho-
logical studies formed the basis for the scheme of clinical 
and morphological stages of PD, which considered the in-
volvement of both peripheral and central parts of the ner-
vous system in the pathological process and postulated 
the  spread of  pathological changes from caudal brain 
formations to  cortical formations [46]. Furthermore, 
the  “double hit” hypothesis has been proposed to  ex-
plain the progression of PD in terms of matching the se-
quence of stages of the clinical picture of the disease with 
the morphological changes observed [47]. Based on this 
hypothesis, an unknown neurotropic pathogen (presum-
ably a virus) can penetrate through the olfactory tract and 
the fibres of the vagus nerve innervating the digestive 
system into brain structures: in the first case into the tem-
poral lobe, in the second case into the medulla oblonga-
ta, pons cerebelli and mesencephalon. In the latter for-
mation, namely in  the  compact part of  the  black sub-
stance, there is a secondary accumulation of α-Syn-p129 
in  the  form of  Lewy’s bodies localised both in  the  cy-
toplasm of  neurons and  outside the  cells, resulting 
in the death of dopamine neurons. Initially, α-Syn-p129 
accumulates either in the olfactory bulbs or in the dor-

sal motor nucleus of  the  glossopharyngeal and  vagus 
nerves. The hypothesis was confirmed by cross-section-
al analysis of pathological changes in brain samples from 
individuals with PD who died as a result of intercurrent 
diseases. The scheme of PD stages and the “double hit” 
hypothesis, despite its popularity, have been repeated-
ly and justifiably criticised by the scientific community. 
Consequently, α-Syn-p129 accumulations were revealed 
simultaneously in various brain formations, thus refuting 
the possibility of  this protein spreading only in  the di-
rection from the medulla oblongata to the mesenceph-
alon and cerebrum structures [48]. Besides, the concept 
did not explain the presence of oligomeric alpha-synu-
clein in elevated amounts in the plasma and liquor of PD 
patients [49]. Finally, the scheme to define the clinical and 
morphological stages of PD was questioned by the au-
thor himself [50].

It is currently believed that impaired alpha-synucle-
in aggregation, and subsequently its accumulation, oc-
curs simultaneously in  several structures of  the  central 
and peripheral nervous system already at the latent stage 
of the neurodegenerative process [51]. Furthermore, sin-
gle-photon emission computed tomography revealed 
that different clinical scenarios of PD course correspond 
to  the  involvement of  different structures of  the  nerv-
ous system in the pathological process [52], and the ac-
cumulation of α-Syn-p129 in the nervous tissue is not al-
ways the cause of dopamine neuron death in this disease 
[53]. The accumulation of α-Syn-p129, however, can acti-
vate microglia whose activity level corresponds to the de-
gree of neurotoxicity [54], and, in addition, oligomeric al-
pha-synuclein enhances the  phagocytic function of  mi-
croglia [55].

C o n s e q u e n t l y ,  α - S y n - p 1 2 9 ,  w h i c h  a c c u m u-
lates in  brain structures during PD, can apparent-
ly have  the  same toxic effect on  dopamine neurons 
of the black substance as other pathogenic factors: met-
al ions, pesticides, etc. [56].

ALPHA-SYNUCLEIN ACCUMULATION  
IN OTHER NEURODEGENERATIVE DISEASES

Clinically, DLB is very similar to dementia during PD 
[57], and they are distinguished using the “1-year rule”: 
if dementia occurs against the background of PD at least 
1 year after diagnosis, the case is considered as ‘demen-
tia in  Parkinson’s disease’; if dementia precedes or oc-
curs simultaneously with the  appearance of  clinical 
symptoms of Parkinsonism or it develops within a year 
after their appearance, DLB is diagnosed. Both diseas-
es are characterised by  the  accumulation of  aggregat-
ed alpha-synuclein in the form of Lewy bodies and Lewy 
neurites, which in autopsy brains of individuals with PD 
are revealed only in brainstem and limbic system struc-
tures, while in DLB and dementia developed on the back-
ground of PD, they are also found in the neocortex [58]. 
Positron emission tomography and pathomorphology re-
vealed that cortical atrophy in DLB was more pronounced 
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than in  dementia developed on  the  background of  PD 
[59]. However, the number of Lewy bodies in the limbic 
region, especially in  the CA2 field of  the hippocampus, 
and in the temporal region of the neocortex was signif-
icantly higher during DLB than in  dementia developed 
on  the  background of  PD [60], and in  the  latter case 
there was significantly higher death of  dopamine neu-
rons in the black substance [61]. Moreover, DLB is charac-
terised by loss of dopamine neurons in the medioventral 
segment of the black substance, whereas dementia in PD 
is characterised by loss of dopamine neurons in its dor-
solateral segment.

Along with the  fact that aggregated alpha-synucle-
in in the structures of nervous tissue was revealed in PD 
and DLB, it was also observed in MSA [62], but, unlike PD 
and DLB, alpha-synuclein deposits in MSA were mainly ac-
cumulated in  the  cytoplasm and nuclei of  oligodendro-
cytes, and they were also observed in the bodies and out-
growths of neurons [63]. Autopsy samples from the cere-
brum (n = 14) and spinal medulla (n = 11) of MSA patients 
revealed alpha-synuclein inclusions in the cytoplasm of gli-
al cells in structures of the motor cortex, putamen, pontine, 
medulla oblongata, and suprasegmental centres of the au-
tonomic nervous system [64], as well as in the caudate nu-
cleus, external pallidum, black substance, locus coerule-
us, and cerebellum [65]. Considering that alpha-synucle-
in is not  expressed in  significant amounts in  oligoden-
drocytes under physiological conditions, it is not  clear 
how  its aggregated form accumulates in  the  cytoplasm 
of glial cells in impairment [66]? In addressing this issue, 
some authors believe that pathological inclusions in neu-
roglia can be formed on the basis of aggregated alpha-sy-
nuclein, which is released from neurons and then captured 
by neighbouring astrocytes [67], while others suggest that 
the cause of accumulation of alpha-synuclein aggregates 
in oligodendrocytes is SNCA gene activation [66]. In addi-
tion, in vivo experiments demonstrated that oligodendro-
cytes can internalize aggregated alpha-synuclein when ad-
ministered to mice [68].

AD in a significant number of cases (up to 50 %) mani-
fests accumulation of aggregated alpha-synuclein in brain 
structures [69], mainly in the amygdala [70], albeit its ac-
cumulation is not  considered a  characteristic patho-
morphological sign of  this disease. For  instance, on  au-
topsy brains by  immunohistochemical methods, Lewy 
bodies were found during AD in 10 out of 22 cases [71] 
and were detected in the bodies rather than in the out-
growths of neurons [72]. It is suggested that alpha-synu-
clein during AD directly interacts with Aβ-peptide and tau-
protein, and this contributes to the mutual aggregation 
of  these proteins [73]. Meanwhile, it has been also re-
vealed that injection of tau-protein grains and preformed 
fibrils derived from purified recombinant alpha-synuclein 
into the hippocampus and cortical plate region of labora-
tory mice significantly increases the number of tau-posi-
tive neurons but does not affect the number of alpha-sy-
nuclein-positive neurons [74].

Consequently, alpha-synuclein can modulate the ag-
gregation and expression of  other proteins functionally 

relevant for the development of neurodegeneration dur-
ing AD, but the effect of these proteins on alpha-synucle-
in aggregation has not been proven to date.

CONCLUSION

It has therefore been established to  date that al-
pha-synuclein under physiological conditions is found 
in  the  cytoplasm of  neurons and presynaptic terminals 
of axons. In  impairment it can change its conformation 
and acquire neurotoxic properties, which are being real-
ised as a result of its interaction with elements of neuro-
glia, primarily with microglial cells and astrocytes. Moreo-
ver, it can modulate the expression of other neuronal pro-
teins functionally relevant in neurodegenerative diseases 
such as PD, DLB, MSA and AD. Along with this, the data 
about the accumulation of aggregated alpha-synuclein 
in the structures of nervous tissue do not allow us to ful-
ly establish its role in the pathogenesis of these diseases, 
but this seems possible if we continue to study the mech-
anisms of  its interaction with other proteins and clarify 
the relationship between its accumulation in brain struc-
tures and neuronal dysfunction.
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ABSTRACT

Background. One of  the  promising methods of  treating tumors is virotherapy, 
which  is based on  direct lysis of  cancer cells by  a  virus and a  virus-mediated an-
titumor immune response of  the  body. For  the  recombinant vaccinia virus strain  
VV-GMCSF-Lact, producing human GMCSF and the  oncotoxic protein lactaptin, 
cytotoxic and  antitumor effects were shown in  experiments in  vitro and in  vivo, 
respectively, when using adherent cultures of U-87 MG human glioblastoma cells. 
3D cultures are a more relevant tumor model than adherent models, as they more 
fully reflect the  realistic scenario of  cancer development, as  well as  the  response 
of the tumor to anticancer therapy.
The  aim of  the  study. To  evaluate the  cytotoxic effect of  the  oncolytic virus  
VV-GMCSF-Lact against 3D cultures of human glioblastoma U-87 MG.
Materials and methods. The following methods were used in the work: cultivation 
of 3D cell cultures, cytofluorometry, microscopic analysis, virus titration, and statisti-
cal analysis.
Results. U-87 MG cells were transduced with a lentiviral vector carrying the GFP 
reporter gene. The cytotoxicity of the VV-GMCSF-Lact virus (IC50) against the studied 
cells was 0.024 PFU/cell. U-87 MG cells were cultured under conditions for the forma-
tion of 3D structures. Microscopic analysis showed the oncolytic effect of the virus 
on the cells of 3D cultures as early as 24 hours after the start of  incubation. Flow 
cytometry showed an increase in the granularity of glioblastoma cells under the ac-
tion of the virus, which indicates active replication of the virus in the cells. The virus 
titer was 0.44 PFU/cell.
Conclusion. The recombinant VV-GMCSF-Lact virus has a cytotoxic effect on 3D hu-
man glioblastoma U-87 MG cell cultures and actively replicates in them. In the future, 
to test the oncolytic effect of VV-GMCSF-Lact, it is planned to use not only 3D human 
glioblastoma cultures, but also cerebral organelles obtained in the process of cocul-
tivation of glioblastoma cells and induced human pluripotent cells.

Key words: glioblastoma, neurospheres, oncolytic virus, VV-GMCSF-Lact
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РЕЗЮМЕ

Обоснование. Одним из перспективных методов лечения опухолей являет-
ся виротерапия, в основе которой лежит прямой лизис вирусом опухолевых 
клеток и вирус-опосредованный противоопухолевый иммунный ответ 
организма. Для рекомбинантного штамма вируса осповакцины VV-GMCSF-
Lact, продуцирующего GMCSF человека и онкотоксический белок лактаптин, 
показано цитотоксическое и противоопухолевое действие в экспери-
ментах in  vitro и  in  vivo соответственно при использовании адгезивных 
культур клеток U-87 MG глиобластомы человека. 3D-культуры являются 
более релевантной моделью опухоли в сравнении с адгезивными моделями, 
так как более полно отражают реалистичный сценарий развития опухо-
левого процесса, а также ответа опухоли на противоопухолевую терапию.
Цель исследования. Оценка цитотоксического действия онколитическо-
го вируса VV-GMCSF-Lact в отношении клеток 3D-культур глиобластомы 
человека U-87 MG.
Методы. В работе использовались следующие методы: культивирование 
3D-культур клеток; цитофлуориметрия; микроскопический анализ; титро-
вание вируса; статистическая обработка данных.
Результаты. Клетки U-87  MG были трансдуцированы лентивирусным 
вектором, несущим ген GFP. Цитотоксичность вируса VV-GMCSF-Lact (IC50) 
в отношении исследуемых клеток составила 0,024 БОЕ/клетку. Далее клетки 
U-87 MG культивировали в условиях формирования 3D-структур. С помощью 
микроскопического анализа показано онколитическое действие вируса 
на клетки 3D-культур уже спустя 24 часа после начала инкубации. Мето-
дом проточной цитофлуориметрии показано увеличение гранулярности 
клеток глиобластомы под действием вируса, что указывает на активную 
репликацию вируса в клетках. Титр вируса составил 0,44 БОЕ/клетку.
Заключение. Рекомбинантный вирус VV-GMCSF-Lact оказывает цито-
токсическое действие на 3D-культуры клеток глиобластомы человека 
U-87 MG, активно реплицируется в них. В дальнейшем для тестирования 
онколитического действия VV-GMCSF-Lact планируется использовать 
не только 3D-культуры глиобластомы человека, но и церебральные орга-
ноиды, полученные в процессе сокультивирования клеток глиобластомы 
и индуцированных плюрипотентных клеток человека.

Ключевые слова: глиобластома, нейросферы, онколитический вирус,  
VV-GMCSF-Lact
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INTRODUCTION

Human glioblastoma (GB) or astrocytoma of grade IV 
malignancy is one of the most common types of malig-
nant primary brain tumours, being characterised by high 
invasiveness, heterogeneity and aggressiveness of the tu-
mour process. With a  conventional treatment regimen 
(the  standard therapy for  GB is the  Stupp protocol) in-
cluding surgical resection, radio- and chemotherapy 
with temozolomide, the  survival rate of  patients diag-
nosed with  glioblastoma is only 26.5  %, with  an  over-
all survival rate of more than 10 years of 0.71 % [1]. Ac-
tually, the mean life expectancy after diagnosis is about 
15  months, with  a  survival rate of usually no  more 
than  3  months in  the  absence of  therapy. The  disease 
is more common in men than in women, and the aver-
age age of patients at the time of diagnosis is 64 years. 
As a result, the development of new therapeutic approach-
es for such difficult-to-treat cancers is urgently needed. 
One of the promising methods of tumour treatment is vi-
rotherapy, which is based on direct lysis of tumour cells 
by virus and virus-mediated anti-tumour host immune re-
sponse. The anti-tumour efficacy of recombinant viruses 
can be enhanced by inserting genes of oncotoxic and im-
munomodulatory proteins into their genome.

The recombinant VV-GMCSF-Lact strain of smallpox 
vaccine virus producing human granulocyte-macrophage 
colony-stimulating factor (GMCSF) and the oncotoxic pro-
tein lactaptin was used in this study [2]. VV-GMCSF-Lact 
has previously been shown to  have an  anti-tumour ef-
fect against breast cancer and is currently in clinical trials 
(ClinicalTrials.gov: NCT05376527). Nevertheless, the  ac-
tivity spectrum of this virus is much broader: in particu-
lar, its cytotoxic and anti-tumour effects were revealed 
in in vitro and in vivo trials, respectively, using adherent 
cultures of human glioblastoma U-87 MG [3]. 3D cultures 
are known to be a more relevant tumour model as they 
allow a more complete reproduction of the tumour de-
velopment scenario as  well as  the  response to  anti-tu-
mour therapy.

THE AIM

Assessment of the oncolytic action of VV-GMCSF-Lact 
against 3D-cultured human glioblastoma U-87 MG cells. 
In order to better visualise the cytotoxic effect of the recom-
binant virus, in this study the human glioblastoma U-87 MG 
cells pre-transduced with lentivirus carrying a GFP report-
er gene were used.

METHODS

Cell cultivation
U-87 cells transduced with lentivirus carrying 

GFP gene were cultured in  complete growth medium 
DMEM/ F12 supplemented with 10  % fetal bovine se-
rum (FBS), 2  mM L-glutamine, 1X MEM essential ami-

no acid solution and antibiotic solution (100 U/ml peni-
cillin, 100 mg/ ml streptomycin sulfate) at 37 °C in a CO2 
incubator. To  obtain spheroids, AggreWell™800 micro-
well plates (STEMCELL Technologies, Canada) were treat-
ed with Anti-Adherence Rinsing Solution (STEMCELL 
Technologies, Canada) for 10 minutes and then washed 
with 1X PBS. Cells were dissociated using 0.25 % trypsin 
solution with EDTA and seeded at a rate of 3 × 106 cells 
per  well in  2  ml of  growth medium. Half the  volume 
of the medium was changed the next day. On day 3, sphe-
roids were  washed out of  micro-well plates and trans-
ferred to 10 cm dishes were cultured in a shaker incuba-
tor at 37 °C, 5 % CO2 and constant agitation at 80 rpm, 
changing the medium every 3–4 days.

Assessment of cytotoxic activity  
of VV‑GMCSF‑Lact against U‑87 MG cells

U-87 MG cells were seeded onto a 96-well plate at a con-
centration of 4 × 103 cells per well in 100 μL of phenol red-
free Opti-MEM medium and incubated at 37 °C in a 5 % CO2 
atmosphere. After 24  h, VV-GMCSF-Lact was added 
to the cells. The multiplicity of virus infection ranged from 
0.0012 to 10 PFU per cell. Cells were incubated with the vi-
rus for 72 h. Control cells were incubated under the same 
conditions without the addition of viral preparation. After 
incubation, 10 μL of Deep Blue Viability Kit reagent (BioLe-
gend, USA) was added to the wells and incubated for 4 h 
at 37 °C. The optical density of the solution was measured 
at a wavelength of 570 nm (reference value – 620 nm) us-
ing an Apollo LB 912 spectrophotometer (Berthold Tech-
nologies, Germany). Cell viability was determined relative 
to the viability of control cells (100 %) ± SD following three 
independent experiments.

Assessment of cytotoxic activity  
of VV‑GMCSF‑Lact against 3D‑cultured human 

glioblastoma U‑87 MG cells
3D  cultures of  U-87  MG cells were placed in  wells 

of a 96-well plate at 10 cells per well and cultured in 100 μL 
of complete DMEM/F12 culture medium. After 24 h, the me-
dium was removed and replaced with 50 μl of virus suspen-
sion with a virus titre of 3.3 × 107 PFU/ml. 50 µl of 1 mM TRIS 
HCl (pH = 8.5) was added to control wells. The plate was 
centrifuged for 20 min at 500 rpm to sediment the virus. 
The cells were then incubated in a CO2 incubator at 37 °C 
for 20 min, after which 50 μL of complete DMEM/F12 cul-
ture medium was added. The cytotoxic effects of the virus 
were analyzed at 24 and 72 hours and on day 7 after infec-
tion of cells.

Microscopy
3D  cell culture samples after exposure to  the  virus 

were analysed in vivo, in transmitted light and in the FITC 
green channel using a Nicon Eclipse Ti microscope (To-
kyo, Japan).

Cytofluorimetric analysis
Cell samples after virus exposure were dissociated en-

zymatically using Accumax reagent (Stemcell Technologies, 
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Canada) and analysed with a BD FACS Canto II flow cytom-
eter (Becton Dickinson, USA) using BD Pharmigen FITC An-
nexin V Apoptosis Detection Kit I, according to the manu-
facturer’s instructions with minor modifications: only one 
dye, propidium iodide (PI), was used, as Annexin V – FITC 
should be analysed in the green channel already occupied 
due to the transduction of U-87 MG cells. Cytofluorimetry 
results were analyzed in  FlowJo™ v.  10 Software (Becton 
Dickinson, USA).

VV‑GMCSF‑Lact virus titration
Green monkey kidney 4647 cells were seeded in a 12-

well plate containing 300,000 cells per well, in 2 ml of com-
plete DMEM medium with 10 % fetal serum (FBS) and in-
cubated at  37  °C in  a  5  %  CO2 atmosphere until 90  % 
mono layer formation. 10-fold dilutions of the viral sus-
pension in DMEM medium were prepared. Growth me-
dium was removed from the wells of the plate and 100 µl 
of the appropriate dilution of virus was added to the cen-
tre of  each well. The  plate with cells was incubated 
at 37 °C in a CO2 incubator for 1 hour. Then 2 ml of min-
imum essential medium (DMEM + 2 % FBS) was added 
to the wells and the plate was left at 37 °C in a CO2 incuba-
tor for 48 hours. Afterwards, the minimum essential me-
dium was removed, 1 ml of crystal violet solution was ad-
ded to  the  wells with cells and left for  20  min at  room 
temperature. Then the crystalline violet solution was re-
moved and the plaques were counted.

Statistical analysis
Quantitative variables are presented as mean ± stand-

ard deviation (SD). Each experiment was repeated at least 
three times. Statistical analysis was performed using Graph-
Pad  6.01 (GraphPad Software, USA). Two-factor analy-
sis of variance was used to compare more than two data 
sets. Differences were considered statistically significant 
if p < 0.05.

RESULTS AND DISCUSSION

U-87 MG human glioblastoma cells were transduced 
with a lentiviral construct carrying a GFP reporter gene, 
as it is planned to use these cells for co-culture with hu-
man cerebral organoids in  the  future. The  cytotoxicity 
of the virus against U-87 MG cells was determined by cell 
proliferative activity using resazurin as an indicator. The 
degree of reduction of resazurin and  production of re-
sorufin is proportional to the number of metabolically ac-
tive cells. The IC50 (half maximal inhibitory concentration) 
measured in  CompuSyn software was  0.024  PFU/ cell, 
indicating a   higher sensitivity of   this cell culture  
to VV-GMCSF-Lact virus compared to the non-transduced 
lentivirus U-87 MG cell culture [4].

Formed 3D  cultures of  U-87  MG were incubated 
with VV-GMCSF-Lact, which had a titer of 3.3 × 107 PFU/ ml. 
This amount of viral particles is comparable to that of  in-
tratumoural injection into the  body of  a  laboratory ani-
mal in preclinical trials [3]. The 3D-cultured cells were fur-

ther analyzed 24 and 72 h and 7 days after cell infection. 
It has been revealed that replication of some oncolytic vi-
ruses can increase as early as 24 h after infection of tumour 
cells, however, after 72 h it starts to decrease [5, 6].

Microscopic analysis of  the  samples was performed 
both in  transmitted light and using a  fluorescent filter 
for fluorescein isothiocyanate (FITC). In our study, oncolyt-
ic effect of VV-GMCSF-Lact was observed on a 3D culture 
of U-87 MG cells (Fig. 1).

The structure of 3D-cultures is destroyed and the amount 
of cellular debris increases with extending incubation time 
with virus (“3D-cultures with virus_24 hours”, “3D-cultures 
with virus_72  hours”, “3D-cultures with virus_7  days”), 
whereas in  control wells 3D  cultures (“Control 3D-cul-
tures_24 hours”, “Control 3D-cultures_72 hours”, “Control 
3D-cultures_72 hours”, “Control 3D-cultures_7 days”) remain 
unchanged, preserving clear outlines and smooth edges. 
The intensity of cell death reactions was assessed by the in-
teraction of cells with propidium iodide (PI), a mar ker of ne-
crosis. Unfortunately, no statistically significant difference 
was observed between groups in the number of stained cells 
in the PE channel, possibly due to the presence of necrotic 
core in 3D cultures. As tumour spheroid reaches a diameter 
of more than 500 μm, it is known that the spheroid usually 
exhibits a three-layer concentric structure including an outer 
layer of proliferating cells, a middle layer of quiescent cells 
and a central necrotic zone, with each region at different 
stages of the cell cycle [7]. The complexity of this multilay-
ered structure may be caused by a lack of oxygen and nu-
trients, which is not observed in 2D tumour cell cultures. 
Drugs, soluble metabolites, as well as oxygen concentra-
tion and pH are known to exist as a gradient within the tu-
mour: peripheral cells closer to blood vessels have greater 
access to soluble components and oxygen, which decreas-
es as it diffuses through the extracellular matrix to the tu-
mour core. The concentration gradients of growth factors, 
nutrients, and metabolites create intratumoural heteroge-
neity and affect signalling in the microenvironment, includ-
ing cell function, proliferation, morphogenesis, and chemo-
taxis [8]. A concentration gradient, from a pharmacokinet-
ic point of view, limits the penetration of drugs into the tu-
mour and the attainment of a dosage sufficient to exert ther-
apeutic effects on all cancer cells.

Using cytofluorimetric analysis, a statistically signifi-
cant increase in  side scatter intensity, i.e. cell granulari-
ty of 3D-cultured cells at time points 24 and 72 h (Fig. 2) 
was observed, which indirectly attributes to active replica-
tion of the virus in the cells. For instance, it was previously 
revealed that cell populations with higher SSC (side scat-
ter) intensity had more inclusions, more organelles and vi-
rosomes (viral factories) [9, 10].

To assess the replication efficiency of VV-GMCSF-Lact 
in  3D-cultured human glioblastoma cells, the  virus titre 
was determined on day 7 after cell infection [11]. The virus 
was revealed to replicate efficiently in spheroid cells; the ti-
ter was 0.44 PFU/cell, which is ≈18-fold higher than the IC50 
for the corresponding adherent cultures, further confirm-
ing the literature data about the resistance of 3D cultures 
compared with adherent cells when testing the cytotoxic-
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Control 3D cultures_24 hours Control 3D cultures_24 hours (FITC)

3D cultures with virus_24 hours 3D cultures with virus_24 hours (FITC)

Control 3D cultures_72 hours Control 3D cultures_72 hours (FITC)

3D cultures with virus_72 hours 3D cultures with virus_72 hours (FITC)

Control 3D cultures_7 days Control 3D cultures_7 days (FITC)

3D cultures with virus_7 days 3D cultures with virus_7 days (FITC)

FIG. 1.  
Microscopic image of 3D-cultured cells treated with oncolytic virus VV-GMCSF-Lact and untreated control 3D-cultured cells; microscope 
magnification × 40



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, № 6

167
Oncology

ity of anti-tumour drugs [12]. It is likely that virus replica-
tion occurs in the outer cell layer of the spheroid, but fur-
ther experiments are needed to pinpoint the exact locali-
zation of this process.

Consequently, cells cultured in  larger three-dimen-
sional aggregates mimic the in vivo state by being in dif-
ferent proliferative states based on  nutrient access 
that is limited by a concentration gradient. Whilst 2D cul-
tures are still predominantly used for drug development 
due to their simplicity and compatibility with screening 
platforms, 3D culture systems have numerous advantag-
es over 2D cell culture. Specifically, 3D cell culture models 
more accurately reflect the pathophysiological microen-
vironment that allows tumour cells to aggregate, prolif-
erate and exhibit phenotypes as they do within the body 

[13]. Complex cellular interactions between other cells 
and the three-dimensional matrix are crucial for preserv-
ing the structure, function and motility of tumour cells. 
Since cell migration occurs in three dimensions, the ma-
trix provides a topology that mimics the three-dimension-
al architecture of tissue, allowing cells to attach and inter-
act with the environment.

CONCLUSION

3D  cultures are a  more relevant model for  testing 
anti-tumour drugs compared to adherent models. Ad-
ditionally, the  move to  3D  preclinical models has be-
come more attractive as  improvements in tissue engi-
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а – distribution of 3D-cultured cells by side scatter intensity; flow cytometry; b – average side scatter intensity of 3D-cultured cells treated 
with virus (v_24 h, v_72 h, v_7 d) compared to control group cells (c_24 h, c_72 h, c_7 d)
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neering technologies have made 3D  cell culture more 
adaptable and adjustable to  microenvironmental fac-
tors so  as  to  better reflect the  functional pathology 
of tumours in vivo. The use of 3D cultures allows, among  
other things, to  assess the  ability of  oncolytic drugs 
to  penetrate the  tumour and affect its internal struc-
tures. Meanwhile, the  formation of  a  necrotic tumour 
core complicates the  analysis of  the  oncolytic action 
of the virus by cytometry. Therefore, several analytical 
methods should be applied to assess the anti-tumour ef-
ficacy of therapeutic agents.

Subsequently, it is planned to  use not only 3D  cul-
tures of  human glioblastoma, but also chimeric cere-
bral organoids obtained by co-culturing tumour cells and 
human cerebral organoids to  test the  cytotoxic effect  
of VV-GMCSF-Lact [14]. Such a cell model allows to recre-
ate three-dimensional cytoarchitectonics of  some parts 
of the brain, which  opens unique opportunities to study 
the interaction between tumour cells and brain cells, as well 
as the effect of oncolytic drug on healthy nervous tissue and 
glial tumour microenvironment [15].
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ABSTRACT

Background. Performing penetrating keratoplasty in 100 % of cases leads to the oc-
currence of induced postkeratoplasty astigmatism, which can be more than 12.0 D. 
If cataracts occur in this category of patients, performing cataract phacoemulsifica-
tion with implantation of a toric intraocular lens (tIOL) does not completely solve 
the problem. The use of the method of implantation of intrastromal corneal segments 
at stage I before cataract phacoemulsification makes it possible to reduce the degree 
of postkeratoplasty astigmatism and create optimal conditions for additional cor-
rection of residual postkeratoplasty astigmatism due to the  implantation of tIOL 
during cataract phacoemulsification.
The aim of the study. To analyze the clinical and functional indicators of correction 
of regular high-grade postkeratoplasty astigmatism in a patient with cataracts using 
a combined method, including first implantation of intrastromal corneal segments 
and subsequent cataract phacoemulsification with implantation of toric intraocular 
lens using the example of a clinical case.
Material and methods. A 55-year-old patient with cataracts, who had a history 
of  undergoing penetrating keratoplasty, contacted us. According to  the  kerato-
topogram data, a regular postkeratoplasty astigmatism of 18.68 D was diagnosed. 
The patient underwent a combined method. At stage I, intrastromal corneal segments 
were implanted into the corneal graft, then after 6 months stage II was performed – 
cataract phacoemulsification with implantation of tIOL.
Results. Six months after intrastromal corneal segments implantation, the  pa-
tient’s keratometric data stabilized, and corneal astigmatism decreased to 8.98 D. 
Then the patient underwent cataract phacoemulsification with tIOL implantation. 
After 1 month, the spherical component of refraction was 0.5 D, the cylindrical com-
ponent of refraction was –0.5 D, visual acuity increased to 1.0.
Conclusion. A combined method for correcting regular high-grade postkeratoplasty 
astigmatism in  a  patient with cataracts showed high refractive results, stability 
and safety in the long-term postoperative period.

