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IMPROVEMENT OF THE PROCESS OF PRODUCTION OF POLYSACCHARIDE POLYRIBOSYL RIBITOL
PHOSPHATE USED IN THE HAEMOPHILUS INFLUENZAE VACCINES

Belyankin AA =, Salimova EL, Konon AD, Trukhin VP
St. Petersburg Research Institute of Vaccines and Serums and Bacterial Preparations Production Company, St. Petersburg, Russia

The production of vaccines requires constant improvement of methods and tools, revision and modernization of the current technology with the aim to improve
quality of the product made for the benefit of public health. The purposse of this work was to improve the process of production of polysaccharide polyribosy!
ribitol phosphate (PRP), which is the active agent of Haemophilus influenzae type b (Hib) vaccines. We investigated how PRP vyield depends on the following
factors: concentration of dissolved oxygen in the culture liquid, glucose concentration control method applied in cultivation, source of protein for the producer
microorganism, stability of the polysaccharide at the culture liquid inactivation stage. As a result, we managed to increase the PRP yield in the culture liquid by
10%, ensured a 25% boost of the biomass accumulation rate during cultivation in the fermenter and reduced the cultivation time by 6.5 hours. The PRP loss rate
at the culture liquid inactivation stage was reduced by 80%. Relying on the patented composition, we invented a new composition of the nutrient medium that
meets the current regulatory requirements.

Keywords: Haemophilus influenzae type b, polyribosyl ribitol phosphate, nutrient medium, vaccine, cultivation, peptone, hemin, protoporphyrin

Author contribution: Belyankin AA — collection of information, experimental work and processing of their results; Salimova EL, Konon AD — scientific and
technical consulting; Trukhin VP — general management.
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YCOBEPLLEHCTBOBAHUE NMPOLIECCA MNOJTYHEHUA MOJIMCAXAPUOA NMOJIMPUBO3UNTPUBUTOJIGOCDATA,
MCMOJIb3YEMOIO B MPOU3BOACTBE BAKLIVH MPOTUB FEEMO®UIbHOW UH®EKLIMA

A. A. Bensrkud B3 E. J1. Cannmvosa, A. [1. KoHoH, B. T, TpyxuH
CaHKT-INeTepbyprekiin HayHHO-CCnenoBaTenbCKNA MHCTUTYT BaKLVH 1 CbIBOPOTOK Y MPeAnpusTie No NponsBoacTay bakTepuiiHbIx npenapaTos, CaHkT-IeTepbypr, Poccus

Mpon3BOACTBO BakLMH TPEOYET MOCTOSIHHOMO YCOBEPLLIEHCTBOBAHMSA METOA0B 1 MHCTPYMEHTOB, MEPECMOTPA 1 MOAEPHM3ALMN CYLLEECTBYIOLLMX TEXHONOI A,
MO3BOMSAOLLIMX MOMy4aTh Ka4eCTBEHHbI MPOLAYKT AN 06ecneyeHns 300P0Bbs HaceneHns. Lienbto paboTbl 6bI10 YCOBEPLLEHCTBOBAHME CTaAUN NONyYeHs
nonvcaxapupa nonvpudosmnpubrtondgocdara (PRP) — akTUBHOIO KOMMOHEHTa BakUWH ANs NPOMUNaKTUKKU reModunbHOM MHGeKUnn. VIdyHeHo BnvsiHie Ha
BbIxog, PRP cnenytoLLyx (hakTopoB: KOHLIEHTPALMN PACTBOPEHHOMO KMCNIOPOAA B Ky/BTYPasIbHOM XXUAKOCTH, CNocoba PerynmpoBaHnst KOHLEHTPaLWN OKO3bl BO
BPEMSI Ky/BTVBMPOBaHMS!, UCTOYHMKOB 6EIKOBOIO MUTaHNSI MUKPOOPIraHn3Ma-MpoayLeHTa, CTabuibHOCTH nonmcaxapuaa Ha CTafun MHaKTVBaLmmn KysTypasibHOM
>KMOKOCTU B MpoLEecce NoyYeHns NoamcaxapyaHon BakUmHbI 415 NpOhnaakTukie reMounneHomn nHgekummn. Beixog PRP B KynsTypanibHOM XXMOKOCTU yBENMYEH Ha
10%, CKOPOCTb HaKOMEHNst BriOMacChl BO BPEMS Ky/BTUBMPOBaHNS B (hepMeHTepe — Ha 25%, Bpemst Ky/sTUBUPOBaHUS CokpallleHo Ha 6,5 4. [MNotepn PRP Ha
CTagmn MHAKTUBaLMW KYSBTypPasnibHOM XXUAKOCTY COKpaLLieHbl Ha 80%. MNpeanoXeH HOBbIN COCTaB MUTATENbHOW Cpedbl Ha OCHOBE 3anaTeHTOBaHHOIro COCTaea,
COOTBETCTBYIOLLMIA aKTyasbHbIM TPeOOBaHMSIM HOPMaTUBHOW JOKYMEHTaLMM.

KntoueBble cnoBa: Haemophilus influenzae Tin b, nonmpndoaunpubnTondocdar, nutatensHas cpeaa, BakLyHa, KysTVBYPOBaHNE, NMENTOH, reMyH, NPOTONMopgUprH

Bknap aBTopoB: A. A. BensHkH — c6op MHopMaLyv, NpoBeaeHVe SKCrepMeHTaNbHbIX PaboT 1 obpaboTtka mx peaynsraTos; E. J1. Cammmosa, A. 1. KoHoH —
Hay4HOe 1 TEXHNYECKOe KOHCYNETVpoBanue; B. M. TpyxuH — obLuee pykoBOACTBO.

P><] Ons koppecnonaeHuun: AHapen AHapeeBuy BensHkH
yn. Ceobopmpl, 4. 52, . CaHkT-MNMeTepbypr, 198320; a.a.belyankin@spbniivs.ru
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Haemophilus influenzae type b causes severe meningitis and
pneumonia in children. Before the widespread vaccination,
Haemophilus influenzae type b (Hib) was behind 8.13 million
cases of invasive diseases among children under 5 years of
age and 371 thousand deaths. Vaccination campaigns in 136
brought down the associated mortality by 45.28% [1]. The risk
of complications (severe deafness in children, 10% of cases)
makes Hib especially dangerous [2]. Haemophilus influenzae
is highly resistant to antibiotics, which makes anti-infective
chemotherapy less effective against the disease associated
therewith [3, 4].

The vaccines used for prevention of the Haemophilus
influenzae disease are of the combined type. There are three
such vaccines registered in Russia: Infanrix Hexa, aAPDT-
HEP B+Hib, Pentaxim. However, there are no monovalent
Hib vaccines registered in the country, which can be used for
patients intolerant to any of the components of the combined
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vaccines. The current scale of Hib vaccination in Russia is
insufficient [5], therefore, to secure reliable availability of
the Hib prevention preparations, it is necessary to set up
domestic production of such vaccines relying on the current
advancements in biotechnology.

Optimization of biotechnological production means
increasing the amount of the product yielded from one batch
without compromising its quality, as well as making the
production time shorter. Polysaccharide polyribosyl ribitol
phosphate (PRP) is the active component of the vaccine used
to prevent Haemophilus influenzae disease in children [6-8]. It
induces an effective immune response upon conjugation with
the carrier protein. PRP is a microbial synthesis product made
at biotechnological facilities. The production technology used
by a facility directly determines the amount of polysaccharide
produced, with the key production stages affecting the yield
being fermentation, which is expected to deliver the maximum
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amount of PRP, and isolation and purification, which minimize
losses.

Designing solutions, a drug developer should rely on
regulations: WHO requirements and recommendations [9], GMP
system, and pharmacopoeial monographs [10, 11]. The XIV"
edition of the State Pharmacopoeia of the Russian Federation
contains the first-ever monograph regulating production
and control of quality of the Hib vaccine [11]. The quality
of production of the Haemophilus influenzae disease vaccine
depends on the biotechnological stage thereof: cultivation
of the producer culture in a fermenter in order to synthesize
PRP. The main task at this stage is to produce the maximum
amount of polysaccharide that meets the requirements of the
specification.

There are many factors that influence quantity and quality
of the produced PRP: concentration of oxygen dissolved in the
culture liquid during cultivation; concentration of glucose and
method of introduction of additional nutrients to the culture
fluid during cultivation; source of nitrogen nutrition and growth
factors in the nutrient medium; conditions of cultivation and
inactivation of the culture liquid to stabilize the end product.

The purpose of this work was to improve the PRP
production technology by optimizing the stage of cultivation of
the producer culture in a fermenter.

METHODS
Estimation of the amount of polysaccharide

The quantitative content of PRP was determined with the help
of the orcinol method (ribose identification) [12]. The samples
were appropriately prepared before polysaccharide quantity
assessment: it was precipitated in the culture liquid with a
cetyltrimethylammonium bromide (CTAB) solution, the samples
were centrifuged, upper layer removed and the PRP-containing
precipitate dissolved subsequently [13, 14].

Producer microorganism

Haemophilus influenzae type b, a naturally occurring agent,
is used in polysaccharide production. It is a gram-negative
coccobacillus, auxotroph (requires growth factors in the
medium, hemin and nicotinamide adenine dinucleotide (NAD)),
facultative anaerobe. We used the Haemophilus influenzae SPB
type b strain deposited in the State Collection of Pathogenic
Microorganisms and Cell Cultures of the GNCPMB under the
number B-7884 [15].

Cultivation

To prepare the inoculum for cultivation in a laboratory
fermenter, we added 1 ml of thawed culture from a cryovial
(working inoculum) to 150 ml of a synthetic liquid nutrient
medium poured into flasks. The seeded nutrient medium was
kept on a Unimax 1010 incubator shaker (Heidolph; Germany)
for 6 h with temperature and rpm controlled. Optical density

and microbiological purity were the controlled properties of the
inoculum. The entire 150 ml of inoculum were subcultured into
a Biostat A laboratory fermenter (Sartorius Stedim Biotech;
Germany). Cultivation lasted 18 hours and was carried out in a
2.0 L laboratory fermenter, with ceaseless stirring and oxygen
supply and controlled pH at 7.2+0.2. With the aim to investigate
how oxygen concentration in the culture liquid affects the yield,
we maintained its level at 10, 30 and 60% during cultivation.
The fermenter consisted of a borosilicate glass flask (UniVessel),
a stand and a lid made of AISI 304 stainless steel, a six-blade
two-tier stirrer agitating the culture liquid, a bubbler supplying
sterile compressed air to the culture liquid. During cultivation,
the temperature of the culture liquid was controlled with the
help of a heat exchanger made of AISI 304 stainless steel
complete with a heating plate mounted on the outer surface
of the fermenter flask. To maintain pH at the required level, we
delivered 2.0 M NaOH and 1.0 M HCI (titrating solutions) in
the automatic mode. Glucose concentration was controlled
manually, by introduction of a feed solution of dissolved
glucose and yeast extract. A sampler mounted into the lid of
the fermenter allowed taking samples during cultivation.

Nutrient medium

For the study part, we used a semi-synthetic liquid nutrient
medium [16] containing saline solutions, sources of nitrogen
and carbon nutrition, and growth factors. For the experiments
designed to investigate the impact of nitrogen nutrition sources
and growth factors, we changed the patent composition of the
nutrient medium: animal peptone was replaced by vegetable
(say) peptone (Sigma-Aldrich, P6463; Germany); pork hemin —
by protoporphyrin IX.

RESULTS

Haemophilus influenzae type b is a facultative anaerobe,
therefore, it is possible to influence its growth and biosynthesis
of the target product by controlling aeration during cultivation.
In this context, at the first stage we studied the impact of
aeration on the accumulation of biomass and synthesis of
the target product, PRP. It was assumed that by changing
the oxygen concentration in the culture liquid, it would be
possible to regulate the biochemical processes of the producer
microorganism and stimulate it to accumulate biomass (the
target product is a polysaccharide, which is the outer protective
shell of the bacterium) or accelerate synthesis of the target
product when the producer is under stressful conditions.

Culture liquid was saturated with oxygen by bubbling it with
sterile compressed air and stirring with a two-tier six-blade
stirrer (Biostat A fermenter design). Table 1 presents the results
of the experiment designed to investigate the impact of the
culture liquid oxygen concentration in cultivation.

With aeration increased by early intensive stirring and
bubbled supply of compressed sterile air (to maintain the
oxygen concentration at 60%), biomass accumulation grows
up 1.3 times, which is significant, but synthesis of the target

Table 1. Impact of aeration on Haemophilus influenzae type b biomass growth and synthesis of the target product during the preparation of inoculum

Concentration of oxygen dissolved oxygen in the
culture liquid, %

Culture liquid optical density*

Concentration of PRP, ug/ml*

10 3,232 + 0,109 350 + 23
30 4,101 + 0,095 423 + 27
60 5,634 + 0,145 450 + 21

Note: PRP — polyribosylribitolphosphate; “ — the table shows standard deviation.
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Fig. 1. Growth curves describing cultivation of Haemophilus influenzae type b

product increased insignificantly (maximum by 10%) (see
Table 1).

The next step was to study the impact of the culture
liquid glucose concentration on PRP yield during cultivation of
Haemophilus influenzae type b.

We used a solution of glucose and yeast extract as a feed
in cultivation of Haemophilus influenzae SPB type b B-7884.
Glucose acts as a carbon source, and yeast extract is the source
of nitrogen, vitamins and microelements. It is assumed that
introduction of a large volume of feed, for example, at the beginning
of the exponential phase, can significantly accelerate the formation
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of biomass due to the high concentration of nutrients in the culture
liquid. Controlled feeding throughout the cultivation process allows
responding to the microorganism's need for glucose at a given
moment and adding the nutrients to the culture liquid gradually.

To study the impact of the feeding method, we compared
two options: option 1, introduction of large volumes at certain
stages of cultivation (upon reaching a certain optical density
value), and option 2, introduction of small volumes throughout
the entire cultivation, seeking to maintain glucose concentration
within the range from 12 to 34 mmol/L. Figures 1 and 2 show
the results of this com comparison.
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Table 2. The results of cultivation of Haemophilus influenzae type b in nutrient media containing different sources of protein nitrogen

Peptone OD* before cultivation OD* after cultivation OD* difference Concent;zt/lrc:]rr of PRP, Percentage of PRP
From animal raw materials 0,245 + 0,034 1,150 + 0,097 0,905 + 0,063 307,5+5,3 100
Soy 1,213 £ 0,085 2,092 + 0,102 0,879 + 0,017 2882 +7,4 93

Note: * — optical density

With the first feeding method, it took 16 hours to achieve
the culture liquid optical density of 3.8 + 0.2, which was
maintained for 1 hour of cultivation. The reached optical density
of 3.8 + 0.2 and its persistence at this level indicate onset of
the stationary phase. The second feeding method allowed
reaching the optical density value marking transition to the
stationary phase faster, in 12.5 hours.

The next step was to investigate how various sources of
nitrogen and growth factors affect PRP biosynthesis.

The pharmacopoeia monograph regulating production and
control of quality of the Hib vaccine sets out the requirements for
PRP quality indicators and PRP production recommendations,
including composition of the nutrient media used for cultivation.
One of them is to use the media free from animal products with
the aim to eliminate the risk of prion infection. The nutrient media
used for cultivation of Haemophilus influenzae type b B-7884
contains some animal products. One of them is peptone, made
from meat, another is hemin, the X-growth factor produced, in
most cases, from pork or beef material. To ensure conformity
to the regulatory requirements, it is necessary to study how the
origin of nitrogen sources and growth factors in the nutrient
medium influences growth of biomass and biosynthesis of the
target product. Peptones from animal raw materials can be
replaced with peptones derived from plants: pea, wheat, soy
and proteose peptones. These peptones can differ significantly
in chemical composition, and since biomass growth and
synthesis of PRP depend on the amino acid composition of the
medium [17-19], the chemical composition of peptones can
have a significant effect on the production of the target product.

It is also important to evaluate how the origin of source of
the X factor in the nutrient medium influences growth of the
Haemophilus influenzae type b biomass and PRP biosynthesis.
The X factor is involved in the synthesis of cytochrome C
and other iron-containing respiratory enzymes. Haemophilus
influenzae type b has an enzyme called ferrochelatase, which
converts protoporphyrin IX to hemin [20]. Thus, hemin can
be replaced with protoporphyrin IX in the nutrient media used
to cultivate Haemophilus influenzae type b [20]. Traditionally,
the X factor used for the purpose is hemin derived from the
blood of cattle. This is a potentially dangerous raw material that
presents the risk of prion contamination. Using pig blood as the
source of hemin is one approach to mitigation of the said prion
infection risk [21], but some countries outlaw pig products,
which hinders imports of the vaccine and makes replacement
of hemin with protoporphyrin promising.

We conducted a number of experiments to assess the
possibility of replacement of animal peptone with plant peptone.
The control medium was a nutrient medium containing peptone

Table 3. The results of cultivation with various substances acting as X factors

from animal raw materials and yeast extract as prescribed
by the patent [16] in a ratio of 15 : 2. The peptone-to-yeast
ratio in the experimental culture media with plant peptone
was the same. The cultivation was done in shaking flasks on
an incubator shaker; it lasted for 6 hours at a temperature of
(85 + 2) C°, with the shaking flasks constantly stirred at 150
rom. Table 2 shows the results of the experiment designed to
evaluate the possibility of replacing animal peptone with plant
peptone.

The results of cultivation in the nutrient medium based on
soy peptone were similar to the results peculiar to cultivation in
the animal peptone nutrient medium.

Next, we experimented with replacing hemin (the X factor
substance) with protoporphyrin [X. The cultivation was done in
shaking flasks on an incubator shaker; it lasted for 6 hours at a
temperature of (35 + 2) C°, with the shaking flasks constantly
stirred at 150 rpm.

Table 3 shows how the source of the X factor affects the
biomass growth.

Culture medium with protoporphyrin IX as the X factor gave
a yield resembling that produced by the medium with hemin
(patent medium).

The experiments allowed suggesting a new composition
of the nutrient medium that accords with recommendations
set out in the regulations. This new composition has different
sources of nitrogen nutrition and the X factor. Table 4 shows the
results of comparison of the two media.

Experimentally, we discovered that a nutrient medium
without components of animal origin insignificantly slows
productivity of Haemophilus influenzae type b (by 8%).

The next step was to investigate the possibility to reduce
PRP losses at the culture liquid inactivation stage.

Fermentation is followed by purification allowing to isolate
the target product. Purification may be chemical (precipitation,
extraction) and mechanical (filtration); regardless, this process
implies unrecoverable losses of the target product since the
stage of biological transformations (biosynthesis) is over by
that time. According to the requirements for products made
with the involvement of pathogenic microorganisms, the end
product should contain no living pathogenic microorganisms.
To eliminate the risk of such contamination, vaccine producers
typically resort to inactivation, which completely kills all living
microorganisms in the culture medium after cultivation.
Inactivation, regardless of the method of implementation
(chemically or thermally), is inevitably associated with the loss
of the target product. During inactivation, exposed to high
temperatures, PRP can depolymerize and degrade. It is known
that the PRP polysaccharide is more stable in an acidic medium

Nutrient medium OD' before cultivation OD' after cultivation

OD' difference PRP content, pg/ml Percentage of PRP

Hemin environment? 0,343 + 0,024 1,649 + 0,101 1,306 + 0,077 307,5+ 10,5 100
Protoporphyrin 1,015 + 0,092 1,757 £ 0,145 0,742 + 0,053 300,1+11,3 98
medium

Note: ' — optical density; 2 — patent composition medium; ® — medium of patent composition, that contains same concentration of protoporphyrin instead of hemin
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Table 4. Comparison of the two Haemophilus influenzae type b cultivation nutrient media by productivity and biomass accumulation

Nutrient medium Optical dgn&_ty before Opfical d_engty after Optical density gain PRP content, pg/ml Percentage of PRP
cultivation cultivation
Patent composition 0,352 + 0,023 1,767 £ 0,125 1,41 £ 0,102 448,5 100%
rc\’lrni)g?rgmponents of animal 3,064 + 0,164 4,456 + 0,312 1,39 + 0,148 4272 92,25%
Note: ' — patent composition medium with meat peptone replaced with soy and pork hemin with protoporphyrin IX.

(pH 6.5 and below), where, according to the mathematical
model, it virtually does not depolymerize [22].

When the cultivation process in the fermenter was complete,
we lowered the pH of the culture liquid to 6.5 by introducing
titrating agents. Then the culture liquid was transferred to the
inactivation stage. For the purpose of control, we relied on the
cultivation data that had the pH unchanged until its completion
(pH 7.2 £ 0.2). The results are shown in Table 5.

Lowering the pH during inactivation allowed to reduce the
losses at this stage by 80%.

DISCUSSION

Investigation of the impact of the culture liquid oxygen
concentration in cultivation

As shown by the experiments (see Table 1), the dependence
of biomass growth and PRP synthesis may be associated with
the fact that the culture of Haemophilus influenzae SPB type
b B-7884 actively consumes oxygen to oxidize nutrients used in
the anabolic processes of formation of the new cells, which slows
down the synthesis of the target product. In addition, the increased
amount of biomass can affect the parameters of the subsequent
stages of isolation and purification, significantly complicating them
due to the increased load on equipment and materials, which
boosts the loss of the target product at these stages.

With culture liquid oxygen concentration decreased to
30%, biomass growth went down by 27% and the synthesis
of the target product slowed down insignificantly (by up to 6%),
allowed producing a sufficient amount of PRP, isolating and
purifying it. An experiment with the culture liquid oxygen
concentration at 10% ended in a significant decrease in the
level of both biomass and PRP.

These results indicate that oxygen concentration in the
culture liquid affects cultivation, which can be used to optimize
the process of production to ensure the maximum possible
yield of the PRP while keeping the subsequent isolation and
purification stages as simple as possible in the view of the
increased amount of biomass.

Study of the impact of the culture liquid glucose
concentration on PRP yield during cultivation of
Haemophilus influenzae type b

The second feed introduction method tested enabled rapid
transition to the stationary phase (Fig. 1), which is associated
with maintaining a certain concentration of glucose in the
culture fluid (Fig. 2). The first feeding method option implied

Table 5. Study of the influence of culture liquid pH of inactivation

introduction of large amounts of glucose and subsequent spike
in its concentration, which can inhibit growth of the culture.
With the glucose level kept constant, as the feeding option 2
allows, there are no sharp increases in glucose concentration,
and, consequently, no inhibition of culture growth. The PRP
yield in the experiment that tested option 1 was 403.2 pg/ml,
and that for option 2 was 443.5 pg/ml. These results enable
optimization of the glucose delivery strategy during cultivation.

Investigation of how various sources of nitrogen and
growth factors affect PRP biosynthesis

As shown experimentally (Table 2, 3, 4), replacement of animal
components with plant components in the Haemophilus
influenzae type b cultivation medium led to an insignificant (less
than 9%) decrease in the amount of the produced PRP. Despite
this, it was shown that it is possible to replace some animal
components of the nutrient medium with components of non-
animal origin, which will ensure conformity of the Hib vaccine
production facilities to the latest regulatory requirements.

Investigation of the possibility to reduce PRP losses at
the culture liquid inactivation stage

Based on the results of the experiment (Table 5), it is possible
to offer a fundamental possibility of reducing the loss of PRP at
the inactivation stage by lowering the pH of the culture liquid
to 6.5 = 0.1 once cultivation is complete. But, regardless, it
should be noted that direct cultivation at such pH values is
impractical, since accumulation of the polysaccharide under
such conditions is slower [23].

CONCLUSIONS

In the course of this work, we suggested several methods
of optimization of the process of producing PRP through
cultivation of Haemophilus influenzae SPB type b B-7884. The
results of this study allow optimizing a PRP production facility to
ensure conformity to the regulatory requirements. The yield of
PRP from the culture liquid was increased by 10%. The rate of
biomass growth during cultivation in a fermenter was increased
by 25%, the cultivation time is reduced by 6.5 hours. The PRP
loss rate at the culture liquid inactivation stage was reduced
by 80%. We also suggested a composition of a new culture
medium is proposed that meets the latest requirements of
regulatory documents. The results of this study allow improving
the production process of PRP, which is the active component
of Hib vaccines.

pH at inactivation PRP before inactivation, pg/mi

PRP after inactivation, pg/ml Loss of PRP during inactivation

7,2+0.2 405,6 + 12,6

305,2 + 10,3 100,4 + 11,3 pg/ml

6,5+ 0,1 407,4 + 14,1

388,6 + 9,4 18,8 + 12,7 pg/ml
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SURGICAL CORRECTION OF POSTTRAUMATIC NASAL DEFORMITIES IN ADOLESCENT ATHLETES
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Nasal breathing is of great importance for professional athletes because of the peculiarities of carbon dioxide metabolism in the body. Problems with nasal breathing
caused by post-traumatic deformities of the nose can be successfully corrected with the help of rhinoseptoplasty, but the possibility of performing this surgery
on patients under 18 years of age is a discussed matter. This study aimed to analyze the results of the effect functional rhinoseptoplasty has on nasal breathing,
consider rhinoseptoplasty as the preferred method of treatment for adolescents with post-traumatic deformities of the structures of the nose. The study involved
15 professional athletes aged 15-18 years with post-traumatic deformities of the external nose and troubled nasal breathing. Five of them (33.3%) were female, 10
(66.7%) were male; all underwent open rhinoseptoplasty. The NOSE and SCHNOS questionnaires were used to assess the symptoms of nasal obstruction before
and after surgery. Post-surgery, all patients subjectively noted that their nasal breathing improved, which was confirmed by the filled questionnaires. There were
no significant complications registered during the follow-up period. Functional rhinoseptoplasty is a viable surgical option for adolescents under 18 years of age.

