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Fig. 3. Active sites signature pattern example, interaction of lecithin and ACC

Fig. 4. Liposomes stained with methylene blue (magnification ×20) 

sound compared to, for example, ethyl alcohol. We used a 
flow of gaseous nitrogen instead of a rotary alcohol evaporator, 
which greatly simplified the experiment.

CONCLUSIONS

In general, the suggested in silico method of mathematical 
modeling of action of toxic blockers on a cell membrane 
model can complement in vitro experiments. The results of this 
study allow a detailed description of the mechanism of events 
occurring on the cell membrane's surface. Further research will 
help improve understanding of the structure and properties of 
potential antidotes for a number of cytotoxic substances. Our 
data indicate that reaction sites for this type of interactions may 
form, and they predominantly appear on the atoms represented 
in the interaction signatures (Fig. 1–3). The studied interaction 
between molecular components of biomembranes — protein 

and phospholipid, on the one hand, and hydrogen sulfide and 
ACC molecules "implanted" onto them, on the other hand, — is 
a good starting point for further investigations of the processes 
occurring on the surface of the cell membrane. Thus, it can 
be stated that lecithin is the most preferable target for an 
experimental study of the membrane component. Calculations 
of the energies of interaction of adsorption complexes and the 
redox potential of the systems show that lecithin combines 
more optimally with ACC compared to a combination with 
hydrogen sulfide. The oxidative environment created through 
addition of liposomes with ACC to a sulfide solution indicates 
that, from the energy viewpoint, the interaction of lecithin with 
ACC is better than with sulfide ions. Competitive hydrogen 
bonds between phospholipid and ACC with hydrogen sulfide 
in the background support further experiments. For example, 
a model of liposomes in a plasma solution will yield a better 
understanding and grounds for subsequent investigation of the 
interaction between molecules of ACC and hydrogen sulfide 
at a more complex organ level of biosystem organization.
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ASSESSMENT OF INDIVIDUAL HEMATOPOIETIC STEM CELL RESPONSE 
TO GAMMA EXPOSURE USING HUMANIZED MICE

Assessment of individual responses of cells, tissues and the whole body to radiation exposure is an important challenge for radiobiology and radiation safety. The study 

was aimed to develop the method for estimation of the human hematopietic stem cell (HSC) individual response in the humanized mouse model. The cord blood or 

peripheral blood HSCs were administered to the NOD SCID immunodeficient mice. The number of maturing HSCs (CD34+ cells) and mature CD45+ leukocytes was 

assesed after the acute gamma exposure to the doses of 0.5 Gy, 1 Gy, and 1.5 Gy, along with the HSC share among all CD45low/+ cells within three days (period of 

maximum mortality) and 14 days (period of active restoration) after exposure. The relationship between the indicato values and the exposure dose was calculated by 

regression analysis. There was exponential relationship between the human HSC survival rate in humanized mice and the dose on day three after exposure (R2 = 0.93; 

F = 211; p < 0.01), while the relationship between the number of HSCs and the dose on day 14 after exposure was linear (R2 = 0.65; F = 12.9; p = 0.01). The C14/3 

coefficient calculated as a ratio of the HSC share among all human CD45low/+ cells on day 14 after exposure to the same parameter on day three after exposure was 

proposed as an indicator of HSC mortality and HSC number restoration. C14/3 negatively correlated with the exposure dose (R2 = 0.57; F = 13.3; p = 0.004), it was 

higher in radioresistant mice and the model of  cysteamine-induced radioresistance in humanized mice. The model mice humanized using the peripheral blood HSCs 

can be used to assess individual HSC response to acute external gamma exposure based on C14/3 and the data on the HSC survival and restoration.
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Н. И. Атаманюк1       , Е. А. Пряхин1, Е. В. Стяжкина1,2, Н. А. Обвинцева1, Г. А. Тряпицына1,2, А. А. Перетыкин1, С. С. Андреев1, А. Е. Алдибекова1, 
А. В. Аклеев1,2

ОЦЕНКА ПЕРСОНИФИЦИРОВАННОЙ РЕАКЦИИ ГЕМОПОЭТИЧЕСКИХ СТВОЛОВЫХ КЛЕТОК НА 
ГАММА-ОБЛУЧЕНИЕ С ИСПОЛЬЗОВАНИЕМ ГУМАНИЗИРОВАННЫХ МЫШЕЙ

Оценка персонифицированной реакции клеток, тканей и организма на радиационное воздействие является важной проблемой радиобиологии и 

радиационной защиты. Целью исследования было разработать метод оценки персонифицированной реакции гемопоэтических стволовых клеток (ГСК) 

человека в модели гуманизированных мышей. ГСК пуповинной или периферической крови вводили иммунодефицитным мышам NOD SCID. После 

острого внешнего гамма-облучения в дозах 0,5 Гр, 1 Гр и 1,5 Гр оценивали число ГСК (CD34+-клеток), созревающих и зрелых лейкоцитарных клеток 

CD45+, долю ГСК среди всех CD45low/+-клеток через трое суток (период максимальной гибели) и 14 суток (период активного восстановления) после 

облучения. Методом регрессионного анализа рассчитывали зависимость показателей от дозы облучения. Описана экспоненциальная зависимость 

выживаемости ГСК человека у гуманизированных мышей через трое суток после облучения (R2 = 0,93; F = 211; p < 0,01), линейная зависимость от 

дозы количества ГСК на 14-е сутки после облучения (R2 = 0,65; F = 12,9; p = 0,01). В качестве показателя, отражающего гибель ГСК и восстановление 

их числа и функциональной активности, предложен коэффициент К14/3, равный отношению доли ГСК среди всех CD45low/+-клеток человека на 14-е 

сутки после облучения к этому параметру на третьи сутки. К14/3 имел обратную зависимость от дозы облучения (R2 = 0,57; F = 13,3; p = 0,004), 

был выше у радиорезистентных мышей и в модели индуцированной цистеамином радиорезистентности у гуманизированных мышей. Модель мышей, 

гуманизированных ГСК периферической крови, может быть использована для оценки персонифицированных реакций ГСК на острое внешнее гамма-

облучение на основе применения показателя К14/3, данных о выживаемости и восстановлении ГСК.

Ключевые слова: гемопоэтические стволовые клетки, острый радиационный синдром, гуманизированные мыши, индивидуальная радиочувствительность
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Developing the approaches to estimation of individual 
radiosensitivity remains a priority of human radiation biology 
due to rapid development of nuclear technologies, nuclear 
medicine technologies and the perspectives of long-term 
interplanetary spaceflights [1, 2]. Assessment of individual 
response to exposure is necessary to identify the groups with 
high risk of exposure effects. This would be useful for both 
selection of staff to work with the sources of ionizing radiation 
and cosmonauts, and personalization of the risk of health 
effects of human exposure to radiation.

The phenomenon of radiosensitivity is assessed by the 
researchers at various levels, from  radiosensitivity of the 
whole body manifested in survival or death after exposure, to 
radiosensitivity of tissues and cells and their susceptibility to 
the long-term adverse exposure effects [1–3]. However, there 
is no uniform system of determining individual radiosensitivity 
in humans. Intensive research focused on studying molecular 
genetic, immunological, hematological and other markers, the 
personalized predictors of the tissue response and the long-
term effects of both acute and chronic exposure to radiation, is 
under way [1, 2, 4, 5].