Key words: postkeratoplastic astigmatism, intrastromal corneal segments, cataract
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РЕЗЮМЕ

Введение. Выполнение сквозной кератопластики (СКП) приводит в 100 % 
случаев к  возникновению индуцированного посткератопластического 
астигматизма (ПА), который может быть более 12 дптр. При возникнове-
нии у данной категории пациентов катаракты выполнение факоэмульсифи-
кации катаракты (ФЭК) с имплантацией торической интраокулярной линзы 
(тИОЛ) не позволяет полностью решить проблему. Применение метода 
имплантации интрастромальных роговичных сегментов (ИРС) на I этапе 
до  ФЭК позволяет снизить степень ПА и создать оптимальные условия 
для докоррекции остаточного ПА за счёт имплантации тИОЛ во время ФЭК.
Цель исследования. Провести анализ клинико-функциональных показа-
телей коррекции регулярного посткератопластического астигматизма 
высокой степени у пациента с катарактой комбинированным способом, 
включающим вначале имплантацию интрастромальных роговичных 
сегментов и последующее выполнение факоэмульсификации катаракты 
с имплантацией торической интраокулярной линзы, на примере клиниче-
ского случая.
Материал и методы. К нам обратился пациент 55 лет с катарактой, 
в анамнезе у которого была выполнена сквозная кератопластика. По дан-
ным кератотопограммы был диагностирован регулярный ПА 18,68 дптр. 
Пациенту был выполнен комбинированный метод. На I этапе в роговичный 
трансплантат были имплантированы ИРС, затем через 6 мес. был выполнен 
II этап – ФЭК с имплантацией тИОЛ.
Результаты. Через 6 мес. после имплантации ИРС у пациента произошла 
стабилизация кератометрических данных, роговичный астигматизм сни-
зился до 8,98 дптр. Затем пациенту была выполнена ФЭК с имплантацией 
тИОЛ. Через 1 мес. сферический компонент рефракции составил 0,5 дптр, 
цилиндрический компонент рефракции –0,5  дптр, острота зрения повы-
силась до 1,0. 
Заключение. Комбинированный способ коррекции регулярного ПА высокой 
степени у пациента с катарактой показал высокий рефракционный резуль-
тат, стабильность и  безопасность в отдалённом послеоперационном 
периоде.

Ключевые слова: посткератопластический астигматизм, интрастро-
мальные роговичные сегменты, катаракта

Для цитирования: Синицын М.В., Поздеева Н.А. Клинический случай комбиниро-
ванного способа коррекции посткератопластического астигматизма высокой степени 
у пациента с катарактой. Acta biomedica scientifica. 2023; 8(6): 170-177. doi: 10.29413/
ABS.2023-8.6.16
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RELEVANCE

The occurrence of cataract in patients after penetrating 
keratoplasty (PK) reduces their visual acuity and requires 
its surgical treatment [1]. Conversely, an induced postkera-
toplasty astigmatism (PA) is diagnosed after PK in every case, 
which can be high-grade and irregular [2]. This in turn leads 
to an increase in corneal aberrations, especially of higher 
orders, reducing visual acuity and leading to patient dis-
satisfaction with the  optical outcome of  surgery [3]. Per-
forming cataract phacoemulsification (CPE) with  toric in-
traocular lens (tIOL) implantation allows to simultaneous-
ly get rid of cataract and compensate corneal astigmatism 
in its regular form [4, 5]. This technique, however, is limited 
to the toric component of manufactured tIOLs up to and in-
cluding 12 D. In summary, correction of regular PA greater 
than 12 D in a cataract patient requires an additional meth-
od of correction. Currently, implantation of intrastromal cor-
neal ring segments (ICRS) into the corneal graft to increase 
corneal graft regularity and reduce PA is gaining popular-
ity as a result of the lack of PA regression years after sur-
gery compared to  refractive laser surgery [6, 7]. In  view 
of the above, the ICRS implantation method can be used 
in the combined treatment of such cataract patients with PA 
greater than 12 D.

THE AIM OF THE STUDY 

To analyse the clinical and functional indices in the cor-
rection of regular high-grade postkeratoplasty astigmatism 
in a patient with cataract by a combined method including 
first implantation of intrastromal corneal ring segments us-
ing femtosecond laser followed by  cataract phacoemul-
sification with toric intraocular lens implantation based 
on the example of a clinical case.

MATERIAL AND METHODS

Patient  N., 55  years old, addressed the  branch 
of the S.N. Fedorov Eye Microsurgery Centre of the Russian 
Ministry of Health with complaints of  low vision and  fog 
in front of the left eye for the last 2 years. Ophthalmologi-
cal history: in 2002, a penetrating keratoplasty (PK) was per-
formed on the right eye concerning stage IV keratoconus. 
On admission, uncorrected visual acuity (UCVA) was 0.03 i/c 
(incorrigible), intraocular pressure was 15 mmHg accord-
ing to  Maklakov, and the  anteroposterior axis of  the  eye 
was  23.54  mm. At  biomicroscopy, the  corneal graft 
was  transparent, had a  diameter of  8.0  mm; the  anterior 
chamber had a medium depth; pupil – 3.5 mm, photoreac-
tion of III degree; iris was quiet, without structural changes; 
posterior capsular opacities were visualised in the crystalline 
lens, the underlying media were not clearly seen due to lens 
opacity. According to  the  keratotopogram on  the  TMS-4 
device (Tomey, Japan), a regular high-grade PA of 18.68 D 
was visualised (Fig. 1).

According to the results of corneal optical coherence 
tomography (OCT) using an OCT Casia 2 (Tomey, Germa-
ny), the minimum thickness of the corneal graft in the cen-
tre was 457 μm. Endothelial cell density (ECD) measured 
on a Confoscan-4 device (Nidek, Japan) was 1925 cells/mm2. 
According to the electrophysiological study on the Diopsys 
device (NOVA, USA), the lability of the optic nerve of the left 
eye was within the normal range. According to ultrasound 
B-scan on a Tomey UD-8000 (Tomey, Germany), the sheaths 
are adherent. According to the results of the examination, 
the diagnosis for the left eye was high-grade regular post-
keratoplasty astigmatism, condition after penetrating kera-
toplasty, posterior capsular cataract.

Correction of  regular PA was performed in  2  sta-
ges. The  first stage was the  implantation of  two ICRS 
in the penetrating corneal graft using femtosecond laser 

FIG. 1.  
Keratotopogram of patient N. with induced regular high-grade postkeratoplasty astigmatism
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(FSL) to reduce PA less than 12 D. Two identical ICRS (LLC 
Research and Experimental Production of  Eye Microsur-
gery, Russia) made of  polymethylmethacrylate were im-
planted in the patient, having the shape of a hemisphere 
on the cross section; inner radius – 5.0 mm, outer radius – 
6.2 mm, height – 350 μm, arc length – 90°. ICRS indicators 
for  implantation in the corneal graft were calculated ac-
cording to the existing nomograms [8]. Then in the second 
stage, 6 months after stabilisation of clinical and functio-
nal parameters, CPE with implantation of tIOL for additio-
nal correction of residual PA was performed. This sequence 
was chosen not only to reduce corneal astigmatism (RA) 
at stage 1 by implanting ICRS in the corneal graft, but main-
ly to create optimal conditions for accurate tIOL calcula-
tion and centration at stage 2 by increasing the sphericity 
and regularity of the corneal graft.

ICRS implantation into a penetrating corneal graft was 
performed using the Russian 1 MHz Femto Viaisum FSL 
(Troitsk, Russia). Prior to surgery, the patient was marked 
the location of the intrastromal tunnel symmetrically rela-
tive to  the patient’s visual axis, which was determined 
by  the  Purkinje light reflex when  the  patient looked 
at the fixation mark of the operating microscope. The sur-
gery involved two phases. In the first stage, an intrastro-
mal tunnel was formed in the corneal graft with an  in-
ner resection diameter of 5.0 mm and an outer diameter 
of 6.2 mm, at a depth of 385 μm, using FSL. At the sec-
ond stage, two ICRS with a height of 350 μm, with an arc 
length of  90° were implanted through the  entrance 
vertical incision into the  formed intrastromal tunnel 
and placed parallel to the strong axis of the PA accord-
ing to the keratotopogram in order to flatten it between 
the implanted ICRS.

Six months after ICRS implantation in the penetrating 
corneal graft, the patient underwent CPE with implantation 
of tIOL AT Torbi 709M (Carl Zeiss, Germany) with an opti-
cal power of 16 D with a toric component of 8.0 D for ad-
ditional correction of residual corneal astigmatism. Kera-
totopographic data, optical biometry data and online IOL 
calculators (Kane Formula, Barrett Universal  II Formula) 
were used to calculate the optical power of the  IOL. Pri-
or to surgery, the patient was marked behind a slit lamp 
to mark the horizontal axis of the corneal graft. During pre-
operative pre-surgical preparation, the  patient received 
instillation of  a  non-steroidal anti-inflammatory drug, 
and on the morning of the day of surgery, he additional-
ly received mydriatic instillation of one drop three times 
30 min before surgery. CPE with tIOL implantation was per-
formed using the  Infinity device (Alcon, USA) according 
to the standard technique. Using a Mendes ring on the op-
erating table, the patient was marked with a strong corne-
al graft keratometry axis, along which a 1.8–2.2 mm long 
main tunnel incision was made, with paracenteses locat-
ed at  3  and 9  o’clock. The  depth of  the  anterior cham-
ber was  controlled at  the  stage of  capsulorhexis by  in-
jecting viscoelastic into it. Capsulorhexis was performed 
with a curved insulin needle. Removal of the lens nucleus 
was performed using a phacoemulsifier. The cortical mas-
ses and epinuclius were removed using a coaxial irrigation-

aspiration handpiece. tIOL was implanted with an injector, 
and then the marks of the cylindrical component of the tIOL 
were centred on the marks placed on the corneal graft be-
fore surgery, corresponding to the strong axis of the PA, 
according to the keratotopogram data. At the end of sur-
gery, viscoelastic was flushed out of the anterior chamber 
using a Simcoe cannula. The main incision and paracente-
sis were sealed with sterile saline solution. Subconjuncti-
val injection of antibiotic and corticosteroid was performed 
at the completion of surgery.

Apart from the  standard methods of  examination, 
the patient underwent: optical biometry with determina-
tion of eye length, anterior chamber depth, lens thickness 
on A-Scan Plus (Stormoff NRW Gmbh, Germany); kerato-
topography using keratotopograph Tomey 4 (Tomey, Ja-
pan); calculation of ECD on Confoscan-4 device (Nidek, Ja-
pan); keratopachymetry using OCT Casia  2 (Tomey, Ger-
many); assessment of visco-elastic properties of  the cor-
neal graft using ORA device (Reichert, USA); measurement 
of protein flux and number of cells in the anterior cham-
ber moisture using FS-2000 device (Kowa, Japan). The fol-
low-up period after CPE was 6 months.

RESULTS

No intra- and postoperative complications were noted 
when performing IRS implantation into a penetrating cor-
neal graft using FSL. At biomicroscopy on the first day af-
ter surgery, the penetrating corneal graft was transparent, 
ICRS were centred, posterior capsular opacities were visual-
ised in the lens, and the underlying media were not clear-
ly visible due to lens opacities.

At the examination on the day after ICRS implantation, 
the patient’s UCVA increased by 0.02, corrected visual acu-
ity (CVA) by  0.07, and these parameters did not  change 
again during 6 months (Table 1).

The  spherical component of  refraction (SCR) could 
not be measured due to lens opacity. Corneal astigmatism 
(CA) decreased by 10.58 D; mean keratometry value (Km.) – 
by 1.42 D and did not change any more; corneal surface 
regu larity index (SRI) – by 0.39; corneal surface asymmetry 
index (SAI) – by 0.3; corneal resistance factor (CRF) increased 
by 0.5 mmHg; corneal hysteresis (CH) – by 0.3 mmHg.

At 1 month after the surgery, CA increased by 0.45 D, 
SRI decreased by another 0.06, SAI by another 0.09, CRF in-
creased by another 0.2 mmHg, and CH by 0.4 mmHg.

At  6  months after the  surgery, CA increased by  an-
other 0.43 D, SRI decreased by another 0.12, SAI – by an-
other 0.25, CRF increased by  another 0.5  mmHg, CH – 
by 0.3 mmHg [2].

Thus, ICRS implantation into the corneal graft not only 
significantly decreased PA but also increased the spheri-
city and regularity of the corneal graft, as evidenced by de-
creased CA, SRI and SAI indices. This, in turn, has provi ded 
optimal conditions for  complete additional correction 
of residual CA in CPE with IOL implantation by increasing 
the accuracy of IOL measurement and centring, as the kera-
tometry value along the main meridians began to change 
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more symmetrically, which was confirmed by the achieve-
ment of normal values of the SAI index. In contrast, ICRS 
implanted in  the  corneal graft resul ted in  an  addition-

al “stiffness frame” in the corneal graft, which increased 
its biomechanical properties. According to literature data, 
it is the increase of biomechanical pro perties of the corne-

T A B L E   1
DATA OF CLINICAL AND FUNCTIONAL PARAMETERS BEFORE AND AT DIFFERENT FOLLOW-UP PERIODS AFTER 
IMPLANTATION OF INTRASTROMAL CORNEAL RING SEGMENTS IN THE PENETRATING CORNEAL GRAFT 
WITH FEMTOSECOND LASER APPLICATION

Indicators Before 
the surgery

Day 1 after 
the surgery

1 month after 
the surgery

6 months after 
the surgery

UCVA 0.03 0.05 0.05 0.05

CVA 0.03 0.1 0.1 0.1

SCR, D unmeasured unmeasured unmeasured unmeasured

CA, D –18.68 –8.1 –8.55 –8.98

Km., D 48.67 47.25 47.25 47.25

SRI 1.67 1.28 1.22 1.1

SAI 1.16 0.84 0.75 0.5

KG, mmHg 8.1 8.4 8.8 9.1

CRF, mmHg 8.4 8.9 9.1 9.6

Penetrating corneal graft pachymetry minimum value 
in the centre, μm 457 462 459 458

ECD, cells/mm² 1925 1925 1921 1906

Protein flux in anterior chamber moisture, f/m (focus micro-
scope) 2.3 3.15 2.3 2.3

Number of cells in the anterior chamber moisture, cells/mm3 1.55 2.3 1.6 1.63

Note. SCR – spherical component of refraction; Km. – mean keratometry value; SRI – Surface Regularity Index; SAI – Surface Asymmetry Index; CH – corneal hysteresis; CRF – corneal resistance factor.

FIG. 2.  
Keratotopogram of patient N. 6 months after implantation of intrastromal corneal ring segments in the through corneal graft using femto-
second laser: there is an increase in regularity and sphericity of the corneal graft with a decrease in the degree of corneal astigmatism 
by 9.7 D
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al graft that allows to preserve the obtained refractive re-
sult in the remote postoperative period, in contrast to re-
fractive laser surgeries, in which bio mechanical properties 
of the corneal graft weaken when its thickness decreas-
es, which in turn causes regression of the refractive result 
over the years [7].

The correct ICRS position was confirmed by OCT data 
of the corneal graft (Fig. 3).

In the postoperative period, corneal OCT data showed 
no change in corneal graft thickness at the centre.

The  loss of  ECD 6  months after ICRS implantation 
in  an  end-to-end corneal graft using CPE was 1.0  %, 
which  did not  exceed the  physiological loss. Accor ding 
to  the  FC-2000 device, the  cell count and protein flux 
in the anterior chamber moisture on the day after surgery 

increased slightly, but did not  exceed the  limits of  nor-
mal. Laser tindalmetry values reached preoperative values  
within 1 month after surgery and did not increase again.

Six months after ICRS implantation in the corneal graft, 
the patient underwent CPE with tIOL implantation for a single-
stage additional correction of residual corneal astigmatism.

No  intra- and postoperative complications were ob-
served. The patient noted subjectively a significant increase 
in visual acuity after surgery. On biomicroscopy, the opti-
cal media were clear and the two implanted ICRS and tIOL 
were centred (Fig. 4).

On examination the day after CPE, the UCVA increased 
by  0.85 and the  CVA increased by  0.8. CA decreased 
by –0.48 D. The SCR was 1.0 D, and the cylindrical refrac-
tive component (CRC) was –1.0 D (Table 2).

FIG. 3.  
Optical coherence tomography of patient N.’s penetrating corneal graft after implantation of intrastromal corneal segments using femto-
second laser: the profile of intrastromal corneal ring segments located at a depth of 385 µm is visualised

FIG. 4.  
Eye appearance of patient N. on the next day after cataract phacoemulsification with toric IOL implantation after earlier implantation 
of intrastromal corneal ring segments into the corneal graft using femtosecond laser: symmetrically located intrastromal corneal ring seg-
ments relative to the strong vertical meridian of the corneal graft are visualised, toric IOL in the pupil projection is visualised
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At 1 month after surgery, the UCVA and CVA increased 
by  another 0.1; CA decreased by  another –0.25  D, SCR – 
by 0.5 D, CRC – by –0.5 D, and these indices remained un-
changed.

In  the  surgical treatment of  cataract in  patients af-
ter PK, the initial preoperative PEC, as well as the degree 
of its loss after CPE, is of great importance. In the described 
clinical case, the preoperative ECD value of 1906 cells/ mm2 
is sufficient for CPE. When ECD was measured on the day 
after CPE, it was observed to  decrease by  5.5  %  
to  a  value of  1801  cells/mm2, which is almost 3  times  
higher than its critical value of  500–700  cells/mm2 [9]. 
Thus, the  surgery was safe in  terms of  the  risk of  graft-
versus-host disease. According to  the  literature, the  use 
of  modern viscoelastics during cataract surgery in  pa-
tients after PK results in a loss of ECD in the range of 5–8 %, 
which is consistent with the results of our study [10]. ECD 
loss increased by another 1.1 % by 6 months postoperative-
ly, which does not exceed the physiological loss of 2.5 % 
in the six months after PK [11].

On the day after CPE, when protein flux was counted 
in the anterior chamber using the FS-2000 device, a 5.4-fold 
increase was observed, and the number of cells in the ante-
rior chamber moisture was 6.8-fold. One month after CPE, 
the values of these indices corresponded to preoperative 
values and did not change any more.

CONCLUSION

The combined method of correction of regular high-
grade PA in a patient with cataract by  ICRS implantation 
in  the  corneal graft followed by  CPE with tIOL implanta-
tion showed a  high refractive result, stability and safety 
in the distant postoperative period.
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ABSTRACT

Background. Vaccination coverage of children in India is not sufficient since 
the COVID-19 pandemic (less than 90 %). This may lead to low adherence of parents 
to children’s vaccination.
The aim. To study parental attitudes and awareness towards children vaccination 
programs in India at the COVID-19 pandemic background.
Methods. Two hundred and fourteen participants from Kerala state (India) took part 
in the descriptive cross-sectional study via survey method. The survey was prepared 
with Google form according the principles of anonymity.
Results. Indian parents demonstrated good adherence towards children’s vaccina-
tion, 98.6 % (95% confidence interval (CI): 95.9–99.5) of them vaccinated their child, 
and if vaccination appointment had to be rescheduled 84.6 % (95% CI: 79.1–88.8) 
of  them vaccinated children after. Most of Indians (68.7  %; 95%  CI: 62.1–74.5) 
preferred to vaccinate children in state clinics, however, 28.5 % (95% CI: 22.8–34.8) 
chose private clinics. Information about diseases that vaccines can prevent, vaccine 
safety, and side effects 47.2 % (95% CI: 40.6–53.8) of parents got from public pediatri-
cians, 50.9 % (95% CI: 44.2–57.5) – from private pediatricians, and 10.3 % (95% CI: 
6.8–15.0) – from complementary and alternative medicine practitioners. Over 80 % 
of Indians were informed about vaccination through mass media (83.6%; 95% CI: 
78.1–87.9). Indian parents showed low awareness about vaccination, because 63.1 % 
(95% CI: 56.4–69.2) of parents wanted to know more about vaccination. Moreover, 
before vaccination 21.5 % (95% CI: 16.5–27.4) of them were not informed by a doctor 
about health benefits and possible risks for their children.
Conclusion. In the COVID-19 pandemic Indian parents showed good attitude 
towards vaccination and low awareness in vaccination questions.

Key words: vaccination, vaccine prevention, children, parents, vaccine attitude, 
vaccine awareness, COVID-19 

For citation: Aaromal Ajitha Sureshkumar, Novikova E.A., Abhiramy Suprasannan, Manu 
Krishna Maniyan Girija, Vanyarkinа  A.S., Moskaleva  E.V., Kazantseva  E.D., Petrova  A.G., 
Rychkova L.V. Attitude and awareness of Indian parents from Kerala state towards children’s 
vaccination at the COVID-19 pandemic background. Acta biomedica scientifica. 2023; 8(6): 
178-185. doi: 10.29413/ABS.2023-8.6.17



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, № 6

179
Pediatrics

ОТНОШЕНИЕ И ОСВЕДОМЛЁННОСТЬ ИНДИЙСКИХ РОДИТЕЛЕЙ  
ИЗ ШТАТА КЕРАЛА О ВАКЦИНАЦИИ ДЕТЕЙ В УСЛОВИЯХ ПАНДЕМИИ COVID-19

Ааромал Сурешкумар 1,  
Новикова Е.А. 2,  
Абхирами Супрасаннан 2,  
Ману Кришна 3,  
Ваняркина А.С. 2,  
Москалева Е.В. 2,  
Казанцева Е.Д. 2,  
Петрова А.Г. 2,  
Рычкова Л.В. 2 

1 ФГБОУ ВО «Иркутский государственный 
медицинский университет» (664003, 
г. Иркутск, ул. Красного Восстания, 1, 
Россия) 
2 ФГБНУ «Научный центр проблем 
здоровья семьи и репродукции 
человека» (664003, Иркутск, 
ул. Тимирязева, 16, Россия) 
3 Университет Барселоны (г. Барселона, 
ул. Gran Via de les Corts Catalanes, 585, 
Испания)

Автор, ответственный за переписку:  
Новикова Евгения Анатольевна,  
e-mail: europe411@mail.ru 

Статья получена: 05.09.2023
Статья принята: 01.12.2023
Статья опубликована: 29.12.2023

РЕЗЮМЕ

Введение. С начала пандемии COVID-19 в Индии наблюдается снижение 
охвата вакцинацией детей (менее 90 %), что может привести к снижению 
приверженности родителей вакцинации. 
Цель. Оценить отношение родителей из Индии к вакцинации детей в усло-
виях пандемии COVID-19 и их осведомлённость в вопросах вакцинации.
Методы. В описательном поперечном исследовании методом опроса 
с помощью Google Форм приняли участие 214 родителей из штата Керала, 
Индия. 
Результаты. Родители из Индии продемонстрировали хорошую привер-
женность вакцинации, поскольку 98,6 % родителей (95%-й доверительный 
интервал (95% ДИ): 95,9–99,5) вакцинируют своего ребёнка, а в случаях нару-
шения графика иммунопрофилактики 84,6 % (95% ДИ: 79,1–88,8) родителей 
стараются наверстать пропущенную прививку как можно скорее. Большин-
ство индийцев – 68,7 % (95% ДИ: 62,1–74,5) – проводят вакцинацию ребёнка 
в государственных клиниках, однако 28,5 % (95% ДИ: 22,8–34,8) родителей 
предпочитают частные медицинские учреждения. Информацию о вакцино-
управляемых инфекциях, безопасности вакцин и побочных эффектах боль-
шая часть родителей получает от специалистов здравоохранения: 47,2 % 
(95% ДИ: 40,6–53,8) – от педиатров из государственных учреждений здравоох-
ранения; 50,9 % (95% ДИ: 44,2–57,5) – от педиатров из частных клиник; 10,3 % 
(95% ДИ: 6,8–15,0) – от врачей альтернативной медицины. Примечательно, 
что более 80 % индийцев информированы о пользе вакцинопрофилактики 
через средства массовой информации (83,6 %; 95% ДИ: 78,1–87,9). На фоне 
хорошего отношения к иммунопрофилактике индийские родители хотят 
знать больше о вакцинации (63,1 %; 95% ДИ: 56,4–69,2). На недостаточную 
осведомлённость в вопросах вакцинации также указывает то, что перед 
вакцинацией ребёнка 21,5 % (95% ДИ: 16,5–27,4) из них не были проинформи-
рованы врачом о пользе вакцины для здоровья и возможных рисках. 
Выводы. В условиях пандемии COVID-19 родители из Индии (штат Керала) 
продемонстрировали позитивное отношение к вакцинации детей и недо-
статочную осведомлённость в вопросах вакцинации. 

Ключевые слова: вакцинация, вакцинопрофилактика, дети, родители, 
отношение к вакцинации, приверженность вакцинации, COVID-19
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INTRODUCTION

Vaccines help protecting children from vaccine-pre-
ventable diseases and improve child survival and reduce 
morbidity. To this day the coverage for many essential 
vaccines is higher than 80 % [1]. The triple vaccine against 
diphtheria, tetanus and pertussis (DTP3) is used as the 
key metric for global vaccination coverage, because it is 
a good indicator for access to routine immunization ser-
vices [1]. Global target coverage of children according 
to the World Health Organization (WHO) should be not 
less than 90 % with three doses of DTP3 [2]. In conform-
ity with WHO the health Mission Indradhanush of Indi-
an Government has an aim to increase full immunization 
coverage to 90  % through focus on  unvaccinated and 
partially vaccinated children in pockets of low immuni-
zation coverage in high risk and hard-to-reach areas [3].

The rates of vaccination of children around the world 
and in India inter alia are not sufficient. According to re-
cent reports in 2022 the global vaccination coverage 
was 84 %, in 2021 – 81 %, in 2020 – 83 % [4], and such 
low coverage may be explained by impacts of the COV-
ID-19 pandemic. India has not achieved 90 % coverage 
during the COVID-19 pandemic showing 85  % in 2020 
and 2021, in comparison with 91 % in 2019 [1]. Interesting-
ly, at the same time attitude to vaccination remains posi-
tive, because 92 % people in the world, and 98 % of Indi-
ans think that it is important for children to be vaccinat-

ed [1]. Besides 98 % Indian parents think vaccines are safe, 
and 78.9 % trust healthcare specialists (Fig. 1).

The Universal Immunization Program in India is provid-
ed free of cost by Ministry of Health and Family Welfare. Na-
tional Immunization Schedule includes 11 vaccines against 
diphtheria; pertussis; tetanus; polio; measles; tuberculosis; 
hepatitis; meningitis and pneumonia caused by Haemophi-
lus influenza type B; rubella and rotavirus diarrhea in select-
ed states and Japanese encephalitis in endemic districts [3].

India does not have mandatory vaccination on a na-
tional basis; however, vaccination policies differ across 
states [5]. Even though vaccination policies in India is rec-
ommended, not mandatory, because of rumors about 
health risks on social media, in 2018 Kerala state required 
schools to submit students’ annual vaccination records as a 
response to a poor turnout for a new measles-rubella vac-
cine [6]. India puts efforts for creating awareness and com-
munity engagement via engagement with key media hous-
es, advocacy with important opinion makers including reli-
gious leaders and local influencers, development of a pic-
torial National Immunization Schedule [3].

This work is a part of the survey of the Laborato-
ry of  Infectiology and Immunoprophylaxis in Pediat-
rics (The Scientific Centre for Family Health and Hu-
man Reproduction Problems, Irkutsk, Russia) about at-
titudes towards children’s vaccination of parents from 
Russia (Irkutsk region) and India (Kerala state) [7–10]. 
Since we already made in-depth study that involved Rus-

FIG. 1.  
The opinion of people in India about vaccine safety and their trust in healthcare specialists (The Welcome Global Monitor, 2020) [1]
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sian parents [7] a purpose of  this  work was to describe 
in detail the attitude and awareness of parents from In-
dia towards children’s vaccination on the background  
of COVID-19 pandemic.

METHODS

Two hundred and fourteen participants from India 
(Kerala state) took part in the descriptive cross-section-
al study. The survey was prepared with Google form ac-
cording to  the principles of anonymity. Data were col-
lected during the  COVID-19 pandemic from  April  1 
to July 6, 2020. The questionnaire contained 17 questions 
with multiple choice options including age (< 20 y.o., 21–
30 y.o., 31–40 y.o., > 40 y.o.) and gender of participants, 
their  educational stage (school, college, university), fi-
nancial situation (lower middle class, middle class, up-
per middle class, wealthy), occupational status of fami-
ly members (health worker, teacher, kindergarten work-
er), number of children (one, two, three, four or more); 
and  questions about awareness and attitude towards 
vaccination. The link was sent to the heads of the univer-
sities and via social media. We obtained 214 responses, 
and a total of 214 participants were included for final sta-
tistical analysis, so the effective response rate was 100 %. 
There  were  no responses missing data and  responses 
with obviously false answers.

The study protocol, questionnaire and consent form 
were approved by the ethics committee of the “Scien-
tific Center for Family Health and Human Reproduc-
tion Problems”. Qualitative data were reported as ab-
solute values and percentages. 95 % confidence inter-
val (95% CI) was calculated using the website for statis-
tical computation “VassarStats” [11].

RESULTS AND DISCUSSION

Sociodemographic characteristics of participants 
are presented in the Table 1. Most of them were wom-
en (68.2 %; 95% CI: 61.7–74) and young adults aged 21 
to 40 y. o. (79.9 %; 95% CI: 74.0–84.7), university graduates 
(61.7 %: 95% CI: 55–67.9), belonging to the middle class 
66.8 % (95% CI: 60.2–72.7) with one child (65.9 %; 95% CI: 
59.3–71.9). Family members of respondents had high ed-
ucation, were health workers (44.9 %; 95% CI: 38.3–51.5), 
teachers (57.9 %; 95% CI: 51.2–64.3) or kindergarten work-
ers (30.4 %; 95% CI: 0.16–0.24).

Attitude and awareness of Indian parents towards 
vaccination is shown in the Table 2. Parents’ attitude to-
wards vaccinations during the COVID-19 pandemic was 
positive. Almost all Indians in Kerala state supported chil-
dren’s vaccination and vaccinated their children (n = 211; 
98.6 %; 95% CI: 95.9–99.5), and only 1.4 % (n = 3; 95% CI: 
0.48–4.04) of parents did not. This data exceeds official 
numbers of vaccination coverage date cross the coun-
try in 2020 (85 %) [1].

Among those parents who vaccinated children 
(n = 211) 92.5 % (95% CI: 88.2–95.3) followed the In-
dian Immunization Schedule and knew about the time 
of vaccinations, but 6.1 % (95% CI: 3.5–10.1) preferred 
not to care about the schedule. If vaccination appoint-
ment had to be rescheduled 84.6 % (95% CI: 79.1–88.8) 
of  Indians vaccinated children later, and just 5.6  % 
(95% CI: 3.2–9.5) did not want to overload the child’s 
immune system and cancelled vaccine intake.

The sources of information about vaccination for In-
dians were numerous. Pediatricians provided parents 
with all necessary information (98.1 %; 95% CI: 95.2–99.2). 
Among these 47.2 % pediatricians worked in the public 
health system (95%  CI: 40.6–53.8), and 50.9  % (95%  CI: 
44.2–57.5) – in private clinics. According to The Welcome 
Global Monitor, Indians consider healthcare specialists 
as  a  reliable source of  information (Fig.  1), and our re-
sults confirm this. Besides, it is worth noting that 10.3 % 
(95% CI: 6.8–15.0) of parents got informed about vaccina-
tion from homeopaths as complementary and alternative 
medicine practitioners. Homeopathy is included in the six 
Indian systems of medicine prevalent and practiced in In-
dia that is called AYUSH (Ayurveda, Yoga and Naturopa-
thy, Unani, Siddha, and Homeopathy) [12]. Positive atti-
tude towards vaccination from the alternative medicine 
specialists whom people trust besides healthcare pro-
fessionals provides adherence to national immunization 
in India.