Keywords: rhinoseptoplasty, septoplasty, rhinoplasty, adolescents, nasal breathing, pediatric rhinoseptoplasty
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XUPYPIMYECKAA KOPPEKLMA MOCTTPABMATUYECKUX AE®OPMALIMIA HOCOBbIX
CTPYKTYP Y NOAPOCTKOB-CMNOPTCMEHOB
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HocoBoe fapixaHne MmeeT 60SblUyld 3HAYMMOCTb AN NMPOMECCHOHABHBIX CMOPTCMEHOB B CBS3WM C OCOGEHHOCTSIMM MeTabonmama yriekncnoro rasa
B OpraHuame. 3aTpygHeHUsi HOCOBOMO [AblxaHus, 0BYCMOBMEHHbIE MOCTTPaBMaTUYECKUMI AedopMaLmnsaMn HOCa, MOXKHO YCMELHO KOPPEKTMPOBaTb C
MOMOLLbIO PYHOCEMNTOMNACTUKM, OfHAKO BO3MOXHOCTb ee npoBefeHus fo 18 neT Ha cerofHslHWA aeHb obcyxpaeTcs. Llensto nccneposaHust 610
N34T Pe3ynbTaThl BAUSHUS (PYHKUVOHAIBHOW PYHOCENTOMIACTUKA Ha HOCOBOE [bIXaHWe, PAacCMOTPETb BO3MOXHOCTb MPOBEAEHUS] PYHOCENTOMIacTUKM
B Ka4ecTBe MPEeArnovTUTENbHOMO METOAA IeHeHVst MOAPOCTKOB C MOCTTPaBMaTUYECKMM AechopMaLmsMi HOCOBbIX CTPYKTYP. B 1ccnenoBaHum y4acTBoBasio
15 npodeccroHanbHbIX criopTcMeHoB 15—-18 neT ¢ mocTTpaBMaTUYecKMM AehopMaLsMn Hapy»KHOTO HOCa 1 3aTPYAHEHVIeM HOCOBOIO AbIXaHus, U3 HUX 5
nauveHToB (33,3%) — >keHckoro nona, 10 (66,7%) — My>KCKOro nona, NepeHecLUe PUHOCEMTONIACTUKY OTKPbITbIM AOCTYNOM. 115 OLIEHKV CUMMTOMOB Ha3a/lbHOM
0BCTPYKLMM [0 1 NOCe ornepaLyv NCronb3oBav cTaHaapTnanpoBaHHble onpocHnk NOSE 1 SCHNOS. Bee nauyeHTbl, NnepeHecLune XMpypritqeckoe fiedeHie,
CYGbEKTVIBHO OTMEHAIOT YITyHLLIBHE HOCOBOTO AbIXaHVisl, HYTO MOATBEXAA0T PesyslsTaTbl ONPOCHUKOB. 3a nepriof, HabMoAeHNs: HE OTMEHEHO 3HAYUMBIX OCTIOKHEHMIA.
DYHKLMIOHANBHYIO PUHOCEMTOMIACTVIKY MOXHO PacCMaTpuBaTh B KAa4ECTBE METOAA XMPYPrMHECKOrO IeHeHNs y MOAPOCTKOB MagLle 18 net.
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Troubled nasal breathing contributes to the development
of many pathological changes in the upper respiratory tract:
vasomotor rhinitis, sinusitis, dysfunction of the auditory tube,
retraction of the tympanic membrane, etc. [1]. Children and
adolescents that chronically cannot breathe well through
the nose have the respiratory tract diseases accompanied
with disorders of formation of facial structures, which entail
various diseases of the entire dental-jaw system: hypoplasia
of the middle third of the face, malocclusion, retrognathia,
temporomandibular joint dysfunction, xerostomia etc. [2].

With mouth breathing, the level of aerodynamic resistance
is lower and the volume of emitted carbon dioxide is higher
This, in turn, leads to vasoconstriction, more frequent inhales
that bring in more air, with subsequent hyperventilation, which
has a negative effect on the functional parameters of the body.
During physical activity, nasal breathing significantly reduces
hyperventilation [3, 4].

The low sensitivity of chemoreceptors to carbon dioxide
is one of the factors characterizing stamina during prolonged
intense physical activity [5, 6].
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There are many anatomical and functional disorders that can
make nasal breathing inadequate: inferior turbinates enlarged
by vasomotor rhinitis, bullous middle turbinates, adenoid
hypertrophy, etc. However, both for adolescents and adults,
the most common reasons behind impeded nasal breathing
are septal deviation and nasal valve insufficiency [1, 2].

Septoplasty is the well-known method of surgical treatment
of deviations of nasal septum. However, in some cases, the
results of classical septoplasty are unsatisfactory and the patient
that underwent it does not have the ability to breathe through
the nose restored. The protocol of this operation does not imply
access large enough to reach all the nasal structures that were
deformed. Septal deviations in the upper sections require other
types of surgery, same as cicatricial and anatomical nasal valve
stenosis, caudal septal deviations, pronounced post-traumatic
deviations of the entire nasal pyramid with nasal septum
deformations (Figure).

Whether it is possible and feasible to do rhinoseptoplasty on
patients under 18 years of age is a matter of debate. For a long
time, specialists did not consider rhinoseptoplasty an option for
such patients due to the lack of convincing data on changes in
the facial skeleton after surgery and popularity of the opinion that
interventions into nasal structures have negative impact [7].

Initially, children and adolescents under 18 years of age
were also not recommended to undergo septoplasty. However,
in 1980 there were published the first studies the authors of
which reported positive results of septoplasty in children and
absence of post-surgery disturbances of growth of the nasal
structures and the face. After that, the number of such studies
has been growing steadily. Many functional and anthropometric
indicators of facial structures were assessed, which allowed
formulating the basic principles of the nasal structures growth
and development in children and adolescents.

As of today, there are no exact data on the age at which
nasal structures finally complete their formation and dimensional
growth. According to some researchers, cartilage tissue
continues to grow throughout life [9]. However, according to the
data published by many authors who studied anthropometric
characteristics of faces of children and adolescents, there
are certain periods during which nasal structures, both bone
and cartilage, complete their active and rapid growth and
acquire the size and morphological outlook of an "adult" nose.
According to the review, the so-called peak periods of growth
occur at 13 = 1 years in girls and 14 + 1 years in boys [10].

To date, septoplasty has been proven safe for children
from 6 years of age. As for rhinoseptoplasty, the respective
research is in progress. The available data shows that surgical
interventions associated with rhinoplasty do not lead to further
changes in the facial skeleton, which allows considering
rhinoplasty a surgery option for adolescents [8-10].

There has been published studies that describe large
samples of patients under 18 years of age who underwent
rhinoseptoplasty. One of them, published in 2011, covered
cases of 202 patients (124 (61.4%) male and 78 (38.6%) female)
aged 4-16 years (median age — 11 years) who underwent
rhinoplasty and/or septoplasty between 1994 and 2010.
Septoplasty was done in 157 (77.7%) cases, rhinoseptoplasty —
in 23 (11.4%) cases, rhinoplasty — in 22 cases (10.9%).
Complications were observed in 15.3% of patients: the largest
number (14%) was associated with recurring nasal septum
deflection; 4.45% of patients has to have receptoplasty (3.5);
in isolated cases, there were perforation (0.5%) and synechiae
(0.5) registered [11].

Another study described a cohort of 64 patients 4-17
years old who underwent rhinoseptoplasty from 2003 to 2011.
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The researchers assessed anthropometric parameters before,
immediately after and long after the operation, and noted lack
of growth retardation or developmental disorders [12]. In such
works, all authors note the absence of negative effects of
rhinoseptoplasty on the ongoing growth of facial structures and
suggest that girls have their nasal structures fully formed by the
age of 13-14 years, boys — by the age of 15-16 years [13-15].

METHODS

This study included 15 patients aged 15-17 years, with
the average age being 16.07 years. Five of them (33.3%)
were female, 10 (66.7%) were male. All had post-traumatic
deformities of the nasal septum and external nose and troubled
nasal breathing. The participants underwent surgery in the
period from January to October 2021 in the head and neck
pathology surgical department of the Federal Research and
Clinical Center for Children and Adolescents of the Federal
Medical Biological Agency of Russia.

The degree of surgical intervention varied depending on the
concomitant pathologies of the paranasal structures. The type
of rhinoseptoplasty for all patients was open access; inferior
turbinates were wave disintegrated.

Three participants also underwent simultaneous plastic
closure of the nasal septum perforation. Two patients with severe
external nose saddle deformity and perforation of the nasal septum
had rhinoseptoplasty done with costal cartilage autograft.

All operations were performed under general anesthesia by
one surgical team. All patients are professional athletes, 11 of them
practicing contact sports: boxing, judo, Greco-Roman wrestling, etc.

The Nasal Obstruction Symptom Evaluation (NOSE) (Table 1)
scale/questionnaire and the Russian-language adapted
version of the Standardized Cosmesis and Health Nasal
Qutcomes Survey (SCHNOS) (Table 2) were used to assess the
efficacy of surgical treatment. Both scales have high internal
consistency with Cronbach's alpha [16, 17]. The patients filled
out the questionnaires before surgery and one month after it.

The NOSE scale offered to patients contains five main
criteria: "nasal breathing difficulties", "nasal congestion",
"nasal obstruction", "sleep problems", "nasal breathing

Fig. Severe deviation of the nasal septum (intraoperatively)
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Table 1. NOSE scale

Symptom No problem No problem
Nasal congestion 0 1 2 3 4
Nasal breathing difficulties 0 1 2 3 4
Nasal obstruction 0 1 2 3 4
Sleep problems 0 1 2 3 4
Nasall breathing insufficiency/inadequacy during 0 1 5 3 4
exercise

insufficiency during exercise." The severity of manifestation
corresponds to the number of points: O points — no problem,
1 point — a minor problem, 2 points — a moderate problem,
3 points — a significant problem, 4 points — a very pronounced
problem. Each patient assessed the criteria suggested in
points from 0 to 4 before and one month after the operation.
The score was calculated as the sum of the points multiplied
by 5. The SCHNOS scale follows the same principle: it relies
on the Likert scale, however, it enables assessment of not only
functional but also aesthetic criteria. For this purpose, the scale
has two parts, items 1 through 4 for the functional criteria,
5 through 10 for aesthetic.

We used SPSS Statistics 23.0 software package (IBM; USA)
with nonparametric methods to process the data statistically. The
level of 0.05 was used as the critical level of reliability of the null
statistical hypothesis of the absence of differences and influences.

DISCUSSION

All patients who underwent surgical treatment subjectively
noted a significant improvement in nasal breathing.

The significance shown by the statistical analysis of the
NOSE points given before and after the operation was 0.002,
which, at p < 0.05, confims that the number of points decreased
and, accordingly, the quality of nasal breathing improved.
The median before and after treatment was 50.00 and 5.00,
respectively. The mean for the sample before treatment was
53.3, after treatment it was 8.3.

Statistical analysis of the SCHNOS scale data yielded the
significance of 0.001, which, at p < 0.05, also confirms the

Table 2. SCHNOS scale

decrease in the number of points. The median before and after
surgical treatment was 70.0 and 5.0, respectively, mean —
61.0 and 6.6.

Thus, according to the analyzed data obtained with the
help of NOSE and SCHNOS questionnaires, one month after
the treatment the number of points decreases significantly,
which indicates an improvement in nasal breathing.

Postoperative complications occurred in three cases out
of 15 (20%); they were synechia of the nasal cavity; episode
of nosebleeds in the early postoperative period; recurrence of
vasomotor rhinitis. All complications were promptly arrested,
no further relapse was observed.

CONCLUSIONS

During physical exercising of moderate and high intensity, nasal
breathing allows achieving better functional results, which is
especially important for professional athletes. For adolescents,
rhinoseptoplasty may be the surgery of choice when there
are specific deformities: nasal septum deflection in the upper
sections, pronounced deviation in the caudal section,
saddle nose deformity with insufficient nasal tissues,
columella retraction; deformities of the nasal septum in
combination with massive perforations; pronounced C-shaped
post-traumatic deflection of the nasal pyramid with collapse of
the nasal valves. According to the data published by foreign
researchers and our own observations, rinoseptoplasty in
female adolescents over 13 years old and male adolescents
over 15 years old does not affect the further growth of facial
structures.

Symptom No problem No problem
Troubled or fully obstructed nasal breathing 0 1 2 3 4 5
©
c
-% Nasal breathing during exercise 0 1 2 3 4 5
c
Z Nasal congestion 0 1 2 3 4 5
Nasal breathing during sleep 0 1 2 3 4 5
Impaired mood and self-esteem because of the nose 0 1 2 3 4 5
©
E Nose tip shape 0 1 2 3 4 5
E Straightness of the nose 0 1 2 3 4 5
E Profile nose shape 0 1 2 3 4 5
g('g Nose-and-face overall harmony 0 1 2 3 4 5
General symmetry of the nose 0 1 2 3 4 5
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COMPARATIVE ANALYSIS OF POPULATION MORTALITY IN THE CITIES
OF SEVERODVINSK AND ARKHANGELSK

Saltykova MM B2, Bobrovnitskiy IP, Balakaeva AV
Centre for Strategic Planning and Management of Biomedical Health Risks of the Federal Medical Biological Agency

Increasing use of ionizing radiation sources in different spheres of human life dictates the need for investigating the effects of low-dose radiation on mortality and
morbidity. The aim of this study was to compare mortality from the most common non-communicable diseases in the cities of Severodvinsk and Arkhangelsk.
We analyzed the rates of age- and sex-specific mortality from circulatory system diseases (CSD), malignancies, digestive system disorders, respiratory system
diseases, and external causes. CSD-related mortality among men and women past working age was higher in Severodvinsk than in Arkhangelsk (median (Q,; Q,):
3,349 (3,271; 3,458) vs 2,651 (2,618; 2,756), p < 0.012; 1,947 (1,890; 2,022) vs 1,753 (1,727; 1,809), p < 0.012; 292 (281; 342) vs 265 (253; 274), p < 0.025,
respectively). For other causes of death, mortality rates in Severodvinsk did not exceed those in Arkhangelsk. Increased mortality from CSD in Severodvinsk
cannot be linked to socioeconomic conditions or chemical air pollution because the standard of living is higher in Severodvinsk than in Arkhangelsk, whereas the
level of chemical pollution is lower. At the same time, the presence of the nuclear shipyard and radioactive waste repository in Severodvinsk could cause chronic
exposure to low-dose radiation. It is important to expand preventive measures aimed at early detection of vascular damage in nuclear workers and general groups
of population residing in the vicinity of hazardous radiation sites.
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CPABHUTEJIbHbIA AHAJTIU3 CMEPTHOCTU HACENEHWS B FOPOLAX CEBEPOBUHCKE
N APXAHIEJIbCKE

M. M. CantbikoBa™, U. M. BobposHuLKui, A. B. Banakaesa
LleHTp cTpaTternieckoro nnaHMpoBaHns 1 yrpasieHust Meamko-61onornieckMm pyuckamin 3a0opoBbto denepanbHoro Meamnko-61Monorn4eckoro areHTcTea

B cBA3K C LUMPOKVIM MCMONBE30BaHNEM UCTOYHVKOB MOHN3MPYIOLLIErO U3/TyHeHNs B PasHbix cpepax AesTeNbHOCTY YenoBeKa yBeNMHMBaeTCS YMCO UCCNER0BaHNI,
N3yYatoLLMX BAMSIHME 0BMyHeHs B MasibX [03ax Ha 3a60M1eBaeMOCTb U CMEPTHOCTb HaceneHwst. Liensto faHHOro MccnefoBaHmst 6bI10 NPOBECTU CPaBHUTENbHbIA
aHanmM3 CMePTHOCTY OT OCHOBHbIX HEMHOEKLIMOHHbIX 3abonesaHuii B ropofax CeBepofBuHCKe ¥ ApxaHrenbcke. B aHanma BKMOUYMAM faHHble O BO3PACTHbIX
KoahpuUmeHTax CMePTHOCTH OT 60e3HeN cucTeMbl kpoBoobpalleHus (BCK), 3nokavecTBeHHbIX HOBOOOpa3oBaHUiA, 60NE3HEN OpraHOB NMULLEBapEHNS],
0OonesHen opraHoB AplXaHWs, a Takxe OT BHELUHVX NpuyrH. [okasaHo, 4To B CeBepOaBMHCKE Bbille, YeM B ApxaHrenbcke, CMepTHOCTb OT BCK My>4mH
1 KEHUWWH B BO3pacTe CTaplie TPYAOCMOCOOHOTO U My>X4/H B TPYAOCTOCOGHOM BospacTe (Meavara (Q,; Q,): 3349 (3271; 3458) npotvie 2651 (2618; 2756),
p < 0,012; 1947 (1890; 2022) npotus 1753 (1727; 1809), p < 0,012; 292 (281; 342) npoTus 265 (253; 274), p < 0,025 cooTBETCTBEHHO). CMEPTHOCTL B
CeBepoaBuHCKe OT ApYrvX MPUYMH HE MPEBOCXOAnAa COOTBETCTBYIOLLME nokasaTeny B ApxaHrenscke. [oBbileHHas cmepTHocTb oT BCK B CeBepoasuHcke
He Morna 6biTb 0ByCoBneHa CoLyanbHO-3KOHOMUHECKUMI YCIOBUSMIA UM XUMUHECKM 3arpsidHeHeM aTMOCepHOro Bo3ayXa, NMOCKOSBbKY YPOBEHb »KM3HM
B CeBepoaBmNHCKe BblLLE, Y4eM B APXaHreslbCKe, a YPOBEHb XMMMHYECKOrO 3arpsidHeHns Hivke. BmecTe ¢ Tem, pacnonoxxerne B CeBepoaBMHCKE NPeanpUaTHii
ATOMHOTO CyAOCTPOEHVIS Y XPaHUNLLIA PANOaKTUBHBIX OTXOLOB MOTEHLMAIBHO MO0 06YCNaBnvBaTh XPOHUHECKOE 0BTyHeHE B MaJlbiX J03aX YacTN HaceneHs
3Toro ropofa. Heobxoaymo paclumpenme NpohunakTUHecKnX MepOnPUSITUIA, HanpaBneHHbIX Ha PaHHee BbISBNIEHME NOPaXKEHNSI KPOBEHOCHBIX COCYAOB Y ML,
paboTatoLLVX 1 MPOXKMBAIOLLIMX B PaiOHaX PacnoNoXeHNs paanaLyioHHO-0MacHbIX OO bEeKTOB.

KrnioyeBble cnosa: 6051e3H1 CUCTEMbl KDOBOOBPALLEHNS, (hakTOpbl PUCKa, CMEPTHOCTb
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Wide use of ionizing radiation sources in various industries and
fields of human life dictates the need to research the effects of
low-dose radiation on the risk of cardiovascular diseases, their
exacerbation and the associated mortality [1-8]. The primary
sources of ionizing radiation with the most significant effect
on the human body include naturally occurring background
radiation (cosmic rays from space, radionuclides in the Earth’s
crust and ambient air, etc.) and man-made radionuclides.
Besides, medical equipment has made a considerable

contribution to the total public exposure to radiation in the past
decades. It is assumed that exposure to medical diagnostic
and therapeutic technologies and modern nuclear technologies
will be low-dose [4-8].

Today, the level of radiation safety at nuclear fuel cycle
enterprices facilities satisfactory [9, 10]. However, only a few
decades ago, communities residing in their vicinity could have
been exposed to low doses of radiation over long periods of
time. At the same time, organ damage is not directly caused
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Table 1. The level of chemical air pollution in Arkhangelsk and Severodvinsk in 2010-2018

2010 2011 2012 2013 2014 2015 2016 2017 2018
AArkhangelsk H H H H | | | L |
Severodvinsk | L | | L L L L L

Note. H — high (API: 7-13), | — increased (API: 5-6), L — low (API <5).

by ionizing radiation but is induced by free radicals generated
by it [11-13].

The biological effects of such radiation are far milder
than those associated with acute exposure owing to the
compensatory mechanisms maintaining body functions
under such conditions; diseases caused by ionizing
radiation can manifest many years after exposure [6]. This
raises the need for improved methodological approaches to
health surveillance in the areas where hazardous radiation
sites are located. Stratification by age will help to account for
the impact of increased radioactive pollution in previous years
or decades. One of the ways to make public health assessment
more objective is to conduct comparative studies using data
on mortality rates in cities with and without nuclear fuel cycle
industries. The pairs of cities should be selected in such a way
S0 as to exclude the confounding effects of environmental and
socioeconomic factors.

The aim of this study was to compare mortality rate from
the most common non-communicable diseases in Severodvinsk
(population: 183,255 in 2018) and Arkhangelsk (population:
349, 742 in 2018). Severodvinsk is a monocity with a nuclear
shipyard. Arkhangelsk is located in similar climatic conditions, 30
km away from Severodvinsk, and was chosen for comparison.

METHODS

We analyzed mortality rates from circulatory system diseases
(CSD), malignant neoplasms (MN), digestive system diseases
(DSD), respiratory system diseases (RSD), and external causes
(EC) in different age groups using reports from 2011-2018
provided by the Federal State Statistics Service (Rosstat). The
mortality rate was defined as the number of deaths per 100,000
population in a specified age and sex group. The analysis was
done by quinary age groups (30-85 years), larger working-age
groups (18-55 years for women and 18-60 yeas for men) and
the group of individuals past working age.

In addition, we analyzed the Air Pollution Index (API),
which characterizes ambient air pollution, using data from
the Federal Service for Hydrometeorology and Environmental
Monitoring (Gidromet) [14, 15], as well as migration data and
socioeconomic indicators in the two cities using Rosstat data.
The economic index (El) was calculated based on Rosstat data
to estimate the standard of living [16, 17]. El was calculated
as a mean ratio of the average monthly salary in each of the
studied cities (this parameter is the most resistant to the impact
of economic inequality [18]) to the subsistence minimum. To
estimate population migration, the migration rate was calculated

as a ratio of net migration to the average annual population size
in each of the cities using Rosstat data [16].

Statistical analysis was performed in STATISTICA 10.0
(StatSoft Inc.; USA). Median values were used as an indicator
of the center of distribution for annual mortality values and other
studied parameters; the lower and upper quartiles (Q1 and Q3)
were used as a measure of intragroup spread. The two-sided
Wilcoxon rank-sum test was performed to assess the statistical
significance of differences in the studied parameters between
the two cities. Differences were considered significant at p (type
| error rate) < 0.05.

RESULTS

Table 1 illustrates the level of chemical air pollution in
Arkhangelsk and Severodvinsk. In 2010-2018, the level of air
pollution in Severodvinsk was lower than in Arkhangelsk. At the
same time, the standard of living (El) was higher in Severodvinsk
(8.95 (3.7-4.2) vs 3.3 (3.1-3.8) in Arkhangelsk).

The analysis of migration rates revealed the following
patterns. For individuals over 60 years of age, the migration
rate (per 10,000 of population in the analyzed age group) was
significantly lower in Severodvinsk than in Arkhangelsk (-93
(-108; -77) vs =36 (-44; -26) for women, p = 0.018; -104
(-123;-71) vs -56 (-60; —46) for men, p = 0.018). No differences
were observed in the migration rate for the individuals aged
20-59 years (women: =75 (-90; -32) in Severodvinsk vs —29
(-47; —16) in Arkhangelsk, p = 0.176; men: =46 (-53; —40) in
Severodvinsk vs —36 (-53; —26) in Arkhangelsk, p = 0.612). The
negative migration rate suggests that more people were leaving
both cities than coming to live in them.

