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Abstract. Introduction. Breast augmentation is the most common aesthetic surgical intervention. However,
endoprosthetics using silicone implants is often accompanied by a number of negative consequences in the postoperative
period, including severe pain. One of the possible ways to solve this problem is the intramuscular injection of botulinum
toxin followed by the use of electromagnetic influence in the field of endoprosthetics. Purpose of the study: to evaluate
the effectiveness of the combined use of intramuscular injection of butolotoxin followed by the use of electromagnetic
influence in order to reduce the severity of pain in patients after breast augmentation. Materials and methods. The
study is based on the results of a survey of 89 females who underwent breast replacement with silicone implants.
All women were divided into 4 groups, taking into account the approach to the use of botulinum toxin type A and an
electromagnetic field with a frequency of 448 kHz. During the observation, the intensity of the pain syndrome was
assessed intraoperatively, as well as in the early and late postoperative periods. Results of the study. It was found
that a course of electrophysiological effects with INDIBA, carried out in the first week after aesthetic endoprosthetics of
the mammary glands, significantly increases the effectiveness of the analgesic effect of botulinum toxin. The frequency
and severity of mild pain in this subgroup of patients on days 1 and 2 is less by 51.7% (p <0.01) and 41.8% (p <0.01)
compared to the results using only botulinum toxin. Statistical calculations revealed a strong connection between the
course of use of the electrophysiological effect of INDIBA after the administration of botulinum toxin with the severity
of pain on the 1st, 2nd and 7th day of the rehabilitation period after breast replacement (p <0,01). Conclusion. The
proposed set of rehabilitation measures after aesthetic endoprosthetics of the mammary glands has a statistically
significant, pathogenetically substantiated, pronounced and long-lasting analgesic effect in the postoperative period.

Keywords: mammary gland augmentation, endoprosthetics, pain syndrome, butolotoxin, electrophysiological effect
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Pestome. BeedeHue. AyrmeHTaLMs MOMOYHbIX Xenes ABnseTcs Hanbonee 4acTbiM 3CTETUYECKUM XMUPYPrUYECKUM
BMeLLaTenbCTBoM. OfHAKO 3HAOMPOTE3NPOBAHME C UCMOSIb30BAHNEM CUIIMKOHOBbIX MMMIAHTOB 3a4acTyHo COMPOBOX-
[aeTcs psaoM HeraTWBHbIX MOCNEACTBUA B NOCNE0nepaLMoHHOM NEPUOAE, CBA3aHHbIX B TOM YUCIIE C BbIPAXEHHBIM
6onesbiM cMHAPOMOM. OZHWUM 13 BO3MOXHbIX NyTei pelleHns aHHON Npobnembl SBNSETCA BHYTPUMbILLEYHOE
BBefeHue BOTYNOTOKCUHA C NOCMEAYIOLMM UCNONb30BAHNEM 3IEKTPOMArHMTHOIO BO3AENCTBMS B 0651aCTH 3HA0-
npoTeanpoBaHus. Ljenb uccnedogarust — OLEHNTb 3DEKTUBHOCTb KOMOUHUPOBAHHOTO NPUMEHEHMS BHY TPUMbI-
LUeYHOro BBeAEHUS BOTYNOTOKCUHA C NOCNEeaYOWMM UCMONb30BaHNEM NEKTPOMArHMTHOrO BO3AENCTBUS C LEMbIO
CHWXeHNS BbIpaXeHHOCTM BONEeBOro CMHAPOMA Y NaLMEHTOK Nocne ayrMeHTaLum MonoyHblx xenes. Mamepuanbi
u Memodsl. ViccnefoBaHne 0CHOBaHO Ha pedynbTatax 06cneaoBanus 89 nuL XeHCKOro nosa, nepeHecLunx sHLo-
NPOTE3MPOBAHNE MOSIOYHBIX Xene3 CUIMKOHOBLIMM UMNNaHTaMn. Bee xeHwuHbl bbinu pasgeneHsl Ha 4 rpynnbl ¢
y4eTOM NOAXO0AA K NUCMOMb30BaHMI0 BOTYNOTOKCMHA TUNA A 1 3NeKTPOMarHUTHOro nons ¢ yactoton 448 k'L, B xoge
HabnAeHNs OLeHNBanM MHTEHCMBHOCTb BONEBOro CUHAPOMA MHTPAONEPALIMOHHO, @ TakKe B PaHHEM U NO3AHEM
nocneonepayyoHHbIx nepuogax. Pesynbmamsi ucciiedogaHusi. YCTaHOBIEHO, YTO KypC aNeKTPOh3nonornieckoro
Bo3geicTens npenapaTtom INDIBA, npoBoauMbli B NEPBYHO Hedeso Nocrie 3CTETUYECKOro SHAO0NPOTE3MPOBaHUS
MOJIOYHBIX JKenes, CyLeCTBEHHO NoBbIWaeT 3yPekTMBHOCTL 06e360nMBatoLLEro AeNCTBMS BOTYNOTOKCMHA. YacToTa
W BbIpaXeHHOCTb nerkoro 601eBoro cCHAPOMa B 9TON NOATPYNne NaUMeHTOK Ha 1-e U 2-e CyTKU OKa3bIBAETCH MEHb-
we Ha 51,7% (p <0,01) n Ha 41,8% (p <0,01) no cpaBHeHwMto C pe3ynbTaTaMn UCMOMb30BaHNS MWL BOTYNOTOKCHHA.
CTaTUCTMYECKMI pacyeT NO3BONMUI BbISBUTL CUMbHYIO CBA3b MEXAY KYPCOBLIM UCMOMNb30BaHNEM 31EKTPODU3NO0NO0-
rnveckoro Bosgeiictaus INDIBA nocne BBegeHNs BOTYNOTOKCMHA C BbIPaXXEHHOCTbH0 60MeBoro cuHapoma Ha 1-¢, 2-e
W 7-e CyTKM peabunutaymoHHOro nepuoga nocne sHAONPOTE3NPOBaHUSA MONOYHbIX xenes (p <0,01). 3aknroyeHue.
MpeanoXeHHbI KOMNEKC peabunuTaLmMoHHbIX MepONPUATUIA NOCHE 3CTETUYECKOTO SHAONPOTE3MPOBAHNS MOMOY-
HbIX Xere3 Oka3blBaeT CTaTUCTUYECKN 3HAYMMbIA NaTOreHeTUYEeCKN 060CHOBAHHDIN BbIPAXEHHDBIA U 4ANTENbHbIN
obesbonuBatoLnit aphekT B nocneonepawMoHHOM nepuoge.

KniouyeBble cnoBa: ayrMeHTaLms MOMOYHbIX Xenes, d3HAoNpoTe3npoBaHue, 60n1eBon CMHAPOM, 60TYNOTOKCUH,
aneKkTPOdU3N0Nornieckoe Bo3aencTeme

NTRODUCTION

Surgery involving the placement of silicone implants in
breast and mammary gland tissues in order to increase
their volume and improve shape is considered one of the
most frequently performed by plastic surgeons [9]. Medi-
cal devices in the form of silicone gel-filled breast implants
have become a routine practice for surgeons and are cur-

rently most often used in women for augmentation mam-
moplasty [13].

There is accumulating evidence that breast endopros-
thetics with silicone implants is associated with a number of
negative consequences in the postoperative period, up to
the development of complications [4].

There is also information that in the postoperative pe-
riod after breast augmentation using silicone implants,
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women experience the pain of varying severity, which is
related to the volume of implants placed and patients’ age.
It is natural that clinical manifestations of pain after breast
surgery are accompanied by fear, feeling of shortness of
breath, inability to breathe deeply, dyspnea, tachycardia,
increased blood pressure, and various vegetative symp-
toms [3].

Pain syndrome is a typical companion of the postope-
rative period after breast augmentation. Its manifestations
significantly impair the quality of life and reduce the posi-
tive perception of even an excellent aesthetic effect, and
satisfaction of women after this type of intervention [14].

In a focused assessment of the intensity and severity of
pain in postoperative period after various breast surgeries,
it was found that after reduction mammoplasty and classical
mastectomy, their frequency corresponds to 20 and 30%,
respectively. In cases of mastectomy with subsequent re-
construction using an implant, prevalence of pain was up to
52% of observations [1].

Direct trauma to nerve trunks (during tissue incisions,
application of nodal sutures) localized in immediate vici-
nity of the operating field, taking into account the surgical
access, leads to postoperative breast pain. Such pain can
also be caused by secondary trauma to nerve trunks during
the formation of edema, inflammatory reaction in the area of
intervention. As a result, persistent pain syndrome occurs in
the zone of corresponding innervation within 1-7 days after
surgery [10, 15].

In-depth studies have shown that intense acute pain
after breast surgery and implant placement is an obliga-
tory factor in the development of chronic pain in postope-
rative period [11, 12]. To prevent such a vicious path and
reduce acute pain after mammoplasty, it is advisable to
use the entire arsenal of pain relief methods during this
period [2, 7].

The development of pain syndrome in postoperative
period after augmentation mammoplasty is detected in two
out of three women who underwent the intervention. In this
case, pain significantly reduces the quality of life of conva-
lescents and their satisfaction with the operation. Obviously,
measures aimed at reducing pain intensity have a pathoge-
netic focus and are very important in the list of rehabilitation
activities.

After aesthetic endoprosthetics of mammary glands with
silicone implants, the aim of rehabilitation measures is re-
cognized as the fastest possible labor and social adapta-
tion, improving the quality of life of convalescents.

An important role in the list of methods and techniques
of rehabilitation after surgical endoprosthetics of mamma-
ry glands belongs to complete analgesia and complete
pain relief in postoperative period after such breast sur-

geries [2]. It is comprehensive postoperative analgesia
that stops the typical pathological process — stress re-
sponse to surgical trauma. As a result, this significantly
reduces the incidence of inflammatory complications, he-
matomas and seromas, respiratory disorders and other
complications. Listed pathological conditions substantially
impair the quality of life and satisfaction with aesthetic in-
tervention performed.

In order to provide rehabilitation activities in postopera-
tive period, prevention and relief of pain syndrome after
breast augmentation with silicone implants, it is advisa-
ble to use physiotherapy techniques, in particular micro-
current. It has been shown that microcurrent therapy im-
proves intracellular processes, has an anti-inflammatory
effect, normalizes hydrobalance, increases the synthesis
and accumulation of macroergic compounds. This is ex-
plained by the fact that pain in the area where surgical
operation was performed is mediated by the development
of an inflammatory reaction. In ideal conditions, this is a
sterile aseptic inflammation caused by inevitable destruc-
tion of cellular compartments and membranes. It is these
products containing arachidonic acid and its phospholipid
metabolites, along with mediators of inflammation, that
lead to an inevitable inflammatory reaction, edema and
typical microcirculation disorders. Microcurrent therapy in
these cases has a pronounced pathogenetic significance,
exerting an anti-inflammatory effect, stopping microcircu-
lation disorders in tissues in the area of surgery performed
5, 6].

In recent years, electromagnetic field exposure to
448 kHz electric stimulus has been proposed for accele-
rated relief of inflammatory tissue changes and pain syn-
drome in postoperative period. It activates ion exchange,
as a result of which natural regenerative processes in cells
proceed much more effectively. Such physiotherapeutic
devices ensure restoration of electrical potential of the cell
membrane in postoperative period, improve its permeabi-
lity, activate collagen production, improve microcirculation
and tissue trophism, have anti-edematous effect, promote
the reorganization of hematoma areas, as well as stem
cell proliferation [8]. These properties seem to be very im-
portant for achieving the aims of rehabilitation after breast
endoprosthetics and need to be studied.

AIM

The aim of the study is to evaluate the effectiveness of
the combined use of intramuscular botulinum toxin injec-
tions followed by use of electromagnetic field therapy in
order to reduce the severity of pain in patients after breast
augmentation.
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MATERIALS AND METHODS

The scientific work within the framework of this thesis
is planned and completed in the period 2023-2024 at the
Department of Surgical Diseases No. 2 of the Faculty of
Medicine of the Samarkand State Medical University.

Collection of material for the formation of clinical obser-
vation groups was carried out in the period 2021-2024 in
the plastic surgery department of the Relax Med Servis cli-
nic, Samarkand, Republic of Uzbekistan.

Observation groups included 89 females who underwent
aesthetic endoprosthetics of mammary glands with silicone
implants.

Conditions (criteria) for inclusion in this study were: age
from 25 to 50 years, presence of clinically significant hypo-
mastia, breast asymmetry, no previous operations in chest
and mammary glands area. Voluntary consent of the patient
to participate in a scientific study to assess the effective-
ness of rehabilitation measures in postoperative period was
also required.

Conditions (criteria) for exclusion from the study were:
age under 25 and over 50 years, presence of chronic infec-
tious diseases, as well as their exacerbation, coronary heart
disease, chronic obstructive pulmonary diseases, respiratory
failure of any type, skin infectious and noncommunicable di-
seases in chest area, hyper- and hypocoagulability, HIV, his-
tory of hepatitis B, C, tuberculosis, pregnancy at any stage,
lactation, use of pacemakers, thrombophlebitis. Also excluded
from the study were patients who signed refusal to voluntarily
to participate in a scientific study to assess the effectiveness
of rehabilitation measures in postoperative period.

The group of clinical observations No. 1 included 23 wo-
men (25.8%) who underwent breast endoprosthetics with
silicone implants. They were administered botulinum toxin
type A into musculus pectoralis major 14 days before in-
tervention to achieve its denervation and prevent pain syn-
drome after surgery.

The group of clinical observations No. 2 included 24 fe-
males (26.9%) who also underwent breast augmentation
using silicone implants. They were administered botuli-
num toxin type A into musculus pectoralis major 14 days
before intervention to achieve its denervation and prevent
pain. Moreover, in this group, during the 1, 2, 3, 4, 5, 6,
and 7th days of postoperative period, additional physiother-
apeutic treatment was performed. It was carried out using
INDIBA — a device that has an electromagnetic field with a
frequency of 448 kHz.

The group of clinical observations No. 3 included
22 women (24.7%) who also underwent endoprosthetics of
mammary glands with silicone implants. They were admi-
nistered equivalent volume of placebo (0.9% sodium chlo-

ride solution) into musculus pectoralis major 14 days before
intervention. Also, in the period of 1, 2, 3, 4, 5, 6, 7th days
of postoperative period they underwent physiotherapy with
the INDIBA — an electromagnetic field with a frequency of
448 kHz.

The group of clinical observations No. 4 included 20 fe-
males (22.4%) who also underwent breast augmentation
with silicone implants. They were administered equivalent
volume of placebo (0.9% sodium chloride solution) into
musculus pectoralis major 14 days before surgery. Physio-
therapeutic treatment with the INDIBA — an electromagne-
tic field with a frequency of 448 kHz was not performed for
organizational reasons.

The group of clinical observations No. 1 was considered
control.

In order to achieve denervation and immobilization of
musculus pectoralis major and reduce the intensity of pain,
botulinum toxin type A “Botox” was administered at 200 U
(100 U on the right and left) at a concentration of 1:25 (1 ml
of the drug in 25 ml of 0.9% sodium chloride) no more than
2.5 ml at one injection point (according to Ermilova E.V.
et al., 2022). It was administered in the early stages af-
ter augmentation of mammary glands 14 days before in-
tervention to patients of the 1st and 2nd groups (a total of
47 observations) intramuscularly into specified muscle, in
ten conditional sectors of muscle corresponding to injection
points. Patients in groups 3 and 4 (42 observations in total)
were administered equivalent volume of placebo (0.9% so-
dium chloride) according to the same regimen.

During postoperative period, patients of the 3rd and 4th
groups (42 observations in total) underwent physiothera-
peutic treatment with the INDIBA active 801 (Spain) for ac-
celerated rehabilitation and tissue restoration. It is aimed
to affect the skin and muscle fibers. It is recommended for
working with superficial tissues abundantly supplied with
vessels. Device ensures recovery of membrane potential,
improvement of membrane permeability, restoration and
maintenance of normal cellular physiology, activation of
collagen production, improvement of microcirculation and
tissue trophism. The use of appliance had three contrain-
dications: pregnancy, use of pacemakers, thrombophlebitis,
which were included in exclusion criteria.

The mode of operation of device used in women in post-
operative period after breast endoprosthetics provides expo-
sure to the method of radio frequency cellular electrotherapy
at a frequency of 448 kHz. It was used in the first week after
surgery, daily, on chest area, exposure was 15 minutes.

After surgery, in the first week daily, in the second week
every other day, as well as on the 15th and 30th day, and 3,
6, 9, 12 months later during control check-ups and examina-
tions, general condition of convalescents, intensity of pain,
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presence and severity of respiratory disorders, possibility of
activation, ability to work and performance were analyzed.