Along with this most of Indians got informed about 
vaccinations through mass-media (83.6 %; 95% CI: 78.1–
87.9), especially Internet/online social media (52.8 %; 
95% CI: 46.1–59.3). There is a global trend when peo-
ple are asking questions about vaccines and are look-
ing for answers online [1]. Since India has high im-
munization coverage our data demonstrates excel-
lent work of mass communication in India during  
the COVID-19 pandemic.

All vaccines are given free of charge under the Na-
tional Immunization Schedule, and so most of Indians 
(68.7 %; 95% CI: 62.1–74.5) preferred to vaccinate chil-
dren in state clinics without a fee, however, some of 
them chose private-pay clinics 28.5  % (95%  CI: 22.8–
34.8). Private clinics provide around 21 % of vaccinations 
in urban centers of India and are important partners in 
achieving high vaccination coverage [13]. Meanwhile 
private physicians may contribute to the low vaccina-
tion coverage, because they do not strictly follow vac-
cination schedules if there are concerns about parents’ 
ability to pay (45 % of physicians), and do not  adminis-
ter more than two injections in the same visit (60 %) [13].

Before vaccination 65.4  % (95%  CI: 58.8–71.4) 
of parents had been warned by a doctor about diseas-
es that can be prevented by vaccines and risks of vacci-
nating kids; 13.1 % (95% CI: 9.2–18.2) of parents were in-
formed only about diseases that vaccines can prevent; 
21.5 % (95% CI: 16.5–27.4) of parents were not informed 
by a doctor at all. Getting no information from doctors 
in  turn leads to poor parental awareness. Reasonably 
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63.1 % (95% CI: 56.4–69.2) of Indian parents in our survey 
wanted to know more about vaccination. It may be ex-
plained by low awareness of doctors themselves 
about vaccination health benefits. Multicenter cross-sec-
tional survey revealing awareness and attitude of Indi-
an healthcare providers towards annual influenza vacci-
nation showed that 42.95 % of physicians had low level 
of awareness about influenza vaccination (n = 780) [14]. 
Physicians did not  prescribe influenza vaccines to pa-
tients due to fear of side effects (16.54 %), cost (15.64 %), 

lack of awareness about availability (15.38 %), absence 
of belief that it is beneficial (14.36 %), history of side ef-
fects (13.46 %), and patients’ fear of needles (11.28 %) 
[14]. This indicates the need to expand vaccine aware-
ness campaigns in India and pay attention to education-
al strategies among physicians. From  the  experience 
of Russian colleagues (S.D.  Timoshkova et  al.), the  im-
munization training course for doctors not  only  rais-
es their  vaccination awareness but  improves vaccina-
tion coverage [15]. After two years training of pediatri-

T A B L E   1
SOCIODEMOGRAPHIC CHARACTERISTICS OF PARTICIPANTS

Variables N = 214 % 95% CI

Gender

Male 68 31.8 25.9–38.9

Female 146 68.2 61.7–74

Age

< 20 y. o. 3 1.4 0.5–4.0

21–30 y. o. 85 39.7 33.4–46.4

31–40 y. o. 86 40.2 33.8–46.8

> 40 y. o. 40 18.7 14.0–24.4

Educational stage

School 17 7.9 5.0–12.3

College 65 30.4 24.6–36.8

University 132 61.7 55–67.9

Financial situation

Poverty 1 0.5 0.08–2

Lower middle class 7 3.3 1.5–6.6

Middle class 143 66.8 60.2–72.7

Upper middle class 47 22 16.9–27.9

Wealthy 16 7.5 4.6–11.8

Occupational status of family members

Health workers 96 44.9 38.3–51.5

Teachers 124 57.9 51.2–64.3

Kindergarten workers 65 30.4 0.16–0.24

None of these 37 17.3 24.6–36.8

Number of children

One 141 65.9 59.3–71.9

Two 56 26.2 20.7–32.4

Three 15 7 4.2–11.2

Four and more 2 0.9 0.2–3.3
Note. y. o. – years old; 95% CI – 95 % confidence interval; N – number of participants.
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T A B L E   2
ATTITUDE AND AWARENESS OF INDIAN PARENTS TOWARDS VACCINATION

Variables N % 95% CI

Describe your attitude towards vaccinations.

I follow Immunization Schedule and know about the time of vaccinations 198 92.5 88.2–95.3

I don’t follow Immunization Schedule and don’t know about the time of vaccinations, our doctor 
cares about the Immunization Schedule 13 6.1 3.5–10.1

I don’t vaccinate my child 3 1.4 0.48–4.04

If you ever rescheduled vaccinations, have you vaccinated children after resolving conditions?

Yes, I try to vaccinate my child as soon as possible 181 84.6 79.1–88.8

No, I don’t want to overload the child’s immune system 12 5.6 3.2–9.5

No, I never reschedule vaccinations 21 9.8 6.5–14.5

Where do you go to get vaccinated your child?

State clinics without a fee 147 68.7 62.1–74.5

Private clinics with a fee for getting vaccinated 61 28.5 22.8–34.8

Other 6 2.8 1.2–5.9

Before vaccination

A doctor informs about the disease that can be prevented by the vaccine, about vaccine safety, 
and side effects 140 65.4 58.8–71.4

A doctor informs only about the disease that can be prevented by the vaccine 28 13.1 9.2–18.2

A doctor gives no information 46 21.5 16.5–27.4

Where do you get information about vaccinations?

From a pediatrician working in a private clinic 109 50.9 44.2–57.5

From a pediatrician working in the public health system 101 47.2 40.6–53.8

From doctors of other specialty 62 29.0 23.3–35.3

From a homeopath 22 10.3 6.8–15.0

From friends/relatives with a medical background 129 60.3 53.6–66.6

From friends/relatives without a medical background 18 8.4 5.3–12.9

From mass-media (television, radio, newspapers, and magazines) 179 83.6 78.1–87.9

From Internet/social network 113 52.8 46.1–59.3

From Flyers and disk 2 0.9 0.25–3.3

Do you want to know more about vaccination?

Yes 135 63.1 56.4–69.2

No 79 36.9 30.7–43.5

Note. y. o. – years old; 95% CI – 95 % confidence interval; N – number of participants.
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cians at the Moscow Outpatient Department immuniza-
tion coverage of children attached to this department 
increased for whooping cough and measles by 11  % 
and for rubella by 4 %.

When analyzing sociodemographic characteristics 
of  participants, their attitude and awareness towards 
vaccination we have found some studies demonstrating 
that younger and more educated parents are less positive 
about vaccination [16], but we did not find any confirma-
tion of that. In our study, most parents (more than 60 %) 
were young and well educated, however they had good 
adherence to children vaccination.

CONCLUSION

Indian parents supported children vaccination 
and had good attitude towards vaccines of the National 
Immunization Schedule in the COVID-19 pandemic. Mass 
media along with healthcare specialists promoted adher-
ence to  childhood immunization for Indians. However, 
parents consider their awareness about children’s vac-
cination as poor, which may be explained by insufficient 
knowledge of doctors in vaccination questions. Increas-
ing vaccination compliance of Indian healthcare special-
ists will provide better awareness and vaccination cov-
erage in India.
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ABSTRACT

Background. Adequate sleep ensures a person’s physical and psycho-emotional 
well-being. Adolescence is one of the critical stages of life. The exclusive attention 
of specialists and leveling the impact of adverse factors on the body during this period 
is the key to the proper development and preservation of the health of adolescents. 
Meanwhile, sleep problems in teenage girls remain poorly understood.
The aim. To study the features of the sleep regime and quality of sleep of teenage 
girls in the city of Irkutsk.
Materials and methods. A survey of 422 teenage girls in the city of Irkutsk was con-
ducted using a translated version of a questionnaire about adolescent sleep habits 
to subjectively assess their sleep and wakefulness. Two groups were formed: group I – 
girls with sleep problems (n = 171); group II – girls without sleep problems (n = 251).
Results. Sleep disorders among teenage girls in the city of Irkutsk occurred with a fre-
quency of 40.52 %. In most cases, a complex effect of various unfavorable factors 
on the sleep process has been identified. The features of sleep hygiene of teenage girls 
are reflected. The adolescents with sleep disorders we examined were characterized 
by higher rates of sleep latency, later bedtime, earlier awakening, decreased time 
of night sleep, as well as changes in the sleep shift indicator towards its increase.
Conclusions. The  conducted survey allows  us to  draw a  conclusion that  the  is-
sues of  sleep schedule and quality of  female adolescents in  Irkutsk are  relevant 
and should undergo a more detailed comprehensive study. Considering the poten-
tial risks to health formation, including reproductive health in female adolescents, 
more attention should be devoted to proactively identifying sleep-related disorders 
in adolescents and providing timely interventions to address them.

Key words: female adolescents, sleep disorders, impaired sleep-wakefulness, 
reproductive health

For citation: Bolshakova  S.E., Madaeva  I.M., Berdina  O.N., Khramova  E.E., Bugun  O.V., 
Rychkova L.V. Prevalence of sleep disorders in teenage girls in Irkutsk (questionnaire data). 
Acta biomedica scientifica. 2023; 8(6): 186-193. doi: 10.29413/ABS.2023-8.6.18



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, № 6

187
Pediatrics

ОСОБЕННОСТИ РЕЖИМА И КАЧЕСТВА СНА ДЕВОЧЕК-ПОДРОСТКОВ  
ГОРОДА ИРКУТСКА

Большакова С.Е.,  
Мадаева И.М.,  
Бердина О.Н.,  
Храмова Е.Е.,  
Бугун О.В.,  
Рычкова Л.В.

ФГБНУ «Научный центр проблем 
здоровья семьи и репродукции 
человека» (664003, г. Иркутск, 
ул. Тимирязева, 16, Россия)

Автор, ответственный за переписку:  
Большакова Светлана Евгеньевна,  
e-mail: sebol@bk.ru

Статья поступила: 07.11.2023
Статья принята: 04.12.2023
Статья опубликована: 29.12.2023

РЕЗЮМЕ

Обоснование. Полноценный сон обеспечивает физическое и психоэмоци-
ональное благополучие человека. Подростковый возраст является одним 
из критических этапов жизни. Исключительное внимание специалистов 
и нивелирование воздействия неблагоприятных факторов на организм 
в этот период является залогом правильного развития и сохранения здо-
ровья подростков. Тем временем проблемы со сном у девочек-подростков 
остаются малоизученными.
Цель исследования. Изучить особенности режима и качества сна девочек-
подростков города Иркутска.
Материалы и методы. Проведено анкетирование 422 девочек-подростков 
города Иркутска с использованием переводной версии опросника о привыч-
ках сна подростков для субъективной оценки своего сна и бодрствования. 
Сформированы две группы: I группа – девочки, имеющие проблемы со сном 
(n = 171); II группа – девочки, не имеющие проблем со сном (n = 251).
Результаты. О проблемах со сном сообщили 40,52 % опрошенных. Выяв-
лено комплексное воздействие различных неблагоприятных факторов 
на качество сна. Отражены особенности гигиены сна девочек-подростков. 
Для группы девочек, имеющих проблемы со сном, было характерно повыше-
ние показателей латентности сна, более позднее время отхождения ко сну, 
более раннее пробуждение, сокращение времени сна, а также увеличение 
сдвига сна.
Заключение. Проведённый опрос позволяет сделать вывод о том, что вопро-
сы режима и качества сна девочек-подростков города Иркутска актуальны 
и должны быть подвергнуты более детальному комплексному изучению. Учи-
тывая потенциальную опасность для формирования здоровья, в том числе 
репродуктивной функции, девочек-подростков, следует уделять больше 
внимания активному выявлению у них проблем, связанных со сном, и своев-
ременно проводить мероприятия по их устранению.

Ключевые слова: девочки-подростки, расстройства сна, нарушение цикла 
«сон-бодрствование», репродуктивное здоровье
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Бугун О.В., Рычкова Л.В. Особенности режима и качества сна девочек-подростков 
города Иркутска. Acta biomedica scientifica. 2023; 8(6): 186-193. doi: 10.29413/ABS.2023-
8.6.18
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INTRODUCTION

Sleep is one of the basic components of any person’s 
health. No one can overestimate the role of sleep in en-
suring the vital activity of the human body at any age [1, 
2]. It  is of particular importance in childhood and ado-
lescence, a period of  intense organism formation, phy-
sical and psycho-emotional maturation [3, 4]. Currently, 
sleep disorders in adolescents are quite widespread, oc-
curring in about half of those examined and tending to in-
crease, which cannot but cause concern about their fur-
ther development and preservation of health, as the ad-
verse consequences can be very serious [5–7]. A decrease 
in the quality of sleep is associated with the  formation 
of many pathological processes. In particular, it has been 
proven that sleep disorders can cause cognitive impair-
ment, social maladjustment, acute and  exacerbation 
of chronic diseases [8, 9]. Multiple studies have shown 
that at  any age period, the  incidence of  va rious sleep 
disorders is higher among females compared to males, 
which is  associated with  the  activity and  gender diffe-
rences in the functioning of the hypothalamic-pituitary-
gonadal system at different periods of life and its subor-
dination to circadian rhythms [6, 10]. That is why active 
identification of  sleep-related disorders among ado-
lescent females is  extremely important and  necessary 
for timely implementation of a set of measures to pre-
vent the  development of  unfavourable consequences 
for the forming female organism.

THE AIM OF THE STUDY 

To study the features of sleep schedule and quality of fe-
male adolescents living in the city of Irkutsk.

MATERIALS AND METHODS

A questionnaire survey was conducted among 422 fe-
male adolescents 15–17 years old, students in grades 9–11 
of 16 schools in Irkutsk, between January and March 2023.

Inclusion criteria: female sex; age 15–17 years; volun-
tary informed consent to participate in the study; residence 
in the city of Irkutsk. Exclusion criteria: male sex; age less 
than 15  years and more than 17  years; refusal to  partici-
pate in the study.

We used the translated Russian version of the Adoles-
cent Sleep Habits Survey [11] to  assess sleep quali-
ty. The  questionnaire was  developed and  validated 
by  A.R.  Wolfson et  al. [12] specifically to  study sleep hy-
giene in adolescents aged 12 to 18 years. It contains ques-
tions related to  self-assessment of  sleep hygiene during 
the last month, to which one or more answers can be sub-
mitted. The questionnaire was to be filled out in a calm en-
vironment, at home, at a time convenient for the child, with-
out a time limit. In the survey, the girls made value judge-
ments about their sleep and wakefulness during weekends 
and weekdays over the past month.

According to  the  results of  the  questionnaire, all  fe-
male adolescents were divided into 2 groups. Group I – girls 
with sleep disorders (n = 171); Group II – girls without sleep 
disorders (n = 251).

The study was conducted in accordance with the provi-
sions of the World Medical Association Declaration of Hel-
sinki (1964, revision 2013) and approved by the Biomedi-
cal Ethics Committee of “Scientific Centre for Family Health 
and Human Reproduction Problems” (Minutes No. 2 dated 
08.06.2022). All  girls signed informed voluntary consent 
to participate in the study.

Statistical data processing was performed using Excel 
spreadsheets (Microsoft Corp., USA) and Statistica applica-
tion software package, version 6.1 (StatSoft  Inc., USA) (li-
cense holder – “Scientific Centre for Family Health and Hu-
man Reproduction Problems”). The type in the distribution 
of a characteristic was determined using the Shapiro – Wilk, 
Lilliefors and Kolmogorov – Smirnov criteria. For variables, 
median (Me) and 25th and 75th quartiles were calculated. 
Statistically significant differences between two unrela-
ted groups on variables were determined using the para-
metric Student’s t-criterion in case of normal distribution 
of  a  charac teristic and  the  non-parametric Mann  –  Whit-
ney U-criterion – in  case of  distribution of  a  character-
istic other than normal. Differences between unrelated 
groups by attributes were determined using the χ2 crite-
rion with  Yeats’ continuity correction and  Fisher’s exact 
test when the number of at least one of the groups was less 
than 5. All diff erences were considered statistically signifi-
cant at the p < 0.05 level.

RESULTS

Sleep disorders among the  respondents were found 
in  171  female adolescents, which was  40.52  %. Among 
them, 16.96 % girls reported having these disorders for less 
than 1 month, 33.33 % – for 1 to 6 months, 19.88 % – for 6 
to  12  months, 20.47  % – for  1 to  5  years, and  9.36  % – 
for more than 5 years. However, 36.84 % of the respond-
ents reported worsening sleep disorders in the last 2 weeks, 
31.58 % had no worsening and 31.58 % found it difficult 
to answer.

More than one cause of sleep disorders was reported si-
multaneously by 73.10 % of adolescents, and only 26.90 % 
gave one definite cause (χ2 = 44.62; p < 0.0001). Stressful 
situ ations (77.78 %), lack of sleep and wakefulness (67.84 %), 
problems in relationships with classmates (46.78 %) and pa-
rents (19.88 %), poor eating habits (31.58 %), health prob-
lems (15.20 %) were the most frequently observed by girls.

In  the  vast majority of  cases, girls from  both study 
groups slept alone in  the  room (77.78  % – in  Group  I, 
84.46  %  – in  Group  II). A  tendency was revealed among 
the group of  those with sleep disorders for girls to sleep 
with a  family member, 22.22 and 15.54  %, respectively 
(χ2 = 3.05; p = 0.08).

In Group I, 77.78 % of the adolescents slept in the same 
bed every night, almost every night – 18.13 %, quite a few 
nights – 3.51  %, constantly in  different beds – 0.58  %. 
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In Group  II, these indices were 84.46 %, 11.16 %, 3.59 %, 
and 0.79 %, respectively. Consequently, a tendency towards 
a higher incidence of sleeping in the same bed among girls 
without sleep disorders was revealed.

In  both study groups, the  main reason for  going 
to  bed on  weekdays was  identified by  girls as  “I  want 
to  sleep” (52.05  % – in  Group  I, 68.13  % – in  Group  II; 
p = 0.0009), with the second most frequent reason being 
“finishing my homework” (28.07 and 18.73 %, respective-
ly; p = 0.02), in the third place – “finishing social network-
ing” (16.96 and 7.57 %, respectively; p = 0.003). Therefore, 
we can assume that girls with sleep disorders are more like-
ly to perform mental activities immediately before going 
to bed, which negatively affects the sleep process.

On  weekends, the  desire to  sleep was also the  main 
reason (57.89  % – in  Group  I, 74.50  % – in  Group  II; 
p  =  0.0003), followed by  “finishing social networking” 
(18.13 and 13.15 %, respectively; p = 0.16) and “finishing 
homework” (9.94 and 4.78 %, respectively; p = 0.04). In ad-
dition, 4.60 % of adolescents in Group I reported that they 
finished watching TV programs immediately before going 
to bed, while in Group II only 2.79 % of respondents gave 
that answer (p = 0.02).

Assessment of sleep latency indicators revealed a sta-
tistically significantly longer process of falling asleep in girls 
with sleep disorders compared to adolescents without these 
disorders (Table 1).

Analyses of nocturnal sleep timing during the school 
week revealed that girls with sleep disorders tended to go 
to bed later than girls without such disorders (p < 0.0001). 
In addition, their maximum bedtime was also significantly 
later (p < 0.0001). Indicators of morning wake-up time also 
had statistically significant differences between groups: ad-
olescents from Study Group I had a statistically significant 
earlier wake-up time (p = 0.02). Differences were also found 
on weekends when school was not required: girls with sleep 
complaints went to  bed later (p  <  0.0001) and woke  up 
later (p = 0.02 – for usual time, p < 0.0001 – for the latest 
time) than those without these complaints. The  average 
and  minimum sleep duration indices during the  school 
week in both study groups were below the recommended 
norms, and in the group of girls with sleep disorders they 
were statistically significantly lower than in girls with nor-
mal sleep (p < 0.0001 and p < 0.0001, respectively). At week-
ends, sleep in both groups was expectedly longer and fell 
within the range of normative values for this age group – 
8–10 hours, but its minimum duration tended to decrease 
in adolescents with sleep disorders (p = 0.08), and its max-
imum duration in  this  group was  statistically significant-
ly higher than in female adolescents without sleep disor-
ders (p < 0.0001). Sleep shift indices in the groups also had 
statistically significant differences in the direction of its in-
crease in those with sleep disorders (p < 0.0001) (Table 1).

DISCUSSION 

The recent increase in the number of people with sleep 
disorders, including children and adolescents, requires more 

attentive attitude of physicians of various specialties, pri-
marily pediatricians, to this problem [13, 14]. Of utmost im-
portance to remember that adolescence is one of the criti-
cal stages of human life, when the key processes of matu-
ration and restructuring of all systems of the body, accom-
panied by various hormonal shifts. Of particular importance 
is  the  close relationship between the  sleep- wakefulness 
and the menstrual cycle, including through the hypothalam-
ic-pituitary-gonadal system, the activity of which becomes 
more pronounced during puberty in adolescents and deter-
mines gender differences in the characteristics of sleep dur-
ing this period of life. This stage is characterised in particular 
by a wave-like secretion of luteinising hormone, with an in-
crease in both the amplitude and frequency of its secretion 
pulses during night sleep, leading to an increase in estra-
diol and progesterone levels in girls in the morning hours. 
Melatonin secreted during sleep has a direct suppressive 
effect on the secretion of luteinising hormone, and chang-
es in  its  concentration in  female adolescents can  cause 
both sleep disorders and disturbances in the mechanisms 
of functioning of the hypothalamic-pituitary-gonadal sys-
tem [15]. Exceptional attention of specialists and levelling 
the impact of various unfavourable factors on the organism 
during this period of life is the key to proper development 
and preservation of female adolescent health, including re-
productive potential [16].

The  adolescent period is  also critical in  the  process 
of shaping a child’s sleep. A significant proportion of ad-
olescents nowadays have problems related to  sleep dis-
orders, either short-term or  over a  long period of  time 
[3, 7]. The incidence of sleep disorders that was revealed 
by this study was quite high and comparable with the rates 
obtained earlier in similar studies. For instance, according 
to va rious sources, sleep disorders among adolescents occur 
with a frequency ranging from 7 to 40 % [13, 17]. A number 
of studies have reported higher rates. According to K.A. Ga-
zenkampf et al. (2019), nocturnal sleep disorders were ob-
served in 52 % of high school students [18], and according 
to F. Brooks et al. (2015), among female adolescents in Eng-
land, 49 % reported sleep disorders [19]. It should be empha-
sised that the female adolescents who were surveyed more 
often reported sleep disorders for quite a long time, namely 
from 1 to 6 months, which suggests a prolonged influence 
of unfavourable conditions on the development of the or-
ganism. At the same time, there was a tendency for sleep 
problems to worsen over time, which probably indicates 
the occurrence of any functional disorders of the organism.

It  is known that the  important factors influencing 
the quality of sleep are compliance with the sleep and wake-
fulness schedule, daily sleep time, room temperature du-
ring sleep, lighting and noise level in the room during sleep, 
the impact of so-called blue radiation (use of social networks 
just before going to bed, watching TV, studying at the com-
puter), psycho-emotional stress, the level of physical activ-
ity, the nature of nutrition, the use of tonic drinks, alcohol, 
smoking [4, 20]. Having studied the sleep habits of the sur-
veyed girls, it was concluded that in the vast majority of ca-
ses there was a complex impact of various unfavourable fac-
tors on the sleep process, which often have the possibility 
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T A B L E   1
PECULIARITIES OF FEMALE ADOLESCENT GIRLS’ SLEEP PATTERNS AT WEEKDAYS AND WEEKENDS

Indicators Group I (n = 171) Group II (n = 251) р

Sleep latency during the school week (min)

Mean 30.00 (15.00; 60.00) 15.00 (10.00; 30.00) 0.0001*

Minimum 10.00 (5.00; 30.00) 10.00 (5.00; 15.00) 0.0001*

Maximum 60.00 (30.00; 120.00) 40.00 (20.00; 60.00) 0.0001*

Weekend sleep latency (min)

Mean 30.00 (12.00; 60.00) 15.00 (10.00; 30.00) 0.0001*

Minimum 10.00 (5.00; 30.00) 10.00 (5.00; 15.00) 0.0004*

Maximum 60.00 (30.00; 120.00) 60.00 (20.00; 60.00) 0.0001*

Bedtime during the school week

Regular 23:40 (23:00; 00:30) 23:00 (22:30; 24:00) 0.0001*

Earliest 22:00 (21:00; 23:00) 22:00 (21:05; 22:40) 0.81

At the latest 02:00 (01:00; 03:30) 01:00 (23:40; 02:00) 0.0001*

Wake-up time during the school week

Regular 06:30 (06:00; 07:00) 06:30 (06:05; 07:00) 0.93

Earliest 06:00 (05:30; 06:30) 06:00 (05:40; 06:30) 0.02*

At the latest 07:00 (06:40; 07:30) 07:00 (06:40; 07:30) 0.45

Bedtime on weekends

Regular 00:00 (23:00; 01:30) 00:00 (23:00; 01:00) 0.18

Earliest 22:30 (22:00; 23:00) 22:30 (22:00; 23:00) 0.76

At the latest 03:00 (01:00; 04:00) 02:00 (00:00; 03:00) 0.0001*

Wake-up time on weekends

Regular 10:00 (09:10; 11:30) 10:00 (09:00; 11:00) 0.02*

Earliest 08:40 (07:30; 09:30) 08:30 (08:00; 09:00) 0.93

At the latest 12:30 (11:30; 14:00) 12:00 (10:30; 13:00) 0.0001*

Length of night sleep during the school week (h)

Mean 6.00 (5.50; 7.00) 7.00 (6.20; 8.00) 0.0001*

Minimum 4.00 (3.00; 5.50) 6.00 (5.00; 7.00) 0.0001*

Maximum 8.00 (7.50; 10.00) 8.40 (8.00; 9.00) 0.86

Night sleep duration on weekends (h)

Mean 9.00 (8.00; 10.00) 9.00 (8.00; 10.00) 0.62

Minimum 8.00 (6.00; 8.00) 8.00 (7.00; 9.00) 0.08*

Maximum 12.00 (10.00; 12.00) 10.00 (10.00; 12.00) 0.0001*

Sleep shift, min 150.00 (90.00; 240.00) 120.00(60.00; 180.00) 0.0001*

Note. Bedtime and wake-up time are presented in 24-hour format; data are presented as Me (25th; 75th quartiles);* – statistically significant differences between groups, p < 0.05.
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of levelling. Of particular note, this study has demonstra-
ted increased social media communication using a smart-
phone by  girls with  sleep disorders just before bedtime, 
contri buting to increased sleep latency and decreased sleep 
duration. To  avoid negative effects to  the  sleep quality, 
it is recom mended to avoid any use of screens for 1 hour be-
fore going to bed. The measures undertaken to correct sleep 
hygiene, in our opinion, can reduce the prevalence of sleep 
disorders in female adolescents, thereby reducing the risk 
of adverse effects on the organism. Our results are consist-
ent with findings in other studies. Specifically, O.P. Gritsina 
et al. (2019) in a recent study have revealed that the majo-
rity of students do not comply with the sleep regime and hy-
giene, which affects its qualitative characteristics [2].

Modern living conditions and the development of new 
technologies make adjustments to  the  organisation 
of the daily routine and lifestyle of both adults and children, 
often leading to a shortening of the daily sleep time. In ad-
dition to schoolwork, teens are loaded with extracurricular 
activities and sports. Besides, nowadays there is an increase 
in the duration of children’s stay at the computer, watch-
ing TV, and doing school homework [2, 18, 20]. The increased 
mental activity just before bedtime in girls with sleep disor-
ders revealed in this study may be one of the factors trig-
gering the development of sleep-related disorders, and may 
also lead to increased daytime sleepiness, emotional and be-
havioural disturbances, increased fatigue, reduced atten-
tion span and other consequences.

The average duration of sleep required for adolescence 
has been defined to be between 8 and 10 hours [21]. Fur-
thermore, longer sleep duration is known to occur on week-
ends than on  weekdays as  a  result of  the  need for  early 
awakening associated with the start of school activities [22]. 
Meanwhile, sleep in adolescence is characterised by a num-
ber of features such as delayed sleep onset, longer sleep 
latency and longer wakefulness duration. A later secretion 
of melatonin and slower accumulation of  the homeosta-
tic urge to sleep are associated with these effects [4]. Ac-
cordingly, adolescents develop an  “evening” chronotype 
with a tendency to go to sleep later and wake up later [23]. 
One should consider that the fascination in the late even-
ing hours with  various gadgets that  produce blue radia-
tion has an even more negative effect on the process of fal-
ling asleep and leads to a shorter night’s sleep. This study 
also confirmed a decrease in female adolescent sleep du-
ration scores, but these changes were most pronounced 
in  the  group with  sleep disorders. These girls had  high-
er sleep latency scores and  later bedtimes during both 
the school week and weekends, resulting in shorter sleep 
durations. Additionally, as a result of a later wake-up time, 
the  sleep shift values in  this  group of  respondents were 
higher, reflecting the uneven distribution of sleep time du-
ring the week. These findings indicate pronounced impaired 
sleep-wakefulness in female adolescents with sleep disor-
ders, which increases the risk of adverse effects. The results 
of this study are consistent with the studies of other authors 
[2, 13]. In particular, it was previously revealed that about 
60–70 % of adolescents sleep less than 8 hours on week-
days, and according to the work of K.A. Gazenkampf et al. 

(2017), this indicator reached the level of 87 % [18]. Reduced 
sleep duration in adolescents is also reflected in the work 
of S.N. Kolomeichuk and L.I. Teplova (2019), where adoles-
cents living in Karelia were surveyed. Gender peculiarities 
were also revealed in the form of more unfavourable quali-
tative and quantitative characteristics of sleep in girls com-
pared to boys [7].

CONCLUSION

Notwithstanding all the advances made in recent dec-
ades in  the  study of  sleep-related issues, sleep disorders 
are  increasingly common among adolescents and  espe-
cially among female adolescents. The  conducted survey 
allows us  to  conclude that the  issues of  sleep schedule 
and sleep quality of female adolescents in Irkutsk are impor-
tant and should be subjected to a more detailed comprehen-
sive study. Considering the potential danger to the health 
of the growing adolescent organism, in particular the neg-
ative impact on the formation of female adolescent repro-
ductive function, more attention should be paid to the ac-
tive identification of sleep-related disorders in adolescent 
females and to the timely implementation of a set of meas-
ures to address them. As we believe, normalising sleep du-
ration, improving sleep quality and improving sleep condi-
tions can have a significant positive impact on the health 
of female adolescents.