Red bone marrow is one of the most radiosensitive tissues 
in the human body. The red bone marrow resistance to radiation 
exposure depends on the DNA damage repair, cell repopulation 
in the tissue on the accounts of proliferating revenant cells, the 
ability of the tissue to form the functional reserve of cells, etc. 
[1]. In the bone marrow form of acute radiation syndrome, the 
effects on the body (the chance of death) result largely from 
the hematopoietic stem cell (HSC) survival rate and the kinetics 
of the revenant cell populations [6, 7]. Ionizing radiation has a 
suppressive effect on the HSC proliferative and regenerative 
potential. Furthermore, the issue of the relationship between 
the HSC response to exposure and individual radiosensitivity 
remains unresolved.

The use of humanized mice for assessment of individual 
human HSC response to ionizing radiation is promising [8, 9]. 
The following types of response to radiation exposure have 
been reported in the model mice humanized by transplantation 
of human HSCs: enhanced γH2AX foci, increased expression 
of the p16INK4a gene, loss of HSC capability of repopulation 
after transplantation to secondary recipients, and reduced 
differentiation repertoir [10]. Similar processes that are typical 
for the HSC natural ageing [11–13] are also observed in cases 
of human or animal external exposure [14]. In particular, clonal 
expansion of hematopoietic cells was reported in exposed 
animals [15] and astronauts who experienced high levels of 
radiation exposure during spaceflights [16].

The above defines the relevance and validity of such task as 
the development of methods for estimation of the HSC individual 
response to exposure and its relation to radiosensitivity. 

The study was aimed to develop the technology for 
estimation of the human HSC individual response to exposure 
based on the HSC xenotransplantation to immunodeficient 
mice in order to determine radiosensitivity in terms of the 
hematopoietic tissue response to acute radiation exposure.

METHODS

The NOD SCID immunodeficient mice (breeding nursery of 
the SPF vivarium, Institute of Cytology and Genetics, Siberian 
Branch of Russian Academy of Sciences; Novosibirsk, 
Russia) were used to obtain humanized mice. Animals were 
housed in the specific pathogen free (SPF) environment with a 
temperature of 22 ± 2 °С and humidity of 50–60% and fed with 
the autoclaved SPF pellets for stock mice. They were given free 

access to food and water, the 12-hour light cycle was used. 
Cervical dislocation was used to withdraw animals from the 
experiment.

Animals were administered peripheral blood and cord blood 
HSCs [17]. HSCs were obtained from the cord blood samples 
collected in the Regional Perinatal Center and from the donor 
peripheral blood product, the buffy coat (Blood Transfusion 
Station of FMBA of Russia; Chelyabinsk, Russia). HSCs were 
isolated from blood by innumomagnetic separation using the 
EasySep Human Cord Blood CD34 Positive Selection Kit II 
(Stem Cell Technologies; Canada). HSCs were identified as the 
CD45lowCD34+ cells. 

The mice received intravenous lateral tail vein injections 
of the cord blood HSCs after acute exposure to the external 
gamma dose of 2.5 Gy. The HSC engraftment in the murine bone 
marrow and the development of human lymphogranulopoiesis 
occurred within nine weeks. Equal amounts of HSCs collected 
from each cord blood donor were administered to at least three 
mice (the number of administered HSCs was 30,000–200,000 
cells per animal). One mouse was left as a control, while the 
other two were exposed to the doses of 0.5, 1.0, and 1.5 Gy 
nine weeks after the HSC transplantation (three HSC donors per 
dose). The number of human and murine cells was measured in 
the femurs of the control mouse and other mice three days and 
14 days after exposure. 

HSCs isolated from peripheral blood were administered to 
mice by intraosseous tibia injection after applying isoflurane 
anesthesia. Equal amounts of HSCs collected from each 
peripheral blood donor were administered to at least four mice 
(the number of administered HSCs was 30,000–115,000 cells 
per animal). Two animals that received cells isolated from one 
donor were exposed before HSC administration (non-exposed 
human cells), and two mice that received cells isolated from the 
same donor were exposed after HSC administration (exposed 
human cells). The same exposure doses, 0.5, 1.0, and 1.5 Gy, 
were used (three donors per dose). Human and murine cells 
were enumerated three days and 14 days after exposure (one 
mouse with non-exposed human HSCs and another one with 
exposed cells for each timepoint).

The exposure was provided using the IGUR-1M 
radiobiological research gamma-unit  (Quantum; Russia). The 
unit was equipped with the sources of 137Cs, the dose rate 
was 0.91 Gy/min, and the gamma field non-uniformity did not 
exceed 10%.

The number of murine CD45+ cells (stained with the 
PE-conjugated rat anti-CD45 monoclonal antibody, clone 
30-F11; BD Pharmingen, USA), human CD45+ leukocytes 
(stained with the FITC-conjugated mouse anti-CD45 
monoclonal antibody, clone HI30; Stem Cell Technologies, 
Canada), and CD45lowCD34+ human stem cells (stained with the 
APC-conjugated mouse anti-CD34 monoclonal antibody, clone 
581; Stem Cell Technologies, Canada) in the bone marrow 
of mice was measured by flow cytometry. The Accuri C6 
cytometer was used for measurement (BD Biosciences; USA). 
We calculated the number of cells per milliliter of suspension 
containing cells isolated from one bone.

The survival rate of exposed cells was calculated as a 
ratio of the number of exposed cells measured within three 
days and 14 days to the number of cells of the same donor 
in the control non-exposed mouse (for cord blood HSCs) or 
as a ratio of the number of exposed cells to the number of 
non-exposed cells of the same donor measured in the same 
timepoint after exposure (for peripheral blood HSCs). The HSC 
share was calculated as a percentage of the total number of 
human CD45low/CD45+ cells for each humanized animal. We 
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Fig. 1. Survival rate of the CD45lowCD34+ human cells in the model mice humanized with the cord blood HSCs as a function of the acute external gamma exposure 
dose. А. HSC survival rate three days after exposure. B. HSC number relative to the non-exposed control 14 days after exposure  
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also determined a coefficient that was calculated as a ratio of 
the HSC share on day 14 after exposure to the HSC share on 
day three after exposure (C14/3), since it was previously shown 
that this indicator was associated with the animal survival rate 
and cell repopulation in the bone marrow of non-humanized 
mice in in vivo studies [18].

Two experiments were conducted to assess the C14/3 
coefficient prognostic properties in order to define the human 
HSC individual response to radiation exposure and the 
relationship between this indicator and radiosensitivity. The 
first experiment involved measuring the C14/3 coefficient for 
the fraction of murine CD117+ hematopoietic stem cells after 
exposure to the dose of 1 Gy in animals of two lines with 
different radiosensitivity: the radiosensitive NOD SCID line 
(LD

50/30
 = 3.5 Gy) and the relatively radioresistant C57Bl/6 line 

(LD
50/30

 = 6.0 Gy) [18].
In the second experiment, HSCs obtained from three cord 

blood donors were used for humanization in five humanized 
mice instead of three. These three additional humanized animals 
were administered the drug with a known radioprotective 
effect, mercaptoethylamine (cysteamine) at a dose of 200 mg/kg 
of body weight (Serva; USA), by intraperitoneal route 30 min 
before the exposure. The animals that received cells from two 
donors were exposed to a dose of 0.5 Gy, while the animals 
that received cells from the third donor were exposed to a 
dose of 1 Gy. We compared C14/3 coefficients in humanized 
mice not administered cysteamine and mice with increased 
radioresistance due to cysteamine. 

The mean and standard error of the mean were calculated 
for the studied parameters. Regression analysis was performed 
using Microsoft Office Exсel (Microsoft; USA) to reveal the 
relationship between the studied indicators and the dose. 
Student's t-test was used to compare regression coefficients. 
The results were considered significant at the probability that 
the null hypothesis was true (p < 0.05).