In order to assess the intensity of pain syndrome intra-
operatively (anamnestically) and in postoperative period at
1,2, 3,7, 14 days, 1, 3 and 6 months after intervention, a
questionnaire of the Numeric Pain Rating Scale (Numeric
Pain Scale) was used. It was proposed by McCaffery M.
and Beebe A. in 1993, and allowed to assess the intensity
of pain sensations from 0 to 10 scores. The score of 1-3
was considered as a mild pain syndrome (unpleasant pain
sensations), 4-6 were considered as a moderate syndrome
(moderate pain); 7-10 scores corresponded to a high de-
gree of pain syndrome, severe pain.

The results obtained were processed by generally ac-
cepted methods of variation statistics.

RESULTS AND DISCUSSION

The intensity of pain syndrome in analyzed subgroups,
as well as in the control subgroup of patients during the
month after aesthetic endoprosthetics of mammary glands
with silicone implants is shown in Table 1. The data of the
table allow us to conclude that among the subgroup of wo-
men in whom administration of botulinum toxin type A was
combined with the course of electrophysiological effect, by
the end of the first day of postoperative period, pain syn-
drome of mild and moderate severity prevailed — in 76.4
and 11.3% of observations. Simultaneously, during the same
period, among patients who received only botulinum toxin,
frequency of mild and moderate pain syndrome was 51.7%
lower (p <0.01) and 25.4% higher (p <0.05), respectively. In
the control group, where botulinum toxin was not adminis-
tered, there was no electrophysiological exposure, and se-
vere and moderate pain syndrome predominated — in 45.7
and 36.8% of clinical observations, respectively (Table 1).

In the meantime, in the same array of clinical observations,
on the 2nd day after aesthetic breast endoprosthetics, in the
subgroup of observations where rehabilitation measures in-
cluded the introduction of botulinum toxin and electrophysio-
logical effects, absence of pain syndrome was recorded in
11.3% of cases. Moreover, pain of mild or moderate intensi-
ty was observed in 74.5 and 11.1% of patients, respectively.
Within the same period, in the comparison group, where only
botulinum toxin was used, frequency of mild pain syndrome
was 41.8% lower (p <0.01), and moderate pain was 28.2%
higher (p <0.05). As on the first day, by the end of the second
day in the control group, where only placebo was used without
electrophysiological exposure, severe and moderate pain syn-
dromes prevailed — in 32.6 and 43.6% of cases, respectively.

One week after surgery, pain syndrome in analyzed
group of patients, whose rehabilitation activities included

administration of botulinum toxin and course of electro-
physiological treatment, was practically absent — 78.2% of
observations. Low intensity was found in 21.8% of cases.
During the same period, in the subgroup of patients who
received only botulinum toxin before surgery, cases of ab-
sence of pain syndrome were detected 21.9% less frequent-
ly (p <0.05). Moreover, in 6.1% of cases, pain syndrome of
moderate intensity was noted.

By the end of the second and fourth weeks of postope-
rative period, in the subgroup of women who received botu-
linum toxin preparation and course of electrophysiological
treatment, complete absence of pain syndrome was noted
in 89.2 and 94.5% of cases, respectively. This was 10.7 and
9.1% (p >0.05) more, respectively, than in the same peri-
ods in the subgroup of females who received only botulinum
toxin. Statistical differences in frequency and severity of
mild pain syndrome in these two subgroups of patients on
the 14th and 30th days after surgery also reached 10.7%
(parameter values 21.5 and 10.8%) and 9.4% (parameter
values 14.9 and 5.5%), respectively. However, differences
were also statistically insignificant (p>0.05).

The results of conducted studies lead to the conclusion
that course of electrophysiological treatment using INDIBA,
carried out daily during the first week, i.e. seven procedures
after aesthetic endoprosthetics of mammary glands, signifi-
cantly increases the effectiveness of analgesic effect of ad-
ministration of botulinum toxin type A 14 days before surgery.
It was found that with their combined use, frequency and
severity of mild pain syndrome on the 1st and 2nd days are
lower by 51.7% (p <0.01) and 41.8% (p <0.01), respectively,
compared to results of using botulinum toxin alone.

Pathogenetically conditioned factor providing anti-in-
flammatory and analgesic action, early rehabilitation is
electrophysiological effect of electromagnetic field of the
INDIBA used by us. It was found that among women in
whom administration of botulinum toxin was combined with
the course of electrophysiological exposure, by the end of
the first day, pain syndrome of mild and moderate inten-
sity prevailed — in 76.4 and 11.3% of observations. On
the second day after aesthetic breast endoprosthetics in
the same array of patients, absence of pain syndrome was
noted in 11.3% of cases. At the same time, pain of mild
or moderate intensity was detected in 74.5 and 11.1% of
patients, respectively.

After a week, in analyzed group of patients, whose re-
habilitation measures included administration of botulinum
toxin and course of electrophysiological treatment, pain was
practically absent in 78.2% of observations. In addition, mild
pain syndrome was detected in 21.8% of cases. By the end
of the second and fourth weeks of postoperative period,
in the subgroup of women who received botulinum toxin
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Table 1

Dynamics of pain after breast augmentation, taking into account electrophysiological therapy in the postoperative period

Tabnuua 1

[nHamuka GoneBoro CMHAPOMa Nocrie ayrMeHTaLun rpyam C YYETOM 3MeKTPpo(hM3MONoruyeckoii Tepanmm
B nocrneonepaloHHOM Nnepuoae

0, 1 H 0,
%F:ﬁ-:’ti?g. Kypc npoueayp INDIBA/ YacTota BeisiBneHus 6onesoro cuHapoma, % / Frequency of detection of pain syndrome, %
days ' INDIBA treatment course HeT / no nerkoro / slight yMepeHHoro / moderate | BbipaxeHHoro / severe
1 EcTb, 6e3 6oTynotokcuHa / 58 24,7 36,7 32,8
Yes, without botulinum toxin
EcTb, Ha thoHe BoTynoTokcuHa / 4,6 76,4 11,3 7,7
Yes, with botulinum toxin
Het / No 0 17,5 36,8 457
2 Ectb, 6e3 6oTynoTokcuHa / 8,9 32,7 39,3 19,1
Yes, without botulinum toxin
EcTb, Ha ¢hoHe BoTynoTokcuHa / 11,3 745 1.1 3.1
Yes, with botulinum toxin
Het / No 0 23,8 43,6 32,6
7 Ectb, 6e3 6oTynoTokcuHa / 56,3 37,6 6,1 0
Yes, without botulinum toxin
Ectb, Ha choHe 6oTynoTokcKHa / 78,2 21,8 0 0
Yes, with botulinum toxin
Het / No 34,7 384 26,9 0
14 EcTb, 6e3 6oTynotokcuHa / 78,5 21,5 0 0
Yes, without botulinum toxin
EcTb, Ha doHe 6oTynoTokcuHa / 89,2 10,8 0 0
Yes, with botulinum toxin
Het / No 61,2 38,8 0 0
30 EcTb, 6e3 6oTynoTokcuHa / 85,1 14,9 0 0
Yes, without botulinum toxin
EcTb, Ha choHe GoTynoTokCuHa / 94,5 55 0 0
Yes, with botulinum toxin
Het / No 67,9 32,1 0 0

preparation and course of electrophysiological exposure,
complete absence of pain syndrome was noted in 89.2 and
94.5% of cases, respectively.

The results of the conducted studies lead to the conclu-
sion that the course of electrophysiological treatment using
INDIBA, carried out in the first week after aesthetic endo-
prosthetics of mammary glands, significantly increases the
effectiveness of analgesic action of botulinum toxin. When
combining these methods, frequency and severity of mild
pain on the 1st and 2nd day are lower by 51.7% (p <0.01)
and by 41.8% (p <0.01) compared to results of using only
botulinum toxin. Statistical calculation revealed a strong
connection between course use of electrophysiological
treatment with INDIBA after administration of botulinum to-
xin with the severity of pain on the 1st, 2nd and 7th days

of rehabilitation period after breast augmentation using sili-
cone implants (p <0.01).

FINDINGS

1. Adequate analgesia in the early and late postopera-
tive periods after breast endoprosthetics is the main task of
aesthetic surgery, ensuring the fastest possible labor and
social adaptation of patients.

2. When combining the injection of botulinum toxin and
the electromagnetic field expusure of INDIBA, the intensity
of the pain syndrome during the first month of observation in
more than 90% of cases was mild. This indicates complete
denervation of musculus pectoralis major, accompanied by
pronounced analgesic effect.
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CONCLUSION

Thus, presented results of the study of methods for re-
ducing the severity of pain in patients after aesthetic endo-
prosthetics of mammary glands turned out to be convincing.
The proposed set of rehabilitation measures after surgery in
the form of parenteral intramuscular administration of botu-
linum toxin with course of electrophysiological exposure to
an electromagnetic field has a pronounced and long-term
analgesic effect in postoperative period.
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AONONMHUTENBbHAA UHOOPMALINA

Bknag aBTopoB. Bce aBTOpPbl BHEC/M CYLLECTBEHHbIN
BKNag B pa3paboTKy KOHLEeNnuuu, npoBeAeHne uccneosa-
HWS 1 MOAFOTOBKY CTaTbM, MPOYY M 0406pUNM UHANbHYH0
Bepcuio nepeq nybnukayyen.

KoHnukt mHTepecoB. ABTOpbI [eKNapupytT OTCyT-
CTBME SBHbIX W MOTEHUMANbHbIX KOH(IIMKTOB WHTEPECOB,
CBSI3aHHbIX C Ny6nnkaLnen HacTosLen cTaTby.

WUcTouHuk cmHaHcupoBaHmMA. ABTOpbI 3asBnsOT 06
OTCYTCTBUM BHELIHEr0 (PUHAHCMPOBAHUS NPU NPOBEAEHUM
nccnefoBaHus.

UHdopmupoBaHHoe cornacue Ha nybnukauumio. As-
TOPbI MOMYYMNN NUCbMEHHOE COornacKe NauMeHTOB Ha My-
Brkaumio MeAMLIMHCKNX OaHHbIX.
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Abstract. Background. The search for effective predictors of the severity of COVID-19 is an important problem in
medical science at the present stage. In the pathogenesis of the severe course of a new coronavirus infection, changes
in the state of hemodynamics are essential. Aim: to identify hemodynamic predictors of decompensated respiratory
failure in patients with COVID-19. Materials and methods. The study was carried out on 100 patients of both sexes
with community-acquired polysegmental viral-bacterial pneumonia against the background of COVID-19. Next, the
patients were divided into 2 groups based on the development of severe respiratory failure. The 1st group included
50 patients who did not require mechanical ventilation, the second included patients who were either undergoing
mechanical ventilation at the time of the study or will be undergoing it in the future. The studies were carried out
using a complex of hardware-software non-invasive study of central hemodynamics using volumetric compression
oscillometry. Results. In patients with progression of respiratory failure against the background of the new corona-
virus infection COVID-19, the value of stroke volume and index is 1.27 and 1.16 times less before the prone position,
as well as 1.3 and 1.23 times after the prone position according to compared with patients in the favorable group. In
addition, in group 2, the volumetric ejection velocity in the supine position was 1.26 times less, and in the stomach
position it was 1.22 times less. The compliance of the vascular wall and the reaction of precapillaries in patients who
required mechanical ventilation were lower by 1.19 and 1.81 times before proning, and by 1.28 and 2.04 times after
proning. Conclusions. In patients with progression of severe respiratory failure against the background of the new
coronavirus infection COVID-19, changes in stroke volume and index, volumetric ejection velocity, and vascular wall
compliance were identified.

Keywords: predictors, respiratory failure, prone position, COVID-19, hemodynamics
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Pestome. AkmyanbHocmsb. MNonck apdhekTBHbIX NpeanKkTopoB TsxecTn TevyeHnss COVID-19 aenseTtcs BaxHOM
npobnemMon MEANLMHCKON HayKK Ha COBPEMEHHOM 3Tane. B maToreHese TSXen0ro TeYeHnst HOBOW KOPOHABUPYCHOM
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WHEKLMM CYLLECTBEHHOE 3HAYEHNE UMEKT U3MEHEHUS COCTOSHUSA reMoanHamMnku. Lenb uccnedosaHusi — Bbl-
SBUTb M3MEHEHUS reMoAnHamMukm y nauyueHTos ¢ COVID-19 npu nporpeccupyowen gbixaTenbHoi HEA0CTaTOUHOCTH.
Mamepuanbi u memodsl. Viccneposanue BuinonHuny y 100 nayneHToB 060€ro nona ¢ BHEOOMbHUYHOM NonMCer-
MEHTapHO BUPYCHO-6aKkTepunanbHon MHEBMOHWEN Ha doHe COVID-19. MpocnekTUBHO NauueHTbl Bblan pa3geneHol
Ha 2 rpynnbl C y4eTOM Pa3BUTMS TSHKETON OblXxaTeNbHON HeQoCcTaTouHOCTH. B 1-t0 rpynny Bownu 50 nayneHTOB,
KoTOpbIM He noTpeboBanach MexaHuyeckas BEHTUNALMS, BO 2-10 BOLUMM NaLyeHTbl, KOTOpbIM NMbo nposoaunack Ha
MOMEHT MCCIeAoBaHNs MexaHnyeckas BeHTunauus, nubo notpebyertca B byaywem. HabntogeHue ocywectensanm
C NMOMOLLbIO KOMMIeKca annapaTHO-NPOrpaMMHOro HeWHBA3MBHOTO UCCIIeJ0BaHNS LeHTpanbHON reMoANHaMNKK
METOLOM 0BBEMHOWM KOMMNPECCUOHHOW OCLMMNIOMETPUI. Pe3ynbmambl. Y NauneHToB C NPOrpeccMpoBaHneM Abi-
XaTenbHOWM HEJOCTAaTOYHOCTN Ha hOHE HOBOW KopoHaBmpycHom uHgekuun COVID-19 meHbLLe 3Ha4YEHME yaapHOro
obbema u nngekca B 1,27 1 1,16 pa3 coOTBETCTBEHHO 40 MPOH-No3uuum, a Takxe B 1,3 n 1,23 pasa nocne npoH-
No3nLMM COOTBETCTBEHHO MO CPaBHEHMIO C BONMbHBIMK rPyNMbl BrnaronpusTHOro TedeHns. Momumo aToro, BO 2-1
rpynne nokasatenb 06beMHON CKOPOCTW BbIGpOCa B MOMOXEHMM Ha CMMHE MeHblue B 1,26, Ha xunBoTe B 1,22 pasa.
MoaaTnMBOCTbL COCYAUCTOMN CTEHKM U peakLus npekanunisapoBs y nauneHToB, KOTOpbIM noTpeboBanach MexaHnye-
ckast BEHTUNAUMA nerkux, Hike B 1,19 n 1,81 pa3 cooTBETCTBEHHO 0 NPOH-No3nLmMK, a Takxe B 1,28 n 2,04 pasa
COOTBETCTBEHHO MOCIE NPOHUPOBaHNS. Bbigodbl. Y naLnMeHTOB C NPOrpeCccUpoBaHNEM TSKENOW AblXaTeNbHOM
HEL0CTaTOYHOCTM Ha hOHE HOBOM kKopoHaBupycHol nHdekym COVID-19 BbiBNEHbI MIBMEHEHMS YAapHOro obbema

W UHAEeKca, 06beMHON CKOPOCTU BbIBGpOCa, NOAATINBOCTY COCYAUCTON CTEHKM.

KntoueBble cnoBa: NnpeanKkTopbl, AblxaTellbHas HEA0CTaTOMHOCTb, NPOoH-No3nuua, COVID-19, remoanmHammka

BACKGROUND

AIM OF THE STUDY

Coronavirus disease 2019 (COVID-19) is an extreme-
ly contagious disease produced in humans by the severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
[15]. Due to mild symptoms and high contagiousness, the
infection quickly spread throughout the world [14]. 81 per-
cent of COVID-19 patients had cold-like symptoms and
moderate pneumonia, 14 percent had severe respiratory
syndrome, and 5 percent had critical respiratory failure,
septic shock, and/or multiple organ dysfunction or failure;
the overall fatality rate was 1%. [18]. Approximately 17 to
35% of hospitalized patients with COVID-19 are treated in
the intensive care unit, most often due to hypoxemic respi-
ratory failure and the development of ARDS, and between
29 and 91% of patients in intensive care units require in-
vasive ventilation. [7]. More than 75% of patients hospi-
talized with COVID-19 require supplemental oxygen. [12,
17]. A number of risk factors for severe COVID-19 have
been identified, among which the patient's age and co-
morbidity are of leading importance — factors that deter-
mine the prognosis of in-hospital mortality of hospitalized
patients [2, 6]. Therefore, it is extremely important to re-
search the pathophysiological features of patients, identify
risk factors of disease progression, prognosticate severity
for clinical diagnosis and early initiation of adequate treat-
ment, which is crucial to improve the survival of critically
ill patients.

To identify changes in hemodynamics in patients with
COVID-19 with progressive respiratory failure.

MATERIALS AND METHODS

A prospective non-randomized study was performed in
100 patients. The study was performed in the City Clinical
Hospital Ne 1 in Chita, Russian Federation. The investiga-
tion was carried out after approval by the local ethical com-
mittee of Chita State Medical Academy (protocol N 102 of
15.05.2020) according to the local treatment protocols.