Tables 2 and 4 show mortality rates for men; Tables
3 and 5 show mortality rates for women. Tables 2 and 3
contain data on different working-age groups. Tables 4 and
5 provide information on men and women past working age.
Mortality was significantly higher in Severodvinsk for CSD
only. Specifically, it was higher for working-age men and past
working age men and women. A more detailed analysis of
the quinary age groups revealed that mortality from CSD was
significantly higher for both men and women over 65 years
residing in Severodvinsk. At the same time, no significant
differences in mortality rates were detected between the
quinary age groups of working-age men and women:
although median CSD mortality in the quinary age groups of
working-age individuals was higher in Severodvinsk than in
Arkhangelsk, the observed differences were insignificant due
to interannual differences and small sample sizes (8 years,

Table 2. Rates of mortality from the leading causes of death among working-age men (per 100,000 population)

Mortality rates in Arkhangelsk Median (Q,; Q,) Mortality rates in Severodvinsk Median (Q;; Q,) p
CSD 265 (253; 274) 292 (281; 342) 0,025
MN 104 (97; 108) 101 (95; 111) 0,999
DSD 52 (48; 58) 43 (40; 50) 0,207
RSD 40 (35; 44) 29 (27; 30) 0,012
EC 232 (211; 251) 202 (199; 221) 0,036

Note. Q, and Q, are the lower and upper quartiles.
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Table 3. Rates of mortality from the leading causes of death among working-age women (per 100,000 population)

Mortality rates in Arkhangelsk Median (Q,; Q,) Mortality rates in Severodvinsk (Q,; Q,) P
csD 51 (46; 55) 63 (55; 70) 0,208
MN 45 (43; 49) 48 (45; 56) 0,263
DSD 21 (20; 23) 23 (21: 29) 0,400
RSD 9(7; 14) 7 (5: 8) 0,575
EC 47 (45; 52) 43 (37; 44) 0,123

2011-2018). Differences in CSD mortality were significant only
when all age subgroups of working-age men were pooled.

The analysis of mortality in the working-age population
associated with other causes of death (Tables 2 and 3)
demonstrated that male mortality from RSD and external
causes was significantly lower in Severodvinsk; no significant
differences in cancer-related and DS-related male mortality
were observed between the cities. Besides, no significant
differences were found in the rates of mortality from the leading
causes of death among working-age women.

The analysis of mortality among individuals past working
age (Tables 4 and 5) showed that unlike CSD mortality, which
was higher in Severodvinsk, both male and female mortality
rate from the leading causes of death was significantly higher in
Arkhangelsk. The exception was male mortality from DSD, for
which no significant differences were observed. The analysis of
mortality associated with cancer, DSD, RSD, and EC in quinary
age groups revealed no stable patterns.

DISCUSSION

The analysis revealed that mortality from CSD among working-
age men and past working age women and men was higher in
Severodvinsk; for other causes of death, either no significant
differences between the cities were established, or the mortality
rate was higher in Arkhangelsk (specifically, mortality from other
causes among men and women past working age, except for
male mortality from DSD, and mortality from RSD and EC for
working-age men).

Because the standard of living was higher and the outward
migration of the population past working age was greater in
Severodvinsk than in Arkhangelsk (it is only logical that people
with chronic deseases will be among the first to leave cold
climate regions), differences in the socioeconomic conditions
could not be the underlying cause of increased mortality from
CSD in Severodvinsk.

The fact that CSD-related mortality was higher in Severodvinsk
for both men and women past working age suggests the important
role of environmental as opposed to occupational health factors
because there are more men working in hazardous industries than
women. The level of chemical air pollution in Severodvinsk was
lower than in Arkhangelsk but the environmental conditions and
climate in these cities are the same. This leads us to hypothesize
that increased mortality from CSD in individuals past working
age residing in Severodvinsk may be associated with increased
background radiation in the last decades of the 20th century and
the first years of the 21st century due to environmental pollution
with radioactive waste: at that time, Mironov mountain (JSC PO
Sevmash), the repository for solid radioactive waste, could not
provide the sufficient level of radiation safety [19].

This study demonstrates significant differences in CSD-
related mortality among working-age men between the two
cities in the absence of differences in female mortality. This may
indirectly indicate the role of occupational exposure to radiation.
The absence of radiation emergencies at Severodvinsk nuclear
facilities suggests that its nuclear workers and city dwellers
were exposed to only low doses of ionizing radiation in the past.
However, there are no published data on radiation monitoring
in Russia before 2000, so it is impossible to infer the doses the
population was exposed to at that time.

At the same time, our findings are consistent with the results
of other studies. The prevalence of arterial hypertension and
cerebrovascular diseases among nuclear workers is higher than
across Russia in general [20, 21], whereas cancer prevalence
and cancer mortality are lower. Besides, the risk of hypertension
(one of the main risk factors for CSD) is heightened in people
occupationally exposed to ionizing radiation. A meta-analysis
of studies investigating the effect of low radiation doses on
mortality conducted in 9 industrially developed countries from
1990 to 2010 revealed that the main contribution to mortality
associated with prolonged exposure to low-dose radiation is
made by cancer and CSD, in equal proportions [22].

Table 4. Rates of mortality from the leading causes of death among men past working age (per 100,000 population)

Mortality rates in Arkhangelsk Median (Q,; Q,) Mortality rates in Severodvinsk Median (Q,; Q,) p
CSD 2651 (2618; 2756) 3349 (3271; 3458) 0,012
MN 1458 (1432; 1510) 1333 (1181; 1377) 0,025
DSD 227 (202; 267) 243 (234; 258) 0,779
RSD 328 (266; 393) 194 (171; 213) 0,012
EC 370 (350; 408) 274 (260; 303) 0,017

Table 5. Rates of mortality from the leading causes of death among women past working age (per 100,000 population)

Mortality rates in Arkhangelsk Median (Q;; Q,) Mortality rates in Severodvinsk Median (Q;; Q,) 1%
CSsD 1753 (1727; 1809) 1947 (1890; 2022) 0,012
MN 610 (598; 647) 497 (471; 515) 0,012
DSD 165 (154; 169) 121 (118; 134) 0,017
RSD 98 (90; 127) 46 (40; 49) 0,012
EC 116 (110; 128) 76 (74; 81) 0,012
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As demonstrated by multiple studies, low doses of
radiation received over a long time period cause oxidative and
nitrosative stress accompanied by increased lipid peroxidation
[11-13]. Low-dose radiation does not cause specific radiation-
induced disorders but instead stimulates non-cancer non-
communicable diseases, including cardiovascular disorders,
that can manifest years after the exposure [6, 23, 24].

The main mechanism underlying CSD development following
exposure to ionizing radiation involves damage to the blood
vessel wall. Its inner layer, endothelium, participates in the
regulation of vascular tone through synthesis and release of
vasoactive compounds and is the most sensitive to radiation
[11-13].

CONCLUSIONS

Experimental and epidemiological studies conducted in the
past decades have shown that prolonged exposure to low-
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LONG-TERM IMMUNITY ALTERATIONS IN THE EMPLOYEES OF THE HIGH HYDROGEN SULFIDE
CONTENT GAS CONDENSATE PROCESSING FACILITY

Boiko OV &, Dotsenko Yul
Astrakhan State Medical University, Astrakhan, Russia

The current measures for protection of the gas processing plant employees cannot fully prevent the impact of pollutants. Evaluation of the immune system is one of
the methods for monitoring of the employees' health, and testing the system of measures used to improve the working conditions. The study was aimed to identify
alterations in the immune status of the employees at the gas processing and high hydrogen sulfide content condensate processing facility depending on their
working experience. The working environment and the employees' immune system were evaluated by standard methods. Pollutants were detected with the Bruel
& Kjaer 1302 Multi-Gas Monitor, and the Tsvet-550 gas chromatographer. A total of 160 employees and 81 controls (blood donors of the regional blood transfusion
station) were surveyed. The immune system was evaluated using the System 9000 Plus hematological analyser, Cyto FLEX LX flow cytometer, UNICO 2100UV
specrophotometer, and KFK-3-03-ZOM3 photometer. It was concluded that the existing complex of occupational and industrial hazards affects the immune status
of the main production unit employees, which is reflected in the decreased CD20 levels and increased CD8 levels along with the constant levels of CD4. Correlations
were revealed between the immuniglobuline level alterations, decrease in the phagocytic index and phagocytic number, as well in lysozyme activity, and the working
experience. Pollutant exposure results in altered immunity of the employees, which could be considered the adaptation mechanism.

Keywords: production factors, pollutants, immunological indicators

Author contribution: Boiko OV — study concept and design, data acquisition and processing; Dotsenko Yul — data acquisition and processing; all the authors —
approval of the final version of the article, responsibility for integrity of all article sections.

Compliance with ethical standards: the study was approved by the Ethics Commitee of the municipal outpatient clinic Ne 8 (protocol Ne 15 dated November 21,
2020); the informed consent was submitted by all study participants.

Correspondence should be addressed: Oksana V. Boiko
Bakinskaya, 121, 414000, Astrakhan, Russia; oboykoO8@mail.ru

Received: 30.11.2021 Accepted: 13.12.2021 Published online: 18.12.2021
DOI: 10.47183/mes.2021.041

CTAXKEBbIE UBMEHEHUA UMMYHUTETA PABOYUX MPEANPUATUA MO NEPEPABOTKE
FASOKOHOEHCATA C BbICOKUM COAEP>XAHUEM CEPOBOOPOA

O. B. Boiko =, tO. V. [oLeHko
AcCTpaxaHCKuUin roCyAapCTBEHHbI MEOULMHCKMIA YyH1BEPCUTET, AcTpaxaHb, Poccus

CyLLECTBYIOLLME MEPbI 3aLLMTbI COTPYAHMKOB rasonepepadbatbiBatoLLMX 3aBOAOB HE MOrMyT MOMHOCTLIO MPEAOTBPAaTUTL BO3AEUCTBYE HA HVX NOOTaHTOB. OaHMM
13 METOAOB MOHUTOPWHIA 300PO0BbS PAB0HKX M CUCTEMbI MEPOMPUSTUIA MO HOPManM3aLw YCNoBUA TpyAa SBNSETCS UCCNefoBaHe MMMYHHOW cucTeMbl. Liensto
paboTbl ObII0 BbIABUTE N3MEHEHWNS B IMMYHHOM CTaTyce paboqmx, 3aHATbIX Ha NPeanpuaTVn No nepepaboTke ra3a 1 KoHAeHcaTa C BbICOKUM CoAepKaHnem
CepoBOAOpOAa B 3aBMCUMOCTN OT MX CTaxa. /Icnonb3oBany CTaHAapTHble METOAbl AN XapakKTePUCTUKN NMPOM3BOACTBEHHOW Cpedpbl N OLEHKM COCTOSHNSA
VIMMYHHO CUCTEMbI paboTaroLLX. [ns nHanKawwmm nontoTaHToOB MPUMEHSNM YHUBEPCasbHbI ra3oBblii MoHMTOp 1302 Bruel & Kjaer, razoBbiin xpomatorpad Liget-
550. bbinm obenepoBaHbl 160 pabo4nx, a Takke 81 4enoBek KOHTPOSbHOW Mpynbl (QOHOPbI 06aCTHOM CTaHUMM NepennBaHis KpoBw). ccnenoBaHns MMYHHOM
CMCTEMbI MPOBOANIM HA FreMaToNorn4eckom aHanmaartope Sistem 9000 Plus, umtodnyopumetpe Cyto FLEX LX, cnektpodotometpe UNICO 21000V, dhotomeTpe
hoToanekTpudeckom KOK-3-03-30M3. CpaenaHbl BbIBOAbI, YTO KOMMIEKC CYLLECTBYIOLLWX MPOgeCcCnoHanbHO-NPOon3BOACTBEHHBIX BPEAHOCTEN OKa3bliBaeT
B/MSIHE Ha COCTOSHWME UMMYHUTETA Pabo4mnx OCHOBHbIX MPOW3BOACTB, KOTOPOE MPOSIBASETCH B CHWDKEHUM codeprkaHns CD20 1 yBenmmMYeHUM Coaep KaHms
CD8 npu no4t HemameHHoM cogepxxannm CD4. BeisiBneHa B3aMMOCBA3b M3MEHEHVS KOHLIEHTPALMM MMYHOMOOYIMHOB, CHKEHNSA (haroLmTapHOro nHaekca
1 haroumMTapHoOro y1cna, a Takxe akTVBHOCTY NM30LMMa C YBENMYeHNeM NPOU3BOACTBEHHOIO CTaxa. Bo3aencTBrie NMonmoTaHTOB BbI3bIBAET M3MEHEHWS!
COCTOSHWS IMMYyHUTETa Pab0o4mX, YTO MOXKET ObITb PACLIEHEHO Kak MPUCMOCOOUTENBHBI MEXAH3M.

KnioueBble crnosa: Npon3BOACTBEHHbIE q’,)aKTODbI, NONNKOTaHTbl, IMMYHONOIMHYECKME NnoKasatesn
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Air pollution with harmful chemicals inside the gas processing
plants remains the major hygiene factor that might have
some influence on the employees' health [1-6]. Gas from the
Astrakhan field, having the unique natural composition, has a
certain impact both on the environment and the human body. It
is distinguished by high hydrogen sulfide content (up to 25%),
along with hydrocarbons (2.84%), carbon oxides (14-20%),
nitrogen oxides (2.45%), mercaptans (0.03-0.22%), and
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carbonyl sulphide (0.02-0.42%) [3]. The current measures for
protection of the gas processing plant employees cannot fully
prevent the impact of harmful factors.

In this regard, there is a scientific and practical interest in
the qualitative and quantitative assessment of the changing
immunological parameters, which reflect the essence of the
emloyee's body alteration and make it possible to monitor
the employees' health in a timely manner in order to prevent
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the risk of developing a disease [7-8]. Immune system is one
of the body systems, being the most responsive to pollutant
exposure; immunological tests may be regarded as the most
reliable tests for establishing the causal relationship between
the disease and the hazardous working conditions. However,
there are just a few papers on this issue [8-11]. The data on
the immune system sensitivity to the long-term exposure to
production factors is also insufficiently represented in literature
[9-16].

METHODS

The workplace hygiene certification involved assessing the
concentrations of air pollutants in the working area based on
legislative requirements.

Determination of SO, in air was performed using the Bruel
& Kjaer 1302 Multi-Gas Monitor (Bruel & Kjaer; Denmark). The
H2S concentrations were assessed by photometric method
based on the interaction of hydrogen sulfide with sodium
arsenite and silver nitrate. Alkanes (C1-C10), alkenes (C2-C5),
and aromatic hydrocarbons (benzene, toluene, xylenes
and ethylbenzene) were assessed by gas chromatography.
These substances were detected using the Tsvet-550 gas
chromatographer (Rospribor; Russia). Along with the listed
above methods, hydrocarbons (total) were assessed with the
Bruel & Kjaer 1302 Multi-Gas Monitor. The concentration of
nitrogen oxides was measured by photometry. Determination
of methanol in air in the working areas was performed by gas
chromatography, and carbon monoxide was assessed by the
reaction gas chromatography. The Bruel & Kjaer 1302 Multi-
Gas Monitor was also used for this purpose.

A total of 160 employees (operators, engine drivers) of
the main and auxiliary facilities of the gas processing plant
were surveyed. Inclusion criteria: males; age 30-40 years (the
average age was 36.4 years). A total of 81 controls (blood
donors of the regional blood transfusion station) were also
surveyed. The control group inclusion criteria were as follows:
individuals matching the facility employees in gender and age
(comparing the groups by age revealed no significant differences
(o > 0.05)); exclusion criteria: professional experience in the gas
processing, petroleum or chemical industry; exposure to any
chemical process hazard.

The studied group was surveyed during the routine medical
examination with the use of the standard assessment methods.
All the participants were divided into groups based on their
length of service with the plant: 1-3 years, 3-5 years, 5-10
years, 10 years or more.

Hematological tests were performed using the System 9000
Plus automatic hematological analyser (Serono; Switzerland).
Samples were analyzed with the Cyto FLEX LX flow cytometer
(Beckman Coulter; USA) in order to determine the lymphocyte
subpopulations. Phagocytic cells were examined by the
direct morphological method. Classes of immunoglobulins
were determined by a turbidimetric assay; concentrations
of the circulating immune complexes (CIC) were defined by
precipitation with polyethylene glycol (PEG-6000) and registered
at 280 nm with the UNICO 2100UV spectrophotometer (United
Products & Instruments, Inc.; USA). Lysozyme activity was
detected by turbidity assay based on measuring the changes in
the turbidity of the Micrococcus lysodeikticus suspension with
the KFK-3-03-ZOM3 photometer (Zagorsk Optical-Mechanical
Plant; Russia).

Statistical analysis of the results was performed using
the Statistica 12 software (StatSoft; USA) and the analysis
of variance. Previously the descriptive statistics data were

assessed: number of observations that constituted the
sample (n), arithmetic mean of the data obtained (M), standard
deviation (m), standard error of the mean (1), minimum (min)
and maximum (max) values of the studied parameter, as well
as the relative values (%) and the corresponding errors. The
quantitative data distribution was assessed using the Shapiro—
Wilk test. In case of compliance with the normal distribution
law, the method of statistical analysis was selected (parametric
or nonparametric). When the quantitative variables were
distributed normally, central tendencies and dispersion were
described using mean values (M) and standard deviations (m).
Significance of the differences was defined with the use of the
Wilcoxon test and the Mann-Whitney U test; the differences
were considered significant when p < 0.05.

RESULTS

The findings demonstrate the presence of significant air
concentrations of numerous harmful substances in the working
area. Despite the fact that almost all of these substances
are involved in the technological processes and are almost
completely converted to sulfur compounds (patricularly, to sulfur
dioxide) or removed through the chimneys of the facility (carbon
oxides), the constant presence of pollutants in the working area
is observed. The presence of those is characteristic not only
of the purely production areas (pump rooms, engine rooms),
but also of the soundproof compartments with no production
machinery installed (Table 1).

The impact of production factors on the employees' health
is confirmed by the correlation between the detected changes
in immune status and the working experience. It was found that
with an increase in the working experience, there were trends
towards the increase in white blood cell and lymphocyte counts,
decrease in the levels of CD20, and progressive increase in the
levels of CD8 along with the constant levels of CD4 (Table 2).

Correlations between the alterations of the cellular and
humoral factors and the employees' working experience. The
indicators of phagocytosis were characterized by progressive
decrease in the phagocytic index and phagocytic number with
the increase in the working experience, which was to some
extent offset by the increase in the total number of phagocytic
cells. However, such a compensatory capacity started to decline
in individuals with working experience exceeding 10 years.

The humoral factors of nonspecific resistance demonstrate
a greater diversity of the correlations with working experience.
Thus, lysozyme activity in employees progressively decreases
with the increase in their working experience, and the classes of
immunoglobulins show a variety of responses. The trend towards
the decrease in concentrations is characteristic of IgG, and the
trend towards the increase is characteristic of IgA and IgM.

Thus, the correlation between the changes in the majority
of the immune status indicators and the employees’ working
experience and, therefore, their working conditions, has been
shown, which confirms the professional etiology of these
alterations. However, the changes are phase-type, which
makes it possible to treat the alterations as different stages of
the adaptation process.

To identify the possible correlations between the serum and
saliva levels of certain humoral resistance factors, we assessed
lysozyme activity in the saliva obtained from different groups
of employees. It was found that the changes of this indicator
in blood and saliva of the employees were almost exactly the
same both in terms of tendencies and intensity. Moreover,
the discovered similarities have been found in all groups of
employees, which makes it possible to use lysozyme levels for
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Table 1. Concentrations of harmful substances in the air of the working areas
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Air sampling site Pollutants Number of tests Pollutant concentratians, mg/m* MPC, mg/m?
min max mean M + m
Hydrogen sulfide 25 1.3 8.1 5.4+0.8 3.0
Sulphur dioxide 25 1.3 45.3 23.1+£2.6 10.0
Engine rooms Nitrogen dioxide 22 0.9 41 21+0.3 2.0
Carbon monoxide 16 3.9 53.1 29.1+6.0 20.0
Hydrocarbons 25 1.5 80.0 43.1+4.6 300.0
Mercaptans 15 0.3 2.2 1.24 £ 0.2 0.8
Hydrogen sulfide 25 11 7.7 51+0.8 3.0
Sulphur dioxide 25 25 54.6 274 +£45 10.0
Nitrogen oxides 22 1.4 3.7 3.0+ 0.6 2.0
Pump rooms
Carbon monoxide 16 3.2 49.7 251+5.6 20.0
Hydrocarbons 25 2.7 63.8 38.3 +£3.9 300.0
Mercaptans 15 0.2 2.1 1.07 £ 0.25 0.8
Hydrogen sulfide 23 1.0 7.4 5.0+0.7 3.0
Sulphur dioxide 25 0.6 32.2 12.6 +34 10.0
Soundproof compartments in engine Nitrogen dioxide 22 1.7 3.8 3.01 £ 0.09 2.0
rooms Carbon monoxide 16 3.6 49.4 253 +6.0 20.0
Hydrocarbons 25 1.8 72.8 30.6 £ 2.6 300.0
Mercaptans 15 0.2 2.0 1.7+03 0.8
Hydrogen sulfide 23 1.0 6.2 4.8 +0.6 3.0
Sulphur dioxide 25 3.3 31.4 143 +5.9 10.0
Soundproof compartments in pump Nitrogen oxides 22 1.3 3.0 1.9+0.2 2.0
rooms Carbon monoxide 16 3.1 41.6 243+59 20.0
Hydrocarbons 25 18.2 88.6 452 +9.2 300.0
Mercaptans 15 0.2 1.4 0.7 £ 0.21 0.8
Hydrogen sulfide 24 0.6 1.8 1.1+£0.2 3.0
Sulphur dioxide 24 3.8 22.6 16.6+24 10.0
Compressor house Nitrogen oxides 23 0.8 3.8 22+02 2.0
Carbon monoxide 15 3.3 33.3 172+1.6 20.0
Hydrocarbons 25 3.0 38.6 23.2+58 300.0
Mercaptans 14 0.2 1.4 0.8 +0.31 0.8
Hydrogen sulfide 50 1.3 66.5 29.8 + 6.8 3.0
Sulphur dioxide 53 7.4 360.0 57.2+9.6 10.0
Rack for manual loading of sulfur Nitrogen oxides 28 0.6 3.4 1.8+0.2 2.0
and trucking area for solid and
granulated sulfur Carbon monoxide 62 3.8 47.5 229+5.1 20.0
Hydrocarbons 54 1.7 12.2 79+09 300.0
Sulphur dust 42 8.4 21.4 13.7+14 6.0

noninvasive diagnosis. Serum lysozyme levels in employees
reached 5.43 + 0.29 pg/mL, and serum lysozyme levels in
controls were 6.48 + 1.42 pg/mL. Saliva lysozyme levels in
employees were 8.82 + 0.49 pg/mL, and in controls these were
10.41 + 0.65 pg/mL.

DISCUSSION

Research has shown that the complex of occupational and
industrial hazards specific to the enterprises that process
gas condensate with high hydrogen sulfide content has a
certain impact on the immune system of the employees. The
accompanying bodily processes are directly related to the
duration of exposure to the production factors, i.e. depend on
the working experience in the gas industry.