RESULTS

After administration of the cord blood HSCs to mice with 
severe combined immunodeficiency (NOD SCID) human cells 
colonize the murine bone marrow and form a self-sustaining 
pool of HSCs and a pool of maturing cells, mostly lymphocytes/
granulocytes [17, 19]. This model makes it possible to study 
the radiation-induced apoptosis and repopulation of human 
stem cells, as well as their potential for maintaining the pool of 
maturing human cells in vivo in the humanized animal model.

Our experiments have shown that the humanized mice 
exposure results in the dose-dependent decrease in the 

survival rate of the CD45lowCD34+ human cells three days after 
exposure (Fig. 1А). Exponential dose dependence is observed 
(R2 = 0.67; F = 38.65; p < 0.001).

On day 14 after exposure the number of HSCs in exposed 
mice increased. In different donors, it could exceed or fall below 
the baseline reference levels that corresponded to no exposure 
(Fig. 1B). No significant correlation between the exposure dose 
and the decrease in the number of HSCs was observed on 
day 14 after exposure (R2 = 0.34; F = 4.01; p = 0.079 for linear 
relationship).

After exposure the share of stem cells among all human cells 
in the bone marrow of humanized mice decreased compared to 
baseline (25 ± 8%). There was a linear relationship between the 
dose within the range of 0.5–1.5 Gy and the C14/3 coefficient 
calculated as the ratio of the share of stem cells on day 14 after 
exposure to the share of stem cells on day three after exposure 
(Fig. 2). This indicator decreased with increasing dose (R2 = 0.57; 
F = 13.26; p = 0.004). The indicator reflects the stem cells' 
survival rate, their regeneration 14 days after exposure, and 
ability to produce differentiating cells.

The experiment involving the use of radioprotective drug, 
cysteamine, showed that the humanized mice that were 
protected with radioprotector had a higher C14/3 coefficient  
than the non-protected mice exposed to the same dose (Fig. 3). 
Thus, the increased coefficient indicates higher radioresistance.

The same pattern was revealed when comparing C14/3 
coefficients in mice of the lines with different radiosensitivity 

Fig. 2. Relationship between the C14/3 coefficient and the dose for CD45lowCD34+ 

human cells in the model mice humanized with the cord blood HSCs  
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Fig. 3. C14/3 coefficient for the CD45lowCD34+ human cells in the model mice humanized with the cord blood HSCs isolated from three donors. Responses of human 
hematopoietic cells in humanized mice to radiation exposure in the groups administered (induced radioresistance) and not administered cysteamine. * — significant 
differences between groups, р < 0.05 
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(Fig. 4). Thus, C14/3 coefficient in radiosensitive NOD SCID mice 
(LD

50/30
 = 3.5 Gy, 95% CI 3.4–3.8 Gy) exposed to a dose of 

1 Gy was 0.23 ± 0.06, which represented a significant difference 
(t = 3.9; p = 0.003) from the C14/3 coefficient (0.98 ± 0.18) of 
the C57Bl/6 mice with normal radiosensitivity (LD

50/30
 = 6.0 Gy, 

95% CI 5.8–6.2 Gy). This  proves that the coefficient can reflect 
the differences in hematopoietic responses between mice with 
different radiosensitivity in vivo. 

After administration of peripheral blood HSCs of adult 
humans, HSCs are unable to function in the bone marrow 
of mice for a long time, but can maintain the HSC pool and 
produce maturing cells for at least 14 days [17]. Just as in 
the model mice humanized with the cord blood HSCs, there 
is exponential relationship between the human HSC survival 
rate and the external gamma exposure dose on day three after 
exposure (R2 = 0.93; F = 211; p < 0.001; Fig. 5А).

On day 14 after exposure, the number of HSCs increased 
and exceeded the control level (no exposure) in the animals 
exposed to a dose of 0.5 Gy; in the animals exposed to doses 
of 1.0 and 1.5 Gy, the number of cells remained low compared 
to the number of HSCs observed on day 14 in the non-exposed 
animals (Fig. 5B). The linear model of the relationship between 
the dose and the number of HSCs relative to the non-exposed 
control 14 days after exposure was described (R2 = 0.65; 
F = 12.90; p = 0.009).

It is important to note that the models describing dose 
dependence of the cell survival rate that were obtained for 
the cord blood and peripheral blood HSCs were similar: no 
significant differences were revealed when comparing the 
coefficients (t = 1.18; p = 0.24) and the constant terms (t = 0.15; 
p = 0.88) of the equations that related the HSC survival rate 
and the dose on day three after exposure or when comparing 
the slope (t = 0.19; p = 0.85) and the constant terms (t = 0.34; 
p = 0.74) of the equations that related the relative cell number 
and the dose on day 14 after exposure.

Just like in the model mice humanized with the cord blood 
HSCs, C14/3 coefficient in the short-term model of mouse 
humanization with the peripheral blood HSCs was a function 
of dose (R2 = 0.45; F = 5.67; p = 0.048) and reflected individual 
characteristics of the HSC donors (Fig. 6).

DISCUSSION

Assessment of individual radiosensitivity in terms of both 
severity of early tissue reactions and the risk of delayed 
exposure effects is necessary to identify the groups with high 

risk of adverse exposure effects (in case of high radiosensitivity) 
and to select staff (individuals with high radioresistance).

Individual response to radiation exposure can be measured 
at different levels of organization of the organism based on 
estimation of various final effects of exposure, such as death of the 
organism, cancer, non-cancerous disorders, tissue reactions after 
exposure, chromosomal aberrations, and molecular alterations 
[2, 3]. Not all studies succeed in determining the relationship 
between the molecular and cellular responses in vitro and the 
severity of tissue reactions to acute exposure [4, 20, 21].

It seems that clonogenic cell survival can be considered 
as a good predictor of radiosensitivity [4]. HSCs can be 
considered as a representational model for assessment of the 
hematopoietic system radiosensitivity. Obtaining humanized 
mice may be a promising method for assessment of the HSC 
individual response [8, 9], since these humanized mice may be 
considered as “avatars” reflecting the entire range of features 
of the cellular response inherent to the donor of cells. Such 
an approach is being developed within the framework of 
introducing personalized care for cancer patients and studying 
individual features of the immune system [22–25].

When human HSCs are transplanted to mice with severe 
combined immunodeficiency previously exposed to sublethal 
radiation dose, human cells can colonize the niches in the 
animal bone marrow that have become vacant after exposure 
and exist in the body of the mouse for a long time (2–12 months 
after administration). Moreover, HSCs not only maintain their 

Fig. 4. C14/3 coefficient for hematopoietic CD117+ cells of the lines of mice with 
high (NOD SCID) and normal (C57Bl/6) radiosensitivity. * — significant differences 
between groups, р < 0.05
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Fig. 5. Survival rate of the CD45lowCD34+ human cells in the model mice humanized with the peripheral blood HSCs as a function of the acute external gamma exposure 
dose. А. HSC survival rate three days after exposure. B. HSC number relative to the non-exposed control 14 days after exposure
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pool of multipotent stem cells, but also give rise to the mature 
and functionally active blood cells, mostly myeloid cells.

The mice humanized by adminisration of the cord blood 
HSCs can be used for development of the acute radiation 
syndrome model, since these mice provide an opportunity to 
assess the effects of exposure on the HSC mortality, subsequent 
repopulation, and functional activity. Our study shows the the 
HSC survival rate in the short term after exposure (within three 
days) and the number of HSCs 14 days after exposure (during 
the period of restoring the population) depend on the dose in 
case of exposure to the doses of 0.5–1.5 Gy.