The study was carried out in two stages. First, a
hemodynamic study was performed in patients of both se-
xes with community-acquired polysegmental viral-bacterial
pneumonia against the background of COVID-19, aged from
35 to 87 years, in intensive care units, with various types
of respiratory support. The diagnosis was made according
to the temporary methodological recommendations of the
Provisional Guidelines of the Russian Ministry of Health on
prevention, diagnosis, and treatment of novel coronavirus in-
fection COVID-19. The patients were diagnosed with at least
50% viral-induced involvement of lungs using chest compu-
ted tomography. The patients were prescribed the standard
treatment according to the current version of the Provisio-
nal Guidelines of the Russian Ministry of Health on preven-
tion, diagnosis, and treatment of novel coronavirus infection
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COVID-19. During the study, patients at various stages of
respiratory support were randomly recruited. Respiratory
support through a face mask with a flow of 5-7 liters was
provided for 40 patients, death was recorded in 8 of them.
Non-invasive artificial pulmonary ventilation was performed in
41 patients, of which 23 died.Mechanical pulmonary ventila-
tion was performed in 19 patients who subsequently died.

Next, the patients were divided into 2 groups based on the
dynamics of respiratory failure (Table 1). The first group in-
cluded 50 patients who did not require mechanical ventilation,
the second group included patients who were either undergo-
ing mechanical ventilation at the time of the study or would
be undergoing it in the future. The need for mechanical ven-
tilation during hospitalization was a sign of decompensation.

The non-inclusion criteria included neoplastic diseases,
severe immunodeficiency, unstable hemodynamics, vaso-
pressor infusion, signs of hypovolemia, uncontrolled hyper-
tension (SBP above 200 mm Hg).

Hemodynamic studies of two groups of patients were per-
formed using the integrated hard- and software system for
noninvasive central hemodynamic study by volumetric com-
pression oscillometry “KAP TsG Osm-Globus” (Russia).

The following sets of parameters were recorded: blood
pressure, cardiac activity and vascular parameters. The
first block included data on systolic (SBP), diastolic (DBP),
mean (SBP), oscillometric “true” systolic (OTSBP), pulse
(pBP) and stroke (StBP) blood pressure, pulse blood pres-
sure velocity (PBPV). The second set consisted of indicators
of pulse, cardiac output (CO) and cardiac index (CI), stroke
volume (SV) and stroke index (Sl), volume ejection rate
(VER), left ventricular contractile power (LVCP) and energy
expenditure (EE) per 1 liter of cardiac output per minute.
The third block was presented by the linear blood flow rate
(LBFR) and pulse wave velosity (PWV), vascular compli-
ance (VC), total peripheral resistance (TPR) and normalized
peripheral resistance (NPR) as well as NPR actual/NPR
estimated ratio (FS). All parameters were obtained from
the software and hardware readings and calculated accor-
ding to the instructions. The indicators recorded in patients
in the laying position belong to the 1st group of parameters,
the data recorded on the stomach belong to the 2nd group.

The authors followed the International Committee of Me-
dical Journal Editors (IC MJE) guidelines and the Statistical
Analysis and Methods in the Published Literature (SAMPL)
guidelines when conducting statistical analyses. The normali-
ty of the distribution of characteristics was assessed using the
Kolmogorov-Smirnov test. Taking into account the distribution
of characteristics that differed from normal in all studied groups,
the data obtained were presented as the median, first and third
quartiles: Me (Q1; Q3). To compare two independent groups on
one quantitative characteristic, the Mann-Whitney test (U) was

used. Nominal data were described with absolute values and
percentages. Comparisons of nominal study data were made
using Pearson’s ¥ test. For small samples, preference was gi-
ven to the Pearson chi-square test with likelihood adjustment. If
the number of expected observations in at least one cell of the
four-field table was less than 10, the chi-square test with Yates’
correction for continuity was used to compare two independent
groups of nominal data. If the number of expected observations
in at least one of the cells of the four-field table was less than 5,
Fisher’s exact test is used to compare two independent groups
of nominal data. The prognostic model was built using logistic
regression [3]. To establish the diagnostic value of the prog-
nostic model, ROC analysis was used. Statistical processing
of the study results was carried out using the IBM SPSS Sta-
tistics Version 25.0 software package (International Business
Machines Corporation, license No. Z125-3301-14, USA).

RESULTS

When comparing the indicators recorded before the prone
position, it was found that in patients of the 1st group, systolic
and pulse blood pressure was higher than in patients of the
2nd group by 1.04 times at p=0.05, 1.13 times at p=0.023.
The values of stroke volume and stroke index are also higher

Table 1
Characteristics of patient groups (M[25;75])
Parameter Group 1, Group 2, Statistical
n =50 n= 50 significance
Age, years 63,00 68,00 p=0,049
[68,19;62,70] | [64,05;67,46]
Height, m 1,67 1,67 p=0,812
[1,66;1,70] [1,66;1,69]
Weight, kg 80,00 80,00 p=0,364
[82,26;88,84] | [79,19;85,46]
BMI, kg/m? 30,04 29,24 p=0,266
[29,25;30,97] | [28,38;30,33]
Hypertension 36/50 (72%) 36/50 (72%) p=0,87
CHD 21/50 (42%) 33/50 p=0,011
(67,3%)
Chronic heart 16/50 (32,7%) 30/50 p=0,005
failure (61,2%)
Chronic 6/50 8/50 p=0,742
obstructive (12%) (16,3%)
pulmonary
disease
Diabetes 8/50 (16%) 12/50 p=0,423
mellitus (24,5%)
Chronic kidney 4/50 (8%) 8/50 (16,3%) p=0,336
disease
Neurological 6/50 (12%) 16/50 p=0,011
diseases (33,3%)

p — statistical significance of indicators.
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Table 2

Comparison of vascular and cardiac performance indicators
in patients with critical respiratory failure

Group 1, Group 2,
Parameter n =50 n= 50 p
Systolic blood 128,00 123,00
pressure, [126,35;131,73] | [117,54;123,73] p=0,050
mm Hg. Art.
Pulse blood 52,00 46,00 p=0,023
pressure-1, [51,49;56,59] [44,20;48,90]
mm Hg. Art.
Pulse-1, 69,00 [68,70; 84,00 p <0,005
beats/min 73,83] [84,73;91,44]
Pulse-2, 73,00 88,00 p=0,001
beats/min [73,70;78,26] [86,57;94,20]
Stroke 89,00 70,00 p <0,005
volume-1, ml [85,43;93,10] [64,67;71,00]
Stroke 86,00 66,00 p=0,007
volume-2, ml [78,07,84,66] [65,83;74,70]
Stroke index-1, 44,00 38,00 p <0,005
ml/m? [44,67;48,96] [34,81;38,13]
Stroke index-2, 43,00 35,00 p=0,022
ml/m? [40,72;44,22] [35,14,40,00]
p — statistical significance of indicators.
Table 3

Comparison of vascular and cardiac activity parameters
in patients with critical respiratory failure

Parameter Group 1, n=50 Group 2, n=50 p
Volumetric 272,00 215,00 p <0,005
ejection velocity — | [277,56;309,86] | [203,44;221,13]
1, ml/s
Volumetric 244,00 200,00 p=0,016
ejection velocity — | [243,81;267,70] | [207,31;232,89]
2, ml/s
Left ventricular 3,20 2,60 p <0,005
contraction [3,38;3,86] [2,36;2,64]
power — 1, W
Compliance of the 1,52 1,28 p <0,005
vascular wall — 1. [1,51;1,63] [1,24;1,36]
ml/mm Hg. Art.
Compliance of the 1,47 1,15 p <0,005
vascular wall — 2. [1,42;1,53] [1,19;1,32]
ml/mm Hg. Art.
FS-1 0,58 0,32 p <0,005
[0,51;0,60] [0,21;0,32]
FS-2 0,55 0,27 p <0,005
[0,45;0,53] [0,17;0,30]

p — statistical significance of indicators.

in patients who did not require mechanical ventilation, 1.27
times at p <0.005 and 1.16 times at p <0.005 (Table 2 and 3).
The parameters of the volumetric cardiac output velocity and
left ventricular power are greater in group 1 by 1.26 times at
p <0.005 and 1.23 times at p <0.005 than in group 2. The comp-
liance of the vascular wall and the FS coefficient in the group
where respiratory failure did not progress were 1.19 times hig-
her at p <0.005 and 1.81 times higher at p <0.005, respectively.
When comparing the pulse rate measured before the prone
position maneuver, the indicators were 1.2 times lower in pa-
tients of the 1st group than in the 2nd group with p <0.005.

When comparing the group of indicators recorded after
the prone position maneuver, stroke volume and stroke in-
dex were higher in patients of the 1st group by 1.30 times at
p=0.007 and 1.23 times at p=0.022 than in the 2nd group.

The value of the volumetric cardiac output rate and vas-
cular wall compliance was greater in the group where respi-
ratory failure did not progress, by 1.22 times at p=0.016 and
1.28 times at p <0.005. We also found that in patients where
mechanical ventilation was not required, the FS coefficient
was 2.04 times higher with p <0.005.

When comparing the pulse rate measured after the prone
position maneuver, the indicators were lower in patients of the
1st group than in the 2nd group by 1.21 times with p <0.005.

When comparing the group of indicators recorded after
the prone position maneuver, stroke volume and stroke in-
dex were higher in patients of the 1st group by 1.30 times at
p=0.007 and 1.23 times at p=0.022 than in the 2nd group.

The value of volumetric cardiac output velocity and vas-
cular wall compliance was greater in the group where respi-
ratory failure did not progress by 1.22 times at p=0.016 and
1.28 times at p <0.005. It was also found that in patients
where mechanical ventilation was not required, the FS coef-
ficient was 2.04 times higher at p <0.005.

When comparing the pulse rate measured after the prone
position maneuver, the indicators were lower in patients of the
1st group than in the 2nd group by 1.21 times with p <0.005.

DISCUSSIONS OF THE RESULTS

Previous studies have placed [8] importance on identi-
fying and confirming factors that predict COVID-19 progres-
sion. Factors including age, comorbidities, immune response,
radiographic data, laboratory markers, and indices of organ
dysfunction may individually or collectively predict worse out-
comes. Not all facts studied are conclusive evidence predic-
ting severe disease, some are presumptive, and others are
still preliminary and need further study. However, the difficul-
ty of predicting the severity of COVID-19 disease is under-
scored by the fact that SARS-CoV-2 appears to have tropism
for several tissues, including primarily the respiratory tract [9].
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SARS-CoV-2 affects multiple organ systems, including the re-
spiratory, cardiovascular and urinary systems, causing pneu-
monia and respiratory failure in patients [9, 11, 16].

Considering the fact that the treatment of respiratory
failure is closely related to the use of prone position, we
decided to study the hemodynamic state before and after
proning of patients. Any change in the position of a patient
in critical condition can cause different responses, which in-
dicate a breakdown of adaptive mechanisms.

Patients whose respiratory failure did not progress had lo-
wer systolic blood pressure, pulse blood pressure, and pulse.
This is probably due to changes in the block of cardiovascu-
lar parameters. Placing patients in a prone position caused
an increase in intrathoracic and intra-abdominal pressure,
which interferes with venous return and likely reduces ejec-
tion volume flow (EVF) [5].

Changes in stroke volume and index, the volumetric velocity
of ejection, were observed both before and after the prone po-
sition. Probably, a significant decrease in the indicators of this
block is due to the fact that patients in group 2 had more signifi-
cant changes in the lungs (Tables 2 and 3). Extensive pneumo-
nia caused by the new coronavirus infection COVID-19 led to
damage to many alveolar units and disturbances in micro- and
macrocirculation. A common complication in such patients is the
development of pulmonary embolism [10, 13]. Often against this
background, indicators of pulmonary hypertension increased
[4], which in turn affected the speed and indicators of stroke vo-
lume. Also, against the background of a new coronavirus infec-
tion, ischemic and inflammatory processes occurred in the myo-
cardium, which could also affect the indicators of cardiac block.

Compliance decreased statistically significantly both before
and after the prone position. SARS-CoV-2 has a destructive
effect on the cardiovascular system, which can be explained by
both a direct cytotoxic effect on the endothelium and immune-
mediated damage to endothelial cells. Angiotensin-converting
enzyme 2, expressed on the endothelium, serves as a receptor
for viral entry into the cell. The result of this interaction is an
imbalance in the functioning of the renin-angiotensin system,
which disrupts the regulation of vascular tone, stimulates proli-
feration and has a pro-inflammatory effect. Interleukin 6, which
plays a key role in the development of cytokine storm, mediates
a wide range of inflammatory changes that cause disturbances
in the structural and functional organization of blood vessels
[1]. An indirect sign of changes in hemodynamics in group 2
is reflected by the FS coefficient; it indicates the reaction of
precapillaries to changes in cardiac output.

CONCLUSIONS

1. In patients with progression of respiratory failure against
the background of the new coronavirus infection COVID-19,

the value of stroke volume and index is 1.27 and 1.16 times
less before the prone position, as well as 1.3 and 1.23 times
after the prone position according to compared with patients
in the favorable group.

2. In addition, in group 2, the volumetric ejection velocity
in the supine position was 1.26 times less, and in the sto-
mach position it was 1.22 times less.

3. The compliance of the vascular wall and the reaction
of precapillaries in patients who required mechanical ven-
tilation were lower by 1.19 and 1.81 times before proning,
and by 1.28 and 2.04 times after proning.
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AOMNOJIHUTENIbHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOPbl BHECN CYLLECTBEHHDIN
BKNag B pa3paboTKy KOHLEeNnuuu, NpoBeAeHne nccneosa-
HWS 1 MOArOTOBKY CTaTbM, MPOYY M 0f406pUNM UHANbHY0
Bepcuto nepen nybnukayyen.

KoHdnukT mHTepecoB. ABTOpbI [eKNapupytT OTCyT-
CTBME SBHbIX W MOTEHUMANbHbIX KOH(IIMKTOB WHTEPECOB,
CBS3aHHbIX C Nybrimkaumen HacTosLEN CTaTbi.

WUcTouHuK chmHaHCcMpoBaHUA. ABTOpbI 3asBRsOT 06
OTCYTCTBWW BHELIHEro (hMHaHCMPOBaHWUS NMPU MPOBEAEHUM
“ccnegoBaHus.

WHhopmmpoBaHHOe cornacue Ha ny6nukaumio. As-
TOPbI MOMYYMNN NUCbMEHHOE COrnacKe NauMeHTOB Ha Mny-
Brmkaumio MeULIMHCKNX AaHHBbIX.
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Abstract. Dentists attach great importance to the diagnosis of occlusive contacts, as well as their reproduction. The
quality of the treatment depends on the accuracy of the restoration of occlusal contacts. To date, there is no way that
would guarantee an accurate, fast, effective result. Therefore, we have developed and patented an author’s method
for obtaining bitmap images of occlusograms. We conducted a patent search for all similar methods of assessing
occlusion and occlusive relationships in the literature sources available to us. Next, we compared our author’s method
of obtaining bitmap images of occlusograms with other known methods. And as a result of the conducted research,
we have proved the effectiveness of the author’s method of obtaining raster images of occlusograms in clinical dental
practice.

Keywords: occlusography, area of occlusal contacts, flatbed scanner, diagnostics, occlusal fingerprint
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Pestome. [lnarHoCcTuke OKKNIO3MOHHBIX KOHTAKTOB, @ Takxe X BOCNPOU3BEAEHNIO CTOMATONOM NpuaaioT 60MbLioe
3HayeHue. IMEHHO OT TOYHOCTU BOCCTAHOBMEHUS OKKITHO3MOHHbBIX KOHTAKTOB 3aBWUCUT KA4YECTBO NPOBEAEHHOrO fle-
YeHuns. B HacTosLee Bpemsi HET cnocoba, KoTopbIn Bbl rapaHTUPOBaN TOYHbIN, BbICTPLINA, 3PMEKTUBHDIA pe3ynbTar,
noaToMy Mbl pa3paboTani 1 3anaTeHToBanu aBTOPCKMiA CNocob NonyyeHus pacTpoBbiX N306paxeHUin OKKT030rpaMm.
Mbl NpoBENM NATEHTHBIN NOUCK BCEX NMOXOXMX CNOCOBOB OLIEHKM OKKITI03UM U OKKITHO3MOHHBIX B3aMOOTHOLLEHNI
B AOCTYMHbIX HAM UCTOYHMKAX NUTepaTypbl. [lanee Mbl CPaBHUAN HaLL aBTOPCKUIA cNOCOB NONyYeHUst pacTpoBbIX
n300paxeHuni OKKI30rpaMm C ApYriumMu N3BEeCTHbIMU MeTogamu. B peynsTtaTe npoBEAEHHOrO UCCnefoBaHNs Hamm
Obina gokasaHa ahPeKkTUBHOCTb NPUMEHEHMS aBTOPCKOro cnocoba nonyyeHns pacTpoBbIX M306pakeHUI OKKH30-
rpaMm B KIIMHUYECKOW CTOMATONOIMYeCKON NpakTuKe.