Limitations of  our study may  include the  small sam-
ple size as  well as  the  subjective assessment of  sleep 
of  the  female adolescents surveyed. We  therefore be-
lieve that it is necessary to continue studying this problem 
and  additionally apply methods of  objective study in  fe-
male adolescent sleep.
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ABSTRACT

Background. The rational nutrition of the child population is given great medical 
importance as a factor in preserving the health and development of the child. A com-
plete and balanced diet in terms of the content of basic nutrients ensures the normal 
growth and development of the child’s body.
The aim of the study. To analyze the actual nutrition of adolescents living in rural 
areas of the Irkutsk region.
Materials and methods. The study involved 69 rural adolescents aged 11–17 years 
(34 boys, 35 girls). The actual nutrition was studied by the method of 24-hour nutrition 
reproduction. The energy value of the diet was determined, the nature of the provision 
of the diet with basic macro- and microelements was studied. The obtained values 
were compared with the  norms of  physiological needs for  energy and nutrients 
in 2008 and 2021.
Results. The  analysis of  actual nutrition revealed deviations from the  principles 
of  healthy nutrition: insufficient energy value of  the  diet, deficiency of  proteins 
and  fats. The  diet of  adolescents was characterized by  an  insufficient content 
of the main groups of macro- and micronutrients – vitamins A, C and D, essential 
trace elements, and a deficiency of dietary fiber. The diet of adolescents was character-
ized by increased sodium intake. The calculated ratio of proteins, fats, carbohydrates 
indicated a carbohydrate type of diet.
Conclusion. Despite the  great attention to  the  problem of  balanced nutrition 
of adolescents, the question of the impact of nutrition on the health of a teenager, 
considering the regional factor, remains open. Recommendations for the develop-
ment of a regional program for the organization of proper nutrition for school-age 
children are of great practical importance.

Key words: rural adolescents, actual nutrition, nutrient intake

For citation: Rychkova L.V., Pogodina A.V., Astakhova T.A., Lebedeva L.N. Assessment 
of  the actual nutrition of rural adolescents of the Irkutsk region because of revision 
of the norms of physiological needs for energy and nutrients. Acta biomedica scientifica. 
2023; 8(6): 194-203. doi: 10.29413/ABS.2023-8.6.19



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, № 6

195
Pediatrics

ОЦЕНКА ФАКТИЧЕСКОГО ПИТАНИЯ СЕЛЬСКИХ ПОДРОСТКОВ  
ИРКУТСКОЙ ОБЛАСТИ В СВЯЗИ С ПЕРЕСМОТРОМ НОРМ ФИЗИОЛОГИЧЕСКИХ 
ПОТРЕБНОСТЕЙ В ЭНЕРГИИ И ПИЩЕВЫХ ВЕЩЕСТВАХ

Рычкова Л.В.,  
Погодина А.В.,  
Астахова Т.А.,  
Лебедева Л.Н.

ФГБНУ «Научный центр проблем 
здоровья семьи и репродукции 
человека» (664003, г. Иркутск, 
ул. Тимирязева, 16, Россия)

Автор, ответственный за переписку:  
Астахова Татьяна Александровна,  
e-mail: tatjana_astahova@mail.ru

Статья поступила: 10.11.2023
Статья принята: 08.12.2023
Статья опубликована: 29.12.2023

РЕЗЮМЕ

Обоснование. Рациональному питанию детского населения придаётся 
огромное практическое значение как основному фактору укрепления здо-
ровья и полноценного развития подрастающего поколения. Полноценное 
и сбалансированное по содержанию основных пищевых веществ питание 
обеспечивает нормальный рост и развитие детского организма.
Цель исследования. Анализ фактического питания подростков, прожива-
ющих в сельской местности Иркутской области.
Материалы и методы. В исследовании приняли участие 69  сельских 
подростков 11–17  лет (34  мальчика, 35  девочек). Фактическое питание 
было изучено методом 24-часового воспроизведения питания. Определена 
энергетическая ценность рациона, изучен характер обеспеченности рацио-
на основными макро- и микроэлементами. Полученные значения сравнивали 
с нормами физиологических потребностей в энергии и пищевых веществах 
2008 и 2021 гг.
Результаты. Анализ фактического питания выявил отклонения от прин-
ципов здорового питания: недостаточная энергетическая ценность 
рациона, дефицит белков и жиров. Рацион подростков характеризуется 
недостаточным содержанием основных групп макро- и микронутриентов – 
витаминов А, С и D, эссенциальных микроэлементов, дефицитом пищевых 
волокон. Рацион подростков характеризуется повышенным потреблением 
натрия. Расчётное соотношение белков, жиров, углеводов свидетельствует 
об углеводном типе питания.
Заключение. Несмотря на большое внимание к проблеме сбалансированно-
го питания подростков, вопрос о влиянии питания на состояние здоровья 
подростка с учётом регионального фактора остаётся открытым. Боль-
шое практическое значение приобретают рекомендации для разработки 
региональной программы по организации правильного питания детей 
школьного возраста.

Ключевые слова: сельские подростки, фактическое питание, потребление 
нутриентов

Для цитирования: Рычкова Л.В., Погодина А.В., Астахова Т.А., Лебедева Л.Н. Оценка 
фактического питания сельских подростков Иркутской области в связи с пересмо-
тром норм физиологических потребностей в энергии и пищевых веществах. Acta 
biomedica scientifica. 2023; 8(6): 194-203. doi: 10.29413/ABS.2023-8.6.19
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INTRODUCTION

Balanced nutrition is one of the main factors in sup-
porting the health of the younger generation. The nutri-
tional structure of the population has changed in the last 
decade: energy expenditures have sharply decreased, and 
the consumption of the main macro- and microelements 
has decreased [1]. Russians began to consume less meat, 
dairy products, vegetables and fruit, while consuming 
more bakery products and refined products. This has re-
sulted in an increase in the number of nutrient-depend-
ent diseases [2].

Actual nutrition is assessed in most cases among res-
idents of  large industrial centres, while research about 
the actual nutrition of rural residents is fragmentary. A neg-
ative trend of  decreasing consumption of  essential nu-
trients – dietary fibres and vitamins – by schoolchildren 
has been revealed according to the studies of the actu-
al nutrition of  urban adolescents in  different regions 
of Russia [3]. Similar changes were also revealed in ado-
lescents living in  rural areas. Feeding habits are shaped 
by  the  child’s immediate environment. Ethnicity, family 
affluence and parents’ knowledge of balanced nutrition 
are essential in this process.

In assessing actual nutrition, the values of  the aver-
age daily energy and nutrient intake are used and com-
pared with the  Physiological Requirements Standards 
(PRS) adopted in Russia. PRS, approved in 1951, 1968, 1987, 
1991 and 2008, periodically undergo the procedure of re-
vision, which is associated with changes in the structure 
of morbidity of both adult and child population, changes 
in the socio-economic structure of society and other fac-
tors [4, 5].

The  study of  regional peculiarities of  the  children’s 
and adolescents’ actual nutrition, based on the place of res-
idence, ethnic characteristics, together with the  analysis 
of morbidity is an urgent task.

THE AIM OF THE STUDY

An assessment of the actual nutritional status of rural 
adolescents.

METHODS

Study design: a single-stage continuous cross-sectional 
study.

Inclusion criteria for the study group:
• 11–17 years of age;
• permanent residence of  the  child in  the  territory 

of the settlement since birth;
• informed voluntary consent from parents/legal rep-

resentatives and adolescents over 15 years of age to par-
ticipate in the study.

Exclusion criteria for the study group:
• age less than 11 years and older than 17 years;

• Failure to thrive (SDS (standard deviation score) < 2 
for age and sex according to the World Health Organisation 
(WHO) reference tables);

• weight deficit (SDS body mass index (BMI) < 5th per-
centile).

Procedure situation. The study was conducted in No-
vember  2020 on  the  territory of  Bayandai settlement, Ir-
kutsk region. Adolescents who attended school during 
the survey days participated in the study. Informed volun-
tary consent for participation in the study and processing 
of personal data was obtained from the participants’ legal 
representatives (parents or guardians) and from children 
over 15 years of age.

Duration of the study: from November 1, 2020, to De-
cember 1, 2020.

Outcomes of the study: the dietary intake – energy 
value, chemical composition (proteins, fats, carbohydrates, 
vitamins, microelements, dietary fibre) was assessed.

Ethical review. The study was approved by the Ethics 
Committee of the Scientific Centre for Family Health and Hu-
man Reproduction Problems (Protocol No. 2 dated Febru-
ary 18, 2020).

Assessment of actual nutrition
Actual nutrition was assessed using the  24-hour 

nutritional replication method [6]. Adolescent surveys 
were conducted by physicians. According to the instruc-
tions received, the physician filled out food diaries that re-
corded the meals and foods that the adolescent consumed 
at the main and additional meals during 2 days (1 school 
day and 1 weekend). Food portion size was assessed using 
the Food and Meal Portion Album tool, which was shown 
to the adolescent during the survey [7].

Results obtained by summing the data from the two-
day recordings were then averaged. In  order to  ana-
lyse the  obtained information about the  energy value, 
quantitative composition of  each dish, the  data con-
cerning the chemical composition of Russian food prod-
ucts [8] in  the  information supplement “My  Healthy 
Diet” [9] were used. The  data available on  the  Internet 
service “My  Healthy Diet” regarding the  composition 
of foods are based on the reference book of I.M. Skurikh-
in and V.A. Tutelian [8].

The data obtained in the study were verified for plau-
sibility. To determine the plausibility of the provided in-
formation about the actual nutrition, thresholds corre-
sponding to one standard deviation of  the ratio of en-
ergy consumption calculated from the  questionnaire 
to the required energy expenditure in per cent for a giv-
en sex and age were calculated using the formula:

� � � �
2

2 2
1

rEI
pER mTEE

CV
SD CV CV

d
,

where CVrEI is the  variation coefficient of  actual energy 
intake; CVpER – the  variation coefficient of  the  required 
energy expenditure for  a  particular age, sex and corre-
sponding physical activity; CVmTEE – the  error variation 
coefficient of daily biological changes in total energy ex-
penditure measured by the water method [10]. If the per-
centage ratio of actual energy intake to required energy 
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expenditure was within one standard deviation, the data 
were consi dered plausible.

A total of 75 food diaries were included in the study, 
which provided information about the adolescent’s diet. 
Sixty-nine diaries with plausible information provided 
were considered for further study.

Energy value and chemical composition data were as-
sessed with consideration of  methodical recommenda-
tions  2.3.1.2432-08 and 2.3.1.0253-21 “Physiological re-
quirements standards in energy and food substances 
for  different population groups of the Russian Federa-
tion” [4, 5].

Statistical analysis
Data were analysed using the IBM SPSS Statistics 21 

statistical software package (IBM Corp., USA). The medi-
an (Me) and 95 % confidence interval (95 % CI) were cal-
culated to  compare daily energy and nutrient intake 
between the  formed groups and the  general popula-
tion. A  statistically significant difference was consid-
ered if the calculated 95 % CI did not include the pop-
ulation mean.

RESULTS

Study sample characteristics
A  total of  69  rural adolescents were involved 

in the study and they provided complete and plausible in-
formation about dietary intake: 50.7 % girls, 49.3 % boys 
(Table  1). Adolescents were divided into age groups: 
younger schoolchildren – 11–14 years old; older school-
children – 15–17 years old [5].

Actual consumption of nutrients and energy
The study results of adolescent actual dietary intake are 

summarised in Tables 2 and 3.
The results of the performed study showed that the en-

ergy value of diets, the content of proteins, fats and car-
bohydrates do not meet the PRS in all adolescents, except 
for boys 11–14 years old. In this group, the median values 
of  dietary calories as  well as  protein and fat were above 
the physiological requirements.

Median values of  vitamin intake were below 
the  recommended standards for  both boys and girls: 
there was a deficiency of vitamin A (in terms of retinol 
– by 41.5–50.2 %) and vitamin C (by 41.2–68.6 %). Con-
sidering the fact that the prevalence of vitamin D defi-
ciency is high among the child population of the Rus-
sian Federation (RF) and  in  order to  reduce the  risk 
of developing a number of non-communicable diseas-
es, the value of the physiological requirement in the me-
thodical recommendations of the new revision (2021) 
[5] for this vitamin was increased from 10 to 15 µg/day; 
thus, the median values of vitamin D intake in our study 
are 0.7–2.9 µg/day, which is 4.6–9.3 % of the PRS. Mean 
vitamin E values were within normal limits only in boys 
in all age groups.

A  number of  studies have shown an  association 
between insufficient potassium content in  the  diet 

of  the  child population and an  increased risk of  cardi-
ovascular pathology in  adulthood [11–13]. Therefore, 
the  value of  the  physiological requirement of  potassi-
um was increased from 1500 to 2500 mg/day for adoles-
cents in the age group of 11–14 years [5] and from 2500 
to 3200 mg/day for adolescents aged 15–17 years; thus, 
the  diet of  the  studied adolescents was characterised 
by a deficiency of  this element by 18.6–34.1 %. To op-
timise the calcium : phosphorus ratio, the physiological 
phosphorus requirement in the methodical recommen-
dations of the new revision was increased to 900 mg/ day 
for  all age and gender groups [5]. Considering these 
changes, the  median intake values of  this micronutri-
ent were lower than the PRS in  the diet of  the studied 
schoolchildren.

A study of mineral intake revealed significant calcium 
and iodine deficiency in all age and gender groups. Devi-
ations from PRS are more observed in girls in the older age 
group. The  significant excess of  sodium intake in  all age 
groups of adolescents is noteworthy.

Physicians have recently started to  pay great at-
tention to dietary fibre as one of the important compo-

Т A B L E   1
CHARACTERISTICS OF THE STUDY PARTICIPANTS

Parameters Adolescents  
(n = 69)

Male, n (%) 34 (49.3)

Female, n (%) 25 (50.7)

Age, years 15.1 ± 0.8

Sports activities, n (%) 16 (23.2)

PAL, n (%)

low 13 (18.8)

average 39 (56.5)

high 16 (23.2)

Body weight, kg 60.6 ± 9.0

BMI, kg/m2 21.9 ± 2.8

SDS BMI 0.3 ± 0.9

Obesity, n (%) 5 (7.2)

WC, cm 73.9 ± 6.8

SDS WC 0.3 ± 0.8

Note: PAL – physical activity level; WC – waist circumference.
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Т A B L E   2
ENERGY VALUE AND CHEMICAL COMPOSITION OF ADOLESCENT BOYS’ DIETS

Indicators
Boys aged 11–14 (n = 9) Boys aged 15–17 (n = 25)

PRS-2021/PRS-2008 Me 95 % CI PRS-2021/PRS-2008 Me 95 % CI

Energy value, kcal 2500.0/2500 2615.5 2289.1 2941.8 2900.0/2900.0 2714.4 2608.2 2820.7

Proteins, g 75.0/75.0 79.1 69.6 88.6 87.0/87.0 77.0 68.9 85.2

Fats, g 83.0/83.0 85.5 74.6 96.4 97.0/97.0 91.1 83.5 98.8

Carbohydrates, g 363.0/363.0 324.2 280.5 367.8 421.0/421.0 355.7 330.2 381.2

P : F : C 1 : 1.2 : 4.2 1 : 1.2 : 4.6

Dietary fiber, g 20.0/20.0 13.0 10.7 15.3 22.0/ 20.0 16.4 14.6 18.3

Vitamin A (estrogen 
receptor), µg 1000.0/1000.0 433.1 122.4 743.8 1000.0/1000.0 568.1 416.0 720.1

Vitamin B1, mg 1.3/1.3 0.8 0.6 0.9 1.5/1.5 1.1 0.8 1.5

Vitamin B2, mg 1.5/1.5 0.9 0.7 1.0 1.8/1.8 1.1 0.9 1.3

Vitamin B5, mg 3.5/3.5 2.0 1.5 2.4 5.0/5.0 2.6 2.0 3.2

Vitamin B6, mg 1.7/1.7 1.1 0.8 1.3 2.0/2.0 1.3 1.1 1.5

Vitamin B9, µg 300.0/300.0 62.8 48.3 77.3 400.0/400.0 123.4 73.1 173.8

Vitamin B12, µg 3.0/3.0 3.1 1.6 4.6 3.0/3.0 3.1 2.4 3.9

Vitamin C, mg 70.0/70.0 35.7 11.5 59.9 90.0/90.0 37.1 25.7 48.6

Vitamin D, µg 15.0/10.0 0.7 0.1 1.3 15.0/10.0 0.7 0.4 1.1

Vitamin E (tocopherol 
equivalent), mg 12.0/12.0 12.2 8.3 16.2 15.0/15.0 15.1 11.6 18.6

Potassium, mg 2500.0/1500.0 2013.9 1586.5 2441.4 3200.0/2500.0 2342.4 2039.3 2645.4

Calcium, mg 1200.0/1200.0 494.3 363.7 624.8 1200.0/1200.0 612.4 518.9 706.0

Magnesium, mg 300.0/300.0 222.3 182.7 261.9 400.0/400.0 318.5 263.4 373.7

Sodium, mg 1100.0/1100.0 2481.2 1716.4 3245.9 1300.0/1300.0 2588.6 2278.9 2898.3

Phosphorus, mg 900.0/1200.0 856.7 680.5 1032.9 900.0/1200.0 1131.4 1001.4 1261.4

Ferrum, mg 12.0/12.0 17.9 13.3 22.6 15.0/15.0 20.1 16.4 23.7

Iodine, µg 130.0/130.0 25.7 19.0 32.4 150.0/150.0 41.9 28.1 55.6

Note. PRS-2021 and PRS-2008 – physiological requirement standards (tabular data according to “Physiological Requirement Standards for Energy and Nutrients for Different Population Groups of the Russian Federation”) 
as of 2021 and 2008, respectively; Me – median; 95 % CI – 95 % confidence interval for the sample median; P : F : C – protein, fat and carbohydrate ratio.
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Т A B L E   3
ENERGY VALUE AND CHEMICAL COMPOSITION OF DIETS OF ADOLESCENT GIRLS

Indicators
Girls aged 11–14 (n = 13) Girls aged 15–17 (n = 22)

PRS-2021/PRS-2008 Me 95 % CI PRS-2021/PRS-2008 Me 95 % CI

Energy value, kcal 2300.0/2300.0 2275.7 2077.7 2473.8 2500.0/2500.0 2373.6 2230.6 2516.7

Proteins, g 69.0/69.0 68.9 64.0 73.8 75.0/75.0 72.2 66.8 77.7

Fats, g 77.0/77.0 74.6 66.0 83.1 83.0/83.0 79.3 73.2 85.4

Carbohydrates, g 334.0/334.0 311.4 282.1 340.7 363.0 315.0 293.0 337.0

P : F : C 1 : 1.1 : 5.1 1 : 1.2 : 4.9

Dietary fiber, g 20.0/20.0 13.5 11.1 16.0 22.0/20.0 14.5 12.9 16.2

Vitamin A (estrogen 
receptor), µg 800.0/800.0 332.1 244.9 419.3 800.0/800.0 401.3 282.4 520.2

Vitamin B1, mg 1.3/1.3 0.7 0.6 0.8 1.3/1.3 1.3 0.3 2.4

Vitamin B2, mg 1.5/1.5 0.9 0.7 1.1 1.5/1.5 0.9 0.8 1.0

Vitamin B5, mg 3.5/3.5 1.9 1.6 2.3 4.0/4.0 4.7 -1.3 10.8

Vitamin B6, mg 1.6/1.6 2.7 -1.0 6.4 1.6/1.6 1.1 0.9 1.3

Vitamin B9, µg 300.0/300.0 69.7 47.6 91.8 400.0/400.0 86.8 59.1 114.5

Vitamin B12, µg 3.0/3.0 3.1 1.4 4.7 3.0/3.0 4.7 0.1 9.3

Vitamin C, mg 60.0/60.0 41.2 10.0 72.4 70.0/70.0 36.3 26.2 46.5

Vitamin D, µg 15.0/10.0 1.4 0.7 3.5 15.0/10.0 1.0 0.3 2.3

Vitamin E (tocopherol 
equivalent), mg 12.0/12.0 10.0 7.7 12.4 15.0/15.0 12.5 9.2 15.8

Potassium, mg 2500.0/1500.0 2037.6 1643.6 2431.6 3200.0/2500.0 2131.7 1849.9 2413.6

Calcium, mg 1200.0/1200.0 625.0 436.8 813.2 1200.0/1200.0 561.5 454.0 669.0

Magnesium, mg 300.0/300.0 267.7 222.6 312.8 400.0/400.0 250.9 208.2 293.7

Sodium, mg 1100.0/1100.0 1799.8 1379.7 2219.9 1300.0/1300.0 2064.7 1746.7 2382.8

Phosphorus, mg 900.0/1200.0 914.7 800.4 1029.0 900.0/1200.0 902.9 799.4 1006.3

Ferrum, mg 15.0/15.0 14.5 12.6 16.4 18.0/18.0 17.8 14.2 21.3

Iodine, µg 130.0/130.0 41.0 15.4 66.7 150.0/150.0 29.0 21.2 36.8

Note. PRS-2021 and PRS-2008 – physiological requirement standards (tabular data according to “Physiological Requirement Standards for Energy and Nutrients for Different Population Groups of the Russian Federation”) 
as of 2021 and 2008, respectively; Me – median; 95 % CI – 95 % confidence interval for the sample median; P : F : C – protein, fat and carbohydrate ratio.
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nents of nutrition, which contributes to the normalisation 
of gastrointestinal tract function, reducing the risk of car-
diovascular pathology in adulthood, therefore, in the me-
thodical recommendations of 2021 the PRS of dietary fi-
bre constitutes 22 g/day in the age group of 15–17 years 
[5]. In our study, the median values of dietary fibre intake 
range from 13.0–16.4 g/day.

In  a  balanced diet, the  calculated ratio of  pro-
teins : fats : carbohydrates (P : F : C) should be 1 : 1 : 4. This 
ratio in our study indicated the predominance of carbo-
hydrate component in the diet of adolescents, especial-
ly in girls of 11–14 years of age.

Analysis of consumption of individual products has 
shown that protein-rich products (meat, fish, poultry) 
are consumed by  an  insignificant number of  adoles-
cents. For  instance, fish is  included in the diet in 8.8 % 
of  the  studied adolescents, poultry meat – in  17.5  %  
(Table 4). 

T A B L E   4
DAILY DIETARY INTAKE CHARACTERISTICS 
OF THE STUDIED ADOLESCENTS

Indicators Adolescents (n = 69)

1  portion of vegetable/fruit intake, 
n (%) 42 (60.1)

1 portion of fish intake, n (%) 5 (7.2)

1  portion of red lean meat intake, 
n (%) 33 (47.8)

1  portion of dairy products intake, 
n (%) 13 (18.8)

1  portion of poultry meat intake, 
n (%) 15 (21.7)

1  portion of sweets and sweetened 
drinks intake, n (%) 63 (91.3)

The leading positions are occupied by sweets and sweet-
ened beverages – 91.3 %.

DISCUSSION

Many studies indicate the  presence of  changes 
in the structure and nature of nutrition of the child popula-
tion in different regions of Russia [14, 15], which is expressed 
in inadequate intake of energy, macro- and microelements. 
The results of this study support this fact. In particular, ac-
cording to I.I. Saldan et al., among adolescents of Altai Ter-
ritory there is a decrease in the energy value of the diet to-
gether with a  low consumption of proteins and fats [16]. 
There are similar changes characterising the diet of ado-

lescents in  the  Tomsk, Saratov regions and the  Republic 
of Sakha (Yakutia) [17, 18].

Deficiency of  vitamins is   one of  the  reasons 
for  the  deterioration of  children’s health, which is  as-
sociated with impaired metabolism and reduced phys-
ical and mental performance. According to Federal Re-
search Center of Nutrition and Biotechnology, the popu-
lation of the Russian Federation is increasingly deficient 
in vitamins and microelements. Deficiency of vitamins B 
is found in 30–40 %, beta-carotene in more than 40 %, 
and vitamin C in 70–90 % of studied children and ado-
lescents [19]. The results of this study revealed the high-
est deficiency in vitamins A, C and D among rural adoles-
cents. Similar findings have been revealed by other stud-
ies as well. H. Wang et al. revealed vitamin A and C defi-
ciency in Chinese adolescents – 36.1 and 75.5 %, respec-
tively [20]. According to  the NHANES (National Health 
and Nutrition Examination Survey), 95 % of the adoles-
cents studied were diagnosed with vitamin D deficien-
cy [21].

Low vitamin  D sufficiency in  the  child population 
is a “global, silent, non-communicable pandemic”. The re-
sults of Russian and international epidemiological stud-
ies convincingly prove that the  frequency of  low vita-
min D concentration is at least 70 % (50–90 %) in both 
adult and child populations [15, 22]. In  particular, ac-
cording to the data of D. Wahl et al., vitamin D deficien-
cy was  found in  23.3  % of  adolescents under 18  years 
of age living in Southeast China [22]. A UK study revealed 
that  70  % of  adolescents aged from 14.7 to  16.6  years 
were vitamin  D deficient [15, 23]. Insufficient intake 
of fatty fish and seafood is one of the causes of this vi-
tamin deficiency.

Micronutrient deficiency in the diet of a modern ado-
lescent is an objective reality of the present time. The or-
ganisation of rational nutrition, oriented to adolescent’s 
individual health characteristics, is the foundation for re-
ducing deficiencies in essential nutrients.

An assessment of the micronutrient intake of the ru-
ral adolescents’ diet revealed an increased intake of so-
dium. Among rural adolescents in Primorsky Territory, 
sodium excess significantly exceeded PRS; 72 % of Omsk 
adolescents were found to exceed the  recommended 
sodium intake standards; about 30  % of  adolescents 
in the Republic of Belarus prefer to salt their food [24]. 
The proportion of average daily sodium intake in 12–
17 years old Chinese adolescents exceeded the corre-
sponding intake rate by 94.4 % [25]. The standard of salt 
intake in  adolescents recommended by  WHO experts 
should  be no  more than  5  g/day, which is  equivalent 
to 2 g of Na [5]. 

It is proved that excessive salt intake with food is one 
of  the  leading determinants of  the  formation of  high 
blood pressure and the  risk of  cardiovascular diseas-
es in adulthood [26, 27]. A number of studies have evi-
denced an  indirect association of  excess salt intake 
on  the  development of  excess body weight: each ad-
ditional 1 g of salt increased the volume of fluid drunk 
and also led to an increase in the volume of portions eat-
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en [27]. In  a  number of  countries, salt intake is  several 
times higher than the recommended levels, and the ad-
dition of salt to cooked food is part of a family tradition 
rather than a physiological necessity [28].

Calcium intake of the adolescents studied was below 
the PRS, which may be associated with inadequate intake 
of milk and dairy products. Low calcium intake is noted 
among adolescents in Penza and the Republic of Adygea 
[29]; among adolescents in the  Irkutsk Region, calcium 
content is two times lower than the PRS for adolescents 
of primary school age [18].

One of  the  main natural sources of  iodine for  hu-
mans are products of plant and animal origin – milk, eggs, 
meat, cereals, vegetables. The Irkutsk Region is  an  io-
dine-deficient area, and local products cannot fully serve 
as a source of sufficient intake of this trace element into 
the body. According to WHO recommendations, iodised 
salt is used for  mass prophylaxis of  iodine deficiency, 
but despite these measures, a significant deficiency of this 
essential trace element is  being observed everywhere 
among children and adults.

CONCLUSION

The actual nutrition of school-age children remains 
currently an urgent topic. The results of the study reveal 
that in rural conditions the diet of adolescents is char-
acterised by  imbalance in  the main macro- and micro-
elements. Low energy values and predominance of car-
bohydrate type of  nutrition are observed. Deficiency 
of the most important vitamins (A, C, D), as well as micro-
elements (calcium, iodine) has been revealed. Excessive 
sodium intake is  particularly alarming. Data on  the  ac-
tual diet of rural adolescents may become an important 
component for the development of methodological rec-
ommendations for  improving the  nutrition of  children 
and adolescents, followed by health education among 
the child population.
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ABSTRACT

Background. Overweight and obesity significantly increase the risk of premature 
death and the  development of  chronic diseases. Many anthropometric indices 
have  been developed to  verify obesity, although the  best among them remains 
undetermined.
The aim of the study. To determine the sex and age specificities of the dynamics 
of anthropometric indicators characterizing obesity.
Materials and methods. The  program was implemented in  the  period 
from  2015  to  2020. It provided for  the  implementation of  sample research. 
The  baseline research included 1,124  women and  476  men. The  average age 
was 54.9 ± 9.75 years and 52.6 ± 10.0 years, respectively. To identify gender specifici-
ties, all participants were divided into three age groups: 35–49 years old, 50–59 years 
old, and 60–70 years old. The observation period was 3 years.
To determine the level of visceral fat, the VS-532 fat mass analyzer (Tanita Health 
Equipment HK  Ltd., Hong  Kong) was used. Body mass index (BMI), waist-to-hip 
ratio (WHR), visceral obesity index (VOI) were also calculated. Statistical processing 
of the results was carried out using the program Statistica 6.0 (StatSoft Inc., USA).
Results. New cases of obesity developed in 30.6 % of the surveyed. There was an in-
crease in the prevalence of obesity according to the criteria of waist circumference 
(by 8.9 %) and visceral fat level (by 5.4 %) and a decrease in the number of people 
who are obese according to WHR – by 4.2 %. Of all the indicators, only VOI showed 
a  statistically significant decrease in  the  mean values over the  observed period, 
while BMI, waist circumference and visceral fat level showed an increase.
Conclusion. It is necessary to  apply various criteria for  the  diagnosis of  obesity, 
since individual indices are not able to fully reflect the gender and age specificities 
of the distribution of fat in the body.
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РЕЗЮМЕ

Обоснование. Избыточный вес и ожирение существенно увеличивают риск 
преждевременной смерти и развития хронических заболеваний. Разработа-
но множество антропометрических индексов, позволяющих верифициро-
вать ожирение, хотя лучший среди них до сих пор остаётся не определённым.
Цель исследования. Определить половозрастные особенности динамики 
антропометрических показателей, характеризующих ожирение.
Методы. Программа реализовывалась в период с 2015 по 2020 г. и предус-
матривала выполнение выборочного исследования. В базовое исследование 
было включено 1124  женщины и  476  мужчин. Средний возраст составлял 
54,9  ±  9,75 и 52,6  ±  10,0  года соответственно (р  <  0,001). Для выявления 
особенностей, связанных с полом, все участники были разделены на три 
возрастные группы: 35–49 лет, 50–59 лет и 60–70 лет. Период наблюдения 
составлял 3 года.
Для определения уровня висцерального жира использовался анализатор 
жировой массы ВС-532 (Tanita Health Equipment HK Ltd., Гонконг). Также рас-
считывались индекс массы тела (ИМТ), индекс «талия  –  бёдра» (ОТ/ОБ, 
окружность талии/окружность бёдер), индекс висцерального ожирения 
(ИВО). Статистическая обработка результатов проводилась при помощи 
программы Statistica 6.0 (StatSoft Inc., США).
Результаты. Новые случаи ожирения развились у 30,6 % обследованных. 
Наблюдалось увеличение распространённости ожирения по критериям 
ОТ (на 8,9 %) и уровень висцерального жира (УВЖ; на 5,4 %) и снижение числа 
лиц, имеющих ожирение по ОТ/ОБ, на 4,2 %. Из всех показателей только ИВО 
продемонстрировал статистически значимое снижение средних значений 
за наблюдаемый период, в то время как ИМТ, ОТ и УВЖ – увеличение.
Заключение. Необходимо применение различных критериев для диагно-
стики ожирения, так  как отдельные индексы не способны в полной мере 
отразить половозрастные особенности распределения жира в организме.