The decrease in the phagocytic activity of peripheral blood
neutrophils we have identified is very much in line with the

EXTREME MEDICINE | 4, 23, 2020 | MES.FMBA.PRESS

existing literature data, and can be interpreted as a consequence
of the employees’ intoxication with air pollutants present in the
factory premises. The groundwork is thus being laid for inefficient
elimination of the infectious causative agents, and, consequently, for
chronic infections, to the extent of becoming the resident bacteria
carrier. This assumption could be supported by the elevated levels
of IgA found in the factory employees. It is known that it is IgA
which is responsible for the mucous membrane resistance to
pathogens, and the IgA concentration increase is associated with
inflammation in the area of the entrance gate of infection. Taking
into account the decrease in lysozyme activity observed both in
blood serum and saliva of the employees compared to controls,
there is a theoretical possibility of the chronic infectious disease.
The long-term persistence of an infectious agent in the
human body may, among other things, result in the autoimmune
disorder development. An example is the autoantibody against
the TSH receptor gangliosid region, which is responsible for
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Table 2. Immune status indicators in employees of the Astrakhan Gas Processing Plant with different working experience

Indicators Mean values by groups, M + m

Group 1 Group 2 Group 3 Group 4 Control group
White blood cells, x 10° 7.35+0.37 7.88 +0.33 8.35 £ 0.26" 7.35+0.32 5.27 £ 0.36
Lymphocytes, % 36.8 + 1.87 37.2 +0.83 38.9 + 1.46 38.3 £1.42 34.23 £ 1.88
CD3, % 56.6 + 1.54 58.0 + 1.76 57.56+1.76 57.3+1.6 56.38 £ 2.12
CD4, % 36.1 + 1.31 36.1 +1.49 38.0 + 0.67 38.7+1.6 38.69 + 1.98
CD8, % 19.5+0.73 20.5 + 1.37 219+ 1.35 18.6+1.8 17.69 + 0.88
CD4/CD8 2.32+£0.12 2.06 +0.19 1.83 + 0.15* 242 +0.3 2.25+0.17
CD20, % 14.7 £ 0.72 13.9+0.38 13.5 +0.69 142+ 0.6 14.64 + 0.85
19G, g/L 9.21 £0.12 9.04 £0.19 9.03+0.2 9.11+£0.2 9.45 £ 0.33
IgA, g/L 1.81 +0.07 1.84 + 0.08 1.84 + 0.04 1.86 + 0.06 1.87 + 0.08
IgM, g/L 1.24 + 0.07 1.28 + 0.06 1.28 + 0.04 1.29 + 0.07 1.33 +0.11
CIC, AU 4.77 + 0.41 5.01 + 0.44 5.83 + 0.27 5.45 + 0.47 2.49 0.5
Phagocytic index, % 72.1 +2.51 70.7 + 0.75* 66.4 + 0.16™ 67.1 £ 3.0 73.64 +2.3
Phagocytic number, 573 +0.27 5.65+ 0.2* 5.08 £0.11** 5.36 + 0.32 6.98 +0.39
Phagocytic activity per 1 pL 3033 + 239 2961 + 231 3183 + 143 2609 + 202 2345 + 232
Lysozyme, yg/mL 5.67 +0.48 4.86 £ 0.64 417 £0.54* 6.16 + 1.29 6.48 +1.42

Note. * — significant differences (p < 0.05) between groups 2 and 3; ** — significant differences (o < 0.05) between groups 1 and 3; group 1 — working experience
1-8 years, group 2 — working experience 3-5 years, group 3 — working experience 5-10 years, group 4 — working experience exceeding 10 years.

the development of hyperthyroidism associated with Graves’
disease. Certain bacterial infections trigger the development
of such autoimmune disorders, since glycosphingolipids of
bacterial antigens often cause cross-reactivity. In Graves’
disease, this role is played by Yersinia enterocaolitica.

Considering the fact that IgM is capable of complement
activation and playing a part of the mediator in the cytotoxic
reactions, that we and other researchers define as the increased
IgM levels in the employees of the chemical production facilities,
IgM is capable of facilitating the employees' predisposition to
autoimmune disorders.

CONCLUSIONS

Maximum consumption of raw material and all intermediate
products used in the the natural sulfur containing gas and
condensate processing, achieved by highly efficient operation
of the major production objects (Claus process and Sulfreen), is
of primary importance in terms of improving working conditions
in the studied industries. This would make it possible to minimize
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CLINICAL AND RADIOLOGICAL ASSESSMENT OF THE CONDITION OF IMPLANTS WITH FIXED
STRUCTURES IN THE DYNAMICS OF 20-YEAR FOLLOW-UP

Olesov EE'®, lvanov AS?, Zaslavskiy RS?, Ragulin AV', Romanov AS?

" Clinical Center of Dentistry of Federal Medical Biological Agency, Moscow, Russia
2 Burnasyan Federal Medical Biophysical Center of Federal Medical Biological Agency, Moscow, Russia

The statistically significant long-term results of the implant survival and the effectiveness of prostheses are inadequately represented in scientific literature. The study
was aimed to assess the effectiveness of prosthetics with fixed structures on the intraosseous dental implants for the replacement of partially absent dentition in
the dynamics of the 20-year follow-up. A total of 671 patients with partially missing teeth were examined at the Clinical Center of Dentistry of the FMBA of Russia,
who were fitted with 1,700 intraosseous titanium dental implants with the terms from the moment of completion of prosthetics on implants of 5, 10, 15 or 20
years. The criteria for clinical and radiological evaluation of the implant condition were as follows: no complications affecting the condition of periimplant tissues
(normal), mucositis, periimplantitis with bone resorption at 1/3 or 1/2 of the implant height, implant removal. Based on 20 years of experience, prosthetics with
fixed structures on implants is highly effective in replacing the partial defects of dentition. In total, 62.2% of implants remain functional for 20 years. The average
life of implant-supported fixed prostheses is 15 years for bridges, and 20 years for single and combined implant-supported crowns. The most effective are single
implant-supported crowns, and the least effective are prostheses supported by implants and teeth. The significantly preserved implant-supported prostheses make
it possible to support the concept of the long-term implant installation with respect to the implant-supported non-removable prostheses. The view is thus confirmed
that the effectiveness of the implant-supported prosthetics is reduced with the inclusion of teeth in the bridge support, along with implants.
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KINMNHUKO-PEHTITEHOJIOTM4YECKAA OLEEHKA COCTOAHNA UMIMJIAHTATOB C HECbEMHbIMA
KOHCTPYKUNAMU B JUHAMUKE 3A 20 JIET

E. E. Onecos'™ A. C. MeaHog?, P. C. 3acnasckuir®, A. B. ParynuH’, A. C. PomaHoB?

" KnuHudeckuii LeHTp ctomatonorum ®MBA Poccum, Mockea, Poccus
2 ®enepanbHbI MEONLMHCKNIA B1oU3nHeckuin ueHTp umenHn A. V. BypHassHa PMBA Poccun, Mocksa, Poccus

CTaTUCTMYECKM 3HAYVMble PE3ynbTaTbl BbDKMBAEMOCTU MMMIAHTATOB U 3(PMEKTUBHOCTL MPOTE30B HA UMM/AHTaTax B OTAANIEHHbIE CPOKWU HEAOCTATOYHO
npencTaBneHbl B Hay4HoM nutepatype. Lienbto nccnepgosanns 66110 ndyymts ahheKkTVBHOCTE MPOTE3MPOBAHNS HECEMHBIMU KOHCTPYKLMSIMU Ha BHYTPUKOCTHBIX
[OeHTaNbHbIX MMMIaHTaTax Npy 3aMeLLEeH HaCTUYHbIX AedeKToB 3yOHbIX psaoB B AvHamMuke 3a 20 net. B KnuHnydeckom ueHTpe ctomatonorum GMBA Poccum
obcnepoBaHbl 671 NauneHT ¢ 4acTUYHbIM OTCYTCTBMEM 3YO0B, KOTOPbIM Oblnn ycTaHoBneHb! 1700 BHYTPUKOCTHBIX TUTAHOBbLIX AEHTASIbHbIX UMMNAAHTATOB CO
CpoKamMn C MOMeHTa 3aBepLUeHVs NPoTe3npoBaHua Ha uMnnadtatax 5, 10, 15 n 20 neT. KputepnsmMm KIMHNKO-PEHTFEHONOMMHYECKOM OLIEHKN COCTOSHNS
MMMNaHTaToB BblNv COCTOSAHME NEPUMMMNAHTATHbBIX TKaHEeN 6e3 OCNOKHEHNI (HOPMasTbHOE), MyKO3UT, MEPUUMMNAHTUT C PE30POLMEN KOCTHON TKaHn Ha 1/3 nnm
1/2 BbICOTBI UMNNaHTaTa, yaaneHne nMnnaHtara. [NpotesnpoBaHe HECHEMHBIMN KOHCTPYKLMSMM Ha MMMAIaHTaTax, cornacHo 20-neTHeMy OMbITy 3ameLLeHns
HYaCTU4YHbBIX AeEKTOB 3yOHbIX PSAOB, XapaKTepU3yeTcst BbICOKOW 3PEKTUBHOCTHIO. B 06LLel CNOXHOCTU 62,2% UMMNaHTAaTOB COXPaHSIOT (DYHKLIMOHANBHOCTb
B TedeHve 20 neT. CpefHuin CPoK (PYHKLIMOHMPOBaHIS HECHEMHbIX MPOTE30B Ha UMMIaHTaTax cocTaBnsaeT 15 neT AN MOCTOBUAHbIX MPOTe30B 1 20 net — Ang
OOVHO4YHBIX 1 OOBEANHEHHbBIX KOPOHOK Ha MMnnaHTatax. Hanbonee athheKTnBHbI OAMHOYHbIE KOPOHKM Ha MMMIaHTaTax, HavMeHee — MpoTe3bl C OMOpPon Ha
MMMaHTaThl 1 Ha 3yObl. 3HAYMTENbHAS COXPAHHOCTL MPOTE30B Ha UMMaHTaTax no3BonseT NoAAep KaTb KOHLEMNLMIO [ONrOCPOYHOM YCTAHOBKN UMMaHTaToB
OTHOCUTENBHO HECBEMHbIX MPOTE30B Ha MMMNaHTaTax. MoATBePKAAETCA MHEHME O CHKEHUM 3(OMEKTUBHOCTY MPOTE3MPOBAHNS HA MMIaHTaTax NPy BKIKOYEHUN
B OMOpy MOCTOBUAHbBIX MPOTE30B 3y60B, HAPSAY C MMMIaHTaTaMu.

KnioueBble cnosa: feHTasbHble UMNaHTaTbl, HEChEMHbIE npoTesbl, C-)CDCDGKTI/IBHOCTb, 20-NeTHAg anHamMmmnKa

Bknap aBTopoB: E. E. Onecos, A. C. ViBaHoB — cbop 1 obpaboTka kKnnHudeckoro matepuana; P. C. 3acnasckui, A. B. ParynvH — cTaTncT4eckuin aHanma;
A. C. PomaHoB — mnntocTpaumm.

CobnoaeHne 3aTM4ECKMX CTaHAAPTOB: VCCNefoBaHNe Of0OPEHO 3TUHECKUM KOMUTETOM PIBY3 «KnuHndeckuin LeHTp ctomatonoruv» ®PMBA Poccum
(npoTtokon Ne 12 oT 4 gekabpsa 2020 r.). Bce yqacTHUKM nognucany fobpoBobHOE MHMOPMUPOBAHHOE COrnacue Ha y4actie B UCCNefoBaHUN.
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The dental implant treatment method is being actively introduced
into dental practice in the Russian regions, particularly in the
sectoral healthcare institutions [1-4]. The experience of using
the dental implants as the intraosseous support for dental
prostheses in Russia dates back several decades, however, the
statistically significant long-term results of the implant survival

and the effectiveness of the implant-supported prostheses
are inadequately represented in scientific literature. This leads
to discrepancies in advising the patients with indications for
dental implant treatment, provided by different dentists, as well
as in teaching the clinical residents, and advanced training of
dentists.
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The efficiency of prosthetics on implants depends on
the clinical settings, especially on the full or partial absence
of dentition, the prosthesis design (including the number of
supporting implants), and the prosthesis lifespan [5-13].

In practice, the implant removal due to mobility, resulting
from the surrounding bone tissue resorption, is the main
criterion for evaluating the implant condition, however, the
timely prevention of perimplant inflamsnmation and the implant
overloading requires a more detailed evaluation of perimplant
tissue.

In the Clinical Center of Dentistry of the FMBA, the dental
implant treatment has been used as the main method for the
complex dental rehabilitation of patients with partially missing
teeth for 20 years. A wealth of experience has been gained in
the dynamic analysis of longitudinal data on the dental implant
condition depending on the prosthetic method in acordance
with the international assessment criteria.

The study was aimed to assess the effectiveness of
prosthetics with fixed structures on the intraosseous dental
implants for the replacement of partially absent dentition in the
dynamics of the 20-year follow-up.

METHODS

A total of 671 patients were examined, who were fitted with
1,700 intraosseous titanium dental implants. Among the
patients there were 379 females and 292 males, and the
average age of the patients was 26-81 years (149 individuals
under the age of 40, 318 individuals aged 40-60, 204
individuals over the age of 60). Inclusion criteria: non-removable
prostheses on implants, the term from the moment of the
implant installation and prosthetics completion exceeding 5
years. Exclusion criteria: the presence of dental implants and
removable prostheses; the service life of implant-supported
prostheses of less than 5 years; the implants istalled in different
healthcare provider organizations; the refusal of clinical and
radiological examination. Based on the terms from the moment
of the completion of prosthetics on implants, the patients were
divided in the following way: 5 years — 120 individuals, 10
years — 130 individuals, 15 years — 180 individuals, 20 years —
241 individuals (the number of implants installed was 319, 405,
453, and 52, respectively).

In terms of the design, the fixed prostheses (number of
individuals and supporting implants) were represented by single
crowns (201 individuals, 501 implants), combined crowns (132
individuals, 321 implants), implant-supported bridges (285
individuals, 725 implants), bridges supported by implants and
teeth (53 individuals, 153 implants).

The standard two-stage titanium intraosseous implant
installation technique and the generally accepted method

OPUIMMHAJIBHOE NCCJIEQOBAHNE | CTOMATOJOIMNA

of fabricating the metal ceramic implant-supported fixed
prostheses were used [14-15].

The majority of patients hardly ever contacted the dentist
for professional oral hygiene or other follow-up care.

In accordance with the aim of the study, the criteria
for evaluation of the implant condition were as follows: no
complications affecting the condition of periimplant tissues
(normal), mucositis, periimplantitis with bone resorption at 1/3
or 1/2 of the implant height, implant removal [16-18]. That is
why the patients underwent orthopantomography in addition
to the standard clinical examination of the teeth, periodontium,
and implants.

Statistical processing of the results was performed by
standard methods with the use of the Microsoft Excel software
(Microsoft; USA).

RESULTS

After 5 years of functioning, the clinical and radiological
assessment of the implant condition in the partial fixed
dental prostheses revealed that normal condition, mucositis,
periimplantitis with bone resorption at 1/3 or 1/2 of the implant
height, and implant removal were found in 103, 76, 86, 33,
and 21 implants, respectively, which accounted for 32.3%,
23.8%, 27.0%, 10.4%, and 6.6% of all the implants installed
in this clinical settings (Table 1). In patients with single crowns
on implants, the 5-year period of functioning was characterized
by 40.0% of implants with no complications (56 implants),
mucositis in 20.0% of implants (28 implants), periimplantitis
with bone resorption at 1/3 of the implant height in 23.6%
(83 implants), and at 1/2 of the implant height in 10.7% (15
implants), as well as by 5.7% of implants removed (8 implants).
Based on the listed above criteria, the efficiency of the
combined crowns was as follows: 31.0% (18 implants), 22.4%
(13 implants), 32.8% (19 implants), 6.9% (4 implants), 6.9%
(4 implants). After 5 years of loading, the implant-supported
bridges showed no changes in the state of gums or bone tissue
in 24.0% of observations (29 implants), mucositis was found
in 28.9% (35 implants), perimplantitis with bone resorption at
1/3 was found in 28.1% (34 implants), periimplantitis with bone
resorption at 1/2 of the implant height was found in 11.6% (14
implants), and 7.4% of implants were removed (9 implants).
Bridges supported by teeth and implants were no longer used
5 years ago.

After 10 years, the listed above indicators of the implant
condition in partial fixed dental prostheses (normal condition,
mucositis, periimplantitis with bone resorption at 1/3 or 1/2 of
the implant height, and implant removal) accounted for 15.1%
(61 implants), 23.2% (94 implants), 25.2% (102 implants),
12.6% (51 implants), and 24.0% (97 implants), respectively.

Table 1. Clinical and radiological dental implant assessment results based on the prosthesis design and the term from the moment of installation (quantity, %)

Characteristics No complications Mucositis Resorption at 1/3 Resorption at 1/2 Removed
Term (years) 5 10 15 | 20 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20
Singl 56 27 _ _ 28 25 10 4 33 61 27 29 15 23 7 20 8 40 29 56

ingle crowns 400 | 15.3 200 | 142 | 132 | 37 | 236 | 347 | 355 | 266 | 107 | 131 | 92 | 184 |57 | 227 | 382 | 514
Combined 18 15 _ _ 13 24 16 2 19 10 29 27 4 13 9 15 4 19 36 48
crowns 31.0 18.5 224 29.6 17.8 2.2 32.8 12.4 32.2 29.4 6.9 16.1 10.0 | 16.3 | 6.9 | 23.5 40.0 52.2
Brid 29 17 _ _ 35 35 50 24 34 23 56 42 14 12 24 30 9 22 107 171

riages 24.0 15.6 28.9 321 219 | 9.0 28.1 211 245 15.7 116 | 11.0 | 105 | 11.2 | 7.4 | 20.2 | 46.9 64.1
Combined with 2 _ _ _ 10 10 _ _ 8 8 _ _ 3 12 _ _ 16 23 55
teeth - 5.1 256 | 17.0 20.5 13.5 7.7 | 203 41.0 | 39.0 100
Partially abscent 103 61 _ _ 76 94 86 30 86 102 120 98 33 51 52 65 21 97 195 330
dentition 32.3 15.1 23.8 232 | 19.0 | 57 27.0 25.2 26.5 18.7 10.4 126 115 | 124 | 6.6 | 24.0 | 43.1 63.1
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Table 2. Clinical and radiological dental implant assessment results based on the prosthesis design (quantity, %)

Characteristics No complications Mucositis Resorption at 1/3 Resorption at 1/2 Removed

Sinl 83 68 150 66 133

ingle crowns 16.6 13.4 29.9 13.0 26.5
Combined 33 55 85 41 107

ombined crowns 10.3 17.1 26.5 12.8 33.3
Brid 46 144 155 80 309

ridges 6.3 19.9 21.4 1.0 42.6
Combined with 2 20 16 15 94
teeth 13 13.1 10.4 9.8 61.4
Partially abscent 164 286 406 201 643
dentition 9.6 16.9 23.9 11.9 37.8

The number of implants supporting the single crowns, being
in the same condition as when installed 10 years before, was
27 (15.3% of the implants installed); mucositis was found
in 25 implants (14.2%), bone resorption at 1/3 or 1/2 of the
implant height was observed in 61 and 23 implants (34.7%
and 13.1%), respectively, a total of 40 implants were removed
(22.7%). The combined implant-supported crowns showed the
following figures: 18.5% (15 implants), 29.6% (24 implants),
12.4% (10 implants), 16.1% (13 implants), 23.5% (19 implants).
After 10 years, 15.6% of implants in the implant-supported
bridges remained unchanged (17 implants), mucositis was
observed in 32.1% of implants (35 implants), periimplantitis
(bone resorption at 1/3 or 1/2 of the implant height) in 21.1%
and 11.0% (23 and 12 implants), respectively, 22 implants
were removed (20.2%). In patients with bridges supported by
implants and teeth, normal tissue condition was found in 5.1%
of implants (2 implants), the listed above complications were
revealed in 25.6% (mucositis in 10 implants), 20.5% and 7.7%
(perimplantitis at 1/3 or 1/2 of the implant height in 8 and 3
implants), 41.0% of implants were removed (16 implants).
After 15 years, the implant-supported partial fixed
dental prostheses showed the following characteristics:
no complications in 0% of implants, mucositis in 19.0% of
implants (86 implants), n perimplantitis with bone resorption at
1/3 of the implant height in 26.5% (120 implants), with bone
resorption at 1/2 in 11.5% (52 implants), 43.1% of implants
were removed (195 implants). The listed above indicators in
the implant-supported single crowns were 0%, 13.2% (10
implants), 35.5% (27 implants), 9.2% (7 implants), 38.2% (29
implants); in the combined implant-supported crowns these
were 0%, 17.8% (16 implants), 32.2% (29 implants), 10.0%
(9 implants), 40.0% (36 implants), respectively. After the 15-
year loading, no implant-supported bridges preserved intact
the periimplant tissue; mucositis was observed in 21.9% of

100

80
70 27
2

implants (50 implants), periimplantitis with bone resorption at
1/3 or 1/2 of the implant height in 24.5% and 10.5% of implants
(56 and 24 implants), 107 implants were removed (46.9%).
When combining the implant abutments and the natural teeth
in bridges, the listed above characteristics were as follows: 0%,
17.0% (10 implants), 13.5% (8 implants), 20.3% (12 implants),
39.0% (23 implants), respectively.

After 20 years of follow-up, no implants with intact
periimplant tissues were found in partial fixed dental
prostheses; mucositis was found in 5.7% of implants (30
implants), periimplantitis with bone resorption at 1/3 or % of the
implant height in 18.7% and 12.4% (98 n 65 implants), 63.1%
of implants were removed (330 implants). Single and combined
implant-supported crowns had the following characteristics:
no complications in 0% of implants, mucositis in 3.7% and
2.2% (4 and 2 implants), respectively, periimplantitis with bone
resorption at 1/3 of the implant height in 26.6% and 29.4% (29
and 27 implants), with bone resorption at 1/2 of the implant
height in 18.4% and 16.3% (20 and 15 implants), 51.4% and
52.2% of implants were removed (56 and 48 implants). After
the 20-year follow-up, the implant-supported bridges together
with bridges, supported by implants and teeth, showed no
unchanged periimplant tissues; mucositis was observed in
9.0% and 0% of implants (24 and O implants), respectively,
periimplantitis at 1/3 of the implant height in 15.7% and 0%
(42 and 0 implants), perimplantitis at 1/2 of the implant height
in 11.2% and 0% (30 and O implants), 64.1% and 100% of
implants were removed (171 and 55 implants).

Summarizing the data on the condition of perimplant tissue
obtained during the 20-year follow-up period regardless of the
specific lifespan of the fixed prosthesis, it must be stated that
no complications were observed in 9.6% of implants, mucositis
in 16.8% of implants, periimplantitis with bone resorption at
1/3 of the implant height in 23.9% of implants, and with bone

I |
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50 25
23.8
40 23.9
30 26.5
23.2
20 18.7 16.8
10 19
oo |
0
5 years 10 years 15 years 20 years Total
Il No complications Mucositis Resorption at 1/3 M Resorption at 1/2 Il Removed

Fig. 1. Comparison of clinical and radiological dental implant assessment results for different terms from the moment of prosthetics completion
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Fig. 2. Maximum and average service life of non-removable implant-based prostheses (years)

resorption at 1/2 of the implant height in 11.8% (164, 286,
406, 201 implants, respectively); 643 implants were removed
(37.8%) (Fig. 1).

Summarizing the correlations between the periimplant
tissue condition and the type of the fixed prosthesis, revealed
during the whole 20-year follow-up period, it must be stated
that the most effective are the implant-supported single
crowns, and the least effective are the prostheses supported
by implants and natural teeth (removals accounted for 26.6%
and 61.4%, respectively). Based on their efficiency, the implant-
supported crowns and bridges are in between (33.3% and
42.6% removed during the 20-year period, respectively) (Table 2).

The average lifespan of the implants is defined by the time,
when the patients have more than a half of implants removed.
Based on the examination results, the average lifespan of the
implant-supported fixed prostheses was as follows: 20 years
for single and combined crowns when teeth are partially
missing, and 15 years for bridges (including those supported
by implants and natural teeth) (Fig. 2).