The C14/3 coefficient proposed by the authors that 
characterizes the change in the HSC share relative to 
other human CD45low/+ cells within 14 days after exposure 
is considered as an integrated indicator that reflects the HSC 
survival, subsequent restoration, and functional activity. The 
earlier studies show the relationship between this indicator 
and survival rates in mice of various lines, i.e. the association 
with radiosensitivity at the organism level [18]. The negative 
relationship between the C14/3 coefficient and the exposure 
dose has been revealed in the model mice humanized with the 
cord blood HSCs. This indicates the possibility of using this 
parameter for assessment of the severity of the tissue response 
to ionizing radiation. The experiments that involve comparison of 
these indicators in the organisms that obviously have different 
radiosensitivity (NOD SCID and C57Bl/6 mice, humanized mice 
administered or not administered radioprotector) have revealed 
unidirectional differences: the coefficient was higher in more 
radioresistant subjects. The association of higher C14/3 with the 
lower doses and higher radioresistance may be due to the more 
effective HSC repopulation after exposure, higher proliferative 
potential, and more effective restoration of the stem cell pool 
before triggering proliferation and maturation of the CD45+ cells.

When administering peripheral blood HSCs to mice with 
immunodeficiency, we have failed to obtain a long-lasting 
pool of stem cells in the animal bone marrow [17], however, 
simultaneous use of radiation exposure during transplantation 
of human cells and enumeration of HSCs and maturing 
hematopoietic cells within 14 days after transplantation is 
possible. The study shows that the dose dependence of the 
HSC survival rate and the HSC number 14 days after exposure 
is the same in the humanized mouse models with the sustained 
cord blood and peripheral blood HSCs. Therefore, the model 
obtained using peripheral blood HSCs that does not involve 
prolonged repopulation can be also used for simulation of acute 
radiation syndrome, as well as for assessment of the radiation-
induced cell death and cell restoration. The calculated C14/3

 

coefficient has also shown negative correlation with the dose in 
the model obtained using peripheral blood HSCs. 

It is important to note the fact that the HSC survival on day 
three after exposure in different donors of both cord blood and 
peripheral blood has shown much smaller individual differences 
than the number of HSCs that has raised within 14 days, the 
number of maturing   CD45+ cells, and, consequently, the share 
of HSCs among all human cells and the С14/3 coefficient. It is 
clear that individual characteristics are less likely to affect the 
differences in the radiation-induced cell death and are more 
likely to affect the possibility of repair, subsequent restoration of 
the stem cell pool, and the HSC clonogenic activity.

The largest individual differences were observed in the 
humanized mice exposed to a dose of 0.5 Gy. Such exposure 
level may be recommended for assessment of individual 
HSC response that indicates individual radiosensitivity in the 
humanized mouse model obtained using peripheral blood HSCs.

CONCLUSIONS

The model humanized with human HSCs isolated from cord 
blood and peripheral blood can be used to assess the HSC 
response to radiation exposure in vivo. The C14/3 coefficient 
calculated as a ratio of the HSC share among all human CD45low/+ 
cells on day 14 after exposure to the same parameter on day 
three after exposure is the most effective integrated indicator 
that reflects the HSC radiation-induced death, restoration of 
the HSC number, and HSC functional activity. This coefficient 
can be used to estimate the human HSC individual response 
to radiation exposure.

Fig. 6. Relationship between the C14/3 coefficient and the dose for CD45lowCD34+ 
human cells in the model mice humanized with the peripheral blood HSCs isolated 
from adult humans 
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С. А. Сайганов1, А. В. Любимова1      , И. М. Гасанбеков2, А. В. Мельцер1, З. В. Лопатин1, Б. И. Асланов1  

РЕЗУЛЬТАТЫ ЭПИДЕМИОЛОГИЧЕСКОГО НАДЗОРА ЗА COVID-19 СРЕДИ ОБУЧАЮЩИХСЯ 
И ПРОФЕССОРСКО-ПРЕПОДАВАТЕЛЬСКОГО СОСТАВА УНИВЕРСИТЕТА 

Организация обучения в условиях пандемии COVID-19 потребовала разработки и внедрения активного эпидемиологического надзора за острыми 

респираторными заболеваниями среди обучающихся и профессорско-преподавательского состава (ППС) медицинского университета. Целью 

работы было выявить особенности эпидемического процесса COVID-19 среди обучающихся и ППС университета в 2020–2022 гг. Проведен анализ 

заболеваемости COVID-19 среди обучающихся и ППС за 2020–2021 и 2021–2022 учебные годы. Под наблюдением находились 6293 обучающихся в 

2020–2021 учебном году и 6148 в 2021–2022 учебном году, ППС — 772 человека. В 2020–2021 учебном году COVID-19 выявлен у 681 обучающегося, 

кумулятивная инцидентность (КИ) 10,83 (95% ДИ 10,08–11,61) на 100 обучающихся и 79 человек ППС — КИ 10,23 (95% ДИ 8,09–12,37), в 2021–2022 

учебном году — у 690 обучающихся, КИ 11,44 (95% ДИ 10,64–12,24) на 100 обучающихся и 75 человек ППС — КИ 9,71 (95% ДИ 7,62%–11,80%). У 

26,3% заболевших COVID-19 инфекция была выявлена при обращении в поликлинику Университета. Заболеваемость обучающихся, проживающих 

в общежитиях, не превышала заболеваемость среди тех, кто проживал на частных адресах (p = 0,36), также не было зарегистрировано вспышек. 

Найдена сильная положительная связь между заболеваемостью жителей Санкт-Петербурга и заболеваемостью обучающихся (r = 0,77). За весь период 

вероятное место заражения установлено у 39,9% заболевших, наиболее часто (15,2%) — в медицинской организации по месту работы. Заболеваемость 

новой коронавирусной инфекцией (COVID-19) среди обучающихся и профессорско-преподавательского состава за 2020–2021 и 2021–2022 учебные 

годы напрямую обусловлена их вовлечением в эпидемический процесс COVID-19 в Санкт-Петербурге. 

Ключевые слова: новая коронавирусная инфекция, профилактические мероприятия, учебный процесс, медицинская организация, эпидемиологический 
надзор
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Соблюдение этических стандартов: исследование одобрено этическим комитетом ФГБОУ ВО «СЗГМУ им. И. И. Мечникова» (протокол № 7 от 
07 октября 2020 г.). Все участники подписали добровольное информированное  согласие на участие в исследовании.
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RESULTS OF EPIDEMIOLOGICAL SURVEILLANCE FOR COVID-19 AMONG STUDENTS 
AND TEACHING STAFF OF THE UNIVERSITY 

Organization of training in the context of COVID-19 pandemic demanded the development and implementation of active epidemiological surveillance for acute 

respiratory infections in students and teaching staff of the Medical University. The study was aimed to identify the features of the COVID-19 epidemic process 

among students and teaching staff in 2020–2022. The analysis of COVID-19 incidence among students and teaching staff in the academic years 2020–2021 and 

2021–2022 was carried out. The study was conducted on 6293 students enrolled in the academic year 2020–2021, 6148 students enrolled in the academic year 

2021–2022, and 772 teaching staff members. In the academic year 2020–2021, COVID-19 was detected in 681 students, among whom the cumulative incidence 

(CI) was 10.83 (95% CI: 10.08-11.61) per 100 students, and 79 teaching staff members, among whom the CI was 10.23 (95% CI: 8.09–12.37); in the  academic 

year 2021–2022 infection was detected in 690 students, the CI was 11.44 (95% CI: 10.64–12.24) per 100 students, and 75 teaching staff members, the CI was 