KnoueBble cnoBa: okknto3orpadus, nnowlaab OKKM3NOHHbIX KOHTAKTOB, NMaHLWETHbIN CKaHep, ANArHOCTHKa,
OKKJTH03MOHHbII 0TNEYaTOK
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INTRODUCTION

Diagnosis of occlusal contacts, analysis of various lo-
wer jaw positions, examination of the condition of muscles
and temporomandibular joint are important in dental prac-
tice. At stages of examining patients before and after dental
treatment, dentists attach great importance to reproduction
of occlusal contacts. The quality of treatment depends on
the accuracy of the restoration of occlusal contacts [1-3].

Physiological occlusion is provided by occlusal contacts
of posterior teeth, which are characterized by the presence
of upper and lower fissures and tubercles on chewing sur-
face of the teeth [2, 4].

Restoration of chewing function is one of the main re-
sults of high-quality dental treatment, be it orthopedic, or-
thodontic or, to a lesser extent, therapeutic treatment [1, 7,
13]. Violation or incorrect restoration of occlusal landscape
relief [11] leads to increased patient anxiety due to the dis-
ruption of vital chewing function [4]. Despite the variety of
possible modern dental studies currently available [8, 14],
methods for determining chewing efficiency remain the most
informative and fully characterize the quality of restoration
of chewing function [5, 6, 12]. Accurate restoration of occlu-
sal contacts and near-contact areas during dental treatment
is one of the most difficult tasks in dentist’s job. To solve it,
various devices have been developed that reproduce the
movements of lower jaw, as well as various methods for
determining and fixing the relationship of jaws have been
proposed. There are many ways to record occlusion, there
are also several ways to transfer occlusal surface relief to
a personal computer and then to a program for determining
the area of occlusal surface. However, the problem is still
not solved. A.V. Mashkov proposed a method for obtaining
bitmap images using a negatoscope, camera and tripod.
Occlusogram image was placed on the negatoscope, then
photographed and transferred to a personal computer for
later analysis [2, 9]. In our opinion, this is inconvenient, re-
quires additional equipment in the form of a negatoscope
and high-quality camera and still does not guarantee recei-
ving identical images.

A method of creating occlusal contacts and dentures is
known from the literature, using an occlusogram obtained in
the oral cavity. According to it, a plane is formed on a plaster
model in which contact points lie perpendicular to tooth axis,
and the areas of occlusal contacts are created depending
on the degree of jaw bone atrophy. In accordance with it,
occlusal contacts, their location and the area of occlusal
surface of artificial teeth are restored [10, 11]. The disad-
vantage of this technique is the occlusogram method of de-
termining the location of occlusal contacts when transferring
to a plaster model, which is used to obtain a conditional

plane with location of contact points. This does not ensure
accurate reproduction of occlusal surfaces of artificial teeth
and determination of the parameters of interocclusal space
of a pair of antagonist teeth. In addition, this method does
not allow obtaining accurate parameters of artificial relief of
occlusal surfaces of antagonist teeth.

Due to the need for accurate diagnosis and receiving
high-quality bitmap images of occlusograms, the author
considered that it was necessary to develop a new “Method
of obtaining identical bitmap images of occlusograms” [12].

AIM

The aim of the study is to determine the effectiveness of
the author’s method of obtaining identical bitmap images of
occlusograms.

MATERIALS AND METHODS

At the Department of Orthopedic Dentistry with the
course in clinical Dentistry of the Volgograd State Medical
University, studies were conducted aimed at assessing the
efficiency of the “Method of obtaining identical bitmap ima-
ges of occlusograms” developed by the author of this arti-
cle [10]. The purpose of these researches was also to test
the possibility of using obtained images in the “Program for
measuring areas of occlusal contacts using a bitmap ima-
ge” [12] developed by Mashkov A.V., Chepuryaeva O.S.,
Shemonaev V.I. and others [12].

Initial data for working in the “Program for measuring
areas of occlusal contacts using a bitmap image” are
scanned images of patient’s occlusograms in centric oc-
clusion. We obtained the occlusogram using a method de-
veloped at the Department of Orthopedic Dentistry with a
course in clinical Dentistry [2]. Then, in accordance with de-
veloped “Method for obtaining identical bitmap images of oc-
clusograms” to identify occlusal contacts, an occlusogram of
contact points of the teeth was previously received in the oral
cavity. The material used to record occlusal contacts was
base wax with thickness of 2.0+0.2 mm in the form of a pink
plate with dimensions of 180x90x%1.8 mm. Color and optical
properties of selected wax made it possible to achieve ac-
curate calibration of plate thickness according to changes in
accordance with occlusal surfaces. They also helped to ob-
tain color characteristics for variety of thicknesses on relief
imprint of occlusal surfaces of antagonist teeth. To give ri-
gidity, wax plate was fixed on a wire frame bent to the shape
of dentition, pressing tightly along edges of wire frame. This
structure was then heated in a water bath to an oral tem-
perature of 35.5-37.5 °C, ensuring production of an easily
deformable imprint of occlusal surface of antagonist teeth.
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The framework with wax plate was inserted into the oral
cavity and positioned relative to upper jaw dentition. Then
the patient closed the teeth with maximum force in centric
occlusion position, in which maximum contraction of mas-
ticatory muscles is possible. Resulting occlusogram was
removed from the oral cavity, cooled and received a fixed
imprint of occlusal surfaces and occlusal contacts of anta-
gonist teeth.

Further operations to fix and study occlusal contacts
of antagonist teeth were performed outside the oral cavity,
without patient’s participation.

You need to create a template to obtain “Identical bitmap
images of occlusograms”. This is easy to do even at home.
You should take a sheet of thick white A4 paper, determine
the center of the sheet and draw a cross. Lines must be
strictly perpendicular to each other, that is, angles between
lines are strictly 90 °. After this, you need to draw a hori-
zontal and vertical line through the center to the edge of
the sheet, then step back 50 mm from the center and put
dots on horizontal and vertical. Next, you should connect
4 points and get a square with a side of 100 mm.

Then, you need to place previously obtained occluso-
gram in this square and fix it with transparent adhesive
tape. After that, you should place this structure on the glass
of flatbed desktop scanner for scanning documents with
occlusogram down on glass, and the sheet of white paper
should be on top. Then you need to open image scanning
software on a personal computer. In our case, we used
a Kyocera ECOSYS M2530dn KX flatbed desktop docu-
ment scanner and ABBYY FineReader 14/FineReader.exe
image scanning software, or you can use any available
image scanning software. You need to select “Full-color”,
“Photo” in settings. Next, select “Scan” command and get a
“Bitmap identical image of occlusogram” on personal com-
puter screen. Resulting images can be used to diagnose
the condition of the teeth and dentitions before, during and
after treatment. Wax plate is scanned against the light, as
a result of which occlusal contacts on scanned image differ
in brightness, which depends on the density of occlusion of
antagonist teeth.

The study involved 50 patients of both genders aged 18-
35 with intact dentitions, healthy periodontium and proper oc-
clusion. 150 occlusograms were obtained. The average time
from the moment of making occlusogram until occlusal imprint
was received on personal computer monitor, suitable for ana-
lysis in program we developed to determine the area of occlu-
sal surface. Then data were entered into tables and analyzed.
Statistical processing of study results was performed using
the Statistica and Microsoft Office software packages. Digital
data were processed on a personal computer using variation
statistics method. We used Student's t-test and Pearson’s

correlation coefficient (r). The confidence interval with ran-
dom deviation was no more than 5% (p <0.05). Principles
of evidence-based medicine were used in studying research
results [2, 6].

RESULTS AND DISCUSSION

When receiving occlusograms during the study conduc-
ted using the author’s technique and further processing using
the “Method of obtaining identical bitmap images of occlu-
sograms”, and subsequent transfer of images obtained
to the “Program for measuring areas of occlusal contacts
using a bitmap image” [12], an average of 155 seconds
were spent. While working according to approach proposed
by A.V. Mashkov, an average of 725 seconds were spent on
the same work, which is 570 seconds more than obtaining
bitmap images of occlusograms using the author’s method.
At higher speed of work, quality of bitmap images did not
suffer and repeatability increased. That is, receiving ima-
ges using the author’s “Method of obtaining identical bit-
map images of occlusograms” can increase productivity by
4.7 times compared to other techniques used previously
(p <0.001). These include, for example, the method of As-
sociate Professor of the Department of Orthopedic Dentistry
with the course in clinical Dentistry of Volgograd State Medi-
cal University A.V. Mashkov.

CONCLUSION

As a result of study conducted, the effectiveness of
the author’s “Method of obtaining bitmap images of occlu-
sograms” for diagnosis of chewing efficiency was proven.
Thus, when receiving bitmap images of occlusograms using
the technique proposed by the author of this article, time
for transferring from a wax reproduction of occlusal surface
relief to a digital model is reduced by 570 seconds. This is
4.7 times faster than previously used method. Thus, appli-
cation of this author’s approach increases efficiency of the
dentist, reduces time costs. Thanks to this method, work
as a whole can become more convenient, cheaper, simpler,
more effective, more accessible. In this regard, this “Method
of obtaining identical bitmap images of occlusograms” can
be recommended for diagnosis of chewing efficiency and
use in clinical dental practice.
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AOMNOJIHUTENIbHAA UHOOPMALINA

ABTOp npounTan u 0aodbpun rHanbLHYK BEPCUIO Nepea
ny6nukayuen.

WUcTounuk dmHaHcupoBaHus. AsTop 3asBnseT o6 oT-
CYTCTBUW BHELIHEr0 (PUHAHCUPOBAHUS MK NPOBEAEHUM
UccnenoBaHus.

WUHdopmupoBaHHOE cornacue Ha ny6nukauuto. ABTop
NOSYYMnM MUCbMEHHOE corfacue nauneHToB Ha nyb-
NNKaLUMo MeaULMHCKMX AaHHbIX.
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Abstract. The relevance of this article is due to the variability of scientific ideas about the mechanisms of development
of neurocognitive deficit associated with a line of psychopathological conditions. Many questions remain about the
functions of individual brain structures and systems, as well as central neurodynamics in the development of cognitive
defects. The question of the influence of the disorganization of vertically oriented structures of the first brain functional
block (BFB) on the formation of neurocognitive deficit in mental pathology of the schizophrenic spectrum remains the
least studied in modern neuroscience. The present research was aimed to assess the functional state of the first brain
energy block and to determine the role of disorders in the neurodynamic components of activity in the development
of neurocognitive deficit in psychopathology. Materials and methods. 40 patients with paranoid schizophrenia and
38 healthy subjects matched in age, gender ratio and educational level were examined. EEG by monopolar according
to the international system 10/20 using a 21-channel system “Telepat-1” was registered. With the help of visual and
spectral methods of analysis, both nonspecific physical parameters of the a-rhythm — index, frequency and amplitude,
and physiological features of a-oscillations — reactivity, regularity, autorhythm (modulation) and stability of the a-rhythm
were studied. The functional state of the RF was determined by the parameters of the latent periods of synchronization,
desynchronization, and the depth of desynchronization in the eye opening/closing test. The tonus of the cortex by the
ratio of the values of the indices of alpha- and delta-rhythms was determined. The threshold of convulsive readiness
of the brain was calculated from the number of recorded flashes in the background EEG. Fluctuations in the frequency
of the basic alpha rhythm exceeding 0.5 Hz were regarded as a sign of instability in the oscillatory activity of the brain.
Results. It has been established that impairment of cognitive functions in schizophrenia is associated not only with
cortical dysfunction (Il and Ill BFB), but also with disorganization of vertically oriented structures of the | BFB. Revealed
disorganization of the reticular formation and alpha-regulating system, decreased tone and activation of the cerebral
cortex. The possible pathogenetic influence of these pathophysiological factors on the formation of neurocognitive deficit
has been substantiated. The most informative diagnostic EEG-signs of disorders in the neurodynamic components of
brain activity were determined.

Keywords: paranoid schizophrenia, EEG, spectral analysis, brain functional block, neurocognitive deficit

ANEKTPOIHLEE®ANOrPAGUYECKAA OLIEHKA
HEMPOOMHAMUYECKWUX KOMNOHEHTOB AEATENBHOCTU MO3rA
MPY NCUXONATONOMMKA U UX BO3MOXHOW PO B PA3BUTUM
HEMPOKOrHUTUBHOIO OEGULIMTA
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Pestome. AkmyanbHocmb paboTbl 06ycnosneHa BapnabenbHOCTbIO Hay4YHbIX NPEACTaBNEHUIA O MEXaHN3MaXx
Pa3BUTUS HEMPOKOTHUTUBHOIO AedmuuTa, acCoLUMPOBAHHOTO C PSAOM NCUMXONATONOrMYeckux cocTosHui. Ocra-
€TCS MHOTO BOMPOCOB O (PYHKLMAX OTAENbHbIX CTPYKTYP U CUCTEM MO3ra, a TakXe LieHTpanbHON HeNpoauHaMUKK
B Pa3BUTUN KOTHUTUBHOTO CHUXEHNS. HauMeHee n3y4YeHHbIM B COBPEMEHHON HENPOHAYKe 0CTaeTcs BONpPoC 0
BIIMSIHWUM Ae30praHn3aLumn BepTUKanbHO OPUEHTUPOBAHHLIX CTPYKTYP | PyHKUMOHanbHOro 610ka Mo3ra (PBM) Ha
(hopMMpOBaHWNE HENPOKOTHUTUBHOIO AeduLmTa Npu NCUXMYECKON NaTonoruy WiusopeHndeckoro cnektpa. Lesns
uccrnedoeaHus 3aKnyanach B oLeHKe (yHKLMOHANbLHOTO COCTOSHIUS NEPBOro 3HepreTnyeckoro 6oka Mosra u
onpegeneHny ponu HapyLeHUn HeMpogUHaMNYECKNX KOMMOHEHTOB JeATEeNIbHOCTU B Pa3BUTUN HEMPOKOTHUTUBHOTO
peduunta npu neuxonatonorun. Mamepuansi u memodsl. O6cnegoBaHo 40 naunMeHToB, CTPALAOLLMX XPOHUYECKOI
napaHouaHown Wn3odpeHmnei, 1 38 300poBbIX UCMbITYEMBIX, CONOCTaBKMbIX MO BO3PACTY, FeHAEPHOMY COOTHOLLEHUIO
1 obpasoBaTenbHOMY ypoBHI0. Pernctpaums 331 ocywecTBnanace MOHOMONASPHO MO MeXAYHApOAHOW cucteme
10/20 ¢ nomoLbto 21-KaHanbHOro annapaTHO-NPOrpaMMHOro komnnekca «Tenenat-1». C NOMOLLbIO BU3yanbHOrO
CNeKTparnbHOro METO0B aHanm3a u3yyanuch kKak Hecneuuduyeckue gusndeckre napameTpsbl o-pUTMa — WHOEKC,
yactoTa M amnnnTyaa, Tak 1 u3nonornieckne 0COBEHHOCTM o-OCLUMNNALUIA — PerynspHoCTb, aBTOPUTMUYHOCTb
(Mogynauum) n cTabunbHOCTb ai-puTMa. OyHKLUMOHANBHOE COCTOSIHIUE PeTUKYNsapHOI hopmaumn (PO) onpeaensnu
no napameTpam NaTeHTHbIX NePUOOB CUHXPOHM3ALMN, ECUHXPOHU3ALMN W TYOUHBLI AECUHXPOHM3aLWK B Npobe
C OTKPbITMEM/3aKpbITUEM [11a3. TOHYC KOpbl ONpeaensann N0 COOTHOLIEHWIO 3HAYEHUI MHAEKCOB anbda- 1 genbTa-
puTMOB. lopor CyaopOXHOIM FOTOBHOCTM MO3ra pacCy1ThiBany No KONUYECTBY 3aperncTpupoBaHHbIX BCMbILWEK B
toroBon I3 KonebaHus yactoTbl 6a3oBoro anbda-putma, npesbiwatowme 0,5 M, pacLeHnBanuch Kak npuaHak
HeCcTabunbHOCTM OCLUNASTOPHOM aKTUBHOCTW MO3ra. Pe3ynibmamabl. YCTAHOBMEHO, YTO HapyLLEeHUs No3HaBaTesbHbIX
OYHKLMIA NpU LUM30MPpEHUM CBSI3aHbI He TOMbKO ¢ aucdyHkumei kopbl (Il n [l ®BM), Ho Takxe ¢ ge3opraHusaymnen
BEPTUKaNbHO OPMEHTUPOBaHHbLIX CTPYKTYp | ®BM. BrisiBneHa gesopraHusauus peTukynsapHon hopmaumm u ansga-
perynupytoLLen CUCTeMbl, CHKEHUE TOHYCa U akTUBaLMK kopbl Mo3ra. OBOCHOBaHO BO3MOXHOE NaToOreHeTUYeckoe
BNUSIHME 3TWX NaTOM3NONOorniecknx hakTopoB Ha (POPMUPOBAHME HEMPOKOTHUTUBHOTO Aeduumta. OnpeneneHsb!
Hanbonee MHopMaTUBHbIE AnarHocTuyeckne AOM-Npu3Haky HapyLLEHNS HEMPOANHAMUYECKNX KOMNOHEHTOB [esi-
TENbHOCTM MO3ra.