Ключевые слова: ожирение, антропометрия, эпидемиология, диагностика

Для цитирования: Цыганкова  Д.П., Баздырев  Е.Д., Нахратова  О.В., Центер  И.М., 
Газиев Т.Ф., Индукаева Е.В., Артамонова Г.В., Барбараш О.Л. Половозрастные особен-
ности динамики антропометрических показателей, характеризующих ожирение 
(по данным проспективного эпидемиологического исследования). Acta biomedica 
scientifica. 2023; 8(6): 204-211. doi: 10.29413/ABS.2023-8.6.20



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, N 6

206
Preventive medicine

INTRODUCTION

Worldwide, the prevalence of overweight and obesity 
is high and continues to rise steadily. While approximate-
ly 13.0  % (650  million) of  adults worldwide were obese 
in  2016 [1, 2], by  2030, experts estimate that this figure 
will be as high as 20.0 % [3]. This condition is known to sig-
nificantly increase the risk of developing a  large number 
of  chronic diseases, including metabolic, cardiovascular, 
musculoskeletal, neurodegenerative and psychiatric diseas-
es, as well as several forms of cancer [4]. Abdominal obesi-
ty is an independent risk factor for metabolic and cardio-
vascular disease and mortality [5]. Obesity-related non-
communicable diseases account for  more than 5  million 
deaths worldwide each year, with more than half occurring 
in people under the age of 70 years [6]. Additionally, obesity 
is a major cause of reduced quality of life, disability and so-
cial disadvantage, and it is closely associated with various 
social factors [3, 7].

Currently, body mass index (BMI) and waist circum-
ference (WC) are still considered the main epidemiologi-
cal indicators of general and abdominal obesity [8]. How-
ever, their usefulness is diminished by the inability to ac-
count for  body fat distribution [9]. Differences in  adi-
pose tissue distribution may contribute to heterogenei-
ty in the clini cal and biological manifestations of obesity. 
Several anthropometric indices have been developed 
specifically to describe fat distribution, including waist-
to-height ratio, BMI, visceral adiposopathy index (VAI), 
and visce ral fat level (VFL). Some studies were report-
ed that waist-to-height ratio was a better predictor of ar-
terial hypertension, diabetes mellitus and hyperlipidae-
mia than BMI and WC. Body shape index was a significant 
risk factor for premature mortality in the general popula-
tion. Some studies have demonstrated that VAI is superi-
or to BMI and WC in predicting arterial hypertension [10]. 
However, the best obesity verification index that predict-
ed or was closely related to metabolic factors is still con-
troversial and inconclusive [8, 11].

THE AIM

To  determine sex and age peculiarities of  the  an-
thropometric indicators dynamics which characterise 
obesity.

MATERIAL AND METHODS

The research program has been organised and imple-
mented between 2015 and 2020. It involved performing 
a sample survey, for which groups of respondents aged 35–
70 were formed. All surveys were conducted in compliance 
with the "Ethical Principles for Medical Research Involving 
Human Subjects" in accordance with the "Rules of Clini-
cal Practice in the Russian Federation". The study record 
was approved by the local ethical committee of Research 
Institute for  Complex Issues of  Cardiovascular Diseases 

(Minutes No. 7 as of 2015). Patients signed informed con-
sent in the prescribed form prior to inclusion in the study. 
The representativeness of the sample was ensured by ran-
dom selection in three consecutive stages using the Kish 
method. Inclusion criteria: age between 35 and 70 years 
inclusive; stable residence in the selected area for the next 
4  years. Individuals under 35 and over 71  years of  age, 
as well as respondents planning to move from their cho-
sen residence in the next 4 years who declined to partici-
pate, were not included in the study.

A  total of  1124  women and 476  men were includ-
ed in  the  pivotal study. The  median age for  444  males 
was 53.5 (44–61) years and for females 57.0 (47–63) years 
(p < 0.001); therefore, all respondents were divided into 
three age groups to  identify sex-age differences: 35–
49 years, 50–59 years, 60–70 years. Follow-up lasted 3 years 
from the first visit. However, during COVID-19 pandemics, 
it was not possible to adhere to the surveillance time frame 
due to restrictions on medical preventive examinations. 
Finally, the prospective phase ended with 60.0 % of par-
ticipants from each age group at baseline who had a fol-
low-up period of 3 years or less visiting the research cen-
tre. As the project progressed, it was found that 807 indi-
viduals had follow-up dates that met the above inclusion 
criteria (84.1 % response rate). Meanwhile, 44 individuals 
died, 32 moved to another location, and 157 individuals 
refused further participation in the study; 731 individuals 
completed the entire list of surveys.

Visceral fat levels were determined with a  BC-532 
fat mass analyzer (Tanita Corporation, Japan). A  level 
of 1 to 12 conventional units was defined as a healthy le-
vel of visceral fat; 13 to 59 conventional units was defined 
as an elevated level. BMI, waist-to-hip ratio (WC/HC (hip 
circumference)) were determined using traditional for-
mulas. Visceral adiposopathy index (VAI) was calculated 
using the formulas:

in men: VAI = WC / (39.68 + (1.88 × BMI)) ×  
(TG / 1.03) × (1.31 / HDL)

in women: VAI = WC / (36.58 + (1.89 × BMI)) ×  
(TG / 0.81) × (1.52 / HDL),

where: TG – triglycerides; HDL – high-density lipopro-
teins.

Statistical processing of  the  obtained data was per-
formed using Statistica  6.0 software (StatSoft  Inc., USA)  
(License No.  AXXR003E608729FAN10 dated March  31, 
2010). Quantitative variables are presented as median (Me) 
and percentiles (25 %–75 %), while qualitative attributes are 
presented as frequencies (percentages). The Wilcoxon test 
was used to compare quantitative variables (baseline and 
prospective measures); Pearson’s Chi-square test was used 
to compare qualitative variables. The critical level of signif-
icance was ≤ 0.05.

RESULTS

The  incidence of  obesity among women at  pivotal 
study varied from 20.9 % by VFL to 76.5 % by WC, among 
men from 33.4 % (VAI) to 73.9 % (WC/HC). The prevalence 
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of  obesity by  the  selected criteria has been summarised 
in more detail by the authors previously [12]. One should 
be  mentioned that in  a  comparative analysis, among all 
the  analysed parameters characterising the  presence 
of  obesity, only VAI showed a  statistically significant 
decrease in  mean values over the  observed period, 
while BMI, WC/HC, WC and VFL increased (Table 1).

In the prospective stage of the study, 247 new cases 
of obesity were diagnosed (30.6 % of the surveyed pop-
ulation). Sex differences were determined using WC/HC 
and  VFL criteria. Specifically, men were more likely than 
women to  be diagnosed with an  increase in  this condi-
tion by WC/HC (64.9 % vs. 35.1 %, respectively; p < 0.001). 
Meanwhile, an  increase in  the  proportion of  VFL obese 
individuals was recorded more in  women than in  men 
(53.7 % and 46.3 %, respectively; p = 0.003). The differences 
did not reach statistical significance for the other parame-
ters studied: for BMI, new cases of obesity were diagnosed 
in 26.8 % of men and 73.2 % of women (p = 0.617); for WC, 
obesity was almost twice as common in women as in men 
(65.4 % vs. 34.6 %, respectively; p = 0.382); new cases of obe-
sity according to  VAI were recorded in  26.6  % of  males 
and 73.4 % of females (p = 0.494). Statistically significant 
age differences were revealed only in the case of WC cri-

terion: the  maximum increase of  this indicator was ob-
served in the group of 50–59 years – 47.4 %, in the young-
er age group it was 35.9 % and the minimum increase was 
observed in the group of 60–70 years (16.7 %) (p = 0.001). 
It was also observed that the maximum prevalence of obe-
sity according to BMI, VFL and VAI criteria was in the age 
group of 60–70 years (36.6 %, 44.8 % and 40.6 % respec-
tively) and according to WC/HC criteria in the age group 
of 35–49 years (40.3 %).

Between 2015 and 2019, there was a   decrease 
in   the   prevalence of   obesity assessed by   WC/HC 
from  74.6  % to  70.4  % (p  =  0.034) (Fig.  1). An  increase 
of 8.9 % (p < 0.001) and 5.4 % (p = 0.010) in the detection 
rate of this pathology was observed as per WC and VFL 
criteria, respectively.

When analysing the sex- and age-specific dynamics 
of  obesity assessed by  various criteria, statistically 
significant differences were revealed when studying WC 
and WC/HC parameters (Table  2). Specifically, the  pre-
valence of abdominal obesity in young women increased 
by 11.8 %. Furthermore, both sexes aged 50–59 years also 
showed an increase in the incidence of obesity detection 
by  this criterion (by  13.9  % and 12.3  %, respectively). 
An  interesting pattern was observed when examining 

Indicators Basic stage Prospective stage р value

Body mass index 29.0 (25.2–33.1) 29.3 (25.8–33.2) < 0.001

Waist-to-hip ratio 0.88 (0.8–0.9) 0.92 (0.8–1.0) < 0.001

Waist circumference 93.0 (83.0–103.0) 98.0 (88.0–108.0) < 0.001

Visceral fat level 10.0 (7.0–13.0) 11.0 (8.0–14.0) < 0.001

Visceral adiposopathy index 1.58 (0.9–2.6) 1.47 (0.9–2.4) 0.001

T A B L E   1 
DYNAMICS OF OBESITY RATES DURING THE STUDY PERIOD, Me (25 %–75 %)
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FIG. 1.  
Change in the obesity prevalence diagnosed by different criteria (2015–2019)
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trends in the prevalence of obesity by WC/HC criterion: 
in females, there was a decrease regardless of age group 
(by 14.1 %, 12.2 % and 10.8 %, respectively). Meanwhile, 
in  men, an  increase in  the  prevalence of  obesity was 
revealed at the ages of 35–49 and 50–59 years (by 13.5 % 
and 12.6 %, respectively).

DISCUSSION

The results of a single-centre, three-year study revealed 
an increase in the prevalence of obesity by WC and VFL cri-
teria and a decrease by WC/HC criteria. The sex- and age-
specific dynamics of obesity according to the studied cri-
teria consisted in an increase in the prevalence of abdo-
minal obesity in women of 35–59 years old, but a decrease 
in the frequency of detection in all age groups according 
to  the  WC/HC criterion. In  males, there was an  increase 
in  the  detection of  obesity by  WC at  age 50–59  years 
and by WC/HC at age 35–59 years. The median values of all 
studied indicators (except VAI), however, statistically signif-
icantly increased. This fact evidences the need to apply dif-
ferent criteria for the diagnosis of obesity, as BMI is proba-
bly not able to fully reflect the sex- and age-specific distri-
bution of body fat [13].

The increasing prevalence of obesity has been observed 
in  most countries of  the  world during the  last decades. 
For instance, in a study of the Korean National Health Insur-
ance Service’s national health check-up database, the pre-
valence of obesity increased steadily over a 10-year period 
from 2009 (29.7 %) to 2018 (35.7 %) among the entire pop-
ulation and in all age groups. The prevalence of abdominal 
obesity has also increased, from 19.0 % in 2009 to 23.8 % 
in 2018. The increase in the prevalence of abdominal obesi-
ty was most evident in men (from 20.7 % to 28.1 %, respec-
tively). In women, the prevalence of abdominal obesity in-
creased from 16.2 % to 18.2 % overall, but decreased be-
tween the ages of 50–60 years [14].

Among 20 populous countries, Egypt had the highest 
adult obesity rate in 2015 with a rate of 34.9 %, while Viet-
nam had the lowest with a rate of 1.6 %. The prevalence 
of obesity more than doubled in 13 of these 20 countries 
between 1980 and 2015, and only the  Democratic Re-
public of Congo did not show an increase in this patholo-
gy [15]. In Africa, between 1980 and 2014, the age-stand-
ardized mean BMI increased from 21.0 kg/m2 (95 % confi-
dence interval (95 % CI): 20.3–21.7) to 23.0 kg/m2 (95 % CI: 
22.7–23.3) in men and from 21.9 to 24.9 kg/m2 in women 
[16]. There are few large epidemiologic studies in the Rus-
sian Federation. The  study of  obesity in  the  regions 
of  the  country is mostly one-sided and ignores the  full 
range of factors affecting the incidence of these pathol-
ogies. There is currently a low efficiency in the diagnosis 
and treatment of obesity [17]. According to the study “Epi-
demiology of  cardiovascular diseases and their risk fac-
tors in the Russian Federation” (ESSE-RF), the prevalence 
of obesity reached 29.7 % [18]. Meanwhile, in different re-
gions of the Russian Federation, this indicator varies from 
22.5 % to 44.5 % for BMI and from 43.0 % to 67.0 % for WC. 
Abdominal obesity was more closely associated with high 
risks of cardiovascular disease (CVD) and diabetes melli-
tus and had a significantly higher prevalence of 55.0 % vs. 
33.4 % for BMI [19].

If  the above trends in  the prevalence of obesity per-
sist, the chances of stabilising body weight in the general 
population are nil [20]. Scientists estimate that in the next 
five years, the global prevalence of obesity will reach 18 % 
and 21 % in men and women, respectively [20].

Overall ,  the  prevalence of  obesity and over-
weight in  Middle Eastern countries remained stable 
from  2000  to  2020 with an  average prevalence of  23  %. 
The prevalence of overweight, however, decreased from 
34.8 % (95 % CI: 32.4–37.4) to 32.8 % (95 % CI: 31.4–34.4) 
over these time intervals. Meanwhile, in women, the pre-
valence of obesity and overweight decreased from 26.6 % 
(95 % CI: 22.9–30.9) and 32.3 % (95 % CI: 29.8–35.0) between 

T A B L E   2 
GENDER AND AGE-SPECIFIC DYNAMICS OF OBESITY ASSESSED BY DIFFERENT ANTHROPOMETRIC INDICATORS (%)

Age, 
years Sex

BMI
р 

value

WC
р 

value

WC/HC
р 

value

VFL
р 

value

VAI
р 

value
B P B P B P B P B P

35–49
Male 33.7 45.1 0.093 53.9 62.0 0.248 64.0 77.5 0.041 28.6 39.4 0.099 33.1 40.8 0.251

Female 27.5 29.9 0.605 55.9 67.7 0.021 53.5 39.4 0.007 3.0 3.1 0.943 27.8 22.8 0.281

50–59
Male 37.3 31.3 0.353 60.8 74.7 0.030 76.6 89.2 0.018 51.9 62.6 0.110 39.9 33.7 0.350

Female 47.9 49.2 0.775 76.6 88.9 0.001 75.5 63.0 0.002 21.4 23.8 0.530 43.7 42.0 0.704

60–70
Male 37.1 38.8 0.817 67.9 70.1 0.740 83.6 91.0 0.056 77.1 80.6 0.573 26.4 14.9 0.065

Female 57.2 56.5 0.861 91.9 94.0 0.339 90.3 79.5 0.0002 33.9 37.5 0.381 47.5 43.0 0.288

Note. B – baseline stage; P – prospective stage.
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2000 and 2006 to 23.1 % (95 % CI: 20.8–25.7) and 32.8 % 
(95 % CI: 31.39–34.38) between 2014 and 2020, respectively. 
In contrast, the prevalence of obesity in men increased from 
20.1 % (95 % CI: 16.24–24.82) from 2000 to 2006 to 23.5 % 
(95 % CI: 20.3–27.2) from 2014 to 2020. Although, the prev-
alence of overweight in males remained stable (39.0 %) dur-
ing these periods [21].

The  rate of  obesity increase in  Europe is higher 
in men than in women (3.1 % vs. 1.9 % per year). If the in-
crease rate remains at the estimated level in 2030, Po-
land is likely to have more obese men (38.1 %) than wo-
men (32.7 %) and Europe will have 36.6 % and 32.0 %, 
respectively [22].

According to  these trends, the  main driving force 
behind the  obesity epidemic, according to  the  authors, 
is the westernisation of lifestyles in countries [23, 24]. Po-
licies implemented in society should promote behaviou-
ral change at the personal level with a focus on increasing 
consumption of healthy diet and physical activity [15]. Ho-
wever, the heterogeneity in obesity rates between coun-
tries may mean that social and other factors and their 
differences are associated with obesity status. Increases 
in obesity have more often been accompanied by improve-
ments in the economy, especially in a number of develop-
ing countries [15].

The  foregoing data suggest that there are inconsis-
tencies in  the  assessment of  current anthropometric in-
dexes, and they cannot provide a comprehensive predic-
tion of  metabolic risk factors. Consequently, further stu-
dies should be  conducted to  elucidate the  association 
of anthropometric parameters with cardiovascular risk fac-
tors [25, 26].

CONCLUSIONS

New cases of obesity were identified in 30.6 % of re-
spondents during the period analysed: an increase in pre-
valence was observed using WC and VFL criteria (by 8.9 % 
and 5.4 %, respectively). While at the same time, the WC/
HC criterion showed a 4.2 % decrease in the number of per-
sons with this pathology. The  median of  all studied in-
dicators (except VAI) increased statistically significantly 
over the  three years of  follow-up. Men were more likely 
than women to be diagnosed with an increase in this con-
dition by WC/HC (64.9 % vs. 35.1 %, respectively; p < 0.001). 
Meanwhile, an  increase in  the  proportion of  VFL obese 
individuals was recorded more in  women than in  men 
(53.7  % and 46.3  %, respectively; p  =  0.003). Age differ-
ences were only observed when the WC criterion was ap-
plied: the maximum increase was observed at 50–59 years 
(47.4 %) and at 35–49 years (35.9 %), while the minimum 
increase was observed at 60–70 years (16.7 %; p = 0.001). 
The maximum prevalence of obesity according to BMI, VFL 
and VAI criteria was in the age group of 60–70 years (36.6 %, 
44.8 % and 40.6 %, respectively) and according to WC/HC 
criteria in 35–49 years (40.3 %). The choice of the best meth-
od to measure obesity for predicting CVD risk factors re-
mains controversial. Further studies are required in popula-

tions for which the various anthropometric measures have 
not been thoroughly analysed and compared. A compre-
hensive approach to diagnosis is required, considering tra-
ditional, socio-economic and behavioural factors specific 
to a particular region. Targeting obesity risk reduction will 
help reduce the burden of circulatory disease in the adult 
population.
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ABSTRACT

The  problem of  human individual development requires not  just the  accumula-
tion and generalization of data, but also clarification, a systematic understanding 
of the individual variability of higher mental functions in relation to environmental 
factors and taking into account the risks associated with their formation.
The aim of the study. To identify systematic patterns of correlation between indi-
vidual variability of higher mental functions of preschool children and the material 
prosperity of their families.
Materials and methods. Traditional neuropsychological tests developed by A.R. Lu-
ria and  adapted in  the  neuropsychology laboratory of  the  Faculty of  Psychology 
at  Lomonosov Moscow State University were used. We  examined 180  preschool 
children from families with high, average, and low income.
Results. The greatest individual variability in the period of preschool age in rela-
tion to the level of material prosperity of the family, are the functions with a long 
period of formation, these are functions of block III of the brain, and the functions 
provided mainly by the left hemispheric parts of the brain. Children from the most 
affluent families have the  highest indices of  brain block  III functions (p  <  0.001) 
and left hemispheric functions (p < 0.001). Preschoolers from low-affluence families 
had indexes of both front brain function (p < 0.001) and left hemispheric function 
(p < 0.001) in the zone of negative values.
Conclusion. The  empirical results of  the  study allow  us to  clarify that  the  factor 
of material prosperity of the family, both directly, factor-wise, and indirectly, cumu-
latively, through the system of proximal factors, can make its selective contribution 
to the variability of indicators of children’s higher mental functions.

Key words: higher mental functions, material prosperity, preschoolers, variability, 
socio-demographic characteristics, neuropsychological analysis
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РЕЗЮМЕ

Решение проблем индивидуального развития человека требует не просто 
накопления и обобщения данных, но и уточнения, системного понимания 
индивидуальной изменчивости высших психических функций в соотношении 
с факторами среды и учёта рисков, сопутствующих их формированию.
Цель исследования. Выявить системные закономерности соотношений 
индивидуальной изменчивости высших психических функций детей дошколь-
ного возраста с материальным уровнем их семей.
Методы. Применялись традиционные нейропсихологические пробы, раз-
работанные А.Р. Лурией и прошедшие адаптацию в лаборатории нейропси-
хологии факультета психологии МГУ им. М.В. Ломоносова. Было обследовано 
180  детей дошкольного возраста из семей с высоким, средним и низким 
уровнем доходов.
Результаты. Наибольшей индивидуальной изменчивостью в период 
дошкольного возраста в соотношении с материальным уровнем семьи под-
вержены функции с долгим периодом формирования – это функции III блока 
мозга, и функции, обеспечиваемые преимущественно левополушарными 
отделами головного мозга. Дети из наиболее обеспеченных семей имеют 
самые высокие показатели индексов функций III  блока мозга (р  <  0,001) 
и левополушарных функций (р  <  0,001). У дошкольников из семей низкого 
материального уровня в зоне отрицательных значений оказались индексы 
функций как передних отделов головного мозга (р < 0,001), так и функций 
левополушарных отделов (р < 0,001).
Заключение. Полученные эмпирические результаты исследования позво-
ляют уточнить, что фактор материального достатка семьи – как непо-
средственно, факторно, так и опосредованно, кумулятивно, через систему 
проксимальных факторов, – может вносить свой избирательный вклад 
в изменчивость показателей высших психических функций детей, что про-
является в более интенсивном темпе формирования одних групп функций 
и  менее интенсивном – других, а также в выборе ведущей стратегии 
обработки информации, опирающейся на активность левого или правого 
полушария.

Ключевые слова: высшие психические функции, материальный уровень, 
дошкольники, изменчивость, социально-демографические характеристики, 
нейропсихологический анализ

Для цитирования: Неровных М.С. Индивидуальная изменчивость высших психи-
ческих функций дошкольников в аспекте материального достатка семьи (нейроп-
сихологический анализ). Acta biomedica scientifica. 2023; 8(6): 212-222. doi: 10.29413/
ABS.2023-8.6.21
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INTRODUCTION

Since the  second half of  the  19th  century, the  fo-
cus of  the central problems of psychology has been de-
voted to the study of the sources of individual variations 
in mental processes. It has been revealed that individual 
differences are in a complex relation of the complemen-
tary action of heredity and environment, as well as the ac-
tivity of the individual himself. Heredity allows to ensure 
the stability of psychological properties of biological spe-
cies, to  transmit individual traits to  the next generation; 
the  environment provides variability of  individual traits 
and the ability to adapt to changing conditions of life [1]. 
At the same time, here dity allows a very wide range of var-
iations in the path of ontogenetic development, which are 
the result of various reactions of the organism – biochem-
ical, physiological, psychological [2]. An  obvious insight 
in this research context is the understanding that chang-
ing environments unfold the innate programmes of human 
manifestation in different ways. Along with this, in the pro-
cess of development of human indivi duality there are are-
as more variable and sensitive to environmental influence, 
and relatively stable.

The  functional brain activity organisation is  one 
of the most important individual properties of a human 
being, objectively formed at the early stages of ontogen-
esis. Functional systems have a lifetime path of formation, 
are transformed in the process of realisation of a particu-
lar mental activity and  are conditioned by  social expe-
rience [3]. It is the early experience that largely determines 
which of the possible trajectories a person’s developmen-
tal path will follow. The  theory of  “afferent field”, intro-
duced by P.K. Anokhin reveals the idea that a functional 
system possessing a certain complex of afferent impuls-
es has a significant degree of maturity already in the pe-
riod of  early ontogenesis, and  for  a  number of  systems 
– already in the embryonic period [4]. At the same time, 
the afferentations included in the activity of a functional 
system, which are not involved in the process of realisa-
tion of a particular mental activity, begin to narrow down 
and pass into a latent state; meanwhile, only a small circle 
of active afferentations remains relevant [5].

Consequently, in  the  process of  ontogenetic devel-
opment, functional systems undergo intensive changes, 
as a result of which the same tasks are being implemented 
by completely different means, and the choice of strategies 
for solving tasks is conditioned by the factors of the child’s 
social environment.

Considering that the  social environment of  early 
childhood is primarily the family, it is necessary to know 
which family environmental variables are of primary im-
portance in the functional development of the child and 
what is the nature of their impact over the course of de-
velopment. Having analysed scientific literature, it  can 
be concluded that the variability of the morphofunction-
al state of the child’s brain has a significant relationship 
with the socio-demographic characteristics of the family, 
including its  integral component – socio-economic sta-
tus [6, 7].

In considering the problems related to the socio-eco-
nomic status of the family, two opposite strategies of its ex-
amination can  be found in  foreign studies. The  first ap-
proach considers socio-economic status as a set of several 
interrelated factors combined into a common index (edu-
cation, parents’ profession, material prosperity) [6]. A differ-
ent research strategy is presented by the authors [8], who 
insist that the relationship between these two variables (in-
come and education), is not rigidly deterministic. For exam-
ple, higher levels of education are associated with more fa-
vorable economic opportunities, including through higher 
income, more extensive social and psychological resources 
(higher social support, higher levels of control). That said, 
there are examples of people who are educated but earn 
relatively little; there  are also reverse examples of  peo-
ple with no education who have achieved financial pros-
perity. Thus, different indicators of socio-economic status 
are not interchangeable, so there is a need to measure sep-
arate components of socio-economic status and separate-
ly assess the contribution of each of them – this approach 
gives a more detailed picture of the social status of a par-
ticular individual.

In  our  opinion, insufficient attention is  paid 
to the study of the influence of such socio-demographic 
parameters of the family as its material status on the pro-
cess of develop ment of higher mental functions. The pub-
lished data related to the problem under consideration 
are presented to a large extent in the works of foreign au-
thors; there is a certain empirical deficit in Russian stud-
ies. It is important to note that this dependence (of eco-
nomic status and  individual differences) is  not direct 
but medi ated. The available literature notes that families 
with  different material levels are  characterized by  spe-
cific environmental conditions, which affects various as-
pects of family functioning and, consequently, the process 
of ontogenetic development [9]. A certain part of stud-
ies [10, 11] points to unequal access to material and cul-
tural resour ces to  stimulate children’s cognitive devel-
opment, inclu ding through the opportunity to purchase 
a  variety of  educational games, books, joint leisure ac-
tivities (visiting the  theatre, museums, libraries, exhibi-
tions, travel), etc. Moreover, as some authors note [12], 
there are significant differences between families with dif-
ferent economic status in the abi lity to give their children 
a  continuous and  quality education. D.N.  Chernov [13] 
emphasizes that if parents have difficulties in the imple-
mentation of educational and developmental functions, 
they begin to “include” in these processes such social in-
stitutions as the system of additional education, hobby 
groups, music, art, sports schools, sections, etc., which, ac-
cording to the author, partially compensates for the lack 
of parental attention.

An  important aspect of  a  child’s development 
is his or her language environment. The process of a child’s 
language socialization occurs through the natural inclu-
sion of the child in the community spoken by his or her 
immediate environment. Thus, being oriented to the style 
preferences of  the  speakers of  a  language variant (dia-
lect), it internalizes social standards and ideas about de-
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sirable forms of communication [14]. The relationship be-
tween the volume of the child’s vocabulary, the complex-
ity of grammaticalization of utterances and various com-
ponents of  socio-demographic parameters of  the  fami-
ly, such as  income, parents’ education, their profession, 
and quality of care, has been confirmed by empirical ma-
terial from many stu dies [15, 16].

A cycle of research is devoted to the study of the psy-
chological climate of  families with  different economic 
conditions. The authors note that the effect of emotion-
al stability, sensitivity to  the child’s needs can be condi-
tioned by the social position of parents [17]. For instance, 
the effect of emotional and psychological tension in low-
income families due to  financial instability, inconsistent 
employment of parents has been revealed, which in turn 
affects the quality of parental behavior [18]. Other stud-
ies have concluded that low family socio-economic status 
is associated with the presence of chronic stress and co-
occurring anxiety [19]. Researchers have concluded that 
during critical periods of brain maturation, stressful con-
ditions can have a “programming” effect and lead to irre-
versible and long-lasting changes [20]. Therefore, the ef-
fect of the stress response arising as a result of the pen-
etration of  various pa thogens into  the  organism leads 
to a “programming” effect on the development of the brain. 
A pronounced stress response resulting from the admin-
istration of  bacterial lipopolysaccharide to  baby rats led 
to significant rearrangements in the central nervous sys-
tem. The outcome of such stressful influence in the early 
postnatal period is the manifestation of behavioural disor-
ders in sexually mature indivi duals [21]. The most specific 
consequences of such stress exposure in rodents include 
impaired stress tolerance, symptoms of anxiety, depressed 
state, decreased cognitive activity, and disorders of neuro-
plasticity processes that underlie learning and memory for-
mation [22, 23]. The authors extrapolate that these kinds 
of stressors include disruption of their parental care of off-
spring, including maternal depression, changes in feeding 
patterns, and emotional upheaval [24].

Numerous data have been accumulated that suggest 
a  strong correlation between anthropometric indicators 
of the newborn and the socio-economic status of the moth-
er [25]. According to Yu.E. Veltischev [26], lagging anthropo-
metric indicators of newborns (low weight, small head vol-
ume) are significantly common in families with insufficiently 
high socio-economic level. Low birth weight has long-term 
effects on mental and physical development in all subse-
quent stages of ontogenesis. Such consequences include, 
for example, problems in the formation of spatial functions 
and  programming as  well as  control functions at  school 
age [27]. There is a consensus of researcher’s opinion that 
it is not the poor financial situation of the family itself that 
leads to poorer development, but a number of concomi-
tant circumstances.