DISCUSSION

The results, obtained by assessing the large amount of clinical
material, elaborate on the conflicting data on the time limits of
functioning for the intraosseous implants supporting the dental
prostheses. The current knowledge about the rate of implant
removal, limited due to the follow-up period not exceeding 10
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RECOMBINANT ADENO-ASSOCIATED VIRUSES AS A GENE DELIVERY VEHICLE FOR THE USE IN
MOLECULAR MEDICINE

AV Blagov =
Prospects of using oncolytic viruses in breast cancer therapy

Breast cancer (BC) is a cancer with a high prevalence and mortality among women worldwide. With the current diagnostics methods, BC may remain undetected
at its early stages, and the therapies developed for the disease are associated with severe side effects. Oncolytic viruses can be the basis of the new, effective BC
treatment approaches. The viruses destroy tumor cells directly and launch the antitumor immune response; this dual action supports their efficacy. It is possible
to make the oncolytic virus therapy more effective by designing genetically modified viruses that can target BC cells better and/or induce a stronger antitumor
immune response. This review outlines the directions of development of oncolytic viruses in BC treatment, covers the optimal ways of delivering viruses to the tumor
and the efficacy of their use in combination with other therapeutic agents (methods) and presents the prospects of using oncolytic viruses in antitumor vaccines.
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MEPCMNEKTUBbI TEPAMUN PAKA MOJIOYHOW XKENE3bl C UCNOJIbSOBAHUEM
OHKOJIMTUHECKNX BUPYCOB

A. B. Bnaros =

LleHTp CTpaTern4eckoro njaHnpoBaHna CDe,u,epaanoro MG,D,VIKO>6I/IOJ'IOI'I/IL|€CKOI'O areHTCTBa, Mockea, Poccus

Pak Mono4yHol »xeneabl (PM>K) — oHKonorndeckoe 3abofieBaHne C BbICOKOW pPacrnpoCTPaHEeHHOCTBIO M CMEPTHOCTLIO CPEAN YKEHLLVMH BO BCEM MUPE.
[uarHoctvika PMXK He cTonb ahteKTviBHa AN BbISBAEHUS 3ab0NeBaHns Ha paHHUX CTaayisix, a TepaneBTUHecKne METOAbI CBA3aHbI C TSHKemNbIMM MOOOYHBIMMN
apdexTamu. OHKONUTUHECKIME BUPYChI MOTYT CTaTb HOBbIM 3(P(EKTVBHLIM CPeAcTBOM B Tepanun PMK. Vx adpdexkTnBHOCTb 06ycnoBneHa AByMs TMnamm
BO3/EVICTBIS Ha PaKOBYHO OMyXOSb: HEMOCPEACTBEHHBIM YHUHTOXEHNEM OMyXOSEBbIX KIIETOK U 3aryCKoM NPOTUBOOMNYXONEeBOro MMMyHHOro oTBeTa. [oBbIcUTh
3 PEKTUBHOCTL Tepanuyt OHKOAUTUHECKMI BUPYCaMM MOXKHO MyTeM KOHCTPYMPOBAHUS MEHETUHECKM-MOAMMDULIMPOBaHHbBIX BUPYCOB, OOnafatoLLmx y4Llei
CENEKTVIBHOCTBIO K OMyXOMEBbIM KIIETKaM MOJIOHHOM »Kenesbl 1 () CMOCOBHBIX K BOSbLLIEMY YCUEHMIO MPOTUBOOMYXONEBOrO MMMYHHOTO oTBeTa. [penctasneHbl
[anbHenwne HanpaeneHns NPYMEHEHNST OHKONMTUHECKINX BMPYCOB B Tepanun PMK, onTumManbHble NyT 4OCTaBKM BYPYCOB B ONyXOSb 1 9HEKTUBHOCTL MX
MCMONBb30BaHNS B KOMBMHALWW C APYrMY TepaneBTUHeCKUMI CPeACcTBaMK (METOAAMM), a TakxKe NMepCreKTVBa UCMOb30BaHNA OHKOMMTUHECKMX BUPYCOB B

Ka4eCcTBe NPOTVBOOMYXONEBbIX BaKUWH.
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Breast cancer (BC) is the most common type of malignancy
in women [1]. In Russia, the incidence of breast cancer has
doubled over 15 years; about 50 thousand new patients with
this diagnosis are registered annually [2]. Over 40% of women
are diagnosed with BC when the tumor is already at its later
stages of development, which adds to the complexity of
treatment of this disease [2]. It should also be noted that BC
is a group of heterogeneous diseases with different molecular
mechanisms of development and cellular origins, which further
complicates its diagnosing and treatment [3]. Breast cancer is
distinguished by high mortality rates: in 2020, 685 BC fatalities
were recorded in the world [4].

The main types of treatment for breast cancer are surgery,
chemotherapy, radiation, hormonal and targeted therapies
[6]. Hormonal and targeted therapy drugs have better safety
profiles, but they are also not without side effects and cannot
be used as the only BC treatment method. The effects of other
anticancer therapies on the body are more severe. For example,
radiation can damage lymphatic vessels close to the chest,
causing lymphedema [6]. Breast removal surgery (mastectomy)
can adversely affect mental and emotional state of the patients
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[7]. Chemotherapeutic drugs cause the most massive negative
consequences: they are systemic and have effect not only on
the cancer cells but also on the rapidly dividing normal cells of
the body [8].

Severity and prevalence of the disease, as well as the
negative side effects of the existing types of treatment, make the
task of developing new groups of anti-BC drugs urgent. Drugs
based on oncolytic viruses can form one of such groups. Both
naturally occurring and genetically engineered, these viruses
can specifically target tumors without harming healthy cells
[9]. The investigation of possibilities of using oncolytic viruses
as therapeutic agents is a fairly new field of research, yet it is
already an intensively developing one. The amount of research
and development efforts in this sphere has increased noticeably:
from 2015 to 2020, the number of publications returned by
PubMed for the "oncolytic viruses" query has grown from 276
10 457, that for the "oncolytic viruses for breast cancer" query —
from 11 to 28. Every year, there are more papers published on
the subject. This review presents an analysis of the possibilities
of using oncolytic viruses as a platform for drugs against BC.
The review describes the mechanisms of action of oncolytic
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viruses, approaches to increasing the selectivity of their action
and enhancing the antitumor effects they trigger. The directions
of development of oncolytic therapy are also outlined.

Breast cancer subtypes and their
pathogenesis mechanisms

Breast cancers constitute a group of diseases heterogeneous
by both phenotypic and genetic characteristics [10]. BC is
classified by histological origins, stages of development,
properties of pathological lesions and types of oncogenic
markers [10, 11]. Based on the expression of such dominant
oncogenes as estrogen receptor (ER), progesterone receptor
(PR), epidermal growth factor receptor 2 (HER2) and ki 67
proliferation marker, there are four molecular subtypes of breast
cancer distinguished: luminal A, luminal B, HER2 positive and
triple negative (Table 1) [10].

Using the statistical data from different countries, we will
consider the incidence and mortality rate for each subtype of
BC. The most common subtype of BC is luminal A. Its incidence
is 50-60%, and it is the most survivable BC subtype: within 3
years from the diagnosis, 95-100% of luminal A BC patients
survive the disease [12, 13]. Other subtypes of cancer have
a more even incidence of 10-15% [14]. The most dangerous
subtype is the triple negative BC: within 3-4 years from the
diagnosis, the average patient survival rate is 75-80% [13].

Oncological diseases develop against the background
of proliferation, apoptosis, and cell migration mechanisms
malfunctioning on the epigenetic and genetic levels [10].
Identification of the signaling pathways that determine
pathogenesis of specific cancer subtypes enables deduction of
new targets for targeted therapy.

One of the main mechanisms of BC development that
is registered in about 70% of cases has estrogen receptors
involved in the signaling pathway [15]. It should be noted that
there are two types of estrogen receptors: ERa and ERp.
With BC, the expression of ERa is often increased and that of
ERB, contrarily, decreased [10]. Typically, when this pathway is
activated, after ERa and estrogen binding the resulting complex
dimerizes and interacts with coregulator proteins and specific
regions of DNA, the estrogen response elements (ERE). These
interactions shape the transcription of a number of genes
that regulate the cell cycle, apoptosis, DNA replication, cell
differentiation and angiogenesis [15]. Thus, additional activation
of the ER pathway stimulates transcription of the cyclin D1
gene, which supports subsequent activation of the CDK 4/6
kinase and transition of the cell from G1 phase to S phase [15].
Increased expression of cyclin D1 is one of the signs of the early
pathogenesis of BC and some other malignant tumors [15].

Another important mechanism in the BC pathogenesis
is the signaling pathway through HER2, which is a tyrosine
kinase [16]. After HER2 and ligand binding and dimerization
of the resulting complex there occurs phosphorylation of
tyrosine residues of the enzyme's intracellular domain, which
leads to the activation of several signaling pathways, such
as Ras/MAPK and PI3K/AKT, that triggers cell proliferation
acceleration [10].

Table 1. Classification of BC subtypes by molecular oncogenes

Cancer treatment with oncolytic viruses:
the underlying mechanism

Cancer therapy relying on oncolytic viruses is a fairly new field
of research. To date, only one drug based on an oncolytic
virus has been made commercially available: Talimogene
laherparepvec, which is used to treat melanoma [17]. Some
similar drugs are at the clinical trials stage currently. If they are
successfully through these trials, there will appear a new niche
of anticancer drugs. According to clinicaltrials.gov [18], 12 anti-
BC drugs based on oncolytic viruses are undergoing clinical
trials today (Table 2). The priority subtype for the researchers
is the triple negative BC, the choice probably supported by its
high molecular heterogeneity, lack key receptors that can be
used in targeted therapy, and the highest mortality among the
molecular subtypes of BC. It is also worth noting that most
clinical trials have the oncolytic viruses combined with other
anticancer therapy options in order to increase treatment
efficacy. In addition, many oncolytic viruses are genetically
engineered for the same purpose of increasing their efficacy
(see Table 2); such efforts are described in the next section.

Oncolytic viruses have a number of useful traits: the
resistance to drugs based on them is typically low, they
are highly selective in targeting tumor cells, relatively non-
pathogenic, capable of replicating in the tumor and thus
increasing the dose in action [19]. The viruses used in oncology
are those with the efficacy proven in vector vaccines and easily
modified genetically [20]. The list of such viruses includes
double-stranded DNA viruses (adenoviruses, herpes simplex
virus, vaccinia virus), double-stranded RNA viruses (reoviruses),
single-stranded (+)-RNA viruses (picornaviruses), single-
stranded (-)-RNA viruses (measles virus, viscular stomatitis
virus, Maraba virus) [20].

From the point of view of action, oncolytic viruses can
selectively damage cancer cells and foster development of
antitumor immunity [21]. The overall therapeutic effect depends
on the interaction of the virus, the immune system, and the
tumor [21]. It is important that the immune response is triggered
after the virus enters cancer cells and replicates: in this case, the
virus has time to destroy the infected population of cancer cells
and cause inflammation in the tumor microenvironment. When
the immune cells bind to the virions before interaction with the
tumor, therapy fails. Cell carriers and pegylated nanoparticles
can help protect the virus from premature neutralization by the
immune system [22, 23]. In addition to the time of activation of
the immune response, efficacy of oncolytic virus therapy also
depends on the type of cancer cells, their sensitivity to the given
virus and the structure of the tumor, including the degree of its
vascularization that determines the rate of leukocyte inflow, as
well as the presence of resident macrophages and the level of
expression of tumor markers [19].

There are several factors that influence selective damage
to the tumor cells. The first and the most important one is the
enhanced tropism of a specific virus to a specific type of tumor
cell, which is determined by the affinity of the cell receptor
and the virus surface antigen [21]. As a result of the receptor-
mediated interaction, the virus enters the cell. Engineered

Type Oncogenes
Luminal A ER*, PR*, HER2-, low Ki67
Luminal B ER*, PR*, HER2%, high Ki67
HER2 ER-, PR, HER2*
Triple negative ER-, PR, HER2-
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Table 2. Current clinical trials of drugs based on oncolytic viruses and designed for BC treatment

Molecular biological subtype ClinicalTrials.gov

Drug, therapy of BC Stage identifier
Eiglsa;lon therapy and adenoviral vector expressing herpes simplex virus thymidine Triple negative 5 NCT03004183
Pelareorep (unmodified human reovirus) Triple negative 2 NCT04445844
Talimogene laherparepvec (modified herpes simplex virus) and paclitaxel Triple negative 1,2 NCT02779855
(chemotherapy)
Talimogene laherparepvec in combination with monoclonal antibodies HER2- and triple negative 1 NCT04185311
Vaccinia virus and pembrolizumab Triple negative 1,2 NCT04301011
Pelareorep in combination with paclitaxel and avelumab Luminal A 2 NCT04215146
Pelareorep in combination with letrozole, atezolizumab, and trastuzumab All types 1 NCT04102618
HER2-_speC|f|c QAR-T cells combmed W|_th CAdVEC _ . . _ HER2 1 NCT03740256
(genetically engineered adenovirus carrying genes of immunity modulating proteins)
Modified measles virus MV-s-NAP expressing neutrophil activating protein (NAP) -
Helicobacter pylori (MV-s-NAP) Not specified 1 NCT04521764
_Edmonston strain measles virus genetically modified to express human thyroid sodium HER2 , HER2* 1 NCT01846091
iodide symporter (NIS)
Vgccmla virus encoding human CTLA4-specific antibody 4-E03 IgG1 in combination Triple negative 1,2 NCT04725331
with pembrolizumab
Recombinant herpes simplex virus in combination with pembrolizumab Triple negative 1 NCT04348916

pseudotyped viruses have the selectivity enhanced even further:
they carry surface antigens of another virus or non-viral ligands
with increased affinity to tumor-specific receptors [24]. Besides,
the rapid division and accelerated metabolism of tumor cells
allows the virus to replicate actively [21]. An additional factor is
the disruption of the type | interferon signaling process, which
has an antiviral effect. This disruption protects the virus from
premature clearance by immune cells [9]. The efficacy can also
be increased through direct intratumoral administration of high
concentrations of oncolytic viruses [21].

As indicated above, drugs based on oncolytic viruses
do not only damage tumor cells directly but also activate the
body's antitumor response. In the bloodstream, viral particles
can be captured by antibodies and antigen-presenting cells
(APCs) before penetrating the tumor cells, which translates
into higher antiviral immunity but inhibited antitumor immune
response [25]. After the oncolytic virus enters the tumor cell, the
viral cycle starts. The final stage of this cycle involves formation
of many copies of the virions that, through lysis, leave the cell
and thus destroy it and infect the nearby cells. The damaged
cells fill the intercellular environment with a large number of
DAMP (damage-associated molecular pattern) molecules,
which trigger non-infectious inflammation and, consequently,
an inflammatory reaction that involves attraction of NK cells
and macrophages into the tumor microenvironment. Capture
of a tumor-associated antigen (TAA) and its presentation
to the lymphocytes by APCs triggers adaptive immunity,
predominantly - cytotoxic immune response. The development
of the antitumor response is further stimulated by the secretion
of viral proteins released into the focus of inflammation [19].

Approaches to using oncolytic viruses in breast cancer therapy
Enhanced selectivity of oncolytic viruses for breast cancer cells
To make oncolytic therapy more safe and effective, it is

necessary to enhance viral vector's selectivity for cancer
cells, breast tumor cells in particular. There are two ways to
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achieve this goal: through inducing specific binding of the virus
surface antigen to the tumor cell receptor and through enabling
selective replication of the virus only in tumor cells by extending
the genome with a promoter vector that activates upon binding
to specific tumor markers [26]. Both approaches had the Ad5
adenoviral vector with chimeric fiber surface protein derived
from serotypes Ad5 and Ad3, which improved its tropism, and
tissue-specific promoters regulating the expression of protein
E1A, which enables viral replication, so that the virus replicated
in CD44+ CD24- /low cell population, the BC stem cells [27].

Viral antigen may be modified not only through insertion
of the antigen of another virus with a greater affinity for
tumor cells but also by introduction of other ligands for
the receptors of tumor cells. For example, the adenovirus
fiber protein was modified by insertion of the Lyp-1 peptide,
the receptor of which, the p32 protein, is overexpressed in BC
cells [28]. The thus engineered oncolytic virus was injected
into immunocompetent mice and suppressed tumor growth
and slowed down metastasis in them. Another noteworthy
effort had the herpes simplex virus tropism genetically altered,
retargeting it to HER2* cells through insertion of a synthetic
single-chain anti-HER2 antibody (which served as a ligand) into
the gD domain of the herpes simplex virus glycoprotein [29].

[t seems promising to modify oncolytic viruses by
introducing tumor suppressor sequences or their binding sites
into the viral vector genome, thus not only improving selectivity
but also enhancing the antitumor effect. In such a way, Ad5
was genetically engineered to enable its selective replication
in breast tumor cells: the modification involved introduction of
binding sites for miR-145, a tumor suppressor the concentration
of which is reduced in tumor cells, into the adenoviral vector
genome [30]. As a result, high titers of the virus were registered
in the breast tumor cell lines MDA-MB-453, BT-20, and
MCEF-7, while the normal mammary epithelial cells exhibited
a decreased level of HMEpPC lines. In another study, a tumor
suppressor sequence of the KISS1 gene was inserted into
the adenoviral vector genome [31]. The expression of KISS1
resulted in a stronger cytotoxic effect of the virus on breast
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tumor cells in combination with the Iytic effect of the adenoviral
vector.

Antitumor response enhancing through
modification of oncolytic viruses

In addition to the direct destruction of cancer cells, oncolytic
viruses promote development of the antitumor immune
response. This response, as manifesting in the tumor
microenvironment in particular, can be further enhanced
through introduction of the immunomodulatory proteins into
the gene sequences of the virus. In this case, the virus itself
acts as a kind of "leukocyte." There are several studies that
prove efficacy of this technique. One of them employed mice;
the researchers have shown that herpes simplex virus and
Newcastle disease virus extended with the IL12 transgene, a
proinflammatory cytokine that plays an important role in initiating
the antitumor response, can inhibit growth of the tumor [32]. A
recombinant adenovirus carrying the IL15 gene, which encodes
the cytokine activating proliferation of the natural killer cells and
CD8+ T lymphocytes, was also shown to possess the capacity
to inhibit BC cells [33]. Antitumor efficacy was also revealed in
the oncolytic vaccinia virus the genome of which was extended
with the GM-CSF cytokine gene. Analysis of the immune profile
of a mouse model showed an increased infiltration of CD8+
T-lymphocytes into the tumor microenvironment, which proves
the immunomodulatory effect of this oncolytic virus [34].

In addition to the general inflammation induction through
cytokine synthesis, oncolytic viruses, through production of
antibodies, can be given specific targets that enable tumor
development. Thus, there was engineered an adenoviral vector
that contains the sequence of a full-length anti-HER2 antibody
[35]. The virus has shown high antitumor efficacy against HER2-
positive BC in cell and mouse models. Adenovirus produced
antibodies to the HER2 tumor marker, thus reinforcing antibody-
dependent cellular cytotoxicity and making the destruction
of cancer cells more effective. In another work, the vaccinia
virus was modified with a gene encoding the antibody against
vascular endothelial growth factor, VEGF (an angiogenesis
regulator that promotes tumor growth) [36]. The engineered
virus showed oncolytic and antiangiogenic activity in the triple
negative BC xenografts implanted in mice.

BC oncolytic therapy: further development directions
Delivery of viral vectors

To prevent neutralization by antibodies, accumulation in other
organs and premature elimination of viral particles, it is important
to find the optimal method of delivery of oncolytic viruses to
the tumor. The simplest one that mitigates these problems is
direct intratumoral injection [37]. For localized and initially local
forms of BC, this is the presumably preferred delivery method
since the tumor is accessible for injection. However, if there
are metastatic lesions, more complex methods of delivery
may be required: administration of the viruses together with
immunomodulators, use of liposomes and cells as carriers [37].
In a mouse model study, researchers have shown that oncolytic
therapy is highly effective when viral vectors are delivered to BC
metastatic lesions with the help of dendritic cells [38].

Oncolytic viruses as vaccines

Oncolytic viruses themselves can act as immunomodulatory
agents that enhance antitumor immunity. One of the possible

strategies is to use an oncolytic virus as a vaccine: a tumor
antigen gene is inserted into the virus genome, and when
the virus enters the cell, it boosts antigen expression, which
increases the likelihood of initiation and enhancement of the
antitumor response [26]. This approach has the oncolytic
virus acting as a kind of bait for immune cells. In a mouse with
ovarian cancer, it was shown that administration of the Maraba
virus carrying a tumor antigen caused an increase in the CD8*
antitumor immune response [39]. Accordingly, it is possible to
design viral vectors carrying ER, PR and HER2 tumor markers,
which will allow targeting the immune response to a specific
subtype of BC. Triple negative BC requires special attention as
the subtype for which specific tumor markers need to be found.
An even more specific triggering of the antitumor immune
response is possible with a combination of CAR-T cell therapy
(using T-cells carrying chimeric receptors for tumor antigens)
and oncolytic viruses delivering the antigenic target for CAR-T
lymphocytes [26].

Combination with other therapies

Potentially, the use of oncolytic viruses in combination with
other BC treatments may have a synergistic effect. In addition,
oncolytic viruses administered as part of a chemotherapeutic
protocol often allow reducing the dose of the chemotherapeutic
agent, which helps alleviate the severe side effects peculiar to
chemotherapy [40]. Most likely, chemotherapy drugs do not
have a negative effect on the virus itself. In a mouse model
study, it was shown that paclitaxel does not affect the infectious
and replicative abilities of the oncolytic virus, and their combined
antitumor effect on BC cells was synergistic [41]. According to
the results of the second phase of clinical trials, the combined
oncolytic reovirus and paclitaxel therapy increased the overall
life expectancy in patients with metastatic BC compared to
the group taking only paclitaxel [42]. Viruses may also have
a synergistic effect with radiation therapy, as was shown in a
preclinical study dedicated to the development of a melanoma
treatment protocol [43]. Unfortunately, there are no similar
studies assessing the effect on BC, but it is assumed that the
efficacy of such therapy will be comparable to the results of
treatment of other types of tumors. The mechanism underlying
the effect has not been identified, however, viruses can interfere
with DNA repair after radiation therapy thus promoting a more
rapid death of tumor cells [44]. The current direction of therapy
is the use of oncolytic viruses in conjunction with monoclonal
antibodies. In a phase one clinical trial, some patients exhibited
a clinical response with the formation of a pool of reactive CD8*
T cells when solid tumors were treated with vaccinia virus
p53MVA in combination with pembrolizumab [45]. In a phase
two clinical trial, a combination of Talimogen Lagerparepvec
and pembrolizumab proved to have antitumor properties in
treatment of sarcoma [486].

CONCLUSION

Oncolytic viruses are a promising platform for BC drugs. Their
efficacy is backed by the dual effect they have on a tumor:
the lysis of tumor cells — the effector action and the launch
(enhancement) of the antitumor immune response — the
immunomodulatory action. The effector action can be
enhanced by improving the selectivity of the oncolytic virus to
BC tumor cells. The immunomodulatory action of the virus can
also be enhanced by introducing genes of the immune system
proteins into the genome of the virus. Further considerations
about the use of oncolytic viruses in the treatment of BC are
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related to the methods of delivery of viral particles into the
tumor, viral vectors as carriers of tumor antigens accelerating
initiation of the antitumor response, and the use of oncolytic
viruses in combination with other methods of treatment.
However, making the developments in this field practical still
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International competitions, such as the Olympic Games or the
World Cups, are conducted anywhere on the globe. That is why
the issues of the athletes' adaptation are the pressing issues of
the sports medicine, which in turn determine the relevance of
the physiological and hygienic substantiation for optimization
of the athletes' adaptation both to the climatic conditions and
to the jet lag.

The issues of the athletes' adaptation to the changing
climatic conditions and geographical settings were studied
by many eminent specialists in sports medicine. Their
papers present theoretical aspects of the effects of the
climate loads and the mechanisms, underlying adaptation to
the changing environmental conditions, provide a list of various
groups of remedies (pedagogical, hygienic, biomedical, and
psychological). However, no specific schemes for their use by
athletes during the acclimatization period are reported.

Adaptation phases and terms

Adaptive responses of the human body may be roughly divided
into three groups:

a) general adaptive physiological responses related to the
basic functions, which make it possible to live and work in
changing environment;

b) specific morphofunctional, physiological, and
psychological changes based on the genotype-phenotype
features;

¢) adaptative behavioral responses (water drinking schedule,
diet, clothing, and the facilities equipped with air conditioning
or heating systems) [1].

Based on the above classification, we believe that behavioral
aspects of adaptation are of particular importance, since their
realization is up to the athlete, and these aspects contribute
greatly to the success of both general physiological responses
and specific responses to the changing environment.

The period of the athlete's body acclimatization (adaptive
reorganization) may vary considerably. The period and
nature of the acclimatization response are influenced by both
environmental factors (contrasting climate zones change, daily
and seasonal changes in weather patterns) and the athlete's
condition (individual characteristics, age, acute and chronic
disorders, state of the central nervous system, respiratory
system, and other systems, weather sensitivity, etc.) [2].

Adaptive capacity of the body (adaptivity, plasticity of
regulatory systems) enables the athlete to adjust to a changing
environment within a short time.

High levels of physical performance increase the body's capability
of adaptation to environmental factors. This is because physical
exercise improves cardiovascular health (in particular, heart rate is
lowered, stroke volume and cardiac output are increased, etc.) [3].

Sufficient mental capacity makes it possible to successfully
endure the exposure to environmental factors. Emotional
management skills allow one to ensure the individual's optimal
activity and adaptation to the changing environment.
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The contrasting changes in climatic conditions and
geographical settings determine the physiological loads the
body is exposed to, i.e. the intensity of the body's mechanisms
of adaptation, related to the impact of the climate change.
The more contrasting are the climate changes, the larger is
the amount of information brought by the climate change,
the more severe is the stress to adaptive mechanisms, and
the higher is the risk of adverse effects during acclimatization
(disadaptation). Travel speed when changing the climatic
conditions has a certain impact [4].

The main risk factors for disadaptation in athletes are as
follows: history of injuries, acute disorders, and the extent to
which the chronic disorder is compensated.

The following factors and types of reserve contribute to
the body's adaptive capacity: biological reserve (genetically
determined), professional training, biochemical reserve.

The majority of adaptive responses occur in two phases:
initial adaptation (short-term, imperfective) and subsequent
adaptation with the formation of structural trace (long-term,
perfective) [5].