KnioyeBble cnoBa: napaHouaHas Wu3odpeHus, anekTposHLedanorpadus, cnekTpanbHbIi aHanms, HepoaMHaMIKa,
HENPOKOrHUTUBHBIN Aeduunt

INTRODUCTION

Modern civilization is based on the knowledge and pro-
cessing of significant amounts of information. At the same
time, the volume and speed of accumulation of new infor-
mation necessary for successful functioning of society and
activities of an individual are growing exponentially. That
is why a modern person in order to remain professional-
ly competent and develop his intelligence and innovative

thinking, needs to acquire ever greater amounts of know-
ledge throughout his life [1, 10, 11].

Meanwhile, modern education system is acquiring the
character of personality-oriented learning, in which cog-
nitive development is aimed at qualitative transformation
of all cognitive processes. In the age of information tech-
nology, it is not enough for a person to possess the only
knowledge and skill. It is also necessary to possess such
qualities of higher nervous activity as flexibility in thinking,
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high adaptability to changing conditions, desire to self-edu-
cation and volitional qualities in achieving the goal [17].

However, literature analysis shows that cognitive im-
pairment is associated with a significant number of neuro-
logical, mental and psychosomatic disorders. Their preva-
lence is increasing due to population aging. Many forms of
psychopathology related to the sphere of so-called major
psychiatry are in most cases also associated with neuro-
cognitive deficit. It has often had chronic disabling nature
and leads to pronounced occupational and social mala-
djustment. The most common disease in this category is
schizophrenia.

Currently, there are about 50 million people in the world
suffering from various types of dementia. The number of
patients with severe cognitive disorders doubles every ten
years, and by 2050 their total number in all countries of
the world will reach 130 million [13]. Cognitive disorders
occur in 20% of children and adolescents. This leads to
learning difficulties, deviant behavior, psychoemotional
disorders and, as a consequence, to social maladjustment
(2, 3, 14].

In this regard, there is growing interest in cognitive psy-
chophysiology in studying the mechanisms of cognitive dys-
function, as well as their role in the development of learning
difficulties and mechanisms of neurocognitive deficit. The
problem of studying the biological basis of cognitive dys-
function (especially in severe forms of psychopathology)
has become one of the most pressing issues in neurosci-
ence [10, 11]. The formation of neurocognitive deficit that
occurs during the development of the schizophrenic process
is one of the most complex and poorly understood problems
of modern neurobiology.

According to DSM-V criteria, cognitive disorders include
a decrease, compared to premorbid level, in one or more
higher brain functions that ensure the processes of atten-
tion, perception, storage, transformation and transmission
of information [27].

From the standpoint of the concept of three functional
units of the brain according to A.R. Luria, structures of all
blocks of the brain are of interest in formation of neurocog-
nitive deficit. However, specifics and mechanisms of disor-
ders at the level of each of them remain poorly studied [14,
19]. For this reason, establishing patterns and deciphering
the mechanisms of cognitive disorganization, participation
in their pathogenesis of vertically (Unit 1) and horizontally
(Unit Il and I11) oriented parts of the brain is one of the most
complex and interesting issues of neuropsychology, which
has both theoretical and practical significance.

An analysis of the available neuropsychological litera-
ture shows that pathogenetic significance of disorganization
of central neurodynamics, which is carried out by Unit 1,

in mechanisms of development of neurocognitive deficit in
schizophrenia and other psychopathological conditions is
also a poorly studied problem. There are few publications
in literature devoted to the study of neurodynamics in cogni-
tive dysfunction [2, 18].

The paradigm of “neurocognitive deficit” proposed at
the end of the 20th century by A. Breier considers cognitive
impairment as the “third key group of symptoms” of schizo-
phrenia, along with positive and negative clinical symptoms
[26]. Recently, it has been established that neurocognitive
deficit in schizophrenia is observed in 94% of patients, ma-
nifests itself in the early stages, persists throughout the en-
tire period of disease and remains in remission [13].

In clinical neuropsychology, the study of mechanisms of
neurocognitive decline and, in particular, the role of neuro-
dynamic aspects of cognitive impairment in patients with
psychopathology is given undeservedly little attention. Ob-
jective neuropsychological research on brain function based
on the systemic neurodynamic approach, the founder of
which in the field of psychophysiology was A.A. Ukhtomsky,
remains unreasonably little in demand by modern resear-
chers. In addition, the term “neurodynamics” itself is used
less and less in neuroscientific literature.

Productivity of studies of cerebral dysfunctions in neuro-
psychology is associated with a systemic approach. Its es-
sence consists in constructing a holistic picture of the object
of study based on the proposed systemic principle and con-
ducting research based on this principle. Beginning with the
classical works of A.A. Ukhtomsky, it was shown that brain
is a complex neurodynamic system, constantly striving for
integration and stereotype of unified activity [6, 24].

According to modern concepts, brain is considered as a
complex computer information system with a large number
of equilibrium, but variable states. Brain stability within cer-
tain functional level is a neurodynamic process that main-
tains physiological parameters through homeostatic regu-
lation. Homeostatic regulation processes correct all internal
fluctuations in state of the central nervous system (CNS)
around the average levels [9].

The theoretical framework of this study of neuropsy-
chological mechanisms of neurocognitive deficit was:
A.R. Luria’s concept of three functional units of the brain
[14, 19], I.P. Pavlov's teaching on the major neurodynamic
laws [23], and A.A. Ukhtomsky’s theory of dominance [24].

According to the concept of A.R. Luria, all mental pro-
cesses and various types of conscious human activity in
normal and pathological conditions should be considered
from the standpoint of functional role of three functional
units or blocks of the brain. Unit | is a unit that ensures
the regulation of tone and level of wakefulness. Unit Il is
a block for receiving, processing and storing information.
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Unit Il is a unit for programming, regulation and control of
mental activity.

Optimal cortex tone and adequate level of wakefulness
are necessary to ensure the normal speed and quality of
neurocognitive processes. The brain can best receive and
process information, recall necessary selective systems of
connections and associations, and program activities only in
such a neurodynamic state.

The fact that optimal tone of the cortex is necessary for
implementation of organized and effective cognitive activity
was already indicated by I.P. Pavlov, who described major
neurodynamic laws. Thus, according to the neurodynamic
“law of force”, in a state of reduced tone of the cortex, nor-
mal ratio of excitatory and inhibitory processes. Their mo-
bility, necessary for implementation of organized course of
mental activity, is also disrupted [23].

The first energy block of the brain includes structures of
the brainstem, parts of the diencephalon and mediobasal
regions of the frontal and temporal lobes (Fig. 1).

At different levels of Unit | of the brain, there are three
main energy sources, which provide regulatory influences
on the cerebral cortex, maintenance of working tone and
level of wakefulness.

The main source of maintaining tone and activation of
the cerebral cortex is the brainstem reticular formation (RF).
The ascending and descending reticular systems of the

Fig. 1.  The first functional block of the brain: 1 — cerebral cortex;
2 — visual tubercle; 3 — hypothalamus; 4 — brainstem;
5 — medulla oblongata; 6 — ascending brainstem RF; 7 —
cerebellum

Puc. 1. MepBbin (hyHKUMOHANbHLIA 610K Mo3ra: 1 — Kopa ronos-

HOro Mo3ra; 2 — 3puTenbHbIi Oyrop; 3 — runotanamyc;
4 — mocT; 5— npogonroBatbiin Mo3r; 6 — Bocxoasiwas PO
CTBONA MO3ra; 7 — MO3Xe4oK

brainstem constitute a single self-regulating apparatus. It
ensures the redistribution of tone and activation of the cere-
bral cortex depending on the level of its functional activity
in a certain period of time. At the same time, activating and
inhibitory effects of the RF affect all sensory, motor, verbal
thinking, and other functions of the brain.

The second key structure of Unit | of the brain, respon-
sible for maintaining brain energy status, tone and activa-
tion of the cortex, is neural apparatus of the hypothalamus,
which regulates the body’s metabolic processes.

The third energy source is associated with thalamic sys-
tem, which controls the entry of polymodal information into
the brain. Firstly, sensory streams of verbal and non-verbal
information support activation processes and tone of the
cortex. Secondly, the thalamus is morphofunctionally close-
ly connected with the Peipets’ limbic circle, through which
energy impulses associated with the cerebral cortex circu-
late [19, 25].

Perception of any information causes a reaction in the
form of an orienting reflex. According to I.P. Pavlov, it is the
most important factor of cognitive activity, closely connected
with the work of both the RF and thalamic system of the
brain. A significant source of activation and maintenance of
tone of the cerebral cortex is also the verbal thinking ac-
tivity of a person, his mental plans and understanding of
perspective, which are formed in the process of purposeful
cognitive activity.

In this way, normally all levels of the first functional block
of the brain and all its energy sources are closely intercon-
nected and work in interaction with the higher areas of the
cortex. They not only tone the cortex, but also experience
modulating influences from cortical regions of the brain, thus
ensuring an adequate level of cognitive functioning.

Cognitive resource is considered in psychophysiology as
a general factor of successful solution of cognitive tasks. It
ensures the perception of verbal and non-verbal verbal ima-
ginative information, analysis and correlation of perceived
information with that stored in long-term memory and deci-
sion-making [6, 8, 9, 20]. According to Hans Eysenck’s ac-
tivation theory, the level of tone and activation of the brain
is the central explanatory point of the influence of individual
differences on the efficiency of cognitive activity [4, 25]. The
Yerkes-Dodson law establishes an inverted U-shaped rela-
tionship between the success of completing a cognitive task
and level of tone and activation of the brain. Optimal condi-
tion for cognitive success is a certain average level of tone
and activation of the cerebral cortex, which was confirmed in
our previous studies of efficiency of perception of non-verbal
auditory information [7].

According to G. Eysenck, with insufficient activation of
the cerebral cortex, the number of errors in subjects when
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presented with cognitive tasks increases by 3 times compa-
red to patients with an optimal level of tone and activation [4].

It is known that the world around us, as we know it, is
based on our cognitive structures. They are nonspecific, but
ordered representations of previous experience. Cognitive
structures formed during individual development support the
processes of cognitive self-regulation and internal mecha-
nisms of self-control. The process of cognitive self-regula-
tion involves the development and improvement of cognitive
structures and concepts, which are the product of learning.
The functional role of cognitive self-regulation system lies in
its ability to ensure purposeful activity in the direction that we
consider correct in specific conditions. That is, we behave
as our cognitive structures prescribe. At the same time, cog-
nitive skills of a mentally healthy person give us opportunity
to manage our own behavior and ensure a variety of inter-
personal interactions and correction of ineffective cognitive
schemas [9].

In schizophrenia and other forms of psychopathology, as
a result of disorganization of physiological mechanisms of
neurocognitive self-control, the ability for cognitive self-regu-
lation is reduced. The cognitive system formed during the de-
velopment of the schizophrenic process becomes invariant,
often acts automatically. It is not very dynamic and is unable
to perceive experience and adapt to changing circumstances.
The ability to adhere to standards of behavior is lost, patient’s
actions are subordinated, rather, to external stimuli than to
the mechanisms of cognitive self-regulation [12].

AIM

The aim of the study was to conduct an EEG assess-
ment of functional state of the main structures of brain’s en-
ergy block and to substantiate the pathogenetic significance
of disturbances in neurodynamic components of activity in
the development of cognitive deficit in psychopathology.

MATERIALS AND METHODS

A total of 78 people were examined, including 40 pa-
tients suffering from chronic paranoid schizophrenia asso-
ciated with neurocognitive deficit and 38 healthy subjects.
The average age of the main group was 37.7£3.3 years,
average duration of disease was 13.4 years. Women ac-
counted for 55%, men — 45%. The control group consisted
of 38 healthy subjects, matched by age, gender ratio and so-
cial status: the average age of subjects was 38.6+3.7 years,
men accounted for 52.6%, women — 47.4%.

Computer-based electroencephalography was used as
the main method for studying central neurodynamics and
local dynamic cerebral systems. EEG was recorded using a

21-channel system “Telepat-1” of national production with a
sampling frequency of 400 Hz. EEG was recorded monopo-
larly according to the international system “10%—-20%" from
the frontal (F3-F4), central (C3-C4), parietal (P3-P4), oc-
cipital (01-02), anterior temporal (F7-F8), middle temporal
(T3-T4) and posterior temporal (T5-T6) cortical regions.
Combined ear clips served as the reference electrode.

In the post-real period, visual and spectral analysis of
artifact-free EEG sections was performed, duration of which
was established experimentally. A detailed analysis of al-
pha-frequency range parameters as one of the basic brain
regulatory systems was carried out taking into account ex-
ceptional role of alpha rhythm in information and analytical
activities of the brain. Attention was also paid to the fact of
its close morphofunctional connection with fronto-thalamic
system, which is the key structure of Unit | of the brain. Both
nonspecific physical parameters of alpha wave process (in-
dex, frequency and amplitude) and physiological features of
alpha oscillations (regularity, autorhythmicity (modulations)
and stability of alpha rhythm) were analyzed.

Functional state of the RF was determined by para-
meters of latent periods of synchronization (normally 0.4-
1.0 s), desynchronization (normally 0.01-0.03) and depth
of desynchronization (normally 5-6 times) in the “open
eyes — close eyes” test.

Tone of cerebral cortex was determined by ratio of fre-
quency indices of alpha and delta rhythms. Normally, va-
lues of cerebral cortex tone vary in the range of 12-15. The
paroxysmal index was estimated by the number of flashes
in background EEG. More than two flashes in a minute seg-
ment of EEG recording are usually considered a sign of an
increase in the degree of paroxysmal activity or lowering
seizure threshold of the brain. Functional stability of brain
oscillatory activity was evaluated by the degree of stability
of background frequency of alpha rhythm. In this case, al-
pha frequency fluctuations exceeding 0.5 Hz are regarded
as a sign of instability of brain’s oscillatory activity [15, 16, 21,
22]. The WIN-EEG software, version 1.3, developed at the In-
stitute of Human Brain of the Russian Academy of Sciences,
was used to process EEG data. Statistical analysis of all data
obtained was performed using the STATISTICA package,
version 6.0. The reliability of results was assessed using
Student’s t-test.

RESULTS

Functional state of key vertically oriented structures of
Unit | was assessed differentially taking into account their
physiological role in maintaining cortex tone and wakeful-
ness level. Comparative assessment of neurodynamics of
the brain in main and control groups was carried out on
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the basis of computer-based EEG as a systemic method
of studying the brain. The results of EEG study of functio-
nal state of non-specific systems, cortex tone and seizure
threshold of the brain are presented in Table 1.

In subjects of the main sample, the latent period of de-
synchronization exceeded normative values by 2.3 times
(p <0.05), and latent period of synchronization was higher
than normative values by 1.6 times (p <0.05). At the same
time, depth of synchronization in patients with schizophrenia
was 1.22 times lower than normal. The totality of obtained
data indicates a violation of functional state of ascending ac-
tivating and ascending inhibitory systems of the brainstem.

Based on average normative values of the alpha index
in healthy subjects of 50-60% and normative values of the
delta index of 4-5%, value of the coefficient of tone and
activation of cerebral cortex is normally 12.2. In our studies,
average values of the coefficient of tone and activation of the
cerebral cortex in subjects of the control group were 12.5,
which corresponds to physiological norm. In subjects of the
main group, values of the coefficient of tone of the cerebral
cortex were 4.5, which is significantly lower than normative
values by 2.3 times (p <0.001). A decrease in basic values
of tone of the cerebral cortex creates the prerequisites for
disorganization of neurophysiological mechanisms of infor-
mation and analytical activity of the brain.

Functional state of ponto-hypothalamic region of the
brain was assessed by the number of flashes recorded in
background EEG. Normally, number of flashes on electro-
encephalogram does not exceed 2 per 1 minute of recor-
ding. In patients with psychopathology, the average number
of flashes was 5.1 per minute, which exceeded normal va-
lues of the control group by 2.5 times (p <0.04). This indi-
cated a tendency toward a moderate but reliable increase in
the degree of paroxysmal activity of the brain.

A detailed analysis of alpha-frequency range parameters
as one of the basic brain regulatory systems was carried out
taking into account exceptional role of alpha rhythm in infor-
mation and analytical activities of the brain. Attention was
also paid to the fact of its close morphofunctional connec-
tion with fronto-thalamic system, which is the key structure
of Unit | of the brain.

Both nonspecific physical parameters of alpha wave
process (index, frequency and amplitude) and physiolo-
gical features of alpha oscillations (regularity, autorhyth-
micity (modulations) and stability of alpha rhythm) were
analyzed.