This analysis of  the  sources of  the  problem under 
study is  not  limited to  this. Additionally, there  are stud-
ies that consider the amount of time spent with the child 
and the number of books read, value orientations and atti-
tudes, nutritional quality, living conditions [28], and many 

others as the main mechanisms of mediating the impact 
of family material prosperity in children’s morphofunction-
al development.

Despite the fairly well-developed problem of explanato-
ry mechanisms that influence the considered factors in chil-
dren’s intellectual and physical development and their per-
formance in school, there are few studies devoted to chil-
dren’s neurocognitive development in our country. Essential 
is the understanding that the problem is interdisciplinary: in-
dividual differences of children in relation to material pros-
perity of the family are recognised as an acute problem from 
the point of view of general psychology, neuropsychology 
of individual differences, psychophysiology, paediatrics, so-
ciological and economic sciences.

Therefore, the theoretical analysis of the problem made 
it possible to define the purpose of the study – to identi-
fy systemic regularities of correlations between individual 
variability of higher mental functions of preschool children 
and the material level of their families.

METHODS

Traditional neuropsychological tests developed 
by A.R. Luria [29] and adapted in the Laboratory of Neu-
ropsychology of the Faculty of Psychology at Lomonosov 
Moscow State University were included in the study. Sta-
tistical processing of the data was performed using Uni-
variate Analysis of Variance, with pairwise multiple com-
parisons with Scheffé correction. Data processing was per-
formed using the  IBM SPSS Statistics 26 software pack-
age (IBM Corp., USA).

180  preschool children were examined, the  average 
age was 6.5 years. Neuropsychological diagnostics was car-
ried out individually with each child. The duration of the ex-
amination was 55–70 minutes.

Distribution of children into groups was carried out 
by means of stratometric modeling strategy of the sam-
ple – with the help of a specially designed questionnaire. 
Strata were material level of the family: high level of in-
come (more than two subsistence minimums per fami-
ly member) – 26 % of families; average level of income 
(from one to two subsistence minimums per  family 
member) – 35  % of  families; low level of  income (less 
than one subsistence minimum per  family member) – 
39 % of families.

The  methodology of  families (respondents) distri-
bution by income level is based on the normative crite-
rion. The classification of population groups by income, 
developed by experts of the All-Russian Center for Liv-
ing Standards, is taken as a basis: the least well-off (low-
income), well-off below the  average level, middle-in-
come, high-income [30]. In contrast to this classification, 
we  have identified three groups of  families by  income 
level – low, average and high. The average-income fam-
ily group combined lower-middle-income and average-
income families.

The criterion for assignment to a certain group are so-
cial standards – subsistence minimum, socially accept-
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able (restorative) consumer budget, consumer budget 
of average income and consumer budget of high income 
[30]. When classifying families to the low-income group, 
we  follow the  absolute monetary approach (house-
holds with  average per  capita monetary incomes be-
low the subsistence minimum are recognized as poor). 
As  a  threshold value separating the  group of  families 
with low and average income, the value of two subsist-
ence minimums is adopted, since the socially acceptable 
(recovery) consumer budget is not less than 2–2.5 sub-
sistence minimums.

All children were pupils of municipal budget preschool 
educational organizations. The following facts were the cri-
teria for selection of the participants: absence of diagnosed 
neurological disorders, cerebral-organic pathology, and de-
velopmental deviations. All lived in a two-parent full fam-
ily where they were the only child (42 %), or had one sib-
ling (51 %), less frequently – two siblings (7 %). The sample 
population, allocated with regard to stratification of fam-
ily material status, was equalized by sex of children (50 % 
of boys and 50 % of girls, respectively). Mothers of 47 % 
of children have higher education, 36 % have specialized 
secondary education, and  17  % have secondary educa-
tion. 31 % of preschool children are brought up by fathers 
with higher education, 26 % – with specialized secondary 
education, 42 % – with secondary education.

The  analysis of  children’s higher mental functions 
was carried out in accordance with the approach proposed 
by A.R. Luria [3], based on the idea of a structural-functional 
model of the three brain blocks activity considering inter-
hemispheric asymmetry. To this end, during the process-
ing of the quantitative parameters of the samples, a pro-
cedure was performed to calculate generalised (aggregat-
ed) indicators – neuropsychological indices, which included 
the most unambiguously interpretable parameters of per-
formed samples (a total of 122 parameters).

Functional features of movements and speech serial 
organisation, as well as programming, control and regu-
lation of arbitrary forms of activity are presented in a gen-
eralised index – the index of the III block of the brain (cer-
ebrum anterior). This indicator includes a quantitative as-
sessment of test performance: graphomotor coordination, 
dynamic hand praxis, reciprocal coordination, choice re-
action, rhythms according to instructions, syllabic struc-
ture of words, text retelling (the criteria of programming 
and grammatical design of the utterance, as well as the se-
mantic adequacy of the utterance were assessed).

The index of Block II functions reflects the state of ki-
naesthetic functions (oral and manual praxis), functions 
of visual-spatial, visual and auditory information proces-
sing.

Since Block  II of  the  brain (block of  reception, stor-
age and processing of information, posterior cortex of cer-
ebrum) is  functionally lateralised, it  includes two  indi-
ces – index of information processing by left-hemispheric 
and by right-hemispheric type.

The  left hemisphere function index (sinistrocerebral 
index) is represented by quantitative assessments of oral 
praxis, lexical components of  text processing, right hand 

finger posture praxis, comprehension of  complex logical 
and grammatical constructions, and auditory-verbal mem-
ory (short-term and long-term).

The right hemisphere function index (dextrocerebral in-
dex) was assessed by the performance of left-hand finger 
posture praxis, copying a table, recognising undrawn ima-
ges, and the volume of involuntary auditory-spatial and vi-
sual-spatial memory. 

The obtained index values have undergone a stand-
ardization procedure. Standardized z-scores were calculat-
ed using the formula: z = (x – μ) / σ. According to the pre-
sented formula, the  sample mean for  this  parameter 
was  subtracted from the  value of  the  individual indica-
tor for the parameter, and the obtained result was divid-
ed by the standard deviation. The correlation of these in-
dicators made it  possible to  obtain neuropsychological 
profiles reflecting the functional state of children’s high-
er mental functions.

RESULTS

The presented standardized indices allow us to see how 
much and in what (better or worse) direction the individual 
value of the index of functions of Blocks III or II (left or right 
hemisphere) of the preschoolers’ brain deviates from the av-
erage group value (Fig. 1).

The  presented indices’ values and  their deviations 
from group averages indicate the unevenness in the devel-
opment of functions of Block III of the brain, as well as the left 
hemisphere within the population of preschoolers in cor-
relation with the material level of the family. The most sta-
ble indices are presented in the right hemisphere function 
indices.

Functional indices in  preschoolers from low-income 
families are significantly reduced (Block  III and left hemi-
sphere index), which can be regarded as a manifestation 
of a sign of deficit of these functions. It should be empha-
sised that the relative decrease in the indices is not evidence 
of fatal impairment of certain functions, but of signs of par-
tial deficiency and insufficiency of their formation to the lev-
el of the same-age population.

By applying single factor analysis of variance with pair-
wise multiple comparisons with  Scheffe’s correction, 
the following results were obtained as summarised in Ta-
ble 1.

Preschoolers from the  most affluent families 
had  the  highest indices of  brain Block  III function indi-
ces (differences with Group  2 (p  =  0.046) and Group  3 
(p < 0.001)) and sinistrocerebral indices (differences with 
Group 3; p < 0.001). Compared to them, preschoolers from 
average-income families have uniformly stable indicators 
of all functions, but their index values are lower than those 
of children who are more successful in functional develop-
ment. In preschoolers from families of  low material pros-
perity, the function indices of both cerebrum anterior (dif-
ferences with Groups 1 and 2; p < 0.001) and sinistrocer-
ebral indexes (differences with Group  1; p  <  0.001) were 
in the range of negative values.
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The  obtained results indicate individual unevenness 
of children’s higher mental functions and require a more 
differentiated analysis of individual indices of higher men-
tal functions, which will enable us to determine the reason 
of increased or decreased overall indices of brain block indi-
ces and to obtain neuropsychological profiles of preschool 
children of the selected groups (Fig. 2).

The  neuropsychological profiles and  the  results 
of  the analysis of variance presented in Figure 2 confirm 
the significant effect of the material prosperity of the family 
in terms of programming and control functions (p < 0.001), 
serial organisation of movements and speech (p = 0.004), 
visual (p < 0.001) and auditory (p < 0.001) functions, and ki-
naesthetic praxis (p = 0.053). Less differentiated index scores 
are presented in the functions of visual-spatial information 
processing.

Children from high-income families (Group  1) have 
high indices of  function: serial organization of  move-

ments (differences with Group 3; p < 0.001), arbitrary reg-
ulation of activity and speech (differences with Groups 2 
(p = 0.008) and 3 (p < 0.001)), auditory functions (differenc-
es with Groups 2 (p = 0.011) and 3 (p < 0.001)), and visu-
al functions (differences with Group 3; p < 0.001). Against 
the background of high indices of almost all higher men-
tal functions, preschool children from the most affluent 
families show a decrease in the indices of kinaesthetic in-
formation processing functions (differences with Group 3; 
p = 0.042).

Analysis of  the  results of  neuropsychological tests 
for  the  study of  the  functions of  serial organisation 
of  movements and  speech gives the  following picture: 
preschoolers from high-income families (Group 1) dem-
onstrate advantages in  the  characteristics of  dynamic 
praxis – this is manifested in a better ability to automate 
a  motor skill (p  =  0.017), fewer errors in  the  reproduc-
tion of the motor programme and a faster rate of work-

FIG. 1.  
Standardized average values of the indices of higher mental functions in preschool children in relation to the level of material prosperity 
of the family

T A B L E   1
LEVELS OF DIFFERENCES IN THE INDICATORS OF THE FUNCTIONS OF PRESCHOOL CHILDREN IN RELATION TO THE LEVEL 
OF MATERIAL PROSPERITY OF THE FAMILY

Indicators

Material prosperity (1 – high; 2 – average; 3 – low)

Level of difference ANOVA

1–2 1–3 2–3 Sig F

Brain Block III indices 0.046 < 0.001 < 0.001 < 0.001 15.57

Brain Block II indices 0.050 < 0.001 0.014 < 0.001 9.35

Sinistrocerebral indices of the brain – < 0.001 0.002 < 0.001 11.00

Dextrocerebral indices of the brain – – – – 0.64
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in-progress (p  =  0.004). High indices also differentiate 
this  group of  children in  the  ability of  serial speech or-
ganisation, namely in grammatical structuring when re-
telling a text (p < 0.001). Children from average-income 
families (Group  2) have some difficulties in  automating 
the motor skill: in the dynamic praxis test, in most cases, 
their programme execution varies from individual series – 
“packs” – to smooth change of programme elements (dif-
ferences with Group  1; p  =  0.040). However, they make 
no errors whatsoever in the execution of the programme, 
or there are isolated difficulties associated with the viola-
tion of  the  movement sequence. The  arising difficulties 
in children of this ontogenesis norm are also connected 
with the grammatical design of the utterance: in retelling, 
the text is most often composed in a rather monotonous 
way, without using complex sentences or with violation 
of word order (differences with Group 1; p = 0.006). Chil-
dren from low-income families (Group 3) are less efficient 
in learning and automatising motor skills (differences with 
Groups 2 (p = 0.040) and 1 (p = 0.005)) and have the low-
est indices of speech utterance serial organisation (differ-
ences with Groups 2 (p = 0.006) and 1 (p < 0.001)), mainly 
associated with the presence of single non-coarse agram-
matisms or paragrammatisms.

Sample analysis of the programming and control func-
tion tests showed that children from families with high 
material prosperity demonstrated higher speed charac-
teristics of the choice reaction (differences with Group 3; 
p < 0.001). In goal-directed activities programmed by ver-
bal instruction, they have the highest productivity (differ-
ences with Groups 2 (p = 0.019) and 3 (p = 0.001)). Group 1 
children were also more successful in constructing the se-
mantic programme of an utterance (p < 0.001); they made 
fewer errors caused by inertia. Their productivity of free 
association actualisation is more productive (differences 
with Groups 2 (p = 0.04) and 3 (p = 0.04)). Children from 
average-income families show relative weakness of func-
tions of  activity arbitrary regulation, associated main-

ly with programming of  speech utterance (differences 
with Group 1; p = 0.001) and actualisation of free associa-
tions (differences with Group 1; p = 0.04) with rather sta-
ble high indicators in the choice reaction test. The results 
of  all  samples measuring arbitrary regulation of  activity 
and speech by children from the least affluent families in-
dicate insufficient involvement of prefrontal mechanisms 
of  attention to  stimulus presentation (differences with 
Groups 2 (p = 0.002) and 1 (p = 0.001)), as well as in sen-
tence and  text construction (differences with Groups  2 
(p = 0.004) and 1 (p < 0.001)).

Individual differences in kinaesthetic praxis condition 
were caused by higher productivity of  left-handed finger 
poses by preschoolers from low-income families (differenc-
es with Group 1; p = 0.042).

Auditory-verbal functions in children from maximally 
affluent families are characterised by high amounts of in-
voluntary (differences with Group  3; p  =  0.050) and  ar-
bitrary short-term memory (differences with Group  3; 
p  =  0.001), as  well as  delayed reproduction and  resist-
ance to interference (differences with Group 3; p < 0.001). 
Children from  average-income families are  comparable 
to those from materially prosperous families in terms of au-
ditory-verbal memory capacity, but errors (verbal substitu-
tions based on semantic proximity) indicating difficulties 
in the left-hemispheric strategy of information processing 
are quite frequent among them (differences with Group 1; 
p = 0.039). Deterioration of auditory information process-
ing in the preschoolers from low-income families occurs 
as a result of a decrease in memory indices of this modali-
ty (differences with Groups 2 (p = 0.004) and 1 (p = 0.001)) 
and, in  addition, an  increase in  word distortions dur-
ing their reproduction (differences with Groups 1 and 2; 
p < 0.001), an increase in the number of errors associat-
ed with verbal substitutions based on semantic proximi-
ty (differences with Group 1; p = 0.032).

The  visual functions of  preschoolers from fami-
lies with  a  high material level of  family are  character-

FIG. 2.  
Indices of various components of the higher mental functions associated with the functions of blocks III and II of the brain in preschool chil-
dren from families with high (1), middle (2) and low (3) income levels
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ized by the predominance of analytical, left-hemispher-
ic strategy of visual information processing, which is well 
traced in  the  productivity of  samples on  identification 
of  crossed-out (differences with Group  3; p  =  0.011) 
and  superimposed images (differences with Group  3; 
p < 0.001). Children from average-income families have 
the same productivity of recognising perceptually com-
plex images as  the  preschoolers from maximally afflu-
ent families, but they more often make verbal-percep-
tual errors in the form of forgetting exact names and us-
ing semantically similar words (differences with Group 1; 
p = 0.040), which is an indicator of left-hemispheric com-
plexities. Preschoolers from the least financially affluent 
families have difficulties recognising both crossed-out 
(differences with Group 1; p = 0.011) and superimposed 
images (differences with Group 1; p < 0.001). In addition, 
there was an increase in verbal-perceptual errors (differ-
ences with Group 1; p = 0.020).

Indicators of  visual-spatial functions in  preschool 
children in  general have low values and do  not differ-
entiate the preschoolers by the  level of their formation, 
but some components of these functions (projection rep-
resentations) in children from families with a high mate-
rial level of family tend to decrease. Since preschool age 
is not a sensitive period for the formation of these func-
tions, children of this age are characterised by a low level 
of their formation. An intensive leap in their development 
should be expected at a later age in the process of pur-
poseful learning.

DISCUSSION

As to the results obtained in general, it should be not-
ed that the  empirical data of  this study suggest that 
a significant proportion of the environmental dispersion 
(from 6 to 23 %) of individual differences in the develop-
ment of structural components of children’s higher men-
tal functions is determined by the factor of family afflu-
ence. Individual variability of preschool children’s men-
tal functions in relation to the  level of  family affluence 
is  associated with the  preconditions of  a  more accele-
rated rate of development of some functions, associat-
ed with the risk of “weakening” or “stealing” of other de-
veloping functions or with a significant decline in func-
tional capabilities.

The most dynamic restructuring of functional systems 
occurs in the sensory periods of development and leads 
to significant changes in the mental component of on-
togenesis. Each such developmental period is  task-ori-
ented. If  in the sensory period of certain functions for-
mation the society offers conditions not corresponding 
to  the  real preconditions of  the  child’s development, 
the formation of functional systems of the brain may fol-
low a disharmonious path of development. As a result, 
more intensive and advanced development of some func-
tions can lead to  increased differentiation of  the  brain 
and “stealing” in  the  development of  those functions 
that  are at  the  stage of  their optimal formation. Oth-

erwise, as a result of  insufficient impact of external so-
cial factors, there is underdevelopment of higher men-
tal functions and a decrease in the rate of their forma-
tion in  relation to  the  average population level of  de-
velopment, which allows us to talk about partial deficit 
of mental processes.

According to the results of  this study, the  functions 
with a long period of formation – these are the functions 
of  the brain Block  III, and the  functions provided main-
ly by  the  left hemispheric sections of  the  cerebrum  – 
are  subject to  the  greatest individual variability during 
preschool age in correlation with the material prosperi-
ty of the family.

The most intensive rate of development of arbitrary 
activity regulation functions and  serial organisation 
of movements provided by the work of the cerebrum ante-
rior, as well as functions provided by the left-hemispheric 
strategy of information processing (auditory-verbal func-
tions and analytical components of visual perception me-
diated by  speech) with relatively isolated lag of  motor 
functions and  right-hemispheric components of  visual-
spatial information processing is observed in preschool-
ers from families with high material prosperity. Evidently, 
a targeted intensive speech exposure leads to increased 
verbal loads upon the child, thereby stimulating the devel-
opment of the speech areas of the brain. According to sev-
eral data [31], the classificatory method associated main-
ly with the work of the left hemisphere reaches a prop-
er level of development only by the end of adolescence, 
and the structural method, carried out by the right hemi-
sphere, has a certain degree of maturity already in the pe-
riod of preschool age. Early intensive verbal load can be 
considered to create prerequisites for the active develop-
ment of left hemisphere functions and “steal” right hem-
ispheric capabilities, including kinaesthetic functions 
and some components of visual-spatial information pro-
cessing. Since visual and spatial functions are associated 
with the work of long-forming tertiary sections of the cor-
tex of the brain Block II, including the right hemisphere, 
which reach their developmental optimum at an older age 
and are closely related to the learning process, it is essen-
tial to further investigate the dynamics of their develop-
ment, which would enable us to clarify the distant con-
sequences of a more intensive rate of formation of func-
tions provided by the left hemisphere.

As  family material prosperity decreases, the  risk 
of “weakening” most of children’s functional abilities in-
creases. Children from low-income families are  likely 
to have deficits in the functions of programming and con-
trol of arbitrary forms of  activity, serial organisation 
of movements, mainly speech, as well as impaired ability 
to process auditory information and some speech-medi-
ated analytical components of visual perception. Notwith-
standing the fact that the decrease in material prosperi-
ty of the family is accompanied by a weakening of verbal 
functions and  activity arbitrary regulation, it  has a  pos-
itive effect on  the  formation of  kinesthetic hand prax-
is and  some aspects of  visual-spatial functions. Consid-
ering this variant of  the child’s norm, one may consider 
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that the decrease in the functional capabilities of the an-
terior and sinistrocerebral parts of the cerebrum reflects 
a variant of the partial deficit of the mental component 
of ontogenesis.

CONCLUSION

Every society is characterised by socio-economic ine-
qualities, but the most effective social strategy that can im-
prove the quality of  life of the population in any country 
is to invest in child development: the earlier in childhood 
this contribution is made, the more effective the social re-
turns will be years later.

Since the cerebrum in the early period is highly plastic 
and represents an open system capable of restructuring, 
the preschool age is such an important period for stud-
ying systemic regularities of  correlations between indi-
vidual variability of higher mental functions and factors 
of the family environment. It is in the preschool age that 
the variability in morphofunctional cerebral development 
reaches more than 30 %, and then there is a gradual de-
crease in  the “plasticity” of  the cerebrum, and the envi-
ronmental influence begins to inevitably lose its relevance 
[32]. Thus, remedial interventions become less effective. 
Consequently, it is important that early experiences meet 
children’s developmental potentials and that the differing 
socio-demographic characteristics of  the  family are  tak-
en into account in the design of the teaching and learn-
ing process.

The  presented conceptual approaches, within 
the  framework of  which the  search for  connecting links 
between socio-demographic parameters of  the  family 
and  structural and  functional self-organisation of  higher 
mental functions is conducted, were supplemented by em-
pirical data of our study, which made it possible to speci-
fy that the factor of material wealth of the family both di-
rectly, factor-wise, and  indirectly, cumulatively, through 
the system of proximal factors, can make its selective con-
tribution to the variability of indicators of children’s high-
er mental functions, which is manifested in more intensive 
formation of some groups of functions, and less intensive 
– others, as  well as  in  the  choice of  the  leading strategy 
of information processing, relying on the activity of the left 
or right hemisphere.

In conclusion, we note that the unevenness in the de-
velopment of  structural and  functional components 
of  children’s higher mental functions is  normative, 
not  pathological. Such unevenness has  a  large adap-
tive effect: the  population as  a  whole benefits from 
the presence of different abilities in different individu-
als. On the other hand, the transition to a new world or-
der and a  new technological mode, to  new principles 
of  social selection puts high demands on  the  psycho-
physiological characteristics of  children. Under these 
conditions, the  uneven development of  higher mental 
functions can lead to the fact that weak structural links 
of the functional system can become a deterrent to fur-
ther development and successful learning of the child. 

The results of this study can be useful to parents, teach-
ers, specialists of  preschool and  other educational or-
ganizations. Analyzing the development of children be-
fore school and identifying their living conditions makes 
it possible to  identify different groups of children who 
need help from the first days of school life.
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ABSTRACT

Background. In Russia, of all detected cases of COVID-19, 18 % were in the pediatric 
population. According to a number of studies, adolescents develop long-term clini-
cal and psychological consequences after an illness. Therefore, at present, the most 
relevant is a thorough study of the structure and severity of consequences of COVID-19 
in adolescents.
The aim of the study. To assess the severity of consequences of COVID-19 in ado-
lescents depending on the time after the disease.
Materials and methods. The  sample included 96  people aged 11–16  years: 
48 adolescents who have undergone COVID-19 (main group); 48 adolescents who did 
not have COVID-19 (control group). The main group was divided into six subgroups, 
depending on the period after COVID-19. The following research methods were used: 
clinical history using a  standardized interview method; “Correction test” method 
by B. Bourdon; Beck’s Depression Inventory (BDI-1A); Adolescent’s Form of Manifest 
Anxiety Scale by A.M. Prikhozhan.
Results. Clinical symptoms of COVID-19 during the acute phase of the disease were 
considered in  adolescents. It has been established that the  most common symp-
toms include fever, runny nose, cough, sore throat, severe fatigue, impaired sense 
of smell, impaired taste, headache (most often localized in the frontal region). Clinical 
and psychological symptoms characteristic of post-COVID syndrome were consid-
ered as  consequences of  COVID-19 in  adolescents. The  majority of  the  examined 
adolescents showed the following clinical symptoms of COVID-19 after discharge: 
asthenia, disturbances of smell and taste; lasting from 2 to 64 weeks. As psychological 
symptoms, adolescents were characterized by reduced attention span, reduced speed 
of information processing and concentration, as well as the presence of symptoms 
of severe depression and high anxiety. The most unfavorable emotional state was re-
vealed in adolescents during the second month after COVID-19.
Conclusion. The  data obtained made it possible to  determine that post-COVID 
syndrome in adolescents is characterized by the presence of an asthenic condition, 
impaired attention, high anxiety, severe depressive symptoms.
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РЕЗЮМЕ

Обоснование. В России из всех выявленных случаев COVID-19 18  % при-
ходятся на  население детского возраста. По данным ряда исследований, 
у подростков формируются долгосрочные клинические и психологические 
последствия после перенесённого заболевания. Следовательно, в настоящее 
время наиболее актуальным является тщательное изучение структуры 
и степени выраженности последствий COVID-19 у подростков.
Цель исследования. Оценить степень выраженности последствий 
COVID-19 у подростков в зависимости от временного периода после пере-
несённого заболевания.
Методы. Выборка включала 96 человек в возрасте 11–16 лет: 48 подрост-
ков, перенёсших COVID-19 (основная группа); 48  подростков, не болевших 
COVID-19 (контрольная группа). Основная группа разделена на 6 подгрупп 
в зависимости от временного периода после COVID-19. В качестве мето-
дов исследования использовались: клинический анамнез с использованием 
метода стандартизированного интервью; методика «Корректурная про-
ба» Б. Бурдона; шкала депрессии А. Бека (BDI-1A); шкала явной тревожности 
для подростков А.М. Прихожан.
Результаты. Рассмотрены клинические симптомы COVID-19 во время 
острой фазы течения заболевания. Установлено, что к наиболее распро-
странённым симптомам относятся: повышенная температура тела, 
насморк, кашель, боль в горле, сильная усталость, нарушения обоняния, 
нарушения вкуса, головная боль (наиболее часто локализованная в лобной 
области). В качестве последствий COVID-19 у подростков рассмотрены 
клинические и психологические симптомы, характерные для постковидного 
синдрома. У большинства обследованных подростков выявлены следующие 
клинические симптомы COVID-19 после выписки: астения, нарушения обоня-
ния и вкуса продолжительностью от 2 до 64 недель. В качестве психологиче-
ских симптомов, для подростков характерны: сниженный объём внимания, 
пониженный уровень скорости переработки информации и концентрации 
внимания, а также наличие симптомов выраженной депрессии и высокой 
тревожности. В период второго месяца после COVID-19 выявлено наиболее 
неблагоприятное эмоциональное состояние.
Заключение. Полученные данные показали, что для постковидного синдро-
ма у подростков характерно наличие астенического состояния, нарушения 
внимания, высокой тревожности, симптомов выраженной депрессии.

Ключевые слова: COVID-19, продолженный COVID, постковид, подростки
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INTRODUCTION

In Russia, cases of COVID-19 infection among the pop-
ulation have been recorded from 2020 onwards. Thus, ac-
cording to  official statistics, more than 18  million cases  
of COVID-19 infection have been detected in Russia since 
the  beginning of  the  pandemic. At  the  same time, 18  % 
of diagnosed cases of COVID-19 infection are in the pedi-
atric population, of  which 6  % are pre-school children 
and 12 % are school-aged children. It is important to note  
that COVID-19 prevalence in the population is currently de-
clining, which has allowed the removal of earlier restrictive 
measures (e. g., wearing masks). Nevertheless, at the same 
time, the effects of the disease in the population are still 
being felt. This is associated with the fact that COVID-19, 
in contrast to “classical” acute respiratory viral infections, 
is  characterised by  peculiarities of  course and complica-
tions that can affect almost all human organs and sys-
tems [1–3]. In particular, the National Institute for Health 
and  Care Excellence (NICE) has proposed a  classification 
of COVID-19 course periods, according to which they dif-
ferentiate: (1)  acute period, when signs and symptoms 
of the disease persist for no more than 4 weeks (the diag-
nosis is removed when a negative PCR test for SARS-CoV-2 
carriage is obtained); (2) long-COVID – persisting symptoms 
of the disease for 1–3 months; (3) post-COVID – when signs 
and symptoms that develop during and/or after the disease 
last for more than 3 months and are not explained by an al-
ternative diagnosis [4]. These symptoms can change over 
time, disappear and reappear, affecting many body systems 
[5–7]. At the same time, it is noted that even those people 
who have experienced COVID-19 in a mild form are not im-
mune to adverse effects [5, 8].

According to a  number of  studies, symptoms occur-
ring during the acute period of COVID-19 course include 
fever, runny nose, cough, sore throat, gastrointestinal dis-
orders, conjunctivitis, headache, severe fatigue, sleep dis-
ruption, smell and taste disorders [6, 9–11]. Various disor-
ders of  smell and taste were the  most prominent symp-
toms of the acute period of COVID-19, and their prevalence 
reached 73–98 % [10–12]. The duration of these disorders, 
as a rule, is no more than 10–20 days, but cases of longer loss 
of sense of smell and taste – more than 60 days – are com-
mon [13], which are part of the structure of the so-called 
“long-COVID” and “post-COVID” [14].

A  number of  clinical and psychological symptoms 
characteristic of  the  long-COVID and post-COVID course 
of the disease are also distinguished. Currently, the symp-
tomatology of these periods of the COVID-19 course is com-
bined into a  single nosology, post-COVID-19 syndrome. 
The diagnosis of post-COVID syndrome is listed in the In-
ternational Classification of  Diseases 10th Revision (ICD-
10) under the code U09.9 “Condition after COVID-19 un-
specified”, which also includes post-COVID. In  this case, 
post-COVID syndrome is  defined as a  complex of  symp-
toms occurring during and/or after the  disease, which 
persist for  more than 3  months and  are  not  explained 
by an alternative diagnosis [15, 16]. According to a study 
conducted in the  Volgograd region, the  prevalence  

of post-COVID syndrome among re-infected adolescents 
is 25 %, with symptoms persisting for 5 or more months 
[17]. That said, the  various symptoms of  post-COVID 
manifest with a  different frequency and can vary. Thus, 
the  most common clinical and psychological symptoms  
of post-COVID in adolescents include headache (3–80 %), 
abdominal pain (1–76 %), taste and smell disorder (3–74 %), 
sleep disruption (2–63  %), fatigue (3–87  %), depressive 
state (43–87 %), high anxiety (41–84 %), reduced attention 
concentration (2–81 %) [8, 18]. At the same time, however, 
the duration of symptoms has an individual severity. Thus, 
according to N.R. Magson et al. [19], the following symp-
toms are observed in adolescents during 4 to 12 weeks after 
the acute phase of COVID-19: headache, fatigue, sleep dis-
ruption, and difficulty concentrating. Different results from 
the previous study were obtained in a study by Q. Han et al. 
[20]. According to the authors, 8591 patients had symptoms 
such as fatigue/weakness (28 %), dyspnoea (18 %), arthro-
myalgia (26 %), depression (23 %), anxiety (22 %), memo-
ry disorder (19 %), decreased concentration (18 %) and in-
somnia (12 %) for at least 1 year [20].

Despite the significant contributions of these authors, 
the problem of identifying and studying the effects of COV-
ID-19 in adolescents remains unresolved. Therefore, the aim 
of this study was to evaluate the severity of the COVID-19 
consequences in  adolescents according to  the  follow-up 
intervals.