9.71 (95% CI: 7.62%–11.80%). In 26.3% affected individuals, COVID-19 was detected when contacting the University outpatient clinic. The incidence among 

students living in the dormitories did not exceed that among students living in private apartments (p = 0.36), and no outbreaks were reported. There was a strong 

positive correlation between the incidence among residents of St. Petersburg and the incidence among students (r = 0.77). Over the entire period, probable setting 

of transmission was determined in 39.9% of infected individuals, contact most often (15.2%) occurred when working in the health care facilities. The incidence of 

novel coronavirus infection (COVID-19) among students and teaching staff members in the academic years 2020–2021 and 2021–2022 is directly related to their 

involvement in the COVID-19 epidemic process in St. Petersburg. 
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Table. Number of students of different fields by year

Year 

Medical specialty (faculty) 

Nursing care General medicine Preventive medicine Dentistry

Academic year

2020–2021 2021–2022 2020–2021 2021–2022 2020–2021 2021–2022 2020–2021 2021–2022

1 19 13 695 786 156 156 95 70

2 10 11 718 586 160 125 90 66

3 8 7 581 607 142 140 72 56

4 8 556 505 127 114 66 61

5 581 535 116 123 72 58

6 480 563 135 113

Total 37 39 3611 3582 836 771 395 311

This paper is a continuation of a series of articles on prevention 
of the novel coronavirus infection spread among students and 
teaching staff of the Mechnikov North-Western State Medical 
University(hereinafter University) [1, 2].

During the COVID-19 pandemic many higher education 
institutions were forced to switch to distance learning. However, 
medical education cannot be effective without practical skills. 
That is why it was decided to conduct workshop-type classes 
and practical classes in the face-to-face format in the University's 
classrooms since September 2020 in case the classes involved 
developing practical skills. This resulted in the need to develop 
and implement a number of preventive and anti-epidemic 
measures taking into account the fact that medical students were 
engaged in providing care to COVID-19 patients in both outpatient 
and inpatient settings. Despite the fact that there are many 
publications discussing the COVID-19 rate among students, 
all these publications are based on the results of the questionnaire 
surveys of students, not on the  objective morbidity data.

The study was aimed to identify the features of the 
COVID-19 novel coronavirus infection epidemic process among 
students and teaching staff of the University in the academic 
years 2020–2021 and 2021–2022 based on the implemented 
epidemiological surveillance.

METHODS

Active epidemiological surveillance for acute respiratory 
infections in students and teaching staff was developed and 
implemented in the University in order to carry out and adjust 
anti-epidemic measures in the context of face-to-face training 
during the ongoing COVID-19 pandemic. The detailed scheme 
of epidemiological surveillance was reported earlier [1].

Analysis of morbidity was performed every week to ensure 
the timely adjustment of anti-epidemic measures.

The measures recommended by Rospotrebnadzor [3] and 
some additional measures were implemented to prevent the 
spread of novel coronavirus infection:

– outreach activities (movies, video lectures, posters, 
newsletters);

– active detection of individuals showing signs of acute 
respiratory infection (ARI);

– setting up an isolation ward for admission and assessment 
of students and employees with symptoms of ARI in the 
University outpatient clinic;

– switching individuals with symptoms of ARI and confirmed 
COVID-19 or exposed people to distance learning;

– withdrawing individuals with symptoms of ARI and 
confirmed COVID-19 or contact persons from the dormitory;

The incidence of COVID-19 for the mentioned above 
academic years (between September 1 and June 30) was 
assessed. All students and teachers were included in the 
study. During the studied period, a total of 4879 students were 
followed-up in the academic year 2020–2021 and 4703 were 
followed-up in 2021–2022; 1414 residents were followed-up 
in the academic year 2020–2021 and 1445 were followed-
up in 2021–2022; a total of 772 teaching staff members were 
followed-up. The number of students of different fields by year 
is provided in Table. 

The disease was detected when contacting local medical 
institution, ambulance or University outpatient clinic. Clinical 
diagnosis and laboratory confirmation were provided in 
accordance with the version of regulatory documents that 
was valid at the time of seeking medical care [4]. Cumulative 
incidence of COVID-19 (the ratio of the number of diagnosed 
cases in the studied group to the total number of individuals in 
the group within the studied period  multiplied by 100) among 
students of various faculties and teaching staff and its monthly 
trends were calculated. The Pearson correlation coefficient 
for the relationship between the weekly trends in the number 
of cases diagnosed among residents of St. Petersburg and 
University students ® was calculated. 

All the infected people were interviewed in order to reveal 
probable places of infection and contact persons. The place of 
infection was considered to be determined, when the student 
reported the contact with the confirmed case of COVID-19 
within 14 days since the emergence of symptoms in the years 
2020–2021 and within 7 days in the year 2022. Cumulative 
incidence of COVID-19 among students enrolled in different 
semesters was calculated based on the probable setting of 
transmission infection. The structure of junior and senior students 
of various faculties and residents (share of all disease cases) was 
also calculated based on the probable place of infection.

The 95% confidence intervals were calculated using the 
Wilson score. The differences were considered significant 
when p-value was below 0.05.  

RESULTS

A total of 1371 students and 155 teaching staff members 
were diagnosed with COVID-19 during the studied period. 
Furthermore, in the academic year 2020–2021, COVID-19 
was detected in 681 students, the cumulative incidence 
(CI) was 10.83 (95% CI: 10.08–11.61) per 100 students, 
and 79 teaching staff members, the CI was 10.23 (95% CI: 
8.09–12.37); in the academic year 2021–2022, infection was 
detected in 690 students, the CI was 11.44 (95% CI: 10.64–12.24) 
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Fig. 1. Cumulative incidence of COVID-19 among students and teaching staff in 2020–2021 and 2021–2022. FGM — Faculty of General Medicine, FPM — Faculty of 
Preventive Medicine, FD — Faculty of Dentistry, NC — Nursing Care, TS — teaching staff
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Fig. 2. Monthly trends in cumulative incidence of COVID-19 among students and teaching staff in 2020–2021 and 2021–2022. FGM — Faculty of General Medicine, 
FPM — Faculty of Preventive Medicine, FD — Faculty of Dentistry, TS — teaching staff
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per 100 students, and 75 teaching staff members, the CI was 
9.71 (95% CI: 7.62–11.80%). 

It should be noted that almost every fifth COVID-19 case 
(19%) was revealed in the University outpatient clinic, where 
the isolation ward for admission and assessment of students 
and employees with symptoms of ARI was set up. A total of 
1058 contacted the clinic, of them the diagnosis of COVID-19 
was confirmed in 278 individuals (26.3%). Among those who 
contacted the clinic, 487 students (46%) lived in the University 
dormitories, and COVID-19 was detected in 124 (25.4%) of 
them. The diagnosis was confirmed by PCR within 12 h after 
seeking medical care. Information was immediately sent to the 
coordinator of anti-epidemic measures, to head of the service 
for accommodation and socio-household arrangements, and 
the deputy deans of the faculties. This enabled earlier isolation of
infected individuals and timely implementation of anti-epidemic 
measures. The incidence among students living in the 
dormitories reported over the entire research period did not 
exceed that among students living in private apartments, it was 
19.1 and 18.9 per 100 students, respectively. No outbreaks 
among students living in the dormitories were reported. 

In the year 2020–2021, the incidence among students 
of different faculties, residents, and teaching stuff was at the 
same level. In 2021–2022, the highest incidence was revealed 
in students of the Faculty of Preventive Medicine due to the 
greatest engagement in the outbreak caused by the SARS-CoV-2 
Omicron strain (Fig. 1, 2).