The adaptive response short-term phase starts immediately
after exposure to the stimulus and could be realized based
on the previously shaped physiological mechanisms only. The
long-term phase of adaptation develops gradually with the
prolonged or repeated exposure to environmental factors [6].

A the same time, a thorough approach to the athlete's
condition assessment during the acclimatization period shows
that the period from days 1-3 to days 7-8 after the journey is
the worst (Fig. 1) [7].

During the first three days after the journey, the “stress cap”
is developed in the athlete being pressurized by the changes
in climatic conditions and geographical settings, high social
responsibility, psycho-emotional stress, and competition loads.
During this period, the athlete demonstrates the emotional uplift,
accompanied by the stress hormones release and the body
functional reserve mobilization. Regardless of the numerous
literary sources suggesting the opposite, any environmental
stimuli, including the competitive activity, are well tolerated
during this period.

Since day 7-8 of exposure to a new environment, the athlete
enters the phase of developing the long-term adaptation (structural
trace). During this period, the body's resistance is close to baseline,
and subsequently the functional reserve capacity is increased.

From day 3 to day 7, within the period between “taking
off the stress cap” and the beginning of the structural trace
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formation, the athlete's body becomes the most vulnerable.
During this period, the risk of the reduced athlete's resistance
to environmental factors is the most probable.

The discussed adaptation phases suggest that the option
of performing within the first three days after the journey
to the competition venue (the phase characterized by the
development of “stress cap”) is most appropriate for sports
where the competitions are carried out for 1-3 days. In our
opinion, in case of performance on day 4 of adaptation or
later, it is advisable to focus on addressing the combination of
bio-psycho-social issues, which determines both successfual
adaptation and successful competitive activity. For more details,
see below.

Criteria for athlete's adaptation to new climatic conditions
and geographical settings

The criteria for the athlete's body adaptation are roughly
divided into non-specific (integral) and specific (Fig. 2). The
non-specific criteria reflect the athlete's body functional state
when exposed to any factor; specific criteria reflect the typical
alterations evolving under the influence of one or another
damaging factor [8].

In case of favorable adaptation, there are minor deviations
of the non-specific and specific indicators, which finally
equate the normative values, typical for the population in a
certain location. This state is regarded to as the “person's
environmental portrait” [9].

Acceleration or facilitation (optimization) of adaptation to
the changing environment is one of the ways to improve the
efficiency of the athlete's competitive activity. Optimization
of the adaptation processes results in the improved overall
athlete's body resistance and body defences, as well as in the
reduced impact of the disease pathogenic mechanisms, and in
mitigating the lack of external (natural) stimuli.

In order to define the criteria for the adaptive capabilities
and the integrated assessment of the athlete's body functional
reserve capacity, the following formula was developed:

PP x HT x PT x MC

BAC = )
HI x ChD x ACCC x TZ x V,,

where BAC — body's adaptive capacity (adaptivity, plasticity);
PP — physical performance; HT — heat tolerance; PT —
professional training; MC — mental capacity; HI — history of
injuries; ChD — chronic disorders; ACCC — contrast between

Reserve capacity (AU)

Adaptation (days)

Fig. 1. Dynamic changes in body's reserve capacity when exposed to environmental factors [7]
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Adaptation criteria

Integral (non-specific)

Specific for the impact of climatic factors

Specific for the impact of jet lag

Restoring well-being

Self-assessment of thermal
sensations

Restoring sleep

Restoring sleep and appetite

Stabilization of heart rate and
blood pressure

Body weight stabilization

Improved sweating efficiency

Total sleep time

Restoring physical performance

Stabilization of circulating blood

Total time in bed

volume

Restoring psycho-emotional state

Reduced red blood cell count and
elevated hemoglobine levels

Sleep efficiency

Restoring peripheral blood
indicators

Increased/decreased
metabolic rate

Time to the first wake-up

Restoring heart rate variability

Fig. 2. Criteria for adaptation to hot climate

climatic conditions; TZ — number of time zones crossed; V, —
athlete's speed of travel.

The closer to one is the BAC value, the larger is the athlete's
adaptive capacity and the higher is his functional readiness.

The groups of individuals with four types of response are
distinguished based on their functional systems' response to
the changing environment. The first type consists of individuals
unable to adapt to the changing environmental conditions;
such individuals constitute only 5-7%, i.e. this group is the
smallest one.

The second, “flexible”, type constitutes 20-30% of the
population. It consists of individuals with the pronounced
deviations of homeostatic indicators (heart rate, blood
pressure, T °C, etc.) due to exposure to environmental factors,
and the rapid recovery of the body's functional state after the
end of exposure. These individuals are characterized by high
quality performance in the changing environment along with the
pronounced cardiorespiratory response and the lack of thermal
stability.

The third, “passive”, type constitutes 20-30% of the
population. This group demonstrates stable homeostasis
(stabilization) of the adjustable parameters when exposed to the
factor, and the prominent deviation of the parameter after the
end of exposure. The athletes in this group are characterized
by decreased performance and inactive decision-making style
before adjusting to the changed climatic conditions.

The fourth, “mixed”, type constitutes about 40%. This
type integrates the features of responses typical for individuals
of the second and third types, as well as of the types with
the modest predominance of one of those. Such individuals
have a stable, albeit slightly decreased, level of maintaining
their functional state and performance when operating in the
changed environment.

Apart from the individuals not capable of the climate
change adaptation, the listed above three types of response to
environmental stimuli are divided in literature into the following

types: hyperergic—-normoergic-hypoergic types, or sprinter—
mixed-stayer. Individuals of the “mixed” type are considered
normoergic [10].

The athetes with hyperergic type of response are able to
compete since the first day after their arrival in the different
climate zone. However, it should be pointed out that their
performance would be at the expense of the enormous
physiological loads.

The athetes with hypoergic type of response have a poor
prognosis of performing after changing the climate zone. They
need to be adapted to the environment, in which they have to
perform, for a long period.

Thus, after defining the type of the athlete's body response,
we can assume the athlete's individual response to the changed
climatic conditions, and plan the biomedical support activities.

Rationale for the models of the Russian national team
athletes' adaptation to the new climatic conditions and
geographical settings

In view of the foregoing, we have proposed seven models of
adaptation to climate for the athletes performing in the open
areas. The essence of the model, the summary, the sports a
model is relevant for, and the time frame are presented in Table 1.

In our opinion, the model of “readaptation” is the more
preferable one among the listed above models. In this case,
the athlete's adaptation to climatic loads is formed naturally
during the repeated appearances on the competitions,
carried out in various climatic conditions and time zones.
Readaptation is accompanied by the formation of “vegetative
memory”, triggering the sequence of adaptive responses,
which, consequently, reduces the adaptation time. This model
is appropriate for athletes from all sports.

The option of “no need for adaptation” is the most
appropriate for sports, where the competitions last for 1-2
days [11]. During the first three days after arrival, the athlete
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Table 1. Models and strategies of adaptation for the highly qualified athletes performing in the open areas

Adaptation model

Adaptation strategy

Days between arrival and
the start of competition

Essence of strategy

Summary

Sports the model is relevant for

1. No need for

Emotional tension and the new
environment cause the release

Short-term competitions

adaptation
(preconditioning)

(up to 21 days)

places with a similar climate
within the same time zone

adaptation 1-2 days Stress cap of stress hormones and body (sprint, all types of jumping,
. e throwing, etc.)
functional reserve mobilization
Long-term activities (marathon,
2. Long-term The long-term adapte_mon Capacity of all specific bicycle racing, triathlon, et(_:.), and
. 10-14 days structural trace formation by : L sports where the competitions
adaptation adaptation systems is increased .
day 10-14 are carried out for a few days
(football, beach volleyball, etc.)
Long-term adaptation is formed Long-term activities (marathon,
3. Preliminary 10-14 days Preliminary adaptation in 9 P " | bicycle racing, triathlon, etc.), and

Readaptation is required after

arrival to the competition venue sports where the competitions

are carried out for a few days
(football, beach volleyball, etc.)

Multiple appearances of the
athlete on the competitions

“Vegetative memory” is formed,
triggering the sequence of
adaptive responses. This

adaptation

therapy, etc.)

(cold exposure training,
sauna, contrast bath

4. Readaptation 1-2 days carried out in the same ) All sports
R o s occurs in a natural way when
climatic conditions within the ) .
. the athlete takes part in various
same time zone o
competitions
) Adaptahon to one_factor Hypoxic hypoxia demonstrates All sports (especially those that
5. Cross-adaptation 10-14 days improves adaptation to the broadest range of . )
; require physical endurance)
another factor cross-adaptation
6. Engineered Slmulatloq of the c_ondmons Arises from the body's non-
. . for adaptation, (Environmental e
adaptation with the ) specific response to the effects
) 5-7 days chambers, equipment for . ) All sports
use of technical PN of various environmental factors,
artificially induced .
means d the body has to adjust to
hypoxia, etc.)
Applying the simple
techniques to boost the . .
7. Preliminary self: reserve capacity of the bod Partial adaptation in response
) ry 5-7 days pacity Y to the exposure to various All sports

environmental factors

demonstrates the emotional uplift, accompanied by the stress
hormones release and the body functional reserve mobilization,
i.e. the “stress cap” is being formed [12].

The models of “cross-adaptation” and “preliminary self-
adaptation” may be used in athletes from all sports. It should
be noted that hypoxic hypoxia demonstrates the broadest
range of cross-adaptation, and is the most appropriate for the
representatives of cyclic sports. Cross-adaptation is based on
the fact that adaptation to one factor improves adaptation to
another factor.

It is assumed that preliminary self-adaptation involves the
use of simple techniques for boosting the reserve capacity of
the body by the athlete (cold exposure training, sauna, contrast
bath therapy, etc.).

In our opinion, the use of the “long-term”, “preliminary” and
“engineered” adaptation in athletes is socially and economically
unreasonable.

When using the selected stratedy, and in order to correctly
assess the integral adaptation criteria, it is recommended to
analyze the pooled data, obtained with the use of the following
generally accepted methods:

— supervision of the sport physician or coach;

— heart rate variability;

— WAM questionnaire (Well-being, Activity, Mood);

— daily weight control;

— athlete's self-esteem journal;
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—assesment of physical well-being by the coach (training tests);

— analysis of the peripheral blood indicators (whenever
possible).

Table 2 presents the recommended method for the
diagnosis and control of the climatic and geographical
adaptation in athletes taking into account both non-specific
and specific adaptation criteria.

It is recommended to use fithess trackers, which track
sleep quality and are capable of tracking such parameters as
total sleep time, total time in bed, sleep efficiency (sleep phases
analysis), and time to the first wake-up, for the mobile diagnosis
of a number of specific adaptation criteria, namely the normal
sleep restoration.

In addition to the analysis of sleep, fithess trackers allow
the athlete to pursue a strategy of maintaining the “domestic
routine” after moving to the competition venue by crossing
more that three time zones.

CONCLUSION

In order to minimize the effects of negative factors, resulting
from the athletes' climatic and geographical adaptation, special
attention should be paid to the following aspects: preliminary
assessment of the althlete's health and performance when
taking part in the competitions; in-depth study of physiological
and hygienic features of adaptation in athletes from various
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Table 2. Method for diagnosis and control of climatic and geographical adaptation in athletes

) . Day after the journey
Diagnostic methods
1 2 3 4 5 6 7 8 9 10 11 12 13 14

Supervision of the sport physician

+++ +++ +++ +++ +++ +++ +++ +++ | A+ +++ +++ +++ +++ +++
or coach
Heart rate variability +++ +++ +++ +++ +++ +++ |+t - - - - - - -
WAM questionnaire +++ +++ +++ +++ +++ +++ +++ - - - - - - -
Weight control +++ +++ +++ +++ +++ +++ +++ - - - - - - -
Athlete's self-esteem journal +++ +++ +++ +++ +++ R IR I B o I +++ +++ +++ +++
Monitoring the dynamic changes
. . " +++ +++ +++ +++ +++ +++ +++ - - - - - - -
in physical condition
Analysis of the peripheral blood
L + + + + + + + - - - - - - -
indicators
Fitness tracker or smartwatches +++ +++ +++ +++ +++ +H+ | A | | A | +++ +++ +++ +++

Note: +++ — strongly recommended; ++ — recommended; + — at the discretion of the athlete, the coach or the team physician; — — avoid using.

sports at the various stages of training and competitive activity;
continuous pursuit and improvement of the means for the
athlete's performance optimization, particularly in the context of
long-distance flights and extreme climatic conditions; developing
the new methods for adjustment and improvement of the
athlete's heat tolerance; accelerated adaptation to the adverse
effects of the chronobiological rhythms desynchronization.
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CARDIOVASCULAR COMORBIDITY IN PATIENTS WITH NONALCOHOLIC FATTY LIVER DISEASE
Ledovskaya TI', Statsenko ME?, Turkina SV?, Konyakhina TA', Yusupov KS', Gorbacheva EE'? &=

" Volgograd Medical Clinical Center of FMBA, Volgograd, Russia

2 Volgograd State Medical University, Volgograd, Russia
Nonalcohoalic fatty liver disease (NAFLD) is the most prevalent liver disease worldwide. It is characterized by hepatic steatosis and stetohepatitis and in some cases
can progress to cirrhosis with or without hepatic failure and hepatocellular carcinoma. At present, NAFLD is deemed a predictor of cardiovascular risk. Besides,
it can aggravate pre-existing cardiovascular conditions. Structural and functional changes in the heart, liver and blood vessels are interdependent and mutually
aggravating. Metabolic factors (dyslipidemia, hyperglycemia and insulin resistance) contribute to hepatic, cardiac and vascular damage, and NAFLD and comorbid
cardiovascular disorders together can activate fibrogenesis in the heart, blood vessels and liver.
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Nonalcoholic fatty liver disease (NAFLD) is a chronic metabolic
disorder developing in the absence of exogenous hepatotoxicity-
inducing factors (e.g. exogenous ethanol) and characterized by
excess accumulation of lipids in the cells constituting the hepatic
lobule. Morphological findings confirming NAFLD include steatosis,
steatohepatitis, fibrosis, cirrhosis, and adenocarcinoma. The
diagnosis is considered verified if triglycerides (TG, a type of lipids)
make up over 5-10% of the liver's weight or if lipid deposits are
observed in over 5% of hepatocytes [1].

At present, NAFLD is the most common chronic liver
condition worldwide, affecting on average 25% of the
population in high-income countries [2]. Although the majority
of patients with NAFLD have moderate steatosis, 20 to 30%
develop steatohepatitis with progressive fibrosis. Of them,
about 20% will eventually progress to liver cirrhosis and thus be
at increased risk for hepatocellular carcinoma [3, 4]

In 2007, the DIREG-1 screening study was conducted to
estimate the prevalence of NAFLD in the Russian population.

Of 30,750 participants included in the study 27% were
diagnosed with NAFLD. Of them, 80.3% had steatosis, 16.8%
had steatohepatitis and 2.9% had liver cirrhosis [5]. According
to DIREG-2 estimates, the prevalence of NAFLD in the Russian
population has been growing steadily in the past years,
reaching 37% in 2015 [6]. In the majority of patients, NAFLD is
associated with such metabolic comorbidities as obesity, type
2 diabetes mellitus and/or dyslipidemia [7].

NAFLD is deemed a predictor of cardiovascular diseases
(CVD). The risk of CVD in patients with NAFLD is 4.12 times
higher than in those without NAFLD; notably, women with
NAFLD are at higher risk for CVD than men [8]. Insulin resistance,
dyslipidemia and obesity contribute to NAFLD progression,
extrahepatic complications and overall poor prognosis. NAFLD
is recognized as a hepatic manifestation of metabolic syndrome.
Metabolic risk factors like overeating, a sedentary lifestyle and
genetic predisposition cause visceral adipose dysfunction, i.e.
overproduction of free fatty acids (FFA) and proinflammatory
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cytokines and underproduction of adiponectin. This leads to
insulin resistance, dyslipidemia, thrombophilia, and progressive
liver cirrhosis. NAFLD causes systemic buildup of TG in various
organs, including the myocardium, and induces oxidative
stress, which in turn results in cardiomyocyte dysmetabolism
and dysfunction provoking ventricular and supraventricular
arrhythmias, coronary artery disease and aortic valve sclerosis.
Inflammation and metabolic disorders lead to hepatic
steatosis, steatohepatitis, liver fibrosis, and heart pathology
(atherosclerosis and myocardial dysmetabolism); the latter
manifests as subclinical atherosclerosis, arterial hypertension,
coronary artery disease (CAD), arrythmias, myocardial infarction,
chronic heart failure and eventually death [9].

Notably, patients with progressive fibrosis and advanced
steatosis (F > 3) are at the highest risk for death from liver
disease, and CVD are very common in patients with early-stage
fibrosis (F < 3) associated with NAFLD [10-12].

Possible mechanisms underlying cardiac complications in
patients with NAFLD [13] are shown in the Figure.

Patients with NAFLD present with pronounced cardiac
remodeling: heart chambers are significantly enlarged
and their walls are thickened, epicardial fat thickness
and myocardial mass are increased [14]. Myocardial fibrosis
during myocardial remodeling leads to electrophysiological
disorders and secondary ischemia. The loss of cardiomyocytes
is accompanied by an increase in adipocytes. Adipose tissue
is an active endocrine organ that synthesizes and secretes
large amounts of bioactive substances, including interleukin
6, renin, angiotensin | and Il, tumor necrosis factor a, resistin,
adiponectin, and leptin [15-17]. Visceral adipose tissue lipolysis
results in increased secretion of FFA, which, on the one hand,
become a substrate for atherogenic lipoproteins and, on the
other hand, potentiate IR at the liver level, reducing plasma
membrane permeability to glucose [16]. The severity of visceral
obesity and adipose tissue dysfunction in patients with NAFLD
has been shown to reliably correlate with the severity of the
cytolysis syndrome and cholestasis [18]. Thus, progression
of visceral obesity in patients with NAFLD is accompanied by
progressive structural and functional liver damage [18]. Notably,
secretion of proinflammatory cytokines by epicardial adipose
tissue into the bloodstream enhances systemic inflammation,
which in turn aggravates cardiometabolic dysfunction
promoting buildup of epicardial fat [19]. The latter is a source
of FFA, especially in the setting of increased myocardial energy
demand observed in many conditions, including ischemia
[20, 21]. FFA produced by epicardial adipose tissue are taken
up by the myocardium, where they fuel myocardial steatosis,
inducing structural and functional changes in the heart (heart
enlargement, left ventricular hypertrophy and left ventricular
diastolic disfunction) [22].

In patients with NAFLD, the risk of death from CVD is
determined by the stage of NAFLD and other cardiometabolic
risk factors [23]. As a rule, the severity of fibrosis becomes the
defining factor for CVD development and death from CVD in
patients with NAFLD. Non-alcoholic steatohepatitis increases
mortality by 70%, mostly due to an increase in CVD-related
mortality [24]. Patients with steatohepatitis and patients with
NAFLD and co-existing type 2 DM constitute a special risk
group for CVD and cardiovascular events.

[t has been demonstrated that patients with NAFLD are
at higher risk for cardiovascular pathology on the SCORE
scale than those without NAFLD [25]. Moreover, the study has
established an association between the severity of NAFLD and
the high risk of poor cardiovascular outcomes. These findings
are consistent with the results of another study in which NAFLD
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confirmed by ultrasonography was strongly associated with
non-fatal cardiovascular events [26].

Arterial hypertension is the most common risk factor for
CVD. According to WHO'’s estimates, 54% of all strokes and
47% of all CAD cases are direct consequences of elevated blood
pressure [27, 28]. Patients with NAFLD and arterial hypertension
make up 40-70% of the general population. NAFLD is also
associated with heightened risk of prehypertension [29].

The Finnish OPERA study conducted in hypertensive
patients revealed that the average diurnal blood pressure values
were higher in patients diagnosed with liver steatosis (30.9%
vs 24.6%; p = 0,057) [30]. In another study, blood pressure
variability was greater in patients with arterial hypertension
and NAFLD than in those with isolated hypertension [31]. It is
reported that the high 10-year risk of cardiovascular events is
more frequent among patients with hypertension and NAFLD
than among patients with isolated hypertension [32].

Systemic inflammation associated with NAFLD can
stimulate activation of the sympathetic nervous system,
promoting hypertension. Another mechanism implicated in
elevated blood pressure is IR: it leads to overproduction of free
fatty acids and increased oxidative stress [33].

NAFLD is associated with a high risk of coronary
atherosclerosis [34, 35], impaired myocardial perfusion and
poor outcomes of coronary artery stenting due to the high risk
of restenosis [36, 37]. These impairments are predominantly
associated with abnormal vasodilatory response, increased
coronary intima-media thickness and atherosclerosis.
According to the meta-analysis of 6 studies with a total sample
of 25,837 participants, patients with NAFLD were at higher risk
of clinical CAD than patients without NAFLD (Cl 1.04-4.92;
p < 0.001) [38]. Another study conducted in 360 patients with
a past history of ST-segment elevation myocardial infarction
found that nonalcoholic liver steatosis was an independent
predictor of plaque formation in coronary arteries, revealing
higher hospitalization and 3-year mortality rates among patients
with NAFLD than in the control group [39].

Atrial fibrillation (AF) is a common type of arrythmia; due
to the global population ageing, its incidence has been on
the rise over the past decades [40]. According to the study of
NAFLD effects on the risk of paroxysmal AF, patients with type 2
DM and co-existing NAFLD have more frequent episodes of
paroxysmal or permanent AF than those without NAFLD
[41, 42]. It is known that intra-atrial conduction delay underlies
the pathophysiology of AF. It is reported that NAFLD patients
without DM, clinically confirmed hypertension or CVD have
significantly longer inter-atrial and intra-atrial electromechanical
delay intervals than the control group. This is associated with
reduced electrophysiological potential of the myocardium,
when cardiac conduction velocity is reduced due to fibrosis,
causing cardiac rhythm disturbances and especially high-
risk arrythmias. It has been demonstrated that NAFLD is an
independent predictor of such electrophysiological disorders of
the heart [43].

Being the risk markers of ventricular arrythmia, heart rate
variability and prolonged QT intervals are associated with a
higher risk of death from cardiovascular disorders [33]. In a
study conducted in NAFLD patients with type 2 DM without
preexisting heart conditions, NAFLD severity was associated
with prolonged QT intervals regardless of the patient’s age,
sex, the presence of hypertension or type 2 DM. The analysis
confirmed the association between the severity of NAFLD and
the probability of prolonged QT regardless of the presence of
cardiometabolic risk factors [44]. Indeed, the role of NAFLD inthe
development of ventricular arrythmia still remains understudied
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Fig. Possible mechanisms underlying cardiovascular complications in patients with NAFLD. PAI-1 — plasminogen activator inhibitor-1; TGFB — transforming growth
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but the implication of pathophysiological mechanisms typically
underlying NAFLD (chronic inflammation and insulin resistance)
in electrophysiological myocardial dysfunction is undeniable.

Chronic heart failure (CHF) is an extremely severe
complication of CVD characterized by poor outcomes. In
addition, it poses a diagnostic difficulty and its therapy
and prevention required special approaches. It has been
established that NAFLD aggravates the course of CHF. One
of CHF manifestations is left ventricular diastolic dysfunction.
NAFLD is associated with left ventricular diastolic dysfunction
regardless of the presence of other cardiovascular risk factors
and metabolic syndrome [45, 46]. In a multicenter study
conducted in 2,713 patients with cardiovascular pathology,
NAFLD patients had elevated left ventricular filling pressure,
increased left atrial volume, reduced ejection fraction, and
reduced diastolic function in comparison with patients who had
no history of NAFLD [47]. Other studies report an association
between NAFLD and diastolic dysfunction of the left ventricle in
patients with type 2 DM [48, 49].

Moreover, patients with NAFLD develop early left ventricular
diastolic dysfunction more frequently [50]. Diastolic dysfunction
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Today, medical rehabilitation is undergoing significant transformation. The new system built around the biopsychosocial model includes assessment of physical
constraints and rehabilitation diagnosis, determination of rehabilitation potential, formulation of goals and objectives of individual interventions, development of
rehabilitation plans, and progress evaluation. All of these rehabilitation components can be implemented using a personalized, problem-oriented, multidisciplinary
approach, which is now being actively introduced into clinical practice. The current pandemic of the novel coronavirus infection has demonstrated that medical
rehabilitation is crucial for convalescents. However, its principles and techniques have not been fully elaborated yet. This review describes the current state of
medical rehabilitation of children with or after infectious diseases and identifies its avenues and prospects.
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MeauumHeKkaa peabunutaumst B HalW OHM NPETEpreBaeT CyLLEeCTBEHHble U3MEeHEeHVs. OTa HoBasi, BbiCTpanMBaeMasi Ha OCHOBE OMOMCUXOCOLIMabHON
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The conventional approaches to medical rehabilitation adopted
in Russia are undergoing significant transformation toward the
biopsychosocial model of disease that public healthcare is yet
to fully incorporate. Unlike the classical biomedical model, the
biopsychosocial model is not constrained by the nosological
approach and sees disease as a complex of biological,
psychological and social processes [1]. Apart from focusing
on the biological factors implicated in disease, biopsychosocial
rehabilitation actively exploits psychological and social
approaches to recovery and thus can exert broader effects on
sanogenesis.