MATERIALS AND METHODS

The  study, conducted between November  2021 
and June 2023, included adolescents from among the pa-
tients of the Clinic of the Scientific Centre for Family Health 
and Human Reproduction Problems (Irkutsk) who met 
the inclusion criteria. Inclusion criteria: age 11–16 years; 
informed consent of  the  adolescent’s legal representa-
tive to participate in the study. Exclusion criteria: failure 
to meet the inclusion criteria; presence of comorbid dis-
ease (asthma, arterial hypertension, etc.); presence of dis-
order of mental development (mental retardation, autism 
spectrum disorder, cerebral palsy, etc.); refusal of the ad-
olescent or  his/her legal representative to  participate 
in the study.

The  pilot study was a  prospective, non-randomized, 
case-control study. The study sample consisted of 96 ad-
olescents: 18 (18.7 %) boys and 78 (81.3 %) girls aged 11–
16 years (mean age – 14.6 ± 1.6 years). All the study par-
ticipants were divided into two groups – main and  con-
trol. Inclusion criteria in the main group: a history of a posi-
tive PCR test for SARS-CoV-2 carriage and evidence of mild 
or  mode rate COVID-19. Inclusion criteria for the  control 
group: no history of a positive PCR test for SARS-CoV-2 car-
riage and no evidence of mild or moderate COVID-19. In or-
der to assess the severity of the COVID-19 consequences 
in adolescents according to the follow-up interval, the main 
group was divided into six subgroups: (1) one month after  
COVID-19; (2) two months after COVID-19; (3) three months 
after COVID-19; (4)  four months after COVID-19; (5)  six 
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months to one year after COVID-19; (6) more than one year 
after COVID-19. Table 1 summarizes the general character-
istics of the study groups of adolescents. The main and con-
trol groups of the study were comparable in sex and age 
characteristics.

All respondents were surveyed using the  following 
methods: clinical history using the standardised interview 
method; B. Bourdon’s Test [21]; Beck Depression Inventory 
(BDI-1A) adapted by N.V. Tarabrina [22]; A.M. Prikhozhan’s 
manifest anxiety scale for adolescents [23].

Clinical history using standardised interview method in-
cluded collection of anamnestic information about respond-
ents (sex, age, presence of COVID-19 cases in the family, fea-
tures of the course of the acute phase of COVID-19, features 
of  the condition after COVID-19 diagnosis remo val, pres-
ence of stressful experiences at the time of exami nation).

To  assess the  properties of  respondents’ attention, 
the method of B. Bourdon’s Test was used [21]. The survey 
was conducted using special forms with rows of letters ar-
ranged in random order. Each respondent viewed a series 
of letters and crossed out certain letters indicated in the in-
structions for 7 minutes. At the end of each minute, the re-
spondent made a mark where he/she held the pencil/pen. 
The following indicators were determined based on the re-
sults of the method: attention span, attention concentra-
tion, accuracy and speed.

The “attention span” indicator corresponded to the to-
tal number of letters viewed by the respondent in 7 minutes.

To determine the “concentration of attention” indica-
tor (P), the “concentration of attention in 1 minute” indica-
tor was first calculated for each of the 7 minutes according 
to the formula:

P = K × Q,
where: P – attention concentration in 1 minute; K – accura-
cy in 1 minute; Q – number of letters viewed in 1 mi nu te.

Then the  “concentration of  attention” indicator (Pt) 
was calculated using the formula:

Pt = (P1 + P2 + P3 + P4 + P5 + P6 + P7) / 7,
where: P(1–7) is the concentration for each individual mi nu te.

To  determine the  “accuracy” indicator, the  “accura-
cy in 1 minute” indicator (K) was first calculated for each 
of the 7 minutes according to the formula:

K = (n – x) / n,
where: n – number of letters to cross out in 1 minute; x – 
number of errors in 1 minute.

Then the “accuracy” indicator (Kp) was calculated us-
ing the formula: 

Kp = (K1 + K2 + K3 + K4 + K5 + K6 + K7) / 7,
where: K(1–7) is the accuracy for each individual minute.

To  determine the  “speed” indicator (S), the  formula 
was used:

S = (0,5936 × Qt – 2,807 × xn) / t,
where: Qt is the total number of letters viewed in 7 mi nutes; xn – 
the total number of errors in 7 minutes; 0.5936 – the average 
volume per letter; 2.807 – the loss of information per missed 
letter; t – the total time of the technique (in seconds).

To assess the presence of symptoms of depression in ado-
lescents, the Beck Depression Scale (BDI-1A) was used, devel-
oped by A. Beck in 1978 and adapted by N.V. Tarabrina in 2001 
[22]. The scale contains 13 groups of statements correspond-
ing to groups of depression symptoms. Each item on the scale 
is rated from 0 to 3 points according to  increasing severi-
ty of symptoms. Thus, the final result of the method from 0 
to 9 points indicates the absence of symptoms of depression; 
from 10 to 15 points – the presence of symptoms of mild de-
pression (subdepression); from 16 to 19 points – the presence 
of symptoms of moderate depression; more than 20 points – 
the presence of symptoms of severe depression [23].

A.M.  Prikhozhan’s manifest anxiety scale for  adoles-
cents [24] was used to identify anxiety as a relatively sta-

Groups Age (years), M ± SD
Sex, % (n)

Total, % (n)
boys girls

Main group 14.6 ± 1.6 18.7 (n = 9) 81.3 (n = 39) 100.0 (n = 48)

Subgroup 1 14.7 ± 0.1 14.3 (n = 1) 85.7 (n = 6) 14.6 (n = 7)

Subgroup 2 15.2 ± 0.6 20.0 (n = 1) 80.0 (n = 4) 10.4 (n = 5)

Subgroup 3 14.7 ± 0.3 14.3 (n = 1) 85.7 (n = 6) 14.6 (n = 7)

Subgroup 4 14.4 ± 0.1 37.5 (n = 3) 62.5 (n = 5) 16.7 (n = 8)

Subgroup 5 14.5 ± 0.3 8.4 (n = 1) 91.6 (n = 11) 25.0 (n = 12)

Subgroup 6 14.4 ± 0.4 22.2 (n = 2) 77.8 (n = 7) 18.7 (n = 9)

Control group 14.6 ± 1.6 18.7 (n = 9) 81.3 (n = 39) 100.0 (n = 48)

Total 14.6 ± 1.6 18.7 (n = 18) 81.3 (n = 78) 100.0 (n = 96)

T A B L E   1
GENERAL CHARACTERISTICS OF THE STUDIED GROUPS OF ADOLESCENTS
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ble personality formation in adolescents. The scale deve-
loped by A.M. Prikhozhan on the basis of adult and child 
versions of the manifest anxiety scale (J. Taylor, 1951, 1953; 
A.  Castenada, B.R.  McCandless, D.S.  Palermo, 1956) con-
tains 65 items. Analyzing the respondent’s answers allows 
us to  calculate “raw” scores on  the  anxiety scale. “Raw” 
scores are then converted to scale scores (walls) by compar-
ing the examinee’s data with normative scores of a group 
of adolescents of the appropriate age and gender. Based 
on  the  obtained scale score, the  level of  anxiety expres-
sion of the respondent was determined. Thus, 1–2 walls in-
dicate the presence of a low level of anxiety; 3–6 walls indi-
cate a normal level of anxiety; 7–8 walls indicate somewhat 
elevated anxiety; 9 walls indicate high anxiety; 10 walls in-
dicate very high anxiety.

The study protocol was designed in accordance with 
the World Medical Association Declaration of Helsinki “Ethi-
cal Principles for the Conduct of Scientific Medical Research 
Involving Human Subjects” as amended in 2013.

Statistical processing of  the study results was per-
formed using Statistica 8 application software package 
(StatSoft Inc., USA). The sample size has not been pre-
calculated. The  Shapiro  –  Wilk test was used to  check 
the normality of the distribution of the studied indica-
tors. Arithmetic mean and standard deviation in M ± SD 
format were used to  describe quantitative data. 
The Mann – Whitney U-criterion was used to analyze in-
tergroup differences. Differences in percentage or rel-
ative values were assessed using Pearson’s χ2 criterion. 
The critical value of the  level of statistical significance 
was considered to be p ≤ 0.05.

RESULTS

The  frequency and duration of  clinical symptoms 
of COVID-19 in adolescents during the course of the acute 
period of the disease were determined based on the re-

Clinical symptoms Detection frequency,  
n (%)

Duration from disease onset 
(days), M ± SD

Duration (day),  
min–max

Elevated body temperature 41 (85 %) 8.7 ± 4.7 1–21

Severe fatigue 34 (71 %) 19 ± 6.9 7–38

Runny nose 32 (67 %) 6 ± 4.3 1–21

Olfactory disorders 28 (58 %) 19 ± 6.9 7–38

Headaches, of which: 29 (60 %)

19 ± 6.9 7–38

temporal region 3 (10 %)

occipital region 3 (10 %)

frontal region 12 (42 %)

frontal and parietal region 2 (7 %)

frontal and temporal region 2 (7 %)

whole head 7 (24 %)

Cough 27 (56 %) 6 ± 4.3 1–21

Abnormal taste 26 (54 %) 19 ± 6.9 7–38

Sore throat 27 (56 %) 6 ± 4.3 1–21

Sleep disruptions: 14 (29 %)

19 ± 6.9 7–38

hard to sleep 10 (21 %)

nocturnal awakening 7 (15 %)

nightmares 3 (6 %)

hard to wake up 6 (13 %)

Gastrointestinal disorders 7 (15 %) 6 ± 4.3 1–21

Conjunctivitis 4 (8 %) 6 ± 4.3 1–21

Total period of illness 48 (100 %) 17 ± 8.3 1–38

T A B L E   2
FREQUENCY AND DURATION OF CLINICAL SYMPTOMS OF COVID-19 IN ADOLESCENTS
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sults of the clinical history of the disease (Table 2). Specif-
ically, the acute period of the course of COVID-19 in ado-
lescents averaged 17 ± 8.3 days (1 to 38 days).

Table 2 summarizes that more than half of the respond-
ents reported the following clinical symptoms: fever (85 %), 
runny nose (67 %), cough (56 %), sore throat (56 %), severe 
fatigue (71  %), olfactory disorder (58  %), taste disorder 
(54 %), headache (60 %) (most often localised in the frontal 
area). The following COVID-19 clinical symptoms were less 
frequent: gastrointestinal disorders (15 %), conjunctivitis 
(8 %), and sleep disruptions (29 %) (most commonly asso-
ciated with difficulty falling asleep).

Based on the results of the clinical history of the dis-
ease, the frequency and duration of COVID-19 clinical symp-
toms in adolescents after the diagnosis was removed (dur-
ing the course of the post-COVID syndrome) were deter-
mined (Table 3). Specifically, 77 % of adolescents showed  
COVID-19 clinical symptomatology after the  diagnosis 
was removed for a duration ranging from 0.5 to 64 weeks 
(mean – 10.1 ± 14.6 weeks).

The most common clinical symptoms of COVID-19 af-
ter the  diagnosis has been removed are: asthenia, smell 
and taste disorders, as can be summarised in Table 3. Symp-
toms such as headache, joint pain, runny nose, cough, ele-

T A B L E   3
FREQUENCY AND DURATION OF COVID-19 CLINICAL SYMPTOMS IN ADOLESCENTS AFTER THE DIAGNOSIS HAS BEEN 
REMOVED

Clinical symptoms Detection frequency,  
n (%)

Duration after discharge 
(weeks), M ± SD

Duration (weeks),  
min–max

Joint ache 2 (4 %) 1.8 ± 0.4 1.5–2.0

Runny nose 1 (2 %) 0.5 ± 0.0 0.5–0.5

Elevated body temperature (37 °C) 3 (6 %) 13.8 ± 13.3 1.5–28.0

Cough 1 (2 %) 1.0 ± 0.0 1.0–1.0

Diarrhea 1 (2 %) 1.0 ± 0.0 1.0–1.0

Severe chest pain 1 (2 %) 1.0 ± 0.0 1.0–1.0

Reduced appetite 2 (4 %) 26.0 ± 2.8 24.0–28.0

Nausea 2 (4 %) 2.5 ± 1.3 1.0–4.0

Dizziness 3 (6 %) 5.0 ± 4.6 2.0–12.0

Headache 2 (4 %) 5.0 ± 4.8 1.0–12.0

Asthenia 15 (31 %) 14.0 ± 12.1 3.0–64.0

Abnormal taste 16 (33 %) 11.7 ± 10.5 2.0–56.0

Olfactory disorders 17 (36 %) 14.6 ± 10.3 2.0–64.0

General post-COVID period 37 (77 %) 10.1 ± 14.6 0.5–64.0

FIG. 1.  
Anxiety levels in adolescents at different periods after COVID-19
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vated body temperature, dizziness, nausea, diarrhoea, se-
vere chest pain, and decreased appetite, were however rare 
and ranged from 0.5 to 28 weeks after COVID-19.

An analysis of adolescents’ anxiety severity as a function 
of time after COVID-19 is summarised in Figure 1.

High anxiety (high and very high levels) was observed 
in adolescents between 1 and 3 months and six months 
and more than 12 months after COVID-19, as can be found 
in Figure 1. The majority of adolescents were character-
ised by high anxiety in the second month after the dis-
ease. Along with this, the detected differences in the val-
ues of respondents’ anxiety severity indices in correlation 
with the time period after COVID-19 were not statistical-
ly significant (p > 0.05; χ2 Pearson).

An analysis of depression symptom severity in ado-
lescents after COVID-19 is summarised in Figure 2.

48 %

13 %

10 %

29 % absence

mild

moderate

marked

FIG. 2.  
The severity of depressive symptoms in adolescents after COVID-19

Figure 2 indicates that the majority of adolescents 
(52 %) were diagnosed with symptoms of depression 
after undergoing COVID-19. For instance, 29 % of sur-

veyed adoles cents were diagnosed with symptoms 
of marked depression, 10 % with symptoms of moder-
ate depression, and 13 % with symptoms of mild de-
pression.

The  analysis of  depression symptom severity in  ado-
lescents as  a  function of  time after COVID-19 is  summa-
rized in Figure 3.

Figure  3 reveals that the  majority of  adolescents 
(60 %) had symptoms of severe depression at 2 months 
after COVID-19. Symptoms of  moderate depression 
were diagnosed in 29 % of adolescents in the first month 
after COVID-19; in 12 % of adolescents in 4 months after  
COVID-19; in 8 % of adolescents in 6 months to 1 year after 
COVID-19; and in 11 % of adolescents in 1 year or more af-
ter COVID-19. Mild depression symptoms were diagnosed 
in 14 % of adolescents at 1 month after COVID-19; in 40 % 
of adolescents at 2 months after COVID-19; in 12 % of ado-
lescents at 4 months after COVID-19; and in 17 % of adole-
scents at 6 months to 1 year after COVID-19. The differ-
ences found are not statistically significant (p > 0.05; Pear-
son’s χ2).

In  order to  reveal the  features of  the  COVID-19 con-
sequences in  adolescents, the  properties of  attention, 
the  presence of  symptoms of  depression and the  level 
of anxiety in adolescents of the main and control groups 
were analysed. Characteristics of attention properties in ad-
olescents of the main and control groups are summarised 
in Table 4.

Table 4 reveals that adolescents who had undergone 
COVID-19 (main group) showed reduced attention span, 
reduced information processing speed and concentration. 
Statistically significant differences were revealed between 
the respondents of both groups based on the level of at-
tention span, attention concentration and speed of infor-
mation processing (p ≤ 0.05).

Figure  4 illustrates the  mean values of  depression 
and anxiety symptom severity in adolescents of the main 
and control groups.

FIG. 3.  
Depression symptom severity in adolescents at different periods after COVID-19
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FIG. 4.  
Depression and anxiety symptoms in adolescents of the main 
and control groups

In assessing the depression and anxiety symptom se-
verity, higher levels of depression (p = 0.002) and anxiety 
(p = 0.033) were revealed in the group of respondents who 
had undergone COVID-19 (Fig. 4).

DISCUSSION

The  results obtained in  this study allow the  authors 
to conclude that the clinical symptoms of COVID-19 cha-
racteristic of adolescents during the acute period of the dis-
ease include the following: fever (85 %), runny nose (67 %), 
cough (56 %), sore throat (56 %), severe fatigue (71 %), olfac-
tory disorder (58 %), taste disorder (54 %), headache (60 %) 
(most often localised in  the  frontal area). These findings 
correlate with the results of a study by A. Nalbandian et al. 
who found a similar incidence of COVID-19 clinical symp-
tomatology in adolescents during the course of the acute 
period of the disease [9].

Compared to the data of a study conducted in the Vol-
gograd region [17], the prevalence and duration of clinical 
symptoms of COVID-19 after the diagnosis was removed 
were found to  be higher. The  incidence of  these symp-
toms among overexposed adolescents, according to the re-
sults of our study, is 77 %, and their duration varies from 
2 to 64 weeks. It is our hypothesis that this may be associ-

ated, firstly, with regional peculiarities of PCR testing cov-
erage for SARS-CoV-2 carriage; secondly, with the fact that 
this study did not retrospectively analyze data from patients’ 
ambulatory records and medical histories, but used infor-
mation about clinical symptoms COVID-19 during the illness 
and after discharge, provided by  the  respondents them-
selves during the oral interview.

It has been revealed that the  most common clinical 
symptoms of  COVID-19 after discharge include: asthe-
nia (31  %), olfactory disorder (36  %) and abnormal taste 
(33 %). This is supported by the research data of K.I. Usov 
[8] and  A.M.  Bogariu et  al. [18], according to  the  data 
of which, in adolescents in the post-COVID period are ob-
served: from 3 to 87 % – fatigue; from 3 to 74 % – disor-
der of taste and smell. Meanwhile, according to the results 
of this study, the majority of respondents noted distortion 
of the taste to meat and dairy products (“rotten”, “unpalat-
able”), which led to their complete exclusion from the diet 
until the relief of the symptom.

Analyses of anxiety and depression symptoms in ad-
olescents based on  the  time period after COVID-19 re-
vealed the following trends: 1) at least 15 % of the stud-
ied adolescents showed high anxiety in the periods from 
1 to 3 months and from 1 year and more after COVID-19; 
2) the majority of the studied adolescents (52 %) showed 
symptoms of  depression after COVID-19; 3)  symptoms 
of  severe depression were revealed in  adolescents in  all 
the studied periods after COVID-19; 4) the most unfavour-
able emotional state in adolescents was revealed in the pe-
riod of  the second month after COVID-19. The statistical 
analysis of the detected differences in the values of anxie-
ty and depression symptoms of the respondents of these 
groups did not show statistically significant differences. 
The reason for this may be that COVID-19 disease in ad-
olescents may cause changes in  the  emotional sphere 
at a deeper level, affecting issues of self-image, perception 
of the world around and general stress tolerance, which 
leads to the appearance of symptoms of severe depression 
regardless of the time period after the disease.

The comparative analysis of attention properties, pres-
ence of depression symptoms and anxiety level in adoles-
cents of  the  main and control groups allowed to  reveal 
the  peculiarities of  the  course of  post-COVID syndrome 

T A B L E  4
ATTENTION FEATURES OF ADOLESCENTS IN THE MAIN AND CONTROL GROUPS

Indicator Main group, M ± SD Control group, M ± SD Statistical significance level, p

Attention span 1060.40 ± 240.27 1311.90 ± 354.73 0.026*

Concentration (attentiveness) 138.28 ± 29.73 164.90 ± 41.84 0.042*

Accuracy 0.92 ± 0.07 0.87 ± 0.08 0.117

Speed/velocity 1.34 ± 0.29 1.63 ± 0.43 0.038*

Note. * – differences are statistically significant by Mann – Whitney U-criterion.
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in adolescents. For  instance, in  the group of adolescents 
who underwent COVID-19, compared to the respondents 
of the control group, the following were revealed:

1. Reduced attention span, reduced level of informa-
tion processing speed and attention concentration, which 
may be associated with the presence of a state of increased 
vigilance and tension in respondents who have undergone 
COVID-19.

2. Presence of  symptoms of  severe depression and 
high levels of anxiety. These conditions may be associated 
with the neurotropism of the SARS-CoV-2 virus; the social 
significance of the disease itself; social influence (news, be-
ing in quarantine and isolation, etc.); the emergence of feel-
ings of guilt, feelings of failure and despair, negative atti-
tudes towards oneself (in the case of infected relatives, old-
er generation).

Study limitations
Despite the obtained statistically significant differences 

in the level of anxiety, depression symptoms and attention 
properties in adolescents depending on the presence or ab-
sence of a COVID-19 history, this study was a pilot study 
in this age group and has a number of limitations. These 
include the small sample size and the predominance of fe-
male adolescents in the sample. Also, this study utilized in-
formation about existing COVID-19 clinical symptoms dur-
ing the illness and after discharge provided by the respond-
ents themselves in an oral interview. This could have been 
one source of inaccuracy in the study. The presence of these 
limiting factors constrains the  extension of  the  findings 
to the general population of adolescents and requires ad-
ditional research.

CONCLUSION

The results of this study enabled assessment of the se-
verity of  the  COVID-19 consequences in  adolescents de-
pending on  the  period after the  disease. Clinical symp-
toms of COVID-19 in adolescents during the acute phase 
of  the  disease course are considered. It has been estab-
lished that the most common symptoms include fever, run-
ny nose, cough, sore throat, severe fatigue, impaired sense 
of  smell, impaired taste, headache (most often localized 
in the frontal region).

It has been revealed that 77  % of  adolescent  
post-COVID-19 cases exhibit post-COVID symptomatolo-
gy lasting between 2 and 64 weeks. Meanwhile, the most 
common clinical symptoms of COVID-19 after discharge in-
clude: asthenia (31 %), olfactory disorder (36 %) and abnor-
mal taste (33 %). The most common psychological symp-
toms characteristic of post-COVID syndrome include: re-
duced attention span, reduced information processing 
speed and concentration, as well as the presence of symp-
toms of marked depression and high anxiety. In summa-
ry, it can be said that the second month post COVID-19 
revealed the  most unfavourable emotional state in  ad-
olescents. The severity of depression and anxiety symp-
toms did not statistically significantly change depen ding 

on  the  time after COVID-19. Therefore, the  next stage 
of this ongoing study is to increase the sample size in or-
der to  observe the  socio-demographic, psychological 
and physiological determinants of health-related quality 
of life in children who have undergone COVID-19.
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ABSTRACT

Background. The use of complexes of synthetic and herbal remedies as hepatopro-
tectors in the treatment of liver pathologies of various etiologies is an urgent task 
of pharmacology. A promising type of medicinal plant raw material is an extract 
of  Hippophaes rhamnoides leaves. The  hepatoprotective effect of  extract of  Hip-
pophaes rhamnoides leaves in  combination with ademethionine has not  been 
studied to date.
The aim of the work. To study changes in biochemical markers of hepatic func-
tion in the application of complex schemes of pharmacotherapy of experimental 
liver damage with paracetamol using Extractum foliorum Hippophaes rhamnoides.
Materials and methods. The experimental study was performed on Wistar rats. 
The animals were divided into six groups. Group 1 (intact) – animals without a model 
of liver damage and without treatment; in Group 2 (control) paracetamol was used 
to  create experimental hepatitis without treatment (positive control group); 
in Group 3 (comparison) a combination of “silibinin + ademethionine” was used 
on  a  model of  paracetamol hepatitis; in  Group  4 (experimental) extract of  Hip-
pophaes rhamnoides leaves was used on  the  model of  paracetamol hepatitis; 
in Group 5 (experimental) ademethionine was used on a model of paracetamol 
hepatitis; in Group 6 (experimental) a combination of extract of Hippophaes rham-
noides leaves and ademethionine was used on a model of paracetamol hepatitis. 
The functional state of the liver of experimental animals was determined by bio-
chemical parameters.
Results. When using a combination of extract of Hippophaes rhamnoides leaves 
with ademethionine, the  studied biochemical parameters significantly (p  <  0.05) 
differed from the numerical values in the negative control group and were closest 
to those in the intact group than in other experimental groups.
Conclusion. A comparison of the effectiveness of the use of extract of Hippophaes 
rhamnoides leaves in combination with ademethionine by the total effect on blood 
biochemical parameters determines this complex as a promising drug for further 
research.

Key words: Extractum foliorum Hippophaes rhamnoides, paracetamol experimen-
tal hepatitis, complex pharmacotherapy regimens, paracetamol, ademethionine, 
blood biochemical parameters
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РЕЗЮМЕ

Обоснование. Использование комплексов синтетических и растительных 
средств в качестве гепатопротекторов при лечении патологий печени 
различной этиологии является актуальной задачей фармакологии. Пер-
спективным видом лекарственного растительного сырья является фито-
препарат – экстракт листьев облепихи крушиновидной (Extractum foliorum 
Hippophaes rhamnoides). Гепатопротекторное действие экстракта листьев 
облепихи крушиновидной в  сочетании с адеметионином к настоящему 
времени не изучено.
Цель работы. Исследование изменений биохимических маркеров печё-
ночной функции при  применении комплексных схем фармакотерапии экс-
периментального повреждения печени парацетамолом c использованием 
Extractum foliorum Hippophaes rhamnoides.
Методы. Экспериментальное исследование выполнено на крысах линии 
Wistar. Животные были разделены на шесть групп: 1-я интактная группа – 
животные без модели повреждения печени и без лечения; 2-я контрольная 
группа – с применением парацетамола для создания экспериментального 
гепатита без лечения (группа негативного контроля); 3-я сравнительная 
группа – использование комбинации «силибинин + адеметионин» на модели 
парацетамолового гепатита; 4-я опытная группа – использование «экс-
тракта листьев облепихи крушиновидной» на модели парацетамолового 
гепатита; 5-я опытная группа – использование «адеметионина» на модели 
парацетамолового гепатита; 6-я опытная группа – использование ком-
бинации «экстракт листьев облепихи крушиновидной  +  адеметионин» 
на модели парацетамолового гепатита. Функциональное состояние печени 
экспериментальных животных определено по биохимическим показателям.
Результаты. При определении в сыворотке крови крыс уровня таких 
показателей, как  аспарагиновая аминотрансфераза, аланиновая амион-
трансфераза, щелочная фосфатаза, гамма-глютамилтранспептидаза, 
а также общего билирубина было установлено, что при применении соче-
тания экстракта листьев облепихи крушиновидной с  адеметионином 
биохимические показатели статистически значимо (p < 0,05) отличались 
от  численных значений в группе негативного контроля и были наиболее 
приближены к таковым в интактной группе, чем в других опытных группах.
Заключение. Сравнение эффективности применения экстракта листьев 
облепихи крушиновидной в сочетании с адеметионином по суммарному 
влиянию на биохимические показатели крови определяет данный комплекс 
как перспективную схему терапии парацетамолового гепатита.

Ключевые слова: Extractum foliorum Hippophaes rhamnoides, парацетамо-
ловый экспериментальный гепатит, комплексные схемы фармакотерапии, 
парацетамол, адеметионин, биохимические показатели крови
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Чукаев С.А. Влияние комплексных схем фармакотерапии с использованием фитос-
редства из Hippophae rhamnoides на биохимические показатели крови крыс с пара-
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BACKGROUND

Drug-induced liver injury is one of  the  important 
problems of  modern hepatology. Many drugs are toxic 
to the body, even in therapeutic doses, which often leads 
to acute liver failure [1, 2]. A rather diverse arsenal of drugs 
that act differently against the liver cells is used for the the-
rapy of various liver diseases [3]. Plant-derived drugs have 
a number of advantages over their synthetic counterparts 
in their effects on the homeostasis system. The bioactive 
metabolites produced by  plants appear to  be of  interest 
as platforms for  the synthesis of combinatorial combina-
tions of synthetic and herbal drugs [4]. The use of various 
combinations of hepatoprotectors in the treatment of liv-
er pathologies is quite in demand in modern conditions [5]. 
Pharmacological activity of  Hippophae rhamnoides foliae 
extract is caused by the presence of quercetin, kaempferol, 
isoramnetin, catechins, flavone glycosides, etc. in the com-
position of the phytoextract [6, 7]. The evidence from var-
ious literature sources indicates that the presence of bio-
logically active substances belonging to the group of phe-
nols or polyphenols in pharmacological agents of natural 
origin defines their antioxidant properties [8–10]. Mean-
while, it should be emphasised that in general the spectrum 
of pharmacological activity of Hippophae rhamnoides foli-
ae extract, peculiarities of action in conditions of combined 
use with other pharmacological agents have not been suf-
ficiently studied to date.

THE AIM OF THE STUDY

To  study changes in  biochemical markers of  hepat-
ic function when applying complex schemes of  pharma-
cotherapy of  experimental liver injury with paracetamol  
using Hippophae rhamnoides foliae extract.

MATERIALS AND METHODS

The experimental study was performed using 60 white 
Wistar rats of both sexes weighing 180–200 g. The animals 
were kept in the certified vivarium of General and Expe-
rimental Biology Institute (GEBI) of the SB RAS (the Sibe-
rian Branch of  Russian Academy of  Sciences). All expe-
riments were performed in accordance with the interna-
tional rules for working with experimental animals, GOST 
33044-2014, Principles of Good Laboratory Practice (OECD 
Guide 1:1998, IDT), according to the Order of the Govern-
ment of the Russian Federation dated November 8, 2013 
No. 2067-r. Animals were kept with free access to  food 
and water on a diet that complied with GOST standards. 
The protocol of the experiment was approved by the Eth-
ical Committee of the GEBI SB RAS (Minutes No. 2 dated 
November 5, 2017).

Before commencing the  experiments, rats fulfilling 
the inclusion criteria for the study were allocated into six 
groups:

I. Intact rats.

II. Control group – animals with acute paracetamol-in-
duced hepatitis.

III. Experimental group – combination “silibinin + 
ademethionine”.

IV. Experimental group – phytopreparation “Hippophae 
rhamnoides foliae extract”.

V. Experimental group – pharmacopoeial preparation 
“ademethionine” [10, 11].

VI. Experimental group – combination “Hippophae 
rhamnoides foliae extract + ademethionine”.

Exclusion criteria for laboratory animals:
1) Presence or development of other somatic pathol-

ogies;
2) Immature, early age (up to 6 months);
3) With insufficient mass.
The experimental model of hepatitis in rats was repro-

duced by intragastric administration of paracetamol (aceta-
minophen) to animals once a day at a dose of 500 mg/kg 
for 2 days [12].

To treat experimental hepatitis, animals of experimen-
tal groups were orally administered daily in the morning 
hours (before feeding) for 14 days with aqueous solutions 
of the tested agents: Hippophae rhamnoides foliae phytoex-
tract was dissolved in purified water at a dose of 100 mg/kg 
of animal body weight (“the most optimal pharmacothera-
peutic” mode of administration [13]). Hippophae rhamnoides 
foliae extract was obtained by triple extraction with 40 % 
ethanol in  GEBI SB  RA; “silibinin” (“Vifitech”) was admin-
istered at a dose of 200 mg/kg according to the scheme; 
“ademethionine” (“Veropharm”) was administered at a dose 
of 200 mg/kg.