The functional status of thalamic system of the brain
was determined based on analysis of the main parameters
of the alpha-frequency regulatory system of the brain: the
alpha index (%), average frequency (Hz) and amplitude
(uV) of alpha rhythm, width of alpha range (Hz), depth of
EEG desynchronization, regularity, modulations and stabili-
ty of alpha rhythm.

Comparative analysis of parameters of alpha rhythm,
presented in Table 2, reflects functional state of key cogni-
tive areas of the brain in norm and in pathology.

In individuals with psychopathology all parameters of al-
pha activity are significantly changed. Zonal decrease in fre-
quency of alpha rhythm below 9.15 indirectly demonstrates
disintegration of neurofunctional structures that play a key
role in the functioning of the brain. Fluctuations in frequency
of basic alpha rhythm exceeding 0.5 Hz indicate instability
of oscillatory activity that ensures the most important regu-
latory processes in the brain.

At the same time, EEG showed a 2.5-fold increase
(p <0.04) in the number of flashes, which indicates an up-
ward trend in the degree of paroxysmal activity of the brain
in schizophrenia.

Table 1

Comparative analysis of key parameters of neurodynamics in persons of the main and control groups

Tabnuya 1

CpaBHMTeanbIVI aHanu3 Knw4eBbiX napameTpoB HeﬁPOAMHaMMKM y nuy OCHOBHOW U KOHTpOﬂbHOVI rpynn

[TokasaTenu HelnpoanHaMukm /
Indicators of neurodynamics

HopmatunBHble 3HayYeHus /
Normative values

OcHoBHas rpynna /
The main group

KoHTponbHas rpynna /
The control group

1N pecuHxponnsaumm / LP desynchronization

0,01-0,03 ¢

0,070,002

0,02+0,012

N cuHxpoHuaayun / LP synchronization

0,4-10c

1,61£0,009

0,75+0,03

KoathdnumeHT rnybuHbl fecuHxpoHusamn /
Depth factor desynchronization

5-6-kpaTHoe CHuxeHue /
5-6-times reducing

3—4-kpaTHoe CHuxeHue /
3-4-times reducing

5-6-kpaTHoe CHuxeHue /
5-6- times reducing

KoathpmumeHT ToHyca 1 akTueaLum 12,2 4,50+2,58 12,50+2,15
kopbl mosra / The coefficient of tone
and activation of the cerebral cortex

Benbiwkw / Flashes He 6onee 2 ¢/ No more 2 sec 5,1+0,85 1,8%0,25
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Table 2

Comparative analysis of background parameters of the EEG alpha rhythm in individuals of the main and control groups

Tabnuua 2

CpaBHuTENbHbIN aHanu3 hoHoBLIX napameTpoB A anbda-pUTMa y NUL, OCHOBHOI U KOHTPONbLHOW Fpynn

Mapametpsbl a-putMa / a-rhythm parameters

OcHosHas rpynna / The main group

KontponbHas rpynna / The control group

Wupeke, % / Index, % 38,6£6,6 65,7
Yacrora, 'y / Frequency, Hz 8,8 10,1
Llinpuna anbta-guanasona, Iy / 7,2-12,1 8-13
The width of the alpha range, Hz
Amnnutypa, MkB / Amplitude, uV 49,8 62,2
PerynsapHocTb, 'y / Regularity, Hz 1,9 0,47

Mogynsuuu / Modulations

- +H+

CrabunbHocTb / Stability

- +++

DISCUSSION

In modern neuropsychology, the strategy for studying
mental resources of a person is based on understanding the
brain as a global neurodynamic system consisting of many
neural networks whose operating modes are modulated by
structures of Unit I. Anatomically, neural networks consist of
many neurons of different brain modules. In addition, they
interact in such a way that as a result of their functioning,
an optimal cognitive reserve is created. lt, in turn, ensures
targeted cognitive and behavioral activity of the individual.
That is why neurodynamic system is the basis for studying
disorders of mental processes, mechanisms of develop-
ment of cognitive deficit, negative and positive symptoms.
All this is observed within the framework of formation of
schizophrenic process and other psychopathological condi-
tions [20].

According to the two-component model, total EEG is con-
sidered as the result of interaction of synchronizing and de-
synchronizing systems of the brain. Electroencephalogram re-
flects the activity of neurons of the cortex, which are under the
constant influence of these regulatory systems of the brain.

Functional state of the cerebral cortex is determined by
the balance of reciprocally interacting desynchronizing and
synchronizing subcortical structures. The speed of interac-
tion of activating and inhibitory effects of the RF on cortical
horizontally oriented structures of the brain (Unit Il and Il),
determined by latent periods of synchronization and desyn-
chronization of alpha rhythm, was significantly reduced. When
performing the test of opening and closing eyes, a reliable
increase in latent periods was revealed. This, combined with
incomplete suppression of alpha rhythm in patients with schi-
zophrenia, indicates a violation of functional balance of desyn-
chronizing (activating) and synchronizing (inhibitory) systems

of the brainstem. A decrease in functional state of these basic
modulating systems creates prerequisites for a slowdown in
the speed of mental processes.

In 10 subjects of the main sample (25%), EEG showed
dysrhythmia patterns, which were characterized by a non-
dominant combination of waves of different frequency ranges.
Dysrhythmia patterns are caused by a simultaneous increase
in activity of synchronizing and desynchronizing systems.
Such neurodynamic states are usually manifested by a pro-
nounced cognitive decline.

Average values of the alpha index in control group sub-
jects were within the range of normal values — 65.7%. In
main sample subjects, average values of the alpha-index
did not exceed 38.6%, which is 1.7 times lower than in the
group of healthy subjects.

A decrease in representation of dominant alpha rhythm
in EEG as a functional core of oscillatory activity of the brain
can be rightfully interpreted as a factor that negatively af-
fects cognitive functions. Any morphological or functional
disorders in the brain lead primarily to a decrease in the
alpha index, usually below 50%, or its complete reduction.

It is known that frequency of alpha rhythm is a neuro-
physiological condition and prerequisite for the effective-
ness of cognitive activity. At the same time, its slowdown is
due to disorganization of thalamic system of the brain and
disruption of corticothalamic interactions.

Indicators of width of alpha range and variability of its
amplitude are markers of neurodynamic plasticity, and
therefore, the effectiveness of cognitive activity. In the group
of patients suffering from schizophrenia, these indicators
differ significantly from normative values towards slowing
down and a left-sided frequency shift of alpha rhythm.

Modulations of alpha rhythm are the most important
qualitative criterion of electroencephalograms related to
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organized alpha type. The presence of modulations in re-
lative resting state indicates the optimal interaction of three
regulatory systems of the brain: activating desynchronizing
system of the brainstem, synchronizing inhibitory system of
the thalamus and lower parts of the pons, as well as system
of neocortical control of desynchronization and synchroni-
zation processes [14].

This EEG parameter subtly reflects the dynamics of en-
semble organization of cortical neural activity, volume and
“lifetime” of the neuronal ensemble, which is an important
prerequisite for normal cognitive functioning of the brain. In
EEG studies we conducted, all subjects in the main sample
either had no alpha rhythm modulations at all, or they were
intermittent and fragmentary.

Consequently, the decrease in frequency, regularity, ab-
sence of modulations, disruption of synchronization-desyn-
chronization processes of alpha rhythm indicates disorga-
nization of alpha regulatory system of the brain. This sys-
tem is closely connected with the first functional block of the
brain. The multi-vector disorganization of alpha rhythm that
we have identified is of unconditional importance in mecha-
nisms of development of cognitive decline in schizophrenia,
as well as in other psychopathological conditions.

An increase in the number of flashes on EEG by
2.5 times above normal values indicates dysfunction of the
brainstem-thalamic regions of Unit I. According to modern
concepts, the neurodynamic structure that causes flashes
is formed as a result of a decrease in functional state of
posterior hypothalamus and brainstem structures and hy-
peractivation of nonspecific and specific nuclei of the tha-
lamus [6, 25].

In this way, the results of studies we have presented
show that patients suffering from schizophrenia have a
functional decline in key areas of the first block of the brain,
which provide activation-energy functions in brain activity.
Structures of Unit | determine the function of attention, indi-
vidual perceptual capabilities, memory and access to cogni-
tive resources through the regulation of tone and activation
of the cerebral cortex. Thus, they determine the efficiency
of cognitive functioning. Therefore, disorganization of these
brain regions creates the preconditions for a decline in cog-
nitive resources.

Experience with patients of neuropsychiatric spectrum
shows that they are characterized by intellectual passi-
vity, inability to “mental stress”, lack of motives and goals
in behavior, “atony” of psyche, complacency, aspontaneity,
attention disorder. These qualities combine with the mani-
festation of inertia, tendency to stereotypes, fantasizing and
reasoning. Along with this, patients suffering from schizo-
phrenia clearly demonstrate oddities of thought and beha-
vior, inadequacy of speech and actions.

Pathophysiology of these psychopathological phenome-
na remains insufficiently studied. The results of our studies
allow us to conclude that indicated disorders are largely de-
termined by the primary defect of subcortical systems that
form energy basis of mental activity. In terms of neuropsy-
chology, the set of these signs characterizes a neurocogni-
tive deficit associated with functional decline in energy block
of the brain and decrease in the level of wakefulness.

CONCLUSION

Our studies have revealed previously unknown informa-
tion about the significance of disturbances in neurodynamic
components of activity in the development of cognitive defi-
cit in paranoid schizophrenia, which have not only theore-
tical but also practical importance. It has been established
that psychopathology involves multilevel disorganization of
Unit |, which provides the entire spectrum of basic neuro-
dynamic processes. A decrease in activation-energy and
other neurodynamic components of brain function creates
prerequisites for impaired concentration, perception of in-
formation, memory loss, and slowed mental processing
speed. Disorganization of these components of cognitive
reserve inevitably leads to the formation of profound cog-
nitive deficits.

FINDINGS

1. Reliable signs of disorganization of nonspecific brain
systems were revealed: the latent period of desynchroniza-
tion increased by 2.33 times; latent period of transition to
synchronization register increased by 2.14 times, and depth
factor desynchronization decreased by 1.22 times, which in-
dicates a significant violation of activation processes of the
cerebral cortex.

2. The indicators of tone and energy of the cerebral cortex
in the main sample were 2.8 times lower than normative va-
lues, which is an objective sign of a decrease in wakefulness
level.

3. In patients with psychopathology, a moderate but reli-
able tendency to increase paroxysmal activity was revealed.
The number of EEG flashes exceeded normal values by
2.5 times, which indicates a decrease in functional state of
the posterior hypothalamus and lower brainstem during acti-
vation of nonspecific and specific nuclei of the thalamus.

Thus, EEG study of the main neurodynamic components
of brain activity that determine the cognitive resource and
mental performance of an individual may be very useful in
objectifying functional cognitive disorders. It can also be im-
portant in choosing pathogenetic treatment of psychopatho-
logical disorders.
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Abstract. Critical limb threatening ischemia (CLTI), the most advanced form of peripheral artery disease, is associated
with significant morbidity, mortality, and health care resource utilization. It is a clinical syndrome of ischemic pain at rest
or tissue loss, such as non-healing ulcers or gangrene, related to peripheral artery disease. CLTI has a high short-term
risk of limb loss and cardiovascular events. Non-invasive or invasive angiography helps determine the feasibility and
approach to arterial revascularization. An “endovascular-first” approach is often advocated based on a lower procedural
risk; however, specific patterns of disease may be best treated by open surgical revascularization. Balloon angioplasty
and stenting form the backbone of endovascular techniques, with drug-eluting stents and drug-coated balloons offering
low rates of repeat revascularization. Combined antegrade and retrograde approaches can increase success in long
total occlusions. Below the knee, angiosome-directed angioplasty may lead to greater wound healing, but failing this,
any straight line flow into the foot is pursued. Hybrid surgical techniques such as iliac stenting and common femoral
endarterectomy are commonly used to reduce operative risk. Lower extremity bypass grafting is most successful
with a good quality, long, single-segment autogenous vein of at least 3.5 mm diameter. Minor amputations are often
required for tissue loss as part of the treatment strategy. Major amputations (at or above the ankle) limit functional
independence and their prevention is a key goal of CLTI therapy. Medical therapy after revascularization targets risk
factors for atherosclerosis and assesses wound healing and new or recurrent flow limiting disease.

Keywords: peripheral artery disease, endovascular, vascular intervention, vascular disease extremities, vascular
surgery, critical limb threatening ischemia, drug coated balloons, drug-eluting stent
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Pe3stome. KpuTiyeckas uLeMusl, yrpoxaroLLas KOHEYHOCTSIM, — Haubonee pacnpocTpaHeHHas hopma 3aboneBaHuns
nepudepuyecknx apTepuin, KoTopast CBSi3aHa Co 3HaUMTESNbHO 3a601€BAaEMOCTHI0, CMEPTHOCTbIO W UCMOMNb30BaHNEM
PECYPCOB 3[paBOOXPaHEHMS. DTO KNMHUYECKMIA CUHAPOM ULLEMUYECKON BOMK B NOKOE UMK NOTEPY TKaHew, Hanpumep
He3aXM1BaloLMX SI3B NN FaHrPeHa, CBSA3aHHbI ¢ 3aboneBaHneM nepudepnyeckux aptepuii. XpoHuyeckas niiemus
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yrpoxatowen notepn koHeyHocTun (XMYTIK) umeeT BbICOKNA KpaTKOCPOYHbIA PUCK NMOTEPU KOHEYHOCTEN U CEPLEYHO-
COCYAUCTbIX COBbLITUI. HenHBa3MBHas U MHBA3WBHAsA aHruorpadus noMoraeT onpeaeniTb BO3MOXHOCTb U NOAXOA K
apTepuanbHoN pesackynspusami. YacTo npegnaraeTcs NOAX04 «CHavana 3H4oBaCKYNAPHbINY, OCHOBaHHbIN Ha Gonee
HW3KOM pUCKe npoLiefypbl, 0AHAKO Npu onpefeneHHbIX popmax 3abonesaHns nyyLle BCEro neynTb OTKPbITYH XMpyp-
rM4eckyto pesackynspusauuo. bannoHHas aHrmonnacTuka u CTEHTMPOBaHWE COCTABMAT OCHOBY 3HA0BACKYMAPHBIX
METOZOB, MPN 3TOM CTEHTbI C IEKAPCTBEHHBIM MOKPLITUEM W 6ANOHbI C NEKAPCTBEHHBLIM MOKPbITUEM 0becneunsatoT
HW3KYI0 BEPOSTHOCTb MOBTOPHOM peBackynspusaumn. KombuHaums aHTerpagHoro 1 peTporpagHoro noaxXo40B MOXET
NOBbLICUTH yCNEX NPU NPOTSKEHHOW TOTANbHOW OKKIO3UK. AHTMONNACTUKA HIKE KONeHa, HanpaBfieHHas Ha aHrMoCOMb,
MOXET NpnBECTM K 6onee BbICTPOMY 3aXMBIIEHWIO PaH, HO €CAIN 3TO He YAanoCh, TO COXpaHAeTCs to6oN NPSMON NOTOK
kpoBwu B cTony. MBpuaHble XMpypruyeckue METoAbl, Takue kak CTEHTMPOBaHWe NOAB3A0LWHON apTepuu n BeapeHHas
9HAAPTEPIKTOMMS, 0OBIYHO UCMOMB3YKOTCS AN CHIKEHWS ONepaLoHHOr0 pucka. LLyHTupoBaHue HKHIUX KOHEYHOCTEN
Hanbonee 3aPHEKTUBHO NPU NCMONb3OBAHUN ANIMHHON OJHOCErMEHTAPHON ayTOreHHOW BEHbI XOPOLLEro KayecTBa
AnameTpom He MeHee 3,5 Mm. HebonbLume amnyTauum Yacto TpebyTcs 13-3a noTepu TKAHEN B pamkax cTpaTerum
neyeHus. bonbluve amnyTayum (Ha ypoBHE NOALIKKM UMK BbILLE) OrPaHNYMBAIOT (DYHKLIMOHAMBHYIO HE3aBUCUMOCTb, Y
WX NpefoTBPaLLEHIE SBNAETCS KNIOYEBOM LiENbI0 Tepanun KpUTUYECKON UeMUM HkHUX kKoHeuHocTel (KUHK)/XIYTIK.
MeamkameHTO3Hasa Tepanus nocne pesackynsapusauuy HalerneHa Ha hakTopbl pucka atepockneposa u oLeHuBaeT
3aXuBNeHWe paH 1 HOBble UMW peLnanBupyoLme 3abonesBanus, OrpaHMYNBaloLLe KpOBOTOK.