In the past decade, this new model of medical rehabilitation
has been actively implemented in Russia. New rehabilitation

specialties have emerged, including physical medicine and
rehabilitation doctors and rehabilitation nurses indispensable to
the multidisciplinary rehabilitation team. Professional standards
have been elaborated for healthcare workers engaged in
ergotherapy (ergotherapists, ergospecialists), physical therapy
(physical therapists, kinesiotherapists), speech therapy, and
medical psychology [2, 3].

According to the now effective legislation on medical
rehabilitation, the latter must be multidisciplinary in nature and
utilize the International Classification of Functioning, Disability
and Health (ICF) [4].

Being a representation of the biopsychosocial disease
model, ICF provides a framework for rehabilitation: based on
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the ICF-coded diagnosis, the ultimate goal of rehabilitation
and its smaller objectives are identified, the rehabilitation
plan is designed (considering the rehabilitation potential) and
rehabilitation outcomes are evaluated [5].

Developmental issues are a serious ramification of childhood
diseases; therefore, a series of consecutive rehabilitation
courses may be needed for children with a past history
of disease, each course being a continuation of the previous
one. Children may develop concurrent debilitating conditions
that together produce a devastating effect. Establishing a good
rapport with children and their parents is critical for successful
pediatric rehabilitation. Immediate family (ICF code €310) is an
environmental factor that has a tremendous impact on the child’s
health. Many problems experienced by the child may be linked
to the individual attitudes perpetuated in the family (ICF code
e410). Another important contributor is physical environment
(Products and Technology, ICF code el): skills and activities
are learnt through the interaction with the environment, which is
ideally fosters development and is a powerful rehabilitation tool.
Restricting children in their basic activities, including mobility,
may preclude other activities and cause secondary damage to
cognitive development.

The medical rehabilitation of today is very much different
from what it was in the past. Its concept raises the need for
rethinking and refining rehabilitation strategies and techniques.
Approaches to rehabilitation are changing in every medical
field, including the domain of pediatric infectious diseases.

Pediatric infectious diseases are very common, making
up 90% of childhood diseases [6, 7]. The most prevalent are
acute respiratory infections: their incidence among children
is 2.5-2.9 times higher than among adults [8]. The impact of
pediatric infections on child health and development is difficult
to underestimate, considering current trends in their incidence
and the spread of the novel coronavirus infection, which has
convincingly shown that infections are still one of the primary
threats to mankind. Today, old infections are resurfacing and
novel infections are emerging. Antimicrobial resistance, human
microbiome transformation and herd immunity fluctuations
remain a serious challenge. The economic burden of infections
is growing [9, 10].

This review covers Pubmed, e-library and Cochrane library
publications of the past decade focusing on the medical
rehabilitation of children with a history of infectious diseases.

Neuroinfections

Neuroinfections are among the leading contributors to pediatric
morbidity from infectious diseases. Half of pediatric patients
with neuroinfections develop disabilities with persistent organic
symptoms in the residual period [11, 12]. Poor outcomes may
be associated with the child’s age, the corresponding stage of
brain development and vulnerability of some CNS structures.
Pre-existing pathology of the nervous system can aggravate
the damage [11].

High demand for rehabilitation is associated with severe
sequelae of neuroinfectious diseases; some authors emphasize
the importance of starting rehabilitation in the acute stage of
the disease because the early commencement of rehabilitation
therapy may determine rehabilitation potential and prevent
complications or disability [13].

According to publications investigating the outcomes of
neuroinfections, mechanisms underlying neurological deficit
and cognitive disorders remain understudied, meta-analyses
are scarce and there are certain difficulties in formulating
conclusions [14—17]. The long-term neurological consequences
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of neuroinfections that reduce the quality of the patient’s life
are observed in 25-63% of cases [17, 18]. While studying
the outcomes of neuroinfections, many authors focus on
immunization, premorbidities, length of hospital stay, timeframe
and choice of antibacterial or glucocorticoid therapy, nutritional
status, and dehydration [14, 19-22]. Unfortunately, the effects
of rehabilitation on the outcomes of neuroinfection are barely
discussed.

Children with a past history of neuroinfection experience a
variety of health problems differing in form and severity. Those
include cognitive impairment, autonomic disorders, attention
deficit/hyperactivity disorder, central or peripheral paresis,
coordination disorders and speech impairment, epilepsy,
etc. [6]. The meta-analysis of 868 meningococcal meningitis
cases [17] revealed the presence of residual symptoms in
18% of the patients manifesting as hearing loss (5.4%), skin
scarring (5.4%), renal dysfunction (2.6%) or seizures (2.5%).
Cerebrasthenia was observed in 40-85% of convalescent
children with aseptic meningitis, whereas reduced working
memory was reported in 24% of cases; these conditions
persisted for up to 6 months in 20-40% of the patients [23].
Among other neuroinfection sequelae reported in the literature
are increased intracranial pressure (13%), diencephalic (16%)
and focal (10%) manifestations. Neurasthenia (35%), increased
intracranial pressure (19%) and symptomatic epilepsy (3%)
can last for over a year following the infection [6]. Significant
functional decline is observed after infectious encephalitis
[24, 25]. Aimost 80% of patients with encephalitis suffer from
neuropsychological impairment. There are reports of attention
and behavioral deficits and emotional impairment continuing for
3 years after the acute phase of the disease [26, 25].

According to an American study, 37 of 55 children infected
with tick-borne encephalitis in 2004-2008 had cognitive deficit,
headaches, fatigue and irritability 2-5 years after the infection.
Parent and teacher surveys revealed that over one-third of
the affected children had behavioral problems, motivational
deficiency and reduced working memory [27]. Similar findings
were reported by Swedish, Chinese and Russian researchers.
Attention deficit/hyperactivity disorder was diagnosed in 50%
of children with a past history of tick-borne encephalitis in both
early and late postinfectious periods [27-29]. Another concern
is postinfectious epilepsy. Over half of children infected with
encephalitis develop seizures in the acute stage of the disease
[30]. Besides, patients with postinfectious epilepsy are at
increased risk for depression and anxiety [31].

According to the nationwide population-based cohort study
that relied on the data from Danish registries collected in 1980—
2008, adults with a past history of childhood neuroinfection are
less educated, less financially secure, less involved socially and
are dependent on disability payments [32].

Canadian researchers attempted to conduct a meta-
analysis of 20 studies on rehabilitation after infectious
encephalitis extracted from 12,737 sources. Nine of the
included studies investigated the effects of cognitive therapy,
5 looked at behavioral therapy, 2 focused on physical therapy
and 4 on complex rehabilitation involving 2 or more types of
therapy. Unfortunately, due to small sample size (no more than
25 patients in each case) and clinical and methodological
heterogeneity, the meta-analysis failed [33, 34].

Another study demonstrated a reduced quality of life 6
months after encephalitis for both children and adults [35, 36].

The following conditions are reported in children with
a medical history of herpes simplex encephalitis: diverse
neurological symptoms (tetraparesis, hydrocephalus,
symptomatic epilepsy, developmental delay) in the first year of
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Table. Domains of functional and structural damage in convalescent children after infectious disease (from [64], printed by permission of the authors)

Domains and functional/structural damage categories
Clinical examples (diagnoses)
Code Domains and categories
Prolonged neonatal jaundice b 598.1 Mild disorders of the digestive, metabolic and endocrine systems, other specified
b 515.1 Mild disorders of digestive functions
Hepatitis B b 525.1 Mild disorders of defecation functions
b 535.1 Mild disorders of sensations associated with the digestive system
s560.17 Mild changes to liver structure
b 515.2 Moderate disorders of digestive functions
Chronic CMV hepatitis resulting b 525.2 Moderate disorders of defecation functions
in fibrosis b 535.2 Moderate disorders of sensations associated with the digestive system
s$560.27 Moderate changes to liver structure
b 515.3 Severe disorders of digestive functions
b 520.3 Severe disorders of assimilation functions
b 525.2 Severe disorders of defecation functions
Highly active autoimmune b 530.3 Severe disorders of weight maintenance functions
hepatitis, developing cirrhosis b 535.3 Severe disorders of sensations associated with the digestive system
’ b 550.2 Moderate disorders of thermoregulatory functions
b 430.3 Severe disorders of hematological system functions
b 435.3 Severe disorders of immunological system functions
s$560.37 Severe changes to liver structure
b 515.3 Severe disorders of digestive functions
b 520.3 Severe disorders of assimilation functions
b 540.3 Severe disorders of general metabolic functions
TTV hepatitis in the presence b 545.2 Moderate disorders of water, mineral and electrolyte balance functions
of hepatic steatosis, metabolic b 555.2 Moderate disorders of endocrine gland functions
syndrome, asthma b 440.1 Mild disorders of respiration functions
b 455.2 Moderate disorders of exercise tolerance functions
b 460.2 Moderate disorders of sensations associated with cardiovascular and respiratory functions
$560.37 Severe changes to liver structure
b515.2 Moderate disorders of digestive functions
b 520.2 Moderate disorders of assimilation functions
Salmonella-induced dysbiosis b 525.2 Moderate disorders of defecation functions
b 530.2 Moderate disorders of weight maintenance functions
b 535.2 Moderate disorders of sensations associated with the digestive system
b 540.2 Moderate disorders of general metabolic functions
b 126.1 Mild disorders of temperament and personality functions
Enteroviral meningitis b 130.1 Mild disorders of energy and drive functions
b 134.1 Mild disorders of sleep functions
b147.1 Mild disorders of psychomotor functions
b 126.3 Severe disorders of temperament and personality functions
b 130.3 Severe disorders of energy and drive functions
Haemophilus meningitis b 134.3 Severe disorders of sleep functions
b 147.3 Severe disorders of psychomotor functions
s130.27 Moderate changes to the structure of meninges
Obstructive bronchitis b 440.1 Mild disorders of respiration functions
b 435.1 Mild disorders of immunological system functions
b 410.2 Moderate disorders of heart functions
b 440.2 Moderate disorders of respiration functions
Chronic bronchiolitis, diffuse b 435.2 Moderate disorders of immunological system functions
bronchiectasis, stage 1 chronic b 455.2 Moderate disorders of exercise tolerance functions
respiratory failure b 460.2 Moderate disorders of sensations associated with cardiovascular and respiratory functions
s410.27 Moderate changes to the structure of cardiovascular system.
s430.273 Moderate bilateral changes to the structure of respiratory system

life; motor skills disorder and a speech and language delay in
children aged 1-3 years; ataxia, neurosis, neurosis-like states in
preschoolers; emotional, volition and hypothalamus disorders,
and intellectual disability in school children [6].

Focal demyelination caused by infection can result in residual
neurologic deficit in 30% of children or have a progressive
course leading to severe polysyndromic neurologic deficit in
20% of cases. Spinal cord and peripheral nervous system
infections often manifest as myelopathy, myelopolyneuropathy,
polyneuropathy, facial neuropathy, and polyradiculopathy [6].

Rehabilitation after neuroinfection includes early
mobilization,  physical exercise, massage, speech
therapy, psychotherapy, body positioning, prophylaxis of
pressure ulcers, contractures, pneumonia, and thrombotic
complications. Motor rehabilitation should be step-wise and
include training of movement components, proprioception

enhancement, simple associated movements, joints, and
motor skills. Children with peripheral paresis associated with
myelitis or poliomyelitis should undergo therapy with electrical
stimulation, paraffin or ozokerite applications, general fitness
physical and respiratory exercise, special exercises for the
affected limb, and hydrokinesiotherapy. To relieve pain,
alleviate autonomic and trophic disturbances and regain
motor function, a variety of interventions are recommended,
including two or four-cell tub baths, diadynamic, sinusoidal
modulated and interferential currents, ultrasound therapy
and phonophoresis, therapy with alternating magnetic fields,
ozokerite applications, and a combination of magnet and
laser therapy. Other options include kinesiotherapy, robotic
therapy for motor function recovery, standing and walking
frames, dynamic proprioceptive correction, speech therapy,
and biolfeedback therapy [6].
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Complex rehabilitation and follow-up care are crucial for
achieving complete recovery, especially when it comes to
infants, whose immunity is underdeveloped and who are at risk
for serious complications [13].

Acute gastrointestinal infections

Acute gastrointestinal infections are leading in incidence, both
in Russa and worldwide [37, 38]. In 20-30% of cases, acute
gastrointestinal infections provoke functional gastrointestinal
disorders [13]. It is known that acute intestinal infections
cause dysbiosis and allergies, change the reactivity of the
immune system, triggering autoimmune disorders, promote
gastrointestinal pathology, have an adverse effect on the
physical and mental development of the child [39]. In up to 30%
of cases, children develop irritable bowel syndrome following
acute intestinal infection. There is evidence that 25% of children
with acute infectious diarrhea are at high risk of gallbladder,
pancreas and bowel dysfunction 6 months after the infection
[39]. There are reports of exacerbations of atopic dermatitis
and developmental delay in children recovering from intestinal
infections, suggesting that rehabilitation should start as early as
the subacute stage of infection [13].

The primary objectives of rehabilitation at each of its
stages are as follows: treatment of intestinal dysbiosis using
galvanic therapy of the abdomen with topically applied
microelements or microwave diathermy [40-42]; correction
of functional and morphologic changes of intestinal mucosa
(ultrahigh-frequency therapy, low-energy laser irradiation [43]),
restoration of colon motility and normal evacuation (amplipulse
therapy, interferential therapy, diadynamic therapy, localized
cryotherapy, massage [40]); management of asthenia and
autonomic disorders (magnet therapy, resonance frequency
therapy [44]); hydrotherapy [40].

There is a paucity of studies focusing on the rehabilitation of
pediatric patients with postinfectious cardiovascular disorders
although their incidence is quite high [45]. Cardiac pathology
associated with infection poses a high risk of complications, raising
the need for timely diagnosis and adequate rehabilitation [46, 47].

Novel coronavirus disease COVID-19

This infection typically has respiratory and gastrointestinal
presentations in children and adolescents [48-50]. Respiratory
viral coinfection is diagnosed in 11-46% of patients with
COVID-19 [51]. Severe COVID-19 is often observed in very
young children or those who have preexisting cardiovascular
disorders, chronic pulmonary conditions, compromised
immunity, etc. [51-54].

Rehabilitation is needed for children with COVID-19 who
develop lung damage [55, 56], cardiovascular complications
[49], neurologic [57] and gastrointestinal [58, 59] disorders.
The broad spectrum of neurologic sequelae of COVID-19
comprises anosmia, ageusia/dysgeusia, acute Guillain-Barr—
syndrome, cerebral and spinal damage [57]. Follow-up care
and rehabilitation are required for children with postinfectious
asthenia persisting for 1-2 months in 30% of patients.
Clinically, it is manifested as increased fatiguability, malaise,
mental and physical exhaustion [60, 61]. Regardless of the
underlying mechanisms, forms and severity, damage to the
nervous system that requires further rehabilitation manifests as
asthenia, autonomic dysfunction, central or peripheral paresis,
coordination impairment, seizures, and speech impairment.

Recent research has demonstrated that children with a
past history of COVID-19 need rehabilitation regardless of the
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severity of disease (even when the disease is asymptomatic or
mild). This is associated with the risk of functional impairment
of respiratory and other systems. Rehabilitation includes
physiotherapy, balneotherapy (pelotherapy), physical exercise,
reflexotherapy, manual therapy, psychotherapy, etc. [62]. The
principles of medical rehabilitation for children with COVID-19
are the same as for adults and account for small age and
exercise tolerance [63].

Similar to other types of pediatric rehabilitation, medical
rehabilitation of children with COVID-19 follows certain
guidelines. Rehabilitation of children with COVID-19 is
aimed at training and recovery of compensatory capacity
of the bronchopulmonary and cardiovascular systems.

Rehabilitation for bronchopulmonary pathology associated
with COVID-19 should include respiratory and psychological
rehabilitation, nutritional support, and physical methods
for managing bronchial obstruction syndrome (inhalation
therapy, halotherapy) [50]. Respiratory muscle function can
be supported through transcutaneous electrical stimulation of
the diaphragm, mucostasis inhibition, huffing, and autogenic
drainage. Rehabilitation techniques used in pediatric patients
with COVID-19-associated neurological disorders depend on
the child’s age, the leading pathological syndrome, severity
of respiratory disorders and can include muscle relaxation,
motor skills training required for self-care, electrical muscle
stimulation, motor correction, and therapy for neurasthenia.
To restore bowel motility in children with COVID-19-associated
intestinal disorders, amplipulse therapy, interferential therapy,
localized cryotherapy, diadynamic therapy, massage, pine
baths, and microwave diathermy (for children over 2 years of
age) are recommended.

Is pediatric medical rehabilitation for infectious diseases
sufficiently elaborated? Literature analysis reveals a dearth of
publications on the effectiveness of both individual rehabilitation
methods and complex approaches, as well as the almost
complete absence of guidelines for load tolerance control. ICF
is rarely used; there is no information about activity constraints
and patient involvement; the impact of the environment,
including parents and family, is not analyzed. There are no
publications on the effectiveness of early rehabilitation in the
intensive care setting. Obviously, medical rehabilitation of
children with infectious diseases is still based on outdated
biomedical approaches. The long overdue transition to the
new model is mentioned in by a handful of authors, who
provide rationale for personalized, problem-oriented and
multidisciplinary approaches.

Special attention should be paid to the arguments
advocating a personalized approach to the rehabilitation
of children with infectious diseases that involves assessment
of structural and functional damage using ICF categories [64].
The authors of the cited study conducted health assessment
of 103 children discharged from the departments of respiratory,
intestinal, neurological infections and hepatitis (see Table).
Using ICF criteria, 5 patient groups were identified based on the
severity of functional damage. Over 36% of the patients needed
medical rehabilitation. The authors concluded that ICF had
good potential as a tool for designing individual rehabilitation
plans and controlling their implementation and effectiveness.

The cited publication was a pioneer study. It did not attempt
to analyze factors limiting patient activity, patient involvement or
the effects of the environment on patient progress.

The use of ICF in the therapy of children with mental
conditions and hearing and speech disorders [65] and
in designing rehabilitation plans for children with speech
impairments [66] was discussed in earlier publications.
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Some authors highlight the economic benefits of
rehabilitation [67], which can significantly improve social
adaptation and daily performance of children with a past history
of neuroinfection [68]. It is believed that continuity, diversity
and order of rehabilitation procedures at different stages of
rehabilitation is key to successful recovery. It is also important
to adjust the rehabilitation plan to the patient’s condition and
monitor their health throughout the rehabilitation process [69].

Recently, nutritional support has been recognized as an
essential rehabilitation tool complementing physical therapy
and psychotherapy in the hospital setting [70].

Parents and other family members play a tremendous role
in the successful rehabilitation of the child; parents should be
encouraged to get more involved in order to ensure a gradual,
long-lasting positive effect of rehabilitation procedures [71].

There is a pressing need for an agency that would ensure
effective patient routing based on the severity of their condition.
Some authors stress that rehabilitation should be started as
early as possible and be patient- and problem-oriented [72-75].
Recently, telerehabilitation has been actively discussed in the
literature, including its potential as a method for controlling
adherence and evaluating patient performance and general
health [76-78].

New software for designing rehabilitation plans is emerging.
A decision support system may be helpful in deciding on the
extent of interventions for pediatric rehabilitation [79]. A good
example here is a guidance and a parent’s diary developed by
British researchers for parents whose children had a history of
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Currently, there is no cure for pediatric diffuse brain stem (BS) tumors. Radiotherapy, including proton therapy, is an important component of combination treatment
for this cancer, especially in children with a complicated medical history. The article addresses the issues of therapy for pediatric BS tumors and reports the use
of proton re-irradiation in a 9-year-old boy with unverified diffuse BS tumor. Proton re-irradiation is an effective treatment option that can sustain and improve the
quality of life and prolong survival in children with diffuse BS tumors.
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BO3MO>XHOCTU MPOTOHHOW TEPAMUW NPY MOBTOPHOM OBJTYSEHUU OU®®Y3HON
OrnyXO0JI1 CTBOJIA MOSIA Y OETEN

HO. . Yoanos', E. J1. CnobwHa' &2 /1. A. Janunosa’, O. I XKenynkosa?, B. A. Kucenes', A. B. Heaseukuin', A. M. demngosa'*, A. B. /BaHoB',
A. B. OblknHa®

T ®epeparibHbIi HayYHO-KIMHNHYECKUIA LIEHTP MEAVLIMHCKOW paamonorimn 1 oHkonornn ®efepanbHoro Meamko-b1Monorn4eckoro areHTcTea, Aumutposrpag, Poccus
2 Hay4HO-NpaKTU4ecKmii LEHTP CreumaniavpoBaHHOR MeOMLMHCKOM NOMOLLIM AeTaM uMeHn B. ®. BoiHo-AceHelkoro, Mocksa, Poccust

3 Poccuickuin Hay4Hbli LeHTP peHTreHopaauonorun, Mocksa, Poccust

4 OUMUTPOBIPaACKNUIA HXEHEPHO-TEXHONOMMHECKIUIA MHCTUTYT HaLMOHANbHOMO MCCNeaoBaTeNbCkoro saepHoro yHueepcuteta «MNDW», dummutposrpag, Poccus

B HacTosiLLee Bpemsi NofHOe 1 CTOVKoe nanedeHne anddysHbix onyxonelt cteona mosra (CM) y aeteit HeBo3MoxxHO. CoBpemeHHast NyyqeBast Tepanus Anddy3HbIx
onyxonei CM, BkloHas Tepanmio MPOTOHaMM, SIBMSIETCS BabKHbIM 37IEMEHTOM KOMIMIEKCHOTO JIe4EHNs1, OCOBEHHO Y MaLMEHTOB AETCKOro BO3PacTa C OTSAIOLLEHHbIM
aHamHe3oM. B cTaTbe 06cy»aeHbl BOMPOCh! CrieumanbHOro npoTyBOOMYXONeBoro neveHns amddyaHbix onyxoser CTBoMa Mo3ra y AeTel 1 NPeacTaBieH CNOXKHbIN
KNMHWYECKIA CyYaii MOBTOPHOW Nly4eBOV Tepanuu peumamsa HeBepuduLmpoBaHHon anddyaHor onyxonm CM y AeBATUNETHEro Masbymka C NpYMEHEHNEM
npoToHHon Tepanum (MT). MNpoBeaeHne NOBTOPHOWM Ny4eBO Tepanuy NPOTOHaMV Npu AnddyaHbix onyxonsx CM aBnseTcs aPdeKTVBHbIM METOLOM COXPaHEHNS,
a VHorza ynyyLeHnst Ka4ecTsa XXU3HW Y AeTeN 1 YBENNYEHNS ee NPOLOMKUTENBHOCTU.

KntoueBble cnosa: anddysHas ornyxosb CTBOMA MOIOBHOIO MO3ra, NOBTOPHAs flydeBas Tepanus, NpoTOHHasA Tepanims

®durHaHcMpoBaHue: Nydrkaumsa noarotoeeHa B pamkax HVIP «CospaHne 1 conpoBoxaeHve 6a3bl AaHHbIX MaLEHTOB, NOMyHaBLUMX MPOTOHHYHO Tepariio Mo NoBomy
OHKOMorn4eckmx 3abonesaHnin B cucteme ®MBA Poccumn» B COOTBETCTBUN € TocyaapcTBeHHbIM 3aaaHrem Ne 388-00141-21-00 ot 24.12.2020.