The highest incidence was observed in senior students 
(years 4–6) in 2021–2022, it was 12.60 per 100 students (95% 
CI: 11.24–14.09). The incidence in junior students (years 1–3) 
was 11.52 per 100 students (95% CI: 10.33–12.76). In 2020–
2021 these indicators were lower: 9.67 (95% CI: 8.61–10.84; 
p = 0.03) in junior students and 9.28 (95% CI: 8.12–10.59; 
p = 0.0006) in senior students.

The COVID-19 incidence peaks were revealed in autumn 
2020 and winter 2022. In autumn 2020, a quarter of all disease 
cases detected among students resulted from exposure in 
health care facilities  related to the students' and residents' 
work in the COVID centers. Furthermore, multiple cases of non-
compliance with the self-isolation regime after the emergence 
of ARI symptoms were revealed. When the SARS-CoV-2 
Delta strain prevailed, the highest incidence was observed in 
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Fig. 3. Trends in the number of COVID-19 cases revealed among the University students and teaching staff and the residents of St. Petersburg
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the teaching staff members, which was probably due to the 
age-related factor. The rise of incidence during weeks 40–41 
(May 31–June 13, 2021) was caused by the  students' non-
compliance with the self-isolation regime in cases of infection 
during the end-of-semester examinations: 70% of infected 
students having symptoms of ARI continued attending the 
University. Furthermore, testing students for SARS-CoV-2 
performed prior to summer internship revealed 30% of the total 
number of cases [1]. In winter 2022, when the SARS-CoV-2 
Omicron strain prevailed, the teaching staff and residents were 
maximally involved as early as January 2022, while students 
were involved in February, which was due to student holidays.

The COVID-19 epidemic process among students and 
teaching staff members in the University depended on the 
epidemic process among residents of St. Petersburg: a strong 
positive correlation was revealed (correlation coefficient r = 0.77) 
(Fig. 3). 

Re-infection was detected in 58 students (4.3% of the total 
number of infected individuals). The peak number of re-infection 
was revealed during the spread of SARS-CoV-2 Omicron strain 
in February 2022.  

We managed to determine the probable setting of 
transmission  infection in 39.9% of affected individuals over 
the entire period. The students most often reported contacting 
persons with confirmed COVID-19 at work or during their 
internship in the health care facilities (15.2% of affected 
individuals), 12.1% were contact in the group during face-to-
face training, contact in the family at home was reported by 
6.6%, contact  in the dormitory was mentioned by 2.2%, 2.5% 
reported contact in other circumstances, and 1.3% noted they 
were contact to multiple sources of infection. The incidence 
among students who contacted persons with confirmed 
COVID-19 over the entire observation period was 8.8 per 
100 students, while the incidence among students had contact  
to undefined sources of infection was 13.3 per 100 students. 
However, the incidence rates in individuals with various  types 
of contact were different in the epidemic process intensity and 

were higher during the incidence peaks compared to periods 
with lower incidence (47.8 and 28.9%, respectively; p << 0.01) 
mostly due to infection resulting from exposure at work or 
during internship in the medical institution or University. Multiple 
contact, i.e. contact  to multiple sources of infection during the 
incubation period, were reported in 2021–2022 (Fig. 4).

The infected senior students of the Faculties of General 
Medicine and Preventive Medicine and residents most often 
reported contacting persons with confirmed COVID-19 at work 
or during internship in the health care facilities (p << 0.01). This 
is not surprising, since it is senior students and residents who 
work and do internships in health care facilities. Infection due 
to contact in the University prevailed among junior students 
(p = 0.0004). The largest share of contacts with persons  having 
confirmed COVID-19 under different circumstances outside the 
University was reported by students of the Faculty of Dentistry 
(Fig. 5).

DISCUSSION

The risk of infection increases during face-to-face training 
at universities. Thus, a dramatic increase in the COVID-19 
incidence among students was observed in the USA in early 
2020–2021. The survey performed by New York Times in more 
than 1600 colleges revealed more than 26,000 COVID-19 
cases in more than 750 colleges across the country by August 
26, more than 51,000 cases in more than 1020 US colleges by 
September 3, and more than 130,000 cases in 1300 colleges 
by September 25 [5]. In the other university 528 students 
(24.1%) out of 2187 were diagnosed with COVID-19 during 
the fall semester 2020, which was 8 times higher compared 
to the values obtained during our study [6]. The SARS-CoV-2 
seroprevalence in 2905 students of five universities in the UK 
was 17.8% (95% CI: 16.5–19.3) in December 2020, it was 
within the range of 7.6–29.7% [7]. The incidence among 
students of one more university in 2020–2021 was 15.7 per 
100 students [8].
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Fig. 4. Cumulative incidence of COVID-19 by probable setting of transmission infection among students enrolled in different semesters
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Fig. 5. Probable setting of transmission  infection (share of all disease cases) of junior and senior students of various faculties and residents
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In our study, the rapid growth of incidence in early 
2020–2021 was also observed. The analysis of the causes of 
COVID-19 spread in September 2020 showed that students 
who attended the University while having ARI symptoms 
were the main cause. Thus, in September 2020, 25.4% of 
infected individuals came to the university on the day of 
symptom onset and 32.7% of individuals with COVID-19 
continued attending face-to-face classes for more than one 
day after the disease onset. The studies conducted in other 
Russian universities have also shown that about a quarter of 
students having symptoms of COVID-19 do not seek medical 
care [9, 10]. This is usually due to the fear of making up 

missed classes. University administration decided to switch 
the infected individuals to distance learning, i.e. the classes 
were not marked as missed and the infected students did 
not have to make up any classes. Furthermore, a poster 
was created with a message not to attend classes after the 
emergence of ARI signs. Such posters were stationed at the 
entrance to each department. These measures reduced twice 
the attendance rate of individuals showing ARI symptoms, 
which made it possible to reduce the incidence rate when 
used along with implementation of other preventive and anti-
epidemic measures. Rapid detection and isolation of infected 
people and exposed individuals along with strict compliance 
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with the face mask requirements are the key measures to 
control the spread of coronavirus infection.

During the pandemic (September–June 2020–2021 and 
2021–2022), the incidence among the University students 
and teaching staff generally resulted from their involvement in 
the COVID-19 epidemic process in St. Petersburg, however, 
it was lower compared to that observed in the aggregate 
population of St. Petersburg. More than 1,350,000 COVID-19 
cases were reported in St. Petersburg over the studied period, 
and the incidence that constituted 25 per 100 residents was 
higher than the incidence reported in the University. The 
highest incidence values were reported during the period of 
peak incidence in St. Petersburg. The relationships between 
the incidence rates of students and residents of settlements 
were described by some other researchers [11]. For example, 
the lower number of COVID-19 cases was registered among 
residents of Pennsylvania, who were not students, than among 
students [12].

Working in health care facilities was the main risk factor of 
morbidity in students. Active questioning of infected individuals 
made it possible to define the probable setting of transmission  
infection in more than a third of cases. Almost a half of them 
were contact  when working in the health care facilities , which 
to a great extent determined the incidence among senior 
students and residents. Thus, the incidence among students 
working in health care facilities of Barnaul exceeded the regional 
average by 4.7 times. The share of infected 4–6-year students 
was 75.3% [13]. The students of Smolensk medical university 
also noted that health care facilities were among the major 
probable  setting of transmission infection [14]. This is due to 
the clear COVID-19 status of patients in health care facilities 
and, probably, to the higher risk of infection in the context of 
medical care. Predominance of infection cases among junior 
University students is probably due to less knowledge and low 
adherence to preventive measures [15, 16].