KntoueBble cnoBa: 3aboneBaHns nepudepuyecknx apTepuii, 3HA0BACKYNSPHbLIE BMeLLATeNbCTBA, COCYANCTbIE
BMeLLaTeNbCTBA, COCYANCTbIE 3ab0MneBaHNs KOHEYHOCTEN, COCYAMUCTas XUPYPIUs, KpUTUYECKas ULLeMMS, YrpoxatoLyas

KOHEeYHOCTN, GannoHbl ¢ JNIEKapCTBEHHbIM NOKPbITUEM, CTEHT C JIEKAPCTBEHHbLIM MOKPbLITUEM

INTRODUCTION

Critical limb threatening ischemia is a clinical syndrome of is-
chemic pain at rest and/or ischemic tissue loss such as non-hea-
ling ulcers or gangrene, related to peripheral artery disease of the
lower limbs. It differs from acute limb threatening ischemia, which
is a sudden loss of limb perfusion (defined as within 14 days)

typically due to embolus or in-situ thrombus. In contrast, critical Fontaine classification Rutherford classification
limb ischemia occurs over several wgeks to lmonthsl, butisatthe | stage Symptoms Category Symptoms
extreme end of the spectrum of chronic limb ischemia (Rutherford | Ju——— 0 Ju———
classification 4-6, Fontaine ll/IV, A.V. Pokrovsky IV — Table 1). Sympromatic Sympromatic
Its importance is due to the much higher risks of limb loss and car- Il Intermittent 1 Mild claudication
diovascular events than asymptomatic peripheral artery disease claudication 2 Moderate claudication
and intermittent claudication [1, 2]. The poor prognosis demands 3 S ——
more rapid assessment, a greater role for wound care, and the evere claudication
earlier use of revascularization [3]. As a result, a multidiscipline Il | Ischemic rest pain 4 Ischemic rest pain
approach involving specialists in endovascular revasculariza- v Ulceration 5 Ischemic ulceration
tion, open .sulrglc.al revascula(lzatlon, poc_ila_try, wqund care, and or gangrene (minor tissue loss)
other specialties is often required to maximize patient outcomes. ;

6 Ischemic gangrene

(major tissue loss)
DEFINITIONS
_— . . . . . A.V. Pokrovsky classification
Definitions of CLTI aim to identify patients who are risk

of major limb amputation without specific treatment such as | _Stage Symptoms
revascularization or wound care. Traditionally CLTI is de- | Asymptomatic or pain in calf muscles (>1 km)
fined as re.‘St paln_ or tlgsue loss (ulcers, or gan.gren.e) .SUp- lIA Intermittent claudication (>200 meters)
ported by ischemia defined by the hemodynamic criteria of - —
low ankle or toe pressures, or low transcutaneous oxygen B Intermittent claudication (>200 meters)
(TcO,) values. Ankle pressure criteria range from less than m Intermittent claudication, rest pain
40-70 mmHg, toe pressures less than 30-50 mmHg, TcO, less y Ulceration or gangrene
than 2040 mmHg. Higher cut points are often used for tissue

Table 1

Peripheral artery disease symptom classification: Fontaine
stages, Rutherford categories and A.V. Pokrovsky classification

Tabnuua 1

Knaccudmkauus cumntomoB 3aboneBaHuii nepucepruyecknx
aptepui: ®oHTeHa, Pesepdopaa u A.B. MokpoBckoro
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loss on the assumption that greater perfusion is required for
wound healing, but expert consensus on these hemodynamic
criteria differs between guidelines [2, 4-7]. The original defi-
nitions were designed to standardize entry criteria for clinical
trials of CLTI in patients without diabetes to permit compari-
sons across studies [4, 6] or to assess the likelihood of wound
healing [8]. However, their value as diagnostic tests of CLTI in
clinical practice are more controversial [2, 5, 9]. Defining spe-
cific cut points of toe pressure or TcO, for the clinical diagnosis
of CLTl is difficult because of the considerable overlap in val-
ues among CLTI patients who do or do not progress to major
amputation or cardiovascular events (Fig. 1) [10, 11]. One trial
suggests they don't impact the decision for revascularization
[12]. Other definitions of CLTI incorporate wound infection and
osteomyelitis in addition to ischemia [13].

For clinical purposes rest pain or non-healing wounds
may suffice as a definition to justify the use of expensive

% M TcO, <35 mmHg
100 1 TcO, 2 35 mmHg
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8
S
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01 Revascularization No Surgery o
or amputation
% Il Toe Pressure <38 mmHg
100 4 Toe Pressure 238 mmHg

80 -
2 60 -
[
o
&
se 40+

20

L |
Revascularization No Surgery
or amputation
Fig. 1.  Overlap in TcO, and toe pressure results between patients

requiring revascularization or amputation for CLI and
patients managed medically (from data in Ubbink et al. [11])

PesynbTathl nepekpbitua TcO, n gaBneHus Ha nanewy cro-
Nbl Yy NAUWEHTOB, HYXAAMOWWNXCA B peBacKynapusauum unu
amnytauumn no nosogy KUHK, u y naumeHToB, nonyyatowmx
MeJuKaMeHTO3HOE neyeHue (No AaHHbIM Y66uHka u ap. [11])

Puc. 1.

technology (angiography and revascularization) which are
fundamental to the clinical treatment of this condition.

NATURAL HISTORY OF CLTI

Patient outcomes in critical limb ischemia are largely deter-
mined by morbidity and mortality due to cardiovascular events
and functional impairment due to limb loss. Although, over the
whole spectrum of PAD, cardiovascular events such as myo-
cardial infarction and stroke occur in 30-50% of subjects over
a 5 year period, patients with CLI face this risk over a one year
period [1, 2, 14] — an outcome worse than many cancers or
severe heart failure. Similarly, although the risk of major ampu-
tation (at or above the ankle) is less than 5% over 5-10 years
in patients with claudication, it is at least 30-50% in the first
year in patients with CLI who do not have revascularization [2].

ASSESSMENT AND INITIAL TREATMENT

The clinical presentation of CLI depends on the degree of
ischemia, the presence of infection, and co-existing neuropa-
thy [1]. Ischemic pain is usually worse when the patient is su-
pine and often requires narcotics for analgesia. It may waken
patients from sleep and prevent them from walking. Infection
can increase pain even without severe ischemia. Neuropathy
can contribute to tissue injury or mask pain from an ulcer.

Current guidelines recommend measuring the ankle pres-
sure or ankle brachial index[1, 2, 5], although medial calcino-
sis may yield artificially high values in which case toe pres-
sures may indicate arterial obstruction. TcO, or skin perfusion
pressures may indicate the likelihood of wound healing.

The primary goal is to preserve limb function. Revascula-
rization is a fundamental strategy to limb preservation, but
in some patients, this does not improve limb function and
mobility. For example, cognitive impairment, non-ambulatory
status prior to CLI, and severe comorbidities portend a poor
prognosis even with revascularization [15]. When revascula-
rization is considered, arterial imaging identifies the targets
and mode of revascularization.

Duplex ultrasound, and non-invasive angiography with
computerized tomography (CTA) or magnetic resonance
(MRA), can demonstrate arterial obstruction. Duplex ultra-
sound does not require contrast but requires specific trai-
ning and may not image the tibial arteries very easily. In
infra-inguinal disease, vein mapping is required to deter-
mine the feasibility of surgical bypass with autogenous vein.

CTA requires iodinated contrast and may cause con-
trast nephropathy in patients with impaired renal function.
Heavily arterial calcification can create artefacts that limit
CTA particularly in distal disease. Non-contrast time-of-
flight MRA is prone to artifact with non-laminar flow typi-
cal of atherosclerotic plaque, and concerns of nephrogenic
systemic fibrosis from gadolinium contrast limit its use in
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advanced kidney disease [16]. CTA and MRA are some-
times inadequate to assess the smaller tibial arteries. Ne-
vertheless, CTA and MRA can help localize disease targets
and help plan the mode and approach to revascularization.

Due to limitations in imaging distal arteries non-invasive-
ly, invasive angiography is often used to clarify the potential
for revascularization and should be considered prior to ma-
jor amputation. Invasive angiography uses iodinated con-
trast and provides the highest spatial resolution. Diagnostic
cases can use as little as 30 mL of contrast for both legs
with conventional and digital subtraction angiography.

Initial treatments include control of pain, which may re-
quire narcotics, pressure relief of ulcers, sheepskin boots
to increase superficial collateral supply, and tilting the bed
downward to increase limb dependency and perfusion [2].
Pain relief may reverse sympathetic-mediated vasocon-
striction. Although some of these measures only marginally
improve perfusion, they may reduce the discomfort associ-
ated with CLI while planning definitive treatment.

ENDOVASCULAR REVASCULARIZATION

In many centers, endovascular revascularization is the
favored approach to CLI, because of lower morbidity and
mortality compared to open surgery (Fig. 2). The optimal
treatment strategy (endovascular versus open surgery) will
depend on anatomical factors, comorbidities, patient prefe-
rence and operator experience and skill. Although claudica-
tion can be relieved by inflow revascularization (aorto-iliac
and femoral), CLI is often associated with multilevel disease
and usually requires outflow (tibial) revascularization as well
as treating inflow disease. Much of the evidence for endovas-
cular treatment of inflow disease is based on studies of pa-
tients with claudication or a mix of claudication and CLI [52].

INFLOW AND FEMORAL-POPLITEAL DISEASE

Aorto-iliac disease can be approached from the ipsilateral
or contralateral common femoral arteries, or brachial and radial
arteries. Rarely a retrograde approach from the popliteal artery
can assist crossing superficial femoral artery occlusions which
cannot be traversed antegrade [3] (Fig. 3). The retrograde pop-
liteal approach requires access from above from the contra-
lateral or antegrade common femoral artery, then turning the
patient prone on the table and using ultrasound with a micro
puncture needle to access the popliteal artery at or just above
the knee joint. Small sheaths (4-5 French) provide access for
a wire which can be snared from above once it traverses the
occlusion. A wire that is exteriorized above and below and oc-
clusion provides a rigid rail to assist pushing catheters and bal-
loons through an occlusion (the “dental floss” technique).

Avariety of systems are used to cross lesions including 0.035",
0.025", 0.018", and 0.014" diameter wires and balloons. Con-
cerns of recoil of ostial lesions and dissections associated with
occluded or calcified disease has led to the almost universal prac-
tice of primary stenting in iliac disease [17]. Balloon expandable
stents offer greater radial force and a more precise deployment
(especially useful in ostial locations), whereas nitinol self-expan-
ding stents may useful in long tapered lesions. Covered stents
are useful for life-threatening perforations of the iliac artery during
endovascular treatment. Their value in preventing restenosis is
uncertain [3], due to concems of increased rates of stent thrombo-
sis and the potential to jail and occlude branch vessels.

Common femoral disease often involves the profunda and SFA
origins. Endovascular treatment alone can achieve durable results
with acute dissection of the common femoral artery from arterial
closure devices. Stents are avoided in this region due to the repea-
ted flexion and extension of this artery and potential for stent frac-
ture, as well as jailing the profunda artery — an important collateral

| Critical limb Ischemia. Non-Healing Ulcer. Rest Pain |

'

| MRA, CTA or invasive angiography shows lesion treatable by endovascular approach |

Yes

\ 4

Yes

No

v
| Lesion treatable by open surgery at acceptable operative risk |

No
y \

Endovascular revascularization | |

Surgical revascularization | |

Consider primary amputation |

\ 4

| Wound care & atherosclerosis risk factor modification |

Fig. 2.
Puc. 2.

Algorithm for the approach to revascularization in patients with critical limb ischemia
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Brachial
Retrograde Antegrade
Contralateral Ipsilateral
Common Common
Femoral Femoral
Retrograde
Popliteal
/ : \
Retrograde
Tibial
Fig.3.  Approach for arterial access for endovascular revascu-
larization of the lower limbs
Puc. 3. MMoaxop k apTepuanbHoMy AOCTyny nmpu 3HAOBacKynsp-

HOM peBacKynsapu3aunn HUXHUX KOHEYHoCTe

in the event of SFA occlusion [84-86, 91-93]. Preservation of
both branches with balloon angioplasty alone can be difficult with
complex calcified plaques, and often surgical endarterectomy with
patch angioplasty offers a more durable result. Hybrid endovascu-
lar-surgical approaches using endovascular approaches for iliac
or superficial femoral disease and endarterectomy for common
femoral disease are increasingly used [18]. New developments in
atherectomy and drug coated balloons have renewed interest in
endovascular approaches for common femoral disease, although
this paradigm needs formal testing in clinical trials.

The SFAis the longest artery in the leg and subject to flexion,
compression and torsion. These forces are particularly important
close to the knee and the common femoral artery. Balloon angio-
plasty offers similar results to stenting in short lesions (<100 mm)
when there is good arterial expansion without flow limiting dissec-
tions [19]. Minor dissections often heal without long-term sequela.
Nitinol self-expanding stents offer better long-term patency in
longer lesions [20] and re-expand after external radial compres-
sion. Stent fracture is thought to increase instent restenosis, but

is much rarer with the newer self-expanding stent platforms
[20-23]. Recent drug-eluting stents designs offer a lower rate of
restenosis compared to bare-metal self-expanding stents [24].
Drug-coated balloons offer lower rates of restenosis
than balloon angioplasty alone in patients with SFA di-
sease and claudication [25-27]. Drug-coated balloons also
prevent restenosis when used prior to bare-metal stent de-
ployment [28], and offer more durable treatment of instent
restenosis of the femoral artery [29]. The evidence suppor-
ting drug-eluting stents and drug-coated balloons is much
stronger than for covered-self expanding stents, which have
uncertain effects on restenosis and stent thrombosis [30].
Chronic total occlusions of the SFA are common in sympto-
matic PAD [87-90]. A variety of techniques and devices for
crossing total occlusions and re-entering the true lumen in the
distal artery are available, but few have been tested in randomi-
zed trials. These include hydrophilic wires to dissect through the
intima or the medial (“subintimal’) layers of the artery. Specialty
catheters include those with dissection devices, vibrational ener-
gy, drilling heads, and laser capabilities to penetrate the fibrous
cap and length of occluded plaque. Intravascular ultrasound
can confirm an intraluminal location of a wire in an occlusion
(Figure 4), and other devices to redirect a 0.014" wire from a
dissection plane into the distal true lumen can facilitate crossing
femoral artery occlusions. A number of atherectomy devices are
also available to debulk lesions and may have utility in niche
areas such as heavily calcified lesions resistant to balloon and
stent dilation [3]. However, a meta-analysis suggested no clear
benefit from using atherectomy devices alone compared to bal-
loon angioplasty [31]. Recent interest in the use of atherectomy
combined with drug-coated balloons requires further testing,
particularly in areas where stents are avoided (over the knee
and hip joints). Given the high risks of major amputation, sten-
ting over the knee joint is sometimes required to maintain paten-
cy. A number of specialty stents with greater durability to repea-
ted flexion are designed for the popliteal artery in particular [23].

TIBIAL DISEASE

There is rarely a justification for tibial interventions in
claudication. However, wound healing and relief of CLTI is
more dependent on establishing straight-line flow into the
foot. Therefore below-knee popliteal and tibial artery inter-
ventions are more commonly pursued in CLTI.

Access is more limited for distal tibial disease as a
contralateral common femoral approach or brachial ap-
proach are often too distant for most equipment based on
130-150 mm shaft lengths. An antegrade femoral approach
also gives more “pushability” to drive through long occlu-
sions. The retrograde tibial approach can be used for
tibial and popliteal occlusions which cannot be crossed
antegrade (Figure 3), but if unsuccessful may create a
non-healing ulcer at the access site. The retrograde pedal
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Fig. 4.

Intravascular ultrasound (IVUS) used to assess the intra-
arterial location while traversing a long occlusion: A — the
IVUS catheter (C) is seen over a looped wire in an occluded
segment of the mid superficial femoral artery. An adjacent
wire is extra-arterial. SFA indicates the distal superficial
femoral artery beyond the occlusion; B — IVUS image
showing the catheter (C) in the middle of the artery and
adjacent to the femoral vein (FV). The diameter of the artery
was 6.1x6.2 mm, which represents to media and intima
and likely overestimates the reference lumen diameter;
C — stent deployment after successfully traversing the
occluded artery; D — final result on angiography

BryTpucocyaucToe ynbTpa3sykoBoe uccrenosaxue (BCY3HN)
UCMONb3yeTCA ANS OLEHKN BHyTpUapTepuanbHOro pac-
NOMOXEHNA MpU NPOXOXAEHUN ANUTENbHOW OKKMIO3UK:
A — katetep BCY3U (C) BupeH vepe3 netneobpasHyto
NPOBOMNOKY B OKKITO3MPOBAHHOM CErMeHTe CpepHel no-
BEPXHOCTHOIA GeapeHHON apTepun. [Mpunerarowmi nposog,
ABNSETCA BHeapTepmanbHbIM. [loBepxHOCTHaA 6eapeHHas
aptepus (NBA) yka3biBaeT Ha AuCTanbHYK NOBEPXHOCT-
Hylo GepeHHyl0 apTepuio 3a Npegenamm okknwo3uu; B —
u3obpaxenue BCY3U, nokasbiBatowiee katetep (C) B cepe-
OVHe apTepuu, paaom ¢ 6eapeHHoi BeHol (BB). Anametp
apTepum coctaBnan 6,1x6,2 MM, 4YTO COOTBETCTBYET Cpeae
M UHTUME U, BEPOSITHO, 3aBblllaeT ITaNoOHHbIA AUaMeTp
npocBeTta; C — pacKkpbiTMe CTEHTa NOCne YCNewWHoro ne-
peceyeHunst OKKNO3UpOBaHHoOI apTepumn; D — okoHyaTenb-
HbIi pe3ynbTaT aHrmorpadgum

Puc. 4.

or tibial artery approach uses ultrasound and a micropunc-
ture needle for access and the dilator of the micropuncture
kit or a small sheath for wire access. Access from above
(e.g. antegrade femoral) allows a retrograde wire to be
snared and exteriorized above and below the tibial or pop-
liteal occlusion to provide a rigid rail to drive catheters and
balloons through an occlusion (Fig. 5, 6, 7).