Bknap aBtopos: tO. [1. Yaanos — vHuumaTop nybnvkaumm; E. J1. CnobuHa — OTBETCTBEHHbI aBTOP 3a HanvucaHue CTaTby, NeYeHre nauyieHTa Ha nepBoM atane
cneumanbHoro MPOTUBOONYXoNeBoro nedeHust; J1. A. JaHunoBa — npencenatents KOHCUIMYMa Mo ONpefeneHnio TakTUKU NeYeHns NaLyeHToB, onpeaeneHme
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Pediatric diffuse brain stem (BS) tumors remain an unsolved
therapeutic challenge. Their radical surgical resection is
impossible due to the unique anatomy of this brain structure
that controls vital body functions. According to autopsy reports,
most of BS tumors are ependymomas and astrocytomas
of different grades of malignancy [1]. Currently there are no
effective medication therapies against childhood BS tumors
[2-6]. The main treatment option is radiotherapy (RT): it
temporarily delays tumor progression, sustains or improves the
patient’s quality of life and neurological status, and prolongs
survival [7, 8]. However, RT offers no cure despite the advanced
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instrumentation, the vast variety of radiation sources and the
ongoing development of new treatment planning techniques
and therapeutic strategies guided by radiobiological and
molecular prognostic factors [8-12]. Therapy for childhood
BS tumors provides a temporary effect which depends on the
degree of malignancy and the aggressiveness of the tumor.
In light of this, development of novel therapies targeting the
genetic machinery of the tumor, as well as cancer vaccines,
holds promise for the therapy of BS tumors [13]. Local
recurrence and, less frequently, metastatic spread are the
primary obstacles to treatment success. Re-irradiation is one of
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the very few therapeutic options for progressive or recurrent BS
tumors [14-16]. Therapy against childhood BS tumors seeks
to sustain or improve the quality of life and prolong survival.
This goal can be achieved through using state-of-the-art RT,
including proton RT [17, 18].

Clinical case

Below we report a clinical case of a pediatric patient with a
recurrent diffuse BS tumor treated with re-irradiation (proton
therapy) at the Federal Research and Clinical Center for Medical
Radiology and Oncology (FMBA, Dimitrovgrad, Russia) [19].

Patient G, 9 years, was first diagnosed with unverified
diffuse BS glioma (C71.7) in July, 2019. The patient suffered
a relapse in December 2020. Stabilization was achieved till
September 2021. The patient’s condition was complicated by
obstructive hydrocephalus.

At the age of 9 (prior to diagnosis), the patient started
complaining of headaches, gait disturbance, squinting, and
morning vomiting. Brain MRI performed on July 10, 2019
was suggestive of a diffuse BS neoplasm 58 x 34 x 40 mm
in size spreading to the right pons, the right peduncle and the
hemisphere of the cerebellum (Fig. 1).

On July 24, 2019, the patient received a ventriculoperitoneal
shunt (VPS).

From August 2 to September 12, 2019, the patient was
undergoing 3D conformal photon RT at the total dose of 54 Gy
delivered in 1.8 Gy per fraction (Fig. 2).

Two months after the initial RT course, brain MRI performed
on October 31, 2019 showed no contrast enhancement,
suggesting tumor regression (Fig. 3).

C-methionine PET/CT conducted on November 5, 2019
detected no signs of metabolic tumor activity in the brain
structures.

The patient was followed up for 15 months.

Then, brain MRI (December 8, 2020) and "'C-methionine
PET/CT (January 11, 2021) were suggestive of diffuse changes
in BS and increased radiopharmaceutical uptake in the pons
(uptake ratio: 2.2); the lesion size on PET/CT was 21 x 15 x 22 mm,
which was consistent with MRI findings (Fig. 4).

Considering the medical history of the patient, time elapsed
from the first RT course and the fact of tumor recurrence, proton
re-irradiation was recommended by the case conference panel.

Optimized intensity-modulated proton therapy [17] for
the metabolically active recurrent lesion was delivered to the

patient at the Federal Research and Clinical Center for Medical
Radiology and Oncology from January 26, 2021 to March 5,
2021. Dose planning was based on "C-methionine PET/CT
findings. A ProteusPlus 235 system (IBA; Belgium) was used
for irradiation. Therapy was delivered in 28 daily fractions (1.8
Gy or per fraction); the total dose was 50.4 Gy. Glucocorticoids
were administered concomitantly to reduce cerebral edema.
PTV dose coverage D98% was 98% Gy of the prescription
dose (Fig. 5). No adverse effects were observed. By the end
of the treatment course, the tumor had regressed completely.

The patient was discharged home. Further follow-up with
a local pediatric oncologist and other involved specialists was
recommended. As of September 2021 (6 months after re-
irradiation), there had been no signs of recurrent tumor growth,
neurologic deficit or VPS dysfunction.

Discussion

Diffuse intrinsic pontine glioma (DIPG) is the primary cause of
pediatric mortality from CNS malignancies. This aggressive
tumor makes up 75-80% of pediatric BS malignancies and
10% of all pediatric CNS tumors [20-22]. Prognosis for DIPG is
much poorer than for other BS tumors and malignant gliomas
because the pons contains structures that control vital body
functions like breathing, heart rate and arterial pressure [22].
Despite countless clinical trials of chemotherapy drugs and
biological response modifiers, children with BS tumors still die,
typically within 1 year after diagnosis [16, 20-24]. There is no
effective treatment for recurrent/progressive BS tumors after
initial RT. The average time to death after tumor recurrence is
3 months [25]. Various approaches, including RT and systemic
drug therapy, tried for refractory and recurrent pediatric BS
tumors are not standardized. RT is the only treatment option
that has been shown to prolong survival in patients with
recurrent/progressive DIPG [26, 27]. As more evidence is being
accumulated about the safety of this approach for treating
pediatric CNS tumors, re-irradiation is being increasingly used
to manage recurrent/progressive DIPG in children [28-30].

RT is an important component of therapy for many pediatric
CNS tumors, including DIPG. Re-irradiation is a safe option for
managing recurrent ependymomas and medulloblastomas.
It prolongs progression-free survival and, although there has
been only 1 non-randomized phase 2 trial of this method, it
has been shown to be a safe therapy for progressive DIPG
[26, 29, 30]. Currently there are no treatment standards for re-

Fig. 1. Sagittal (A) and axial (B) MRI images of the patient’s brain performed on July 10, 2019 before commencing RT
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Fig. 2. Sagittal dose distribution of 3D conformal RT for the diffuse BS and a dose-volume histogram (DVH)

irradiation for pediatric CNS tumors. Most radiotherapists
and pediatric oncologists consider a total dose of 20-36 Gy
to be a therapeutic dose for children with BS tumors
undergoing re-irradiation, but the number of sessions, the use
of systemic drugs as a concomitant therapy and indications/
contraindications vary.

A few retrospective studies of re-irradiation have been
conducted in small cohorts of pediatric patients with recurrent/
progressive DIPG.

In one of such studies, 5 children underwent re-irradiation
and concomitant chemotherapy for progressive DIPG at the
University of Texas MD Anderson Cancer Center. The following
regimens were applied: 18 Gy in 1.8 Gy per fraction for 1
patient and 20 Gy in 2 Gy per fraction for 4 patients. Adverse
events were minimal (< grade 2 RTOG). The median time to
progression was 5 months [31].

An ltalian research team studied the effects of radiation
and concomitant therapy with nimotuzumab and vinorelbine in
a phase 2 trial which included first-time patients with DIPG;
relapsing patients were treated with re-irradiation. Tumor
progression occurred in 20 patients; of them, 16 had a local
recurrence. Focal re-irradiation of the locally progressing
lesion (total dose of 19.8 Gy delivered in 1.8 Gy per fraction) was
performed on 11 patients. Four of 5 other relapsing patients
with metastatic tumor spread received focal re-irradiation for
the primary lesion and its metastases. This approach was well
tolerated, no unexpected adverse events or neurological status
deterioration were observed. Survival after re-irradiation ranged
from 6 weeks to 14 months and was 6 months on average [32].

Another European research team conducted a retrospective
analysis of DIPG cases, including 31 patients who had received

re-irradiation for the first tumor progression (total dose: 30
Gy delivered in 1.8 Gy per fraction); in addition to RT, some
patients had received chemotherapy. Clinical improvement
was observed in 77% patients, no life-threatening radiation
toxicity was reported after re-irradiation. However, the study
underscores that a combination of repeat RT and chemotherapy
can produce lethal toxicity. Average survival in the study was
6.4 months after re-irradiation vs 3 months in the historical
control group (no re-irradiation therapy) [15].

In another retrospective review published by Canadian
researchers, re-irradiation was used on 16 patients with
progressive DIPG. Focal re-irradiation therapy was delivered
to 14 patients (total dose: 21.6-36 Gy). Two patients had
to undergo whole-brain radiotherapy (total dose: 30.6 Gy)
due to of metastasis. The applied RT doses varied, the total
dose ranged from 12 to 36 Gy and was 24 Gy on average.
The average re-irradiation dose per fraction was 2 Gy (1-9 Gy).
The average time to progression after diagnosis was 10.5
months (4-37 months). One patient relapsed 6 months after
re-irradiation and had to undergo one more course of re-
irradiation therapy (total dose: 21.6 Gy). One patient received
concomitant therapy with bevacizumab. The rest were treated
with RT only. Following the course of re-irradiation, 7 patients
were prescribed chemotherapy with temozolomide, valproic
acid, nimotuzumab, or bevacizumab. Re-irradiation was mostly
well tolerated except for one patient who developed necrosis of
the pons which caused cerebellar dysfunction and tetraparesis
after exposure to the total dose of 30 Gy delivered in 3 Gy
per fraction. Six patients did not require steroids; 4 patients
discontinued steroids at the end of the re-irradiation course.
The median follow-up time from diagnosis was 19.2 months; all

Fig. 3. Axial MRI images 1.5 months after RT completion (October 31, 2019): TIW (A) and T2W FLAIR (B)
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Fig. 4. A. Sagittal brain MRI image (December 8, 2020). B. Axial 11C-methionine PET/CT image (January 11, 2021)

the patients included in the study died. The median time from
re-irradiation to death was 6.48 months (3.8-13.3 months) vs
3 months (3.8-13.9 months) in the historical control group of
46 patients with progressive DIPG (no re-irradiation; p = 0.0001) [16].

Russian researchers have retrospectively analyzed the
outcomes of re-irradiation among 20 children with different BS
tumors undergoing treatment between 2001 and 2011. All of
the children received re-irradiation after the initial RT (total dose:
50-55 Gy) course (combined with temozolomide in 7 cases).
Re-irradiation was prescribed for clinically and radiographically
confirmed tumor progression. Time between the end of the initial
treatment and the beginning of re-irradiation therapy ranged
from 5 to 32 months and was 12 months on average. Re-
irradiation was delivered in combination with adjuvant systemic
chemotherapy: temozolomide (10 patients) and bevacizumab
(8 patients). The total re-irradiation dose was < 30 Gy for
10 patients, 31-45 Gy for 9 patients and 50 Gy for 1 patient.
While in treatment, 5 patients with radiographic signs of tumor
destruction deteriorated and their therapy was terminated.
The average survival time for those patients was 3.5 months.
Other patients did not have signs of tumor destruction on MRI
and their condition was improving. They were able to achieve

complete or partial regression of neurological symptoms. In
this subgroup, 93% survived 6 months after re-irradiation, 53%
survived 1 year, 40% survived 1.5 years, and 20% survived 2
years. One patient stayed alive for 5 years after re-irradiation
and died at the age of 13. Another patient developed symmetric
necrotic lesions in the cerebellar hemispheres in the setting of
persistent tumor growth detected on MRI 5 months after re-
irradiation (total dose: 50 Gy) [2, 3, 8, 14].

Literature analysis and clinical experience show that
pediatric diffuse BS tumors are currently incurable. The
best effect that a combination of RT and chemotherapy can
achieve is stabilization of tumor growth. Although there are no
treatment standards regulating the use of re-irradiation therapy
for pediatric CNS tumors, re-irradiation is an effective option
that can sustain or improve the quality of life and prolong
survival in children with diffuse BS tumors [34].

CONCLUSION
Modern RT, including proton re-irradiation, is an important

component of combination therapy for diffuse BS tumor,
especially in pediatric patients with complicated medical history.

Fig. 5. Proton therapy dose distribution for the recurrent diffuse BS tumor and a dose-volume histogram
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SIMULTANEOUS REPAIR OF THE SKULL BASE AND THE FRONTAL LOBE DEFECT USING
CAD-CAM TECHNOLOGY

Ivanov OV B9

Federal Siberian Research and Clinical Center of FMBA of Russia, Krasnoyarsk, Russia

Many patients with traumatic brain injury develop complications in the postoperative period. The article describes a case of revision surgery in a female patient with
cerebrospinal fluid rhinorrhea following a severe car accident. During one surgery, the skull base and the frontal bone defect were repaired and a lumboperitoneal
shunt was placed. The skull base was repaired using an autologous musculoaponeurotic graft. For a better cosmetic effect, the implant was designed using CAD-
CAM technologies. The patient had a relapse of the leak in the postoperative period, which required revision surgery (multilayer reconstruction using a fibrin-thrombin
sponge). The patient was followed up for 2 years, with no relapse. The desired clinical and cosmetic effects were successfully achieved.
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CUMYJIbTAHHAS! PEKOHCTPYKLMA OCHOBAHUA YEPEMNA N OE®EKTA JIOBHOW KOCTU
C UCMOJIb30BAHVNEM CAD-CAM-TEXHOJIOMMIA

O. B. ViBaHoB =
PeneparnbHbii CUOUPCKMIA HAYHHO-KIIMHNHECKI LieHTP PefepanbHOro Meamnko-61onormieckoro areHTeTea, KpacHosipek, Poccust

[locne 4epenHo-MO3roBON TpaBMbl B NOCAEONepaUMOHHbIA NEPUOA, Y NaLMEHTOB HEPEOKO BO3HUKAIOT OCNOXHEHWS. [peacTaBneH cnyyam pesrusroHHOM
onepauuv No NoBoAdy HasaNbHOW JIMKBOPEW MOCNE TSXKENOoM aBTOA0POXHON TpaBMbl. aLmneHTke B XO4e O4HOM onepauumin NpoBen PEKOHCTPYKLMIO OCHOBaHNSA
Yepena, fedekTa NOBHOM KOCTU 1 NIOMBONEpUTOHeaNbHOE LLIYHTUPOBAHME. PEKOHCTPYKLMIO OCHOBaHMSH Yepena BbIMOHUIN MblLLEYHO-arNOHEBPOTUHECKIM
ayToTpaHCMNNaHTaToM, AN Ny4Ylero KOCMeTu4eckoro adhdexkTa ncnonb3oBan UMMNAaHT, U3roToBMeHHbIN ¢ ncnonsdoaHnem CAD-CAM-TexHonoruin. B
MNocneonepauyioHHOM Nepuoae BO3HVK PeLvaviB Ha30IMKBOPEN, NOTPeboBaBLUMIA MOBTOPHOWM MHOMOCIOMHOW NAacTUHECKON onepaumn Ha OCHOBaHUK Yepena
C ucnonb3oBaHneM (UOPUH-TPOMONHOBOW KNeeBol KoMMo3uumun. ocneonepalyioHHoe HabnmofeHe CocTaBuno 6onee OByx NeT, peLnayBa NMKBOPEN He
OTMEYEHO, JOCTUMHYT XXeNaemblli KNMHUHYECKNIA 1 KOCMETUYECKUI peaynbTar.

KntouyeBble cnoBa: AehexTbl KOCTEN Yepena, PEKOHCTPYKTUBHO-MnacTudeckas onepauys, CAD-CAM-TexHonormm, HazonmkBopes, (hrbpuH-TPOMONHOBBIN Knew
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3a MOMOLLb B MPOEKTUPOBaHUM NHAVBULYaIbHOTO MM/IaHTa.
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The first description of cranioplasty dates back to 1505, when
it appeared in the surgery textbook Ald'im-i Cerrahin (Wonders
of Surgeons) written by Ibrahim ben Abdullah [1]. Later on, the
ltalian physician Fallopius Gabriele (1523-1562) described a
method for closing cranial defects with a gold plate. A similar
method was documented by Petronius in 1565. In 1668, Van
Meekeren reported a case of cranioplasty with a canine bone
graft performed in a Russian nobleman who had sustained a
sword injury to the head [2]. In 1965, D. Simpson proposed
titanium as a material for reconstructive surgery. Since then,
titanium and its alloys have been widely adopted in surgical
practice. Craniofacial injury poses a serious diagnostic
and therapeutic challenge to modern neurotraumatology.
Conventionally, such type of injury is managed in two steps.
First, surgical debridement is performed: crushed fragments of
the frontal bone, including the superior margin of the orbital rim,
the roof of the orbit and frontal sinus tables, are removed while
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trying to preserve as much of the bone as possible, and then
primary reconstruction of the skull and facial skeleton defects
is carried out. A few months later, reconstructive surgery is
performed.

Possible causes of craniofacial injury include road accidents
(51.3%), blows to the head or face (31.8%), penetrating skull,
orbital or brain injuries (10.4%), falls from height (56.4%), and
other causes (1.1%) [3]. Craniofacial injury makes up 6-9% of all
traumatic brain injuries (TBI) and amounts to 34-52.9% among
all concomitant injuries. Moderate and severe brain injuries are
reported in 7% patients with facial trauma [4, 5]. Injuries to the
central part of the face can be disfiguring. Basilar fractures of
the skull involving the frontal sinus, ethmoid labyrinth and
sphenoid sinus are a common cause of cerebrospinal fluid
(CSF) leaks. Fractures at the interface between the posterior
table of the frontal sinus and the lamina cribosa pose a risk for
CSF fistulas, which require surgical management [5].
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Below we describe how one surgical intervention can solve
a number of important tasks and report the use of CAD-CAM
technology in revision surgery for cranio-orbital traumatic injury
6, 71.

Clinical case

Female patient U aged 32 years presented with posttraumatic
CSF rhinorrhea. 5 months ago after the accident, the patient
had been transported to the City Hospital and diagnosed with
an open penetrating TBI, severe brain contusion, comminuted
depressed penetrating fracture of the frontal bone, contusion
of bilateral frontal lobes, and displaced fracture of the right
zygomatic bone.

Following the accident, the patient’s wound was debrided,
broken fragments of the posterior frontal sinus wall and the
frontal bone were removed, osteosynthesis of the affected
zygomatic bone was performed (Fig. 1, 2). Two weeks later,
the patient underwent cranioplasty: the frontal bone defect was
repaired, the frontal sinus was cranialized and the skull base
was reconstructed. Postoperatively, the patient developed
CSF rhinorrhea. Lumbar puncture and lumbar drain placement
produced no positive effect.

The cosmetic effect of the initial surgery was satisfactory.
However, due to the complex geometry of the lost bone
fragment, the sustained defect was noticeable (Fig. 3) and the
patient had to change her hairstyle to conceal it. Generally, to
achieve good outcomes, frontal bone reconstruction should
be done with custom-made implants or the plate should be
thoroughly modelled.

We were faced with 2 main challenges: perform cranial
base plasty and frontal sinuplasty to stop the CSF leak and
restore the geometry of the patient’s skull.

To identify the source of the CSF leak, CT cisternography
was performed (Fig. 4). The scans showed the absence of the
posterior frontal sinus wall and the presence of the contrast
agent in the frontal sinuses.

A decision was made to repair the anterior cranial fossa
to stop the CSF leak, perform frontal bone plasty and install @ Fig. 3. An axial GT image. The arrow points to the edge of the plate that deforms
ventriculoperitoneal shunt during one surgery. The shunt was  the cranial contour. The image shows the difference in geometry between the
necessary because the leak had been continuing for 5 months ~ cranial vault and the implant
and the risk of damage to the basal cisterns was very high.

Fig. 1. Computed tomography: 3D skull reconstruction, frontal view. A titanium
mesh is visualized in the projection of the frontal bone defect. The image shows
frontal lobe fragments forming the superior orbital wall after osteosynthesis Fig. 4. An axial CT cisternography image
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The implant was designed by Logeeks Medical Systems. Since
the defect was already closed with a titanium mesh, there was
a need for non-standard design tools, which made the task
even more complicated. Using the CAD software, the mesh
was visually “removed”: normally, a defect has to be open
to perform the planning step. The implant was printed from
a VT6 alloy (vanadium + titanium + aluminum) on a 3D EOS
M 290 printer (EOS GmbH; Germany) using direct metal laser
sintering (DMLS). Fig. 1, 4 show multiple lines of displaced
fractures (one bone width displacement). Mesh fragments
used for osteosynthesis of the superior orbital wall were
preserved during the surgery. Prior to the intervention, the
patient underwent lumbar puncture and her CSF was collected
for analysis. The test revealed no signs of meningitis. Figure 5
and 6 demonstrate stages of the design process in CAD. CAD
allowed us to accurately recover the geometry of the skull.

In June 2019, the patient received extradural repair of
the skull base with an autologous musculoaponeurotic graft;
the donor site was the quadriceps femoris muscle with a
fragment of broad fascia and subcutaneous adipose tissue.
The complex defect of the frontal bone was closed with the
3D implant. The dural defect was closed with a fibrin-coated
thrombin-containing collagen sponge. As an alternative to
the external ventricular drain, a lumboperitoneal shunt was
installed to reduce intracranial pressure in the postoperative
period. The shunt was introduced at the L3-L4 level using a
16-gauge Tuohy needle, passed under the skin and brought to
the surface 1.5 cm below the umbilicus. Then, the shunt was
placed into the peritoneum through a paracentesis trocar port.

The implant was installed at the defect site and then adjusted.
Due to multiple linear displaced fractures, the patient had developed
calluses, which were removed with a high-speed rotating diamond
cutter. The implant was fixed with self-tapping screws.

Postoperatively, the patient’s condition was satisfactory.
A follow-up CT scan was performed (Fig. 7). On day 3, she
started complaining of dripping in the throat. Nose blowing
caused a headache. Another brain CT scan was ordered.

The scan revealed the presence of pneumocephalus (Fig. 8;
red arrow). Revision surgery (repeated reconstruction of the
anterior cranial fossa) was performed 5 days after the first
intervention. During the surgery, a sandwich technique was
used which consisted in multilayered closure of the anterior
cranial fossa defect using a musculofascial autologous flap, a
synthetic dural substitute and a fibrin-thrombin sponge.

After the intervention, the patient was stable although
she had moderate headaches. Her condition was gradually

Fig. 5. 3D reconstruction of the skull: CAD planning. The implant is larger than the
defect size, which is necessary for more accurate restoration of the frontal bone
shape at the planning stage
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Fig. 6. 3D reconstruction of the skull, CAD planning. The final version of the implant

Fig. 7. 3D reconstruction of the skull after the surgery (frontal view)

Fig. 8. The axial CT image after the surgical intervention
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improving, the surgical wound was healing by first intention, the
cosmetic effect was excellent. There were signs of intracranial
hypotension (headaches, vertical dizziness). The shunt was
removed 2 weeks after the intervention.

The follow-up CT scan performed after shunt removal
demonstrated that the amount of gas had significantly
decreased (Fig. 9). On discharge, the patient’s condition was
satisfactory. So far, CSF leak has not recurred.

DISCUSSION

CSF leaks after neurosurgery are reported in 0.9-42% of cases
[8]; the risk is determined by a number of factors, including
the surgical site, the surgical technique, the patient’s general
health (compromised immunity, therapy with corticosteroids,
uncontrolled diabetes, renal failure, hepatic failure, etc.) In
patients with basilar injuries, CSF leaks are hard to control
with conservative therapy like lumbar drains; the condition can
cause serious complications and increase the risk of death [9].
Repair of skull base defects is required to seal the subdural space
and isolate it from the nasal cavity and paranasal sinuses to
prevent such complications as pneumocephalus, meningocele,
encephalocele, meningitis, meningoencephalitis [10].

The applied repair strategy depends on the location, size,
shape of the defect, and proximity of the subarachnoid cisterns
[10]. Autologous grafts should be preferred because they do
not cause a biological reaction [9, 11].

When planning the surgical intervention, it is important to
know whether CSF leak pressure is high or low [10, 12]. A
lumbar drain or a shunt is placed only if CSF leak pressure is
high. As a rule, lumbar drains are placed for 3-5 days. The rate
of complications in patients with external lumbar drains can
be as high as 12.5% [9]; the complications include infection,
headaches, nerve root irritation, pneumocephalus in the
presence of hyperdrainage, etc. During the initial surgery, we
used a musculoaponeurotic autologous flap, subcutaneous fat
and a fibrin-thrombin sponge [13]. Some authors point to the
efficacy of fibrin sealants as a cranioplasty material [14]. In our
case, no allografts were used. Multilayer cranioplasty should be
a preferred technique in patients at high risk of postoperative
CSF leaks [15]. Comminuted frontal bone fractures involving the
anterior cranial fossa affect the basal cisternae, so we decided
to place a lumboperitoneal shunt. We did not use fibrin glue
because multilayer cranioplasty with autologous grafts and a
fibrin-thrombin sponge ensure that the defect of the skull base
is reliably sealed [13, 14]. Some authors think that thrombin-
fibrin sealants do not affect the outcome but simplify the applied
surgical technique [16]. After the first intervention, the patient
was recommended to temporarily refrain from blowing her
nose. Poor adherence led to tension pneumocephalus. During
the subsequent revision surgery, the multilayer cranioplasty
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