The implemented measures made it possible to prevent 
high incidence among the University teaching staff members, 
which was extremely important, since many of them had some 

risk factors of severe COVID-19. The cumulative incidence of 
COVID-19 among teaching staff and students was 19.9 and 
22.3 per 100, respectively. 

The mass media of the Russian Federation repeatedly 
reported the COVID-19 outbreaks in the student dormitories. 
Thus, information about at least 15 outbreaks with the total 
number of affected individuals of at least 324 (4–79) was 
published on the open online resources. One of the studies 
showed that students living in the room together had a twice as 
much chance to become infected with COVID-19 than those 
who lived alone [5]. Active detection and isolation of infected 
and exposed individuals made it possible to avoid outbreaks 
among students living in the dormitories. The low percentage of 
re-infection  cases that were observed only during the spread 
of the SARS-CoV-2 Omicron strain should be noted. 

CONCLUSIONS

The incidence of novel coronavirus infection (COVID-19) 
among students and teaching staff members in the 
academic years 2020–2021 and 2021–2022 is directly related 
to their involvement in the COVID-19 epidemic process in 
St. Petersburg. The measures developed and implemented in 
the University in order to control the spread of novel coronavirus 
infection made it possible to prevent outbreaks among students 
and teaching staff and achieve the lower levels compared to 
overall population of St. Petersburg despite the face-to-face 
learning format. The incidence among students living in the 
dormitories over the entire period did not exceed that among 
individuals living in private apartments due to the development 
and implementation of active epidemiological surveillance for 
acute respiratory infections. No outbreaks among students living 
in the dormitories were detected, while mass media repeatedly 
reported COVID-19 outbreaks in the dormitories of other 
universities. Infection most often occurred upon exposure to the 
source of infection when working in the health care facilities. The 
experience of the University can be used in the future in case of 
new challenges related to the spread of infections.

References

1.	 Sayganov SA, Lyubimova AV, Meltser AV, Lopatin ZV, Kuznetsova OYu,
Kovaleva OV, i dr. Ehpidemiologicheskie osobennosti 
rasprostraneniya novoj koronavirusnoj infekcii COVID-19 sredi 
obuchayushhixsya universiteta v 2020–2021 uchebnom godu. 
Profilakticheskaya i klinicheskaya medicina. 2021; 81 (4): 10–19. 
Russian.

2.	 Sayganov SA, Meltser AV, Lyubimova AV, Kuznetsova OYu., Zuyeva 
LP, Aslanov BI, i dr. Opyt organizacii mer po predotvrashheniyu 
rasprostraneniya novoj koronavirusnoj infekcii sredi obuchayushhixsya 
obrazovatel'noj organizacii, prozhivayushhix v obshhezhitiyax. 
Profilakticheskaya i klinicheskaya medicina. 2020; 76 (3): 4–11. Russian. 

3.	 MR 3.1/2.1.0205-20. 3.1. Profilaktika infekcionnyx boleznej. 2.1. 
Kommunal'naya gigiena. Rekomendacii po profilaktike novoj 
koronavirusnoj infekcii (COVID-19) v obrazovatel'nyx organizaciyax 
vysshego obrazovaniya. Metodicheskie rekomendacii (utv. 
Glavnym gosudarstvennym sanitarnym vrachom RF 29.07.2020) 
(red. ot 11.02.2021). MR 3.1./2.1.02.05.20. Metodicheskie 
rekomendacii. Russian.

4.	 Vremennye metodicheskie rekomendacii ministerstva 
zdravooxraneniya Rossijskoj Federacii «Profilaktika, diagnostika i 
lechenie novoj koronavirusnoj infekcii (COVID 19)» versii 8.1-15 
[Internet] Citirovano 21 yanvarya 2022 [okolo 248 str.] Dostupno 
po ssylke: https://xn--80aesfpebagmfblc0a.xn--p1ai/info/ofdoc/
who/. Russian. 

5.	 Watson S, Hubler S, Ivory D, Gebeloff R. A new front in America’s 
pandemic: college towns.New York Times. [Internet] September 
6, 2020. Updated September 25, 2020. Accessed January 21, 
2022. [about 3 p.]. Available from: https://www.nytimes.com/
interactive/2020/us/covid-college-cases-tracker.html. 

6.	 Bigouette JP, Ford L, Segaloff HE, Langolf K, Kahrs J, Zochert T, 
et al. Association of Shared Living Spaces and COVID-19 in 
University Students, Wisconsin, USA, 2020. Emerg Infect Dis. 
2021; 27 (11): 2882–6. 

7.	 Vusirikala A, Whitaker H, Jones S, Tessier E, Borrow R, Linley E,
et al. Seroprevalence of SARS-CoV-2 antibodies in university students: 
Cross-sectional study. England. J Infect.  2021; 83 (1); 104–11. 

8.	 Cass AL, Slining MM, Carson C, Cassidy J, Epright MC, 
Gilchrist AE, et. al. Risk Management of COVID-19 in the 
Residential Educational Setting: Lessons Learned and 
Implications for Moving Forward. Int J Environ Res Public 
Health. 2021; 18 (18): 9743. 

9.	 Lelenkova LYu, Nozhkina NV. Ocenka informirovannosti i 
otnosheniya studentov-medikov k ehpidemicheskoj situacii i 
vakcinacii protiv COVID-19.  V sbornike: VI Mezhdunarodnaya (76 
Vserossijskaya) nauchno-prakticheskaya konferenciya «Aktual'nye 
voprosy sovremennoj medicinskoj nauki i zdravooxraneniya».  
2021; 783–8. Russian.

10.	 Nemchaninova DA, Marchenko DD. Osobennosti zabolevaemosti 



64

ОРИГИНАЛЬНОЕ ИССЛЕДОВАНИЕ    ГЕПАТОЛОГИЯ

МЕДИЦИНА ЭКСТРЕМАЛЬНЫХ СИТУАЦИЙ   1, 25, 2023   MES.FMBA.PRESS| |

Литература

1.	 World Health Organization. Hepatitis B Fact Sheet. July 27, 2020.
2.	 Министерство здравоохранения Российской Федерации. 

Хронический вирусный гепатит B (ХВГВ) у взрослых. 2019.
3.	 Покровский В. И., Тотолян А. А., Эсауленко Е. В., Сухорук А. А. 

Вирусные гепатиты в Российской Федерации: Аналитический 
обзор. 11 выпуск. СПб.: ФБУН НИИЭМ имени Пастера, 2018.

4.	 О состоянии санитарно-эпидемиологического благополучия 
населения в Российской Федерации в 2020 году: Федеральная 
служба по надзору в сфере защиты прав потребителей и 
благополучия человека. 2021.

5.	 European Association For The Study Of The Liver. EASL 2017 
Clinical Practice Guidelines on the management of hepatitis B 
virus infection. Journal of hepatology. 2017; 67 (2): 370–98.

6.	 Torresi J, Locarnini S. Antiviral chemotherapy for the treatment 
of hepatitis B virus infections. Gastroenterology. 2000; 118 (2): 
S83–S103.

7.	 Ивашкин В. Т., Ющук Н. Д., Маевская М. В., Знойко О. О., 
Дудина К. Р., Кареткина Г. Н., и др. Клинические рекомендации 
Российской гастроэнтерологической ассоциации и 
Российского общества по изучению печени по диагностике и 
лечению взрослых больных гепатитом B. Российский журнал 
гастроэнтерологии, гепатологии, колопроктологии. 2014; 3: 58–88.