Distilled water in the first and second groups (intact an-
imals with normofunction of the liver and with experimen-
tal hepatitis) was provided in equi-volume quantities ac-
cording to the scheme.

Animals were removed from the experiment by imme-
diate decapitation under light ether anesthesia.

At the moment of animal discharge from the experi-
ment, blood was collected from the tail vein and the serum 
content was determined of:

1) asparagine aminotransferase (AST) (BioSystems, 
Spain; cat. no. 11830);

2) alanine aminotransferase (ALT) (BioSystems, Spain; 
cat. no. 11832);

3) alkaline phosphatase (ALP) (BioSystems, Spain;  
cat. no. 11832);

4) total bilirubin (BioSystems, Spain; cat. no. 11832);
5) gamma-glutamyl transpeptidase (GGTP) (BioSys-

tems, Spain; cat. no. 11832).
Enzyme studies were performed by the kinetic me thod 

recommended by the German Society for Clinical Chemis-
try and the Clinical Manual for Laboratory Tests at 25 °C.

An  automatic biochemical analyzer “Sapphire-400” 
(TokyoBoeki, Japan) and Human test systems (Germany) 
were used as a measuring instrument. Statistical data pro-
cessing was performed using Statistica 6.0 for Windows pro-
gram (StatSoft Inc., USA). Statistical significance of the dif-
ferences between the  compared values was calculated  
using the  parametric Student’s criterion and the  non-
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parametric Mann  –  Whitney U-criterion. Data differenc-
es were considered statistically significant at p ≤ 0.05 [14].

RESULTS

According to  the  results of  this study, it was found 
that AST level was statistically significantly increased 
in the group of animals with acute paracetamol hepatitis 
by 49.4 % (p < 0.05) compared to that in the intact group 
(Table 1).

The  AST index in  rats of  the  experimental groups 
did not statistically significantly differ from the observed 
values in the control group. However, the use of Hippophae 
rhamnoides foliae extract in  combination with ademetio-
nine contributed to  a  more significant decrease in  AST  
value in comparison with other studied groups.

Under conditions of simulated experimental hepatitis, 
ALT level in the negative control group was statistically sig-
nificantly increased by 22 % as compared to that in the in-
tact group during the development of paracetamol-induced 
lesions than in the intact group, evidenced by the deve-
lopment of liver pathology. When comparing the stu died 
index in group III with the same value in the control group 
in para cetamol hepatitis, it was found that ALT le vel de-
creased by 11.2 %, in Group IV – by 15.4 %, in Group V – 
by 11.1 %, in Group VI – by 12.4 %. Howe ver, statistically 
significant differences were registered only in  Groups  III 
and VI. In  comparing the  index of  this aminotransferase 
in Group VI rats with paracetamol-induces hepatitis that re-
ceived Hippophae rhamnoides foliae extract in combination 
with ademetionine and Group III rats that received silib-
inin with ademetionine, it can be seen that the ALT level 
was found to be identical. At the same time in animals of VI 
experimental group the smallest differences in ALT value 
were registered in comparison with that in intact animals.

The  studies revealed that in  animals with experi-
mental paracetamol hepatitis the  activity of  alkaline 
phosphate and GGTP in  serum was statistically signif-
icantly increased compared to  the  value in  intact rats 
by 37.7 % and 75.7 %, respectively, as is evident from Ta-
ble 1. The mean levels of alkaline phosphate and GGTP, 
which are mar ker enzymes of  cholestasis, in  the  ex-
perimental groups were  statistically significantly low-
er than in the control group of animals. In these condi-
tions, the  administration of  Hippophae rhamnoides fo-
liae extract in  combination with ademetionine caused 
a statistically significant decrease in the level of alkaline 
phosphate activity by  13.2  % compared to  the  control. 
Similar changes were observed in the action of silibinin 
with ademetionine, Hippophae rhamnoides foliae extract 
and ademetionine separately: alkaline phosphate activity 
decreased by 12.9 %, 10.8 % and 12.1 %, respectively, rel-
ative to the control. GGTP enzyme level data in different 
experimental groups did not differ significantly from each 
other, and all of them were statistically significantly differ-
ent from this index in rats of the control group.

After paracetamol administration, the  bilirubin level 
in the control group increased by 114.3 % (Fig. 1).

In comparing the index of bilirubin in rats of the experi-
mental group, administered silibinin with ademetionine, 
with that in  animals of  the  control group, it was  found 
that the level of bilirubin decreased by 31.1 %. With the va-
lues in  Group  IV this difference amounted to  24.4  %, 
in Group V – 33.3 %, in Group VI – 37.7 %. Using a combi-
nation of Hippophae rhamnoides foliae extract with ademe-
tionine in rats with paracetamol-induced hepatitis resulted 
in a 10.7 % decrease in bilirubin level compared to the same 
indicator in the blood of rats of the III experimental group 
receiving the  combination “silibinin  +  ademetionine”. 
At the same time, the level of bilirubin in the blood of ani-
mals of all experimental groups had statistically significant 

T A B L E   1
BLOOD BIOCHEMICAL PARAMETERS OF RATS IN A MODEL OF ACUTE PARACETAMOL HEPATITIS
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AST, U/L 44.30 ± 1.62 66.20 ± 5.94* 59.20 ± 4.24 61.20 ± 2.76 64.00 ± 5.45 57.80 ± 2.12

ALT, U/L 172.16 ± 4.35 209.90 ± 1.07* 186.30 ± 17.37** 197.10 ± 14.78 194.40 ± 3.75 183.80 ± 13.08**

ALP, U/L 657.80 ± 35.07 906.10 ± 26.87* 788.50 ± 7.28** 808.20 ± 42.00** 796.30 ± 29.06** 786.30 ± 20.79**

GGTP, U/L 7.14 ± 0.31 29.5 ± 1.7* 23.7 ± 1.3** 25.1 ± 1.7** 24.2 ± 1.4** 22.3 ± 1.5**

Note. Differences are statistically significant compared to: * – intact group (p < 0.05); ** – control group (p < 0.05); n – number of animals in each group.
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differences with the  indicators in  the  control. However, 
it should be emphasised that the bilirubin level in Group VI 
rats was restored to the values in intact rats.

DISCUSSION

One of  the  urgent problems of  pharmacology 
is  the  search for  effective and safe hepatoprotectors 
for the treatment of drug-induced liver damage. In particu-
lar, using a model of acute liver injury paracetamol is simi-
lar in pathogenesis to drug-induced hepatitis [15]. Accord-
ing to the literature, hepatotoxic doses of paracetamol lead 
to centrilobular necrosis and liver failure [16–18].

It follows from the review article devoted to the com-
bined use of drugs by S.V. Okovitiy (2020) that there is cur-
rently little information about experimental and clinical 
studies devoted to the study of the feasibility and possibil-
ity of combined use of hepatoprotectors [5, 19].

In a study by  I. Giangrandi et al. (2016) it was shown 
that  taking a  combination of  silymarin (140  mg/day) 
and ademetionine (200 mg/day) for 12 months (patients 
with non-alcoholic fatty liver disease) without addition-
al dietary correction led to a decrease in the level of bio-
chemical indicators against the background of regression  
of liver steatosis [20]. According to A.Y. Au et. al. (2013), “sili-
binin + ademethionine” combination inhibits both inflam-
mation and oxidative stress by affecting different signalling 
pathways mediated by nuclear factor NF-B and transcrip-
tion factor Nrf2 [21].

According to the results of the experiment, it was re-
vealed that the administration of paracetamol produced 
changes in AST, ALT, ALP, alkaline phosphate, GGTP and 
total bilirubin activities. Paracetamol and its breakdown 
products in  control animals with toxic hepatitis lead 
to damage of lipid bilayer of hepatocyte membranes, ac-
tivation of cytolysis and cholestasis syndromes, disruption 

of protein, carbohydrate, bioenergetics metabolism and 
inhibition of enzyme systems of xenobiotics detoxification. 
When administering the combination of “silibinin + adem-
ethionine”, a statistically significant decrease in the level 
of all stu died parameters compared to the control was ob-
served. After administering Hippophae rhamnoides foliae 
extract in the therapeutic regime, hepatoprotective acti-
vity was revealed. Thus, the course administration of phy-
toextract in monotherapy mode causes a decrease in to-
tal bilirubin and alkaline phosphatase. It was also revealed 
that when the liver of rats was damaged by paracetamol 
and “ademetionine” therapy, the indices of the studied pa-
rameters were close to those of the intact group. Correc-
tion of  the disorders revealed by paracetamol exposure 
with the  combination of  “Hippophae rhamnoides foliae 
extract + ademethionine” led to the improvement of rat 
liver functional status indices, as  assessed by  the  stud-
ied markers of  liver damage: AST, ALT, GGTP, total bili-
rubin and alkaline phosphatase. But in comparing all ex-
perimental groups of animals treated with different regi-
mens, it is worth noting that the groups of  rats that re-
ceived combinations of  drugs had better results com-
pared to rats treated with mono-medications alone. High 
doses of paracetamol are commonly known to cause ne-
crosis of some liver hepatocytes, and it takes quite a long 
time for hepatocytes to recover. Nevertheless, administra-
tion of the combination “Hippophae rhamnoides foliae ex-
tract + ademethionine” during the experiment contribut-
ed to significant improvement of liver condition in acute 
paracetamol poisoning.

CONCLUSION

Thus, in toxic hepatitis caused by paracetamol admini-
stration, the combined use of “Hippophae rhamnoides fo-
liae extract + ademetionine” as  well as  “silibinin com-
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FIG. 1.  
Bilirubin concentration in rat serum in a model of acute paracetamol hepatitis. Differences are statistically significant compared to the va-
lues in: * – intact group (p < 0.001); ** – control group (p < 0.05); n – the number of animals in each group
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bined with ademetionine”, in  contrast to  “Hippophae 
rhamnoides foliae extract” and “ademethionine” as mo-
no-medications, leads to better recovery of activity level 
of some biochemical indices of blood serum in experimen-
tal animals and thus, as a result, has a more pronounced 
hepatoprotective effect. The  obtained data provide a pre-
requisite for further research and application of the com-
plex “Hippophae rhamnoides foliae extract + ademethio-
nine” for  correction of  li ver diseases caused by  various 
toxic agents.
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ABSTRACT

Background. Antiorthostatic hypokinesia (ANOH) reproduces some of the effects 
of weightlessness on the human body and is used to study adaptation to space flight 
conditions. It is known that ANOH affects nighttime sleep, but there is no information 
in the literature on the sequence of occurrence of sleep disorders in ANOH.
The aim. To study the dynamics of subjective changes in assessing sleep quality 
under conditions of antiorthostatic hypokinesia.
Materials and methods. Six healthy male volunteers (age from 26 to  34  years) 
participated in  the  experiment with  21-day ANOH. They were on  a  medical bed 
with a body inclination angle relative to the horizon of –6° for 21 days. To assess 
sleep quality, a structured questionnaire was used that assessed sleep duration, rate 
of falling asleep, night awakenings, the presence of daytime sleepiness, and daytime 
falling asleep.
Results. Based on the assessment of the dynamics of the sleep efficiency index (SEI), 
three stages of adaptation were identified. At the stage of acute adaptation (the first 
3 days), there is a decrease in SEI from 96.4 to 91.3 (p < 0.01), a statistically significant 
prolongation of falling asleep from 17.6 to 33.6 minutes (p < 0.01), an increase dura-
tion of night awakenings up to 17.4 minutes, increase in daytime sleepiness by 11 %. 
In the next 3 days (the “recovery” stage), there is a statistically significant increase 
in SEI compared to the first stage to 94.7 (p < 0.01), but it remains statistically sig-
nificantly lower than the background values (p < 0.004). The number of complaints 
about daytime sleepiness increases (up to 42 %), evening lights off term shifts later 
by 26 minutes. At the third stage (the remaining nights) there is a relative stabiliza-
tion of the sleep-wake cycle.
Conclusion. Under conditions of 21-day ANOH, a gradual change in the pattern 
of  sleep disturbances occurs. The  most negative changes in  terms of  subjective 
assessment were noted in the first three days. Then there is an improvement in fall-
ing asleep, a decrease in night awakenings, combined with an increase in daytime 
sleepiness and the formation of a schedule with later lights off.

Key words: antiorthostatic hypokinesia, sleep, space flight, sleep efficiency index
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tern of sleep disturbances in healthy subjects under 21-day antiorthostatic hypokinesia. 
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РЕЗЮМЕ

Обоснование. Антиортостатическая гипокинезия (АНОГ) воспроизво-
дит некоторые эффекты воздействия невесомости на организм человека 
и применяется для изучения адаптации к условиям космического полёта. 
Известно, что АНОГ влияет на ночной сон, но в литературе отсутствуют 
сведения о последовательности возникновения нарушений сна при АНОГ.
Цель работы. Изучение динамики субъективных изменений оценки каче-
ства сна в условиях антиортостатической гипокинезии.
Материалы и методы. В эксперименте с 21-суточной АНОГ участвовали 
6 здоровых мужчин-добровольцев (возраст от 26 до 34 лет). Они находились 
на медицинской кровати с углом наклона тела относительно горизонта –6° 
в течение 21 суток. Для оценки качества сна был использован структуриро-
ванный опросник, оценивающий продолжительность сна, скорость засыпа-
ния, ночные пробуждения, наличие дневной сонливости, дневных засыпаний.
Результаты. На основании оценки динамики индекса эффективности 
сна (ИЭС) было выделено 3  этапа адаптации. На этапе острой адапта-
ции (первые 3  суток) происходит снижение ИЭС с  96,4 до  91,3 (p  <  0,01), 
статистически значимое удлинение засыпания с 17,6 до 33,6 мин (p < 0,01), 
увеличение продолжительности ночных пробуждений до 17,4 мин, усиление 
дневной сонливости на 11 %. В следующие 3 суток («восстановительный» 
этап) отмечается статистически значимое увеличение ИЭС по сравнению 
с  1-м этапом до  94,7 (p  <  0,01), но он остаётся статистически значимо 
ниже фоновых значений (p < 0,004). Возрастает количество жалоб на дневную 
сонливость (до 42 %), сроки вечернего отбоя смещаются позже на 26 минут. 
На 3-м этапе (оставшиеся ночи) происходит относительная стабилизация 
цикла «сон – бодрствование».
Заключение. В условиях 21-суточной АНОГ происходит постепенное изме-
нение паттерна нарушений сна. Наиболее негативные в плане субъективной 
оценки изменения отмечались в первые 3 дня. Затем отмечается улучшение 
засыпания, снижение ночных пробуждений в сочетании с увеличением дневной 
сонливости и формированием режима с более поздним отбоем.

Ключевые слова: антиортостатическая гипокинезия, сон, космический 
полёт, индекс эффективности сна
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паттерна нарушений сна у здоровых людей в условиях 21-суточной антиортоста-
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INTRODUCTION

Sleep has a role in supporting psychophysiological ho-
meostasis at the proper level and plays an important role 
in the level of physical and mental performance [1]. Astro-
nauts have reported sleep disturbances during spaceflight, 
which become less with the time spent in space [2].

The effect of spaceflight conditions that affect human 
sleep is also studied in  ground-based modelling experi-
ments. To be specific, head-down bed rest (HDBR) reproduc-
es some of the effects caused by weightlessness on the hu-
man body and has been used to study adaptation to space-
flight conditions [3]. HDBR is an  exposure that disrupts 
nighttime sleep. Staying for a long time with the head tilted 
downward reduces intracranial perfusion and leads to sta-
sis in the jugular vein [4, 5], decreased systolic blood pres-
sure and decreased heart rate [6], and increased intracra-
nial pressure [7]. Body position also has an effect on liquor 
outflow and amyloid elimination activity [8]. It was previ-
ously shown with the use of polysomnography that under 
HDBR conditions there is a lengthening of the latent peri-
ods of stages 1, 2 and 3 of sleep, an increase in the duration 
of nocturnal awakenings and stage 2, as well as a decrease 
in the duration of stage 3 of sleep, the stage with rapid eye 
movements [9]. Studying sleep during the first day of hy-
pokinesia has shown that there is a decrease in the stage 3 
of sleep, the stage of sleep with rapid eye movements, an in-
crease in stage 1, as well as a deterioration in the subjective 
quality of sleep [10, 11]. The other study observed a decrease 
in stage 4 sleep and an increase in the frequency of awak-
enings during experimental bed rest when the head was til-
ted downwards by –6° [12, 13].

In a single study, the authors have observed that du ring 
the first 3 days of HDBR, nocturnal sleep, level of daytime 
vigour and psychophysiological functions were not  im-
paired, although a slight deterioration of attention func-
tion was observed in the morning [13].

In HDBR conditions, along with deterioration of sleep 
quality, daytime symptoms of  circadian rhythm distur-
bance  – the  appearance of  sleepiness, development 
of physical and mental fatigue are also observed [14].

An  absence of  any evidence in  the  literature about 
the  consistency in  the  occurrence of  sleep disturbanc-
es during HDBR determined the  purpose of  our work 
as a study of the dynamics of subjective changes in the as-
sessment of sleep quality under conditions of head-down 
bed rest.

MATERIALS AND METHODS

The study is an open pre-experimental, prospective re-
search. It was undertaken 5 days before HDBR (baseline as-
sessment) and daily under HDBR conditions in the evening 
(for 21 days). Six practically healthy male volunteers aged 
24 to 40 years (mean age – 29.8 ± 4.6 years) with body weight 
75.2 ± 8.8 kg, body length 177.8 ± 5.3 cm, body mass index 
(BMI) 23.8 ± 2.7 kg/m2 were enrolled in the study. All parti-
cipants had undergone medical selection by the medical ex-

pert commission of the State Science Center of the Russian 
Federation – Institute of Bio-Medical Problems of the Rus-
sian Academy of Sciences, during which no diseases and pa-
thologies preventing participation in  the  experiment 
were  found. Each participant had signed a  vo luntary in-
formed consent to participate in the experiment before be-
ing enrolled in the study. The study programme has been 
approved by the Biomedical Ethics Commission of the State 
Scientific Centre of  the  Russian Federation – Institute 
of Bio-Medical Problems of the Russian Academy of Scienc-
es (SSC RF – IBMP RAS) (Protocol No. 621 dated August 8, 
2022). The inclusion criteria for the study were the conclu-
sion of the medical expert committee and consent to par-
ticipate in the study.

The study was conducted on the basis of the SSC RF – 
IBMP RAS. Volunteers were kept in an anti-orthostatic posi-
tion on a medical bed with a body angle relative to the ho-
rizon of –6°, without exercise and with moderate restriction 
of movement for 21 days.

Environmental factors: according to  the  study cy-
clogram, lights were turned  off after 23:00. Additionally, 
the gadgets remained close to the participants at all times, 
but their use during the night was not monitored.

The  study assessed data from questionnaires con-
ducted 5 days before HDBR and daily under HDBR condi-
tions in the evening (for 21 days). A structured question-
naire (non-validated) was specifically designed to  identi-
fy sleep and wakefulness patterns, where participants an-
swered questions related to sleep quality and sleep-wake 
cycle patterns in the evening. At its core were questions re-
flecting basic characteristics of sleep quality (sleep duration, 
rate of falling asleep, nocturnal awakenings) and wakeful-
ness activity (presence of daytime sleepiness, daytime fall-
ing asleep, circadian distribution of activity). The question-
naire was not  validated. The  questionnaire is presented 
in Figure 1 (non-validated).

From the  questionnaire data obtained, a  sleep effi-
ciency index (SEI) [1] was calculated as the ratio of the time 
from lights off term to final awakening to the same time 
minus the duration of falling asleep and nocturnal awak-
enings. The  rest of  the  answers to  the  questions were 
scored. Responses reflecting worsening sleep and wake-
fulness quality corresponded to an increase in point es-
timates.

Statistical processing was performed using Statis-
tica  10.0 program (StatSoft  Inc., USA). In  this analysis, 
the  rank, quantitative (non-normal distribution) nonpar-
ametric Mann – Whitney test was used to compare unre-
lated groups.

RESULTS

A survey of trial participants revealed that 5 out of 6 heal-
thy volunteers were bothered by  long periods of  falling 
asleep and night wakings during the first days of the ex-
periment. Sleep disorders were associated by the partici-
pants with uncomfortable sleeping conditions and chang-
es in the horizontal axis of the body, redistributing body flu-
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ids. In the following days at HDBR, their sleep problems be-
came less of a problem.

Based on questionnaire results during the entire HDBR, 
all volunteers episodically reported difficulty falling asleep, 
nocturnal awakenings, increased daytime sleepiness accom-
panied by daytime sleepiness and drowsiness.

A  study of  sleep patterns based on  a  questionnaire 
we had designed revealed that during the 21-day HDBR pe-
riod, the trial participants established a regime with a sta-
tistically significant later lights off and later morning awak-
ening compared to background studies. The data are sum-
marised in Table 1.

When the  questionnaire has been analysed, 
it was  found that under HDBR conditions, falling asleep 
for more than 30 minutes was observed to occur during 
10  % of  nights; in  24  % of  cases, the  time to  fall asleep 
was between 15 and 30 minutes, and only 66 % of cases, 
the duration of falling asleep remained within the normal 
range (quick guide).

In analysing the number of awakenings within the HDBR 
condition, it was found that 10  % of  the  participants re-
ported nocturnal awakenings lasting more than 30  min-
utes, and 90 % of the participants slept without prolonged 
awakenings.

T A B L E   1

MAIN ANALYZED INDICATORS OF THE “SLEEP – WAKE” QUESTIONNAIRE

Indicators Background data HDBR data p

Lights off (astronomical time) 23:35 00:47 0.001

Morning awakening (astronomical time) 07:25 07:52 0.01

Sleeping time (excluding falling asleep and waking time 
during night awakenings), h 7:08 7:15 0.90

Sleep efficiency index, % 96.43 94.39 0.26

Falling asleep time, h 0:29 0:40 0.37

Representation of drowsiness, % 33 63 0.044

FIG. 1.  
Structured “Sleep – wake” questionnaire (non-validated)

Sleep

Sleep-related questions refer to past sleep.

1. What time did you go to bed?

2. How long did it take you to fall asleep?

Up to 15 minutes

Up to 30 minutes

Up to 1 hour

More than an hour
3. Waking up at night for more than 30 minutes

0 times
1 time
2 times
More than 2 times

4. What time did you finally wake up?

Wakefulness

Wakefulness questions refer to the past day.

1. Have you had any drowsy states or daytime naps?

0 times

1 time

2 or more times

2. Have you had any daytime sleepiness?

Yes

No

3. Your activity during the day was higher

Until 12:00.

12 to 5:00 p.m.

From 5:00 p.m.
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An  assessment of  daytime wakefulness patterns re-
vealed that throughout the  HDBR, participants reported 
increased daytime sleepiness with occasional drowsiness. 
The presence of sleepiness and daytime falling asleep during 
wakefulness was noted in 61 % of cases, and in 8 % of cases 
daytime falling asleep could be more than 2 times per day.

SEI values, time to fall asleep, wakefulness time during 
nocturnal awakenings, and daytime sleepiness were used 
to assess sleep quality. The dynamics of these indicators is 
summarised in Figure 2.

The worst night was the first night of the HDBR stay. 
Compared to background data 5 days before HDBR, sleep 
on the first day was characterised by a decrease in SEI from 
95 to 84 % (p = 0.013), a statistically significant prolonga-
tion of falling asleep from 17.55 to 42.1 min (p = 0.050), 
and an increase in the duration of nocturnal awakenings 
from 4.8 to 34.8 min.

Three stages of adaptive changes in the sleep-wake cy-
cle in a 21-day HDBR condition were revealed based on vis-
ual assessment of SEI dynamics, time to fall asleep, duration 
of nocturnal awakenings, and daytime sleepiness.

Table 2 summarises the mean values of some indicators 
reflecting the quality of sleep and wakefulness for the high-
lighted stages.

Stage  1 – stage of  acute adaptation, where dur-
ing the  first 3  days there is a  decrease in  SEI indices 
from  96.4  to  91.3  % (p  <  0.01), statistically significant 
prolongation of  falling asleep from 17.6 to  33.6  min 
(p  <  0.01), increase in  the  duration of  nocturnal awak-
enings up  to  17.4  min; there is no  increase in  daytime 
sleepiness.

Stage 2 – recovery stage (next 3 days), where SEI sta-
tistically significantly increased compared to  stage  1 
up to 94.7 % (p < 0.01) but remained statistically signif-
icantly less than it was in  the  background (p  <  0.004). 
The number of cases of daytime sleepiness indices increas-
es by 38 %, the evening lights off time becomes even la-
ter by 26 min.

Stage 3 – the stage of relative stabilisation of the sleep-
wake cycle (remaining nights). It is observed here the  la-
test time of lights off – at 1 a.m. (p < 0.003) – in comparison 
with all stages of  adaptation and background indicators 
(lights off time in the background – 23:36, in stage 1 – 23:54, 
in stage 2 – 00:20); the latest awakening time was at 8 a.m. 
(08:03) (in  the  background – 07:16, in  stage  1 – 07:34, 
in  stage  2 – 07:31), while sleep quality indicators (falling 
asleep time, night awakenings, SEI) and daytime sleepiness 
did not differ compared to background.

FIG. 2.  
Changes in sleep and wakefulness characteristics under 21-day HDBR conditions
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Since the  indicators  are mult i -dimensional , 
a  data standardisation procedure was undertaken 
where  the  sample mean of  the  indicator is assumed 
to be 0 and its standard deviation is assumed to be 1. Dif-
ferences with background values for all selected HDBR 
stages were calculated from standardised data. The re-
sults are summarised in Figure 3. The presented figure 
shows that in the acute period of adaptation the great-
est changes are associated with a decrease in the sleep 
efficiency index, in  stage  2 – with a  shift in  lights  off 
time and an increase in daytime sleepiness, in stage 3 – 
with a shift in lights off time to later.

DISCUSSION

The interest in studying the particularities and ti ming 
of  adaptation of  somnogenic mechanisms to  existence 
in  extreme conditions is of  definite importance, being 
able to predict the features of sleep in different periods 
of adaptation [2]. The results obtained allowed this study 

to identify successive stages of circadian system adapta-
tion to HDBR conditions. The selected stages and their ti-
ming are conditional, as this selection was made on the ba-
sis of visual assessment of some indicators of  the ques-
tionnaire describing the  peculiarities of  the  sleep-wake 
cycle. Statistically significant differences have been re-
vealed between these stages, but it is not  entirely cer-
tain that  the  adaptation time stages that were defined 
are definitive, and  further studies may present the time 
required for habituation to HDBR conditions in a different 
way. There is sufficient variation in SEI indices even during 
the period of acute adaptation (during the first 3 nights). 
Whereas on  the  first, worst night, SEI values are  only 
84 % (normal SEI should be more than 85 %), the follow-
ing two nights the  quality of  sleep begins to  recover – 
the average SEI value is 92 %. For this reason, it is possi-
ble that the acute adaptation phase may comprise only 
a single night and the remaining days may be classified 
as the sub-acute recovery phase.

Assessment of  the  state of  the  sleep-wake cy-
cle at  stage  2 of  adaptation (recovery stage) and analy-

T A B L E   2
STATE OF “SLEEP – WAKE” CYCLE INDICATORS AT DIFFERENT STAGES OF ADAPTATION ACCORDING TO QUESTIONNAIRE 
RESULTS

HDBR stages Background 1st stage 2nd stage 3st stage

Lights off (astronomical time) 23:36 23:54 00:20 01:00

Falling asleep time, min 17.55 33.6 24.6 19.8

Wakefulness time during awakenings, min 4.8 17.4 6.9 0.09

Lights On (astronomical time) 07:16 07:34 07:31 08:03

Time in bed, h 7.63 7.66 7.15 7.04

Presentation of drowsiness, % of cases 33 44 82 62

SEI, % 96.33 91.32 94.73 94.91

FIG. 3.  
Differences of sleep-wake cycle indicators with background in standardised units at different stages of HDBR

-1,51

0,17

0,32

HDBR Stage 1

-0,27

0,95
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-0,13
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1,50

HDBR Stage 3
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sis of  its clinical manifestations is an  important compo-
nent of  the  performed study. The  gradual improvement 
in sleep quality during the recovery phase was combined 
with an unexpected finding of a 38 % increase in episodes 
of daytime sleepiness. The diagnosis of insomnia in clini-
cal medicine is based not only on the assessment of sleep 
quality, but also on the assessment of wakefulness quality, 
including daytime sleepiness, as a characteristic indicating 
the negative impact of poor sleep quality on subsequent 
wakefulness [15]. This raises the  suggestion that the  in-
crease in daytime sleepiness with improved sleep quali-
ty and unchanged sleep duration is a characteristic inde-
pendent of sleep quality but possibly reflects an increased 
need for nocturnal sleep on days 4–6.

The  remaining nights associated with stage  3 
of  relative adaptation were closest to  background val-
ues. The  assessment of  this stage showed that chan-
ges in  the  sleep-wake cycle consisted in  approaching 
the background va lues of the parameters that were as-
sessed, which is a po sitive sign of adaptation. The  fact 
that there is a significant shift in lights off and morning 
rise and fall to  later hours during the relative stabilisa-
tion phase appears to  be  of  particular interest. A  shift 
to later bedtime is often revealed in healthy individuals 
under different stressful situations [16, 17]. It is assumed 
that the most likely reason for the development of  lat-
er lights off time is probably caused by features of prior 
wakefulness (low physical activity). Ultimately, shifting 
the lights off time results in a later rise. The phenomenon 
of regime shift to later dates appears to be an important 
factor posing a potential threat to circadian rhythm sta-
bility in general [18].

Apart from the findings that were highlighted about 
the  stages of  adaptation, a  number of  shortcomings 
of the study have also been revealed, which impose a num-
ber of limitations. These include the small size of the group 
and the  use of  subjective assessments of  the  quality 
of the sleep-wake cycle.

CONCLUSION

Under HDBR conditions, there is a sequential occurrence 
of various circadian rhythm disorders: a decrease in sleep 
efficiency index as a result of lengthening of falling asleep 
and the  appearance of  nocturnal awakenings, followed 
by the development of hypersomniac symptoms (daytime 
sleepiness) against the background of improved nocturnal 
sleep, and then a gradual shift of the sleep regime to later 
periods. At different stages of circadian rhythm adaptation 
to HDBR conditions, the holistic picture of insomniac dis-
orders changes, constituting a pattern of sleep disorders 
specific for each stage in healthy people under conditions 
of 21-day head-down bed rest.
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