8.	 Паневкина С., Абдурахманов Д., Ибрагимов Э., Розина Т., 
Никулкина Е., Танащук Е., и др. Оценка фиброза печени при 
длительной терапии хронического гепатита В нуклеозидными 
и нуклеотидными аналогами. Терапия. 2021; 7 (6): 24–31.

9.	 Орлов С. Г., Мязин А. Е., Чуланов В. П., редакторы. 
Распространенность генотипов вируса гепатита В среди лиц, 
хронически инфицированных вирусом гепатита В в Москве 
и Московской области. Материалы Российской научно-
практической конференции «Генодиагностика инфекционных 
болезней» 25–27 октября 2005 г. Сосновка, Новосибирская 
обл. 2005; 56 с.

10.	 Ono A, Suzuki F, Kawamura Y, Sezaki H, Hosaka T, Akuta N, et al. 
Long-term continuous entecavir therapy in nucleos (t) ide-naïve 
chronic hepatitis B patients. Journal of hepatology. 2012; 57 (3): 
508–14.

11.	 Luo J, Li X, Wu Y, Lin G, Pang Y, Zhang X, et al. Efficacy of 
entecavir treatment for up to 5 years in nucleos (t) ide-naïve 
chronic hepatitis B patients in real life. International journal of 
medical sciences. 2013; 10 (4): 427.

12.	 Marcellin P, Heathcote EJ, Buti M, Gane E, de Man RA, Krastev 
Z, et al. Tenofovir disoproxil fumarate versus adefovir dipivoxil for 
chronic hepatitis B. New England Journal of Medicine. 2008; 359 
(23): 2442–55.

13.	 Yuen M-F, Seto W-K, Fung J, Wong DK-H, Yuen JC-H, Lai C-L. 
Three years of continuous entecavir therapy in treatment-naive 
chronic hepatitis B patients: VIRAL suppression, viral resistance, 
and clinical safety. Official journal of the American College of 
Gastroenterology| ACG. 2011; 106 (7): 1264–71.

14.	 Kayaaslan B, Akinci E, Ari A, Tufan ZK, Alpat SN, Gunal O, et 
al. A long-term multicenter study: Entecavir versus Tenofovir in 
treatment of nucleos (t) ide analogue-naive chronic hepatitis B 
patients. Clinics and research in hepatology and gastroenterology. 
2018; 42 (1): 40–7.

15.	 Batirel A, Guclu E, Arslan F, Kocak F, Karabay O, Ozer S, et al. 

Comparable efficacy of tenofovir versus entecavir and predictors 
of response in treatment-naïve patients with chronic hepatitis B: 
a multicenter real-life study. International Journal of Infectious 
Diseases. 2014; 28: 153–9.

16.	 Chang T-T, Gish RG, De Man R, Gadano A, Sollano J, Chao Y-C, et 
al. A comparison of entecavir and lamivudine for HBeAg-positive 
chronic hepatitis B. New England Journal of Medicine. 2006; 354 
(10): 1001–10.

17.	 Lai C-L, Shouval D, Lok AS, Chang T-T, Cheinquer H, Goodman Z, et 
al. Entecavir versus lamivudine for patients with HBeAg-negative 
chronic hepatitis B. New England Journal of Medicine. 2006; 354 
(10): 1011–20.

18.	 Jacobson IM, Washington MK, Buti M, Thompson A, Afdhal N, 
Flisiak R, et al. Factors associated with persistent increase in level 
of alanine aminotransferase in patients with chronic hepatitis B 
receiving oral antiviral therapy. Clinical Gastroenterology and 
Hepatology. 2017; 15 (7): 1087–94. 

19.	 Buti M, Tsai N, Petersen J, Flisiak R, Gurel S, Krastev Z, et 
al. Seven-Year Efficacy and Safety of Treatment with Tenofovir 
Disoproxil Fumarate for Chronic Hepatitis B Virus Infection. 
Digestive Diseases and Sciences. 2015; 60 (5): 1457–64.

20.	 Petersen J, Heyne R, Mauss S, Schlaak J, Schiffelholz W, 
Eisenbach C, et al. Effectiveness and safety of tenofovir disoproxil 
fumarate in chronic hepatitis B: a 3-year prospective field practice 
study in Germany. Digestive diseases and sciences. 2016; 61 
(10): 3061–71.

21.	 Gish R, Chang TT, Lai CL, De Man R, Gadano A, Poordad F, 
et al. Loss of HBsAg antigen during treatment with entecavir 
or lamivudine in nucleoside‐naive HBeAg‐positive patients with 
chronic hepatitis B. Journal of viral hepatitis. 2010; 17 (1): 16–22.

22.	 Heathcote EJ, Marcellin P, Buti M, Gane E, Robert A, Krastev Z, et 
al. Three-year efficacy and safety of tenofovir disoproxil fumarate 
treatment for chronic hepatitis B. Gastroenterology. 2011; 140 (1): 
132–43.

23.	 Park JW, Kwak KM, Kim SE, Jang MK, Suk KT, Kim DJ, et al. 
Comparison of the long-term efficacy between entecavir and 
tenofovir in treatment-naïve chronic hepatitis B patients. BMC 
gastroenterology. 2017; 17 (1): 1–9.

24.	 Zoutendijk R, Reijnders JG, Brown A, Zoulim F, Mutimer D, 
Deterding K, et al. Entecavir treatment for chronic hepatitis B: 
adaptation is not needed for the majority of naive patients with a 
partial virological response. Hepatology. 2011; 54 (2): 443–51.

25.	 Ибрагимов ЭК, Абдурахманов ДТ, Розина ТП, Никулкина ЕН, 
Танащук ЕЛ, Одинцов АВ, et al. Эффективность и безопасность 
длительной терапии хронического гепатита В нуклеозидными 
и нуклеотидными аналогами. Терапевтический архив. 2019; 
91 (2): 40–7.

26.	 Chen C-H, Hung C-H, Wang J-H, Lu S-N, Hu T-H, Lee C-M. 
Long-term incidence and predictors of hepatitis B surface antigen 
loss after discontinuing nucleoside analogues in noncirrhotic 
chronic hepatitis B patients. Clinical Microbiology and Infection. 
2018; 24 (9): 997–1003.

27.	 Liu J, Li T, Zhang L, Xu A. The role of hepatitis B surface antigen 
in nucleos (t) ide analogues cessation among asian patients with 
chronic hepatitis B: a systematic review. Hepatology. 2019; 70 (3): 
1045–55.

adaptation is not needed for the majority of naive patients with a 
partial virological response. Hepatology. 2011; 54 (2): 443–51.

25.	 Ibragimov EhK, Abduraxmanov DT, Rozina TP, Nikulkina EN, 
Tanashhuk EL, Odincov AV, et al. Ehffektivnost' i bezopasnost' 
dlitel'noj terapii xronicheskogo gepatita V nukleozidnymi i 
nukleotidnymi analogami. Terapevticheskij arxiv. 2019; 91 (2): 
40–7.

26.	 Chen C-H, Hung C-H, Wang J-H, Lu S-N, Hu T-H, Lee C-M. 

Long-term incidence and predictors of hepatitis B surface antigen 
loss after discontinuing nucleoside analogues in noncirrhotic 
chronic hepatitis B patients. Clinical Microbiology and Infection. 
2018; 24 (9): 997–1003.

27.	 Liu J, Li T, Zhang L, Xu A. The role of hepatitis B surface antigen 
in nucleos (t) ide analogues cessation among asian patients with 
chronic hepatitis B: a systematic review. Hepatology. 2019; 70 (3): 
1045–55.