The value of angiosome directed revascularization versus
restoring any straight-line flow into the foot is debated. The for-

.‘2’

ala b/6
/i
Sy
/, ’//'
c/s dir s
Fig.5. Antegrade femoral approach through CFA on the right
side. Intraoperative angiography: a — CFA, DFA, proximal
anastomosis DfPB; b — DfPB, distal anastomosis; ¢ — blind
segment of PopA; d — ATA, occlusion of the arteries of the leg
Puc.5. AnTerpagHbiv GegpeHHbIN JOCTYN Yepes3 obLylo 6eapeHHyo

aptepuio (OBA) cnpaBa. MHTpaonepaumoHHas aHruorpadums:
a— OBA, rny6okas 6eapeHHas aptepus (FBA), npokcumans-
HbIA aHacToMO3 rNy6oko GeapeHHO-NOAKONEHHOE LYHTK-
poBanue (F6MLL); 6 — GMMLU, aucTanbHbIA aHacTOMO3; B —
crnenow cermeHT nopkoneHHon aptepuu (MkA); r — nepeaHas
GonbluebepuoBas aprepus (MBBA), okknto3us apTepuit roneqmn

mer assumes that revascularization of a tibial artery supplying
the angiosome of the ulcer or gangrenous region (Fig. 8) is
more likely to promote healing than non-angiosome revascula-
rization which relies on increased collateral flow to an ischemic
region. In observational studies, wound healing was greater
and amputation lower with angiosome-directed compared to
indirect (non-angiosome) tibial revascularization [32]. Howe-
ver, these observations may be confounded. Indirect revascu-
larization, may be a marker for more complex tibial disease,
which may be associated both with no option for angiosome
directed revascularization and poorer limb salvage. In one
study, changes in foot microcirculation assessed by skin perfu-
sion pressure improved regardless of whether the angiosome
related tibial artery or the non-angiosome related artery was
revascularized [33]. Although it makes intuitive sense to use an
angiosome directed treatment wherever possible, if this is not
successful, any straight-line flow should be better than none.
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Stages of the operation: a — recanalization of the anterior tibial artery using a modified catheter; b — transcollateral recanalization

Fig. 6.
of the posterior tibial artery through the communicating branch of the small tibial artery; ¢ — retrograde recanalization of
the posterior tibial artery; d — recanalization of the origin of the posterior tibial artery with counter conductors supported by
a modified catheter; e — recanalization of the lateral plantar artery

Puc. 6. 3Tanbl onepauuu: a — pekaHanusauus nepeaHen 6onbwebepLOBoOIi apTepum ¢ UCNONb30BaHNEM MOANMDMLMPOBAHHOIO KaTeTepa;

6 — TpaHcKonnartepanbHas pekaHanu3auus 3agHen 6onblebepLOBON apTepun Yepes KOMMYHUKAHTHYHO BeTBb Manoi GepLoBoi
apTepuu; B — peTporpagHas pekaHanu3aums 3agHei 6onbwebepLoBoil apTepum; r — pekaHanu3sauus McToka 3agHen bonbwebep-
LIOBOIA apTepun BCTPEYHLIMU NPOBOAHMKaMU NPU NoAAEPKKe MOAUDULIMPOBaHHOTO KaTeTepa; i — peKaHanu3aums natepansHon

NNaHTapHOM apTepuu

Primary balloon angioplasty of tibial disease provides
a good response in most situations. Long balloons are
specifically designed to treat the often diffuse tibial disease
with prolonged inflations. Stents are reserved for poor bal-
loon results (re-occlusion, recoil to more than 50% steno-
sis, flow-limiting dissection). Tibial arteries are about 2.5
3.5 mm in diameter, and are usually treated with balloon
expandable coronary stents with a spot-stenting philosophy.
Proximal lesions are somewhat protected by the bulk of
the calf muscle, but can theoretically be crushed by exter-
nal compression. Stent crush is more likely with extensive
stenting and stents in the distal calf. Poor outflow theoreti-
cally increases the risk of stent thrombosis and may reduce
the enthusiasm for stenting. Randomized studies in tibial ar-
teries show better patency and less need for reintervention
with drug-eluting compared to bare-metal coronary stents
[34-36], with one trial showing lower rates of amputation [35].

Compared to conventional balloon angioplasty, drug-coa-
ted balloons for tibial interventions provided promising results
in early series and single center trials [37]. However, reste-
nosis rates were higher than drug-eluting stents in one small
trial [38], and the multicenter randomized IN.PACT DEEP
study raised concerns because of a trend to more amputa-
tions in the drug-coated versus standard balloon angioplasty
arms (8.8% versus 3.6%, p=0.08) [39]. Reasons for the lack-
luster results compared to femoral-popliteal disease include
reduced drug delivery due to drug coating after balloon wrap-
ping and poor drug-release characteristics. Further rando-
mized trials will explore their value in tibial arteries.

Atherectomy in tibial arteries is of uncertain value beyond bal-
loon angioplasty and stenting [31]. Long segment tibial atherec-

Fig.7.  Control angiography — direct revascularization of the foot
and trophic defects
Puc. 7. KoHTponbHas aHrmorpadms — npsimasi peBackynspusaums

CTONbI M Tpoduyecknx aedeKToB

tomy could cause embolization which decreases outflow and dis-
tal perfusion. One recent report showed greater acute success,
but no difference in amputation, repeat revascularization or mor-
tality with laser assisted versus conventional angioplasty [40].

Wire perforation of the tibial arteries is usually easily treat-
able by low-pressure balloon angioplasty, but larger perforations
may require longer balloon inflations or covered stents to avoid
a compartment syndrome which can cause ischemic muscle
and nerve injury and threaten the viability of the lower limb.

OPEN SURGICAL REVASCULARIZATION

The goals of surgical revascularization are to provide
straight-line flow into the foot, promote wound healing, and to
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Posterior tibial angiosome
Fig. 8.
Puc. 8.

Angiosomes of the below-the-knee lower extremity
AHIMOCOMbI HUXHEW KOHEYHOCTM HUXKe KorneHa

limit the level of amputation. Open surgery has higher risks of
peri-operative myocardial infarction, death and stroke than endo-
vascular revascularization. However, in critical limb ischemia, the
potential loss of limb and function may favor surgery when endo-
vascular therapy is not possible or not successful and patients
otherwise have a reasonable 2 year survival [18]. Risk scores
can help risk-stratify CLT| patients having infrainguinal bypass
surgery. For example, the PREVENT Il risk score includes dialy-
sis, tissue loss, age =75 years, and coronary artery disease [41].
A higher score associates with a lower risk of survival free from
amputation. In addition to patient risk, assessment includes vein
mapping of saphenous vein to determine available autogenous
conduit. This is particularly important in patients who may have
had vein harvested for coronary artery bypass in the past.
Multilevel disease is often treated with hybrid revascula-
rization using endovascular techniques to treat inflow disease
(e.g., iliac stenting), and surgical revascularization for femo-
ral or infrainguinal disease (Figure 4) (e.g., common femoral
endarterectomy, and femoral popliteal bypass) [18]. Rarely,
occlusion of the distal aorta and iliac disease may require
aorto-bifemoral bypass, contralateral femoral to femoral by-
pass [84-93], or axillary-femoral bypass [18] (Fig. 5, 6, 7).
Common femoral endarterectomy may extend into the
proximal SFA or profunda artery. Closure is usually achieved
with a bovine or synthetic patch to reduce restenosis, or
sometimes with primary closure without a patch [18]. Com-
plications include wound infection (particularly in obese
patients), hematoma and lymph leak. This procedure of-
fers a high long-term patency rate (>90%) and considered

Peroneal angiosome

Peroneal

/ artery

Anterior
tibial artery

Anterior tibial angiosome

superior to endovascular treatment particularly for heavily
calcified disease involving the SFA and profunda origins.

As with endovascular treatment, infrainguinal bypass re-
lies on good inflow and outflow. The three types of saphenous
vein bypass are reversed (translocated) vein, nonreversed
vein, and in situ bypass where vein branches are ligated and
the distal ends mobilized and anastomosed to the artery. The
latter two configurations require excision of the valves with
a valvulotome, which can sometimes injure the vein conduit.
Observational studies suggest similar outcomes with all three
configurations [18, 42]. Limb salvage and graft patency are
best with good quality, long, single-segment, autogenous vein
with a diameter of at least 3.5 mm [43-45]. In the PREVENT
Il trial, bypass grafts with these characteristics had a low
30day failure rate (less than 2%), and high secondary paten-
cy and limb salvage at one year (approximately 90%) [45].

In pooled analyses, autogenous saphenous vein provided
better long-term patency than prosthetic grafts for above- and
below-knee grafts [44, 46, 47). Prosthetic grafts of heparin-bon-
ded polytetrafluoroethylene may provide better outcomes than
older prosthetic grafts [48] with comparable results to autolo-
gous vein in a one retrospective study [49]. Cryopreserved ca-
daveric vein has poorer long-term patency results [50].

AMPUTATION

Minor amputations such toe, ray (toe and metatarsal),
or transmetatarsal amputations require an adequate blood
supply into the foot to maximize healing and are usually part
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Fig. 9.

Endarterectomy from the CFA on the left side repair with an autovenous patch (a); insertion of the introducer/sheath into the inflow

of the autovenous patch (b). An open endarterectomy was performed from the common femoral artery with autovenous patch
repair. When the autovenous conduit is isolated, a large inflow is preserved, and an introducer is inserted

Puc. 9.

OnpaptepakTomus u3 OBA cneBa ¢ nnacTUKOW ayTOBEHO3HOM 3annaTton (a); 3aBefjeHne MHTPOAbHCepPa B NPUTOK ayTOBEHO3HOM

3annarbl (6). BbinonHeHa oTKpbITas aHAapTEPIKTOMMA U3 00w el GepeHHON apTepum C NNAcTUKOW| ayTOBEHO3HOI 3annaToi. Mpu
BbleNeHUN ayTOBEHO3HOTO KOHAYMTA COXPaHeH KPYMHbIA NPUTOK, 3aBeAeH UHTpoAboCep

of the treatment plan for gangrene or tissue loss after suc-
cessful revascularization. Generally, minor amputation does
not limit functional independence or require a prosthesis.

Major amputations (at or above the knee) limit functional
independence and require a prosthesis to walk. Although pre-
venting major amputation is a key goal, amputation may be
indicated for failed revascularization, patients with extensive
tissue loss or infection, patients unfit for surgical revascula-
rization with no endovascular options, and potentially non-am-
bulating patients. Up to one third of below-knee amputations
may require further surgery or an above-knee amputation
due to poor healing [53]. A patent popliteal pulse reduces the
failure rate of healing to less than 10%. More than 90% of
above-knee amputations heal, but only about 20% of ampu-
tees regain full mobility with a prosthesis compared to 60%
with a below-knee prosthesis [53, 54]. Factors related to poor
prosthesis use and function after major amputation include in-
creasing age, bilateral or above-knee amputations, dementia,
and poor function prior to amputation [54].

WOUND CARE

Wound care principles include improving perfusion into
the limb, treating infection, avoiding pressure on a wound,
debridement, and adequate nutrition (Fig. 9, 10). Debride-
ment of devitalized or infected tissue by scalpel, collagena-
ses, or even maggots [55], promotes wound healing. Antibi-
otics may be required to treat infection to prevent osteomye-
litis. Avoiding pressure on the wound (e.g., off-loading the
foot) also assists wound healing [56]. The local temperature
of the limb can be increased using sheepskin (Rooke) boots
and may improve superficial collateral flow to help perfuse

Fig. 10. St. localis at the time of discharge. Actively granulating
wound of the right heel area. On the third day after
revascularization, a staged necrectomy of the trophic
ulcer of the right calcaneal region was performed. Next
two courses of NPWT therapy was done. The wound has
cleaned up and is actively granulating. The patient was
discharged for outpatient treatment on the 62nd day of
hospitalization

St. localis Ha MOMeHT BbINUCKU. AKTUBHO rpaHynupytowas
paHa npaBoil nATo4HoOI obnactu. Ha TpeTbyu cyTku nocne
peBackynsipusauun BbINOSIHEHA 3TanHas HEeKpPIKTOMuUA
Tpodhmyeckon A3BbI NpaBoi NATOYHOM obnacTu. [anee
ABa kypca NPWT-tepanuu. PaHa ouucTunacb, akTMBHO
rpanynupyert. MauueHT BbinucaH Ha ambynaTopHoe neve-
HuWe Ha 62-e CyTKM rocnuTanuaaumu.

Puc. 10.

a limb [57]. Negative pressure dressings (e.g., vacuum-as-
sisted) increase capillary flow and help drain wounds [58].
Hyperbaric oxygen therapy offers no advantages for am-
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putation prevention, but may improve the more subjective
endpoint of wound healing in diabetes [59].

In patients where there are no revascularization options,
intermittent pneumatic compression may assist wound hea-
ling and prevent major amputation [54]. To date, cell-based
therapies such as infusion of bone marrow derived mononu-
clear cells have not prevented major amputation in patients
with no revascularization options [60].

MEDICAL THERAPY AND SURVEILLANCE
AFTER REVASCULARIZATION

Failure of endovascular and surgical treatment of CLTI
due to thrombosis, neointimal proliferation, or progression
in atherosclerosis demands close surveillance of patients
by providers with vascular expertise. Surveillance also in-
cludes intensively treating risk factors for atherosclerosis to
reduce the high risk of cardiovascular events.

Recurrent ischemic pain in the leg, lack of progression
in wound healing, or a decline in ABIs are indicators of re-
stenosis or occlusion. Duplex ultrasound of bypass grafts is
commonly practiced to identify graft stenoses for revision
and preserve long-term patency. However, this practice was
not associated with lower amputation or better patency in
one randomized trial [61], and there are no randomized tri-
als of its value after endovascular therapy. Our practice af-
ter endovascular therapy includes a history and exam, and
to use duplex ultrasound in the femoral artery particularly
after treating long segment disease or when symptoms or
poor wound healing raise concerns of patency [62, 63].

Evidence for therapies to prevent thrombosis or reste-
nosis after endovascular interventions is sparse and often
extrapolated from studies of coronary artery interventions.
Low-dose aspirin is usually given for life to prevent throm-
bosis of a treated segment, but also other cardiovascular
events. The duration of clopidogrel to prevent occlusion of
segments treated by endovascular techniques is uncertain.
Most clinical trials of bare-metal stenting use dual-antiplate-
let therapy for 1-3 months [19-21, 24], but data extrapola-
ted from medical studies of patients with peripheral artery
disease, could justify longer treatment [64]. Clinical studies
from Japan suggest that cilostazol may reduce in-stent re-
stenosis [65-67], but this is not yet incorporated in recent
guidelines of revascularization for CLTI.

The value of anticoagulation for lower extremity bypass
is conflicting with some trials showing benefit over aspirin for
autogenous vein versus prosthetic conduit and vice-versa
[18]. Given the increased risk of bleeding, most surgeons
reserve anticoagulation for graft thrombosis, or hypercoa-
gulable disorders. There is no benefit of adding clopidogrel
to aspirin for graft patency [68].

Evidence for the value of intensive atherosclerosis risk
factor reduction is derived largely from observational stu-

dies and subgroups of patients with PAD in clinical trials.
For example, PAD patients who stop smoking have fewer
cardiovascular events than those who continue smoking
[69, 70, 84, 92, 93]. Antiplatelet therapy with aspirin [71, 72]
or clopidogrel [73, 85], and angiotensin converting enzyme
inhibitors [74] decrease cardiovascular events in patients
with PAD. Intensive statin therapy consistently lowers car-
diovascular events in PAD patients compared to no statin
or low intensity statins [75-77]. In observational studies of
patients receiving revascularization for PAD, statin therapy
is associated with lower risks of cardiovascular events [63,
78-80], and limb loss [63,81,82, 84-93]. In population stu-
dies, intensive risk factor modification in patients with pe-
ripheral artery disease is improving, but still lags behind its
use in patients with symptomatic coronary disease [83].

CONCLUSIONS

Patients with CLTI have a high risk of limb loss without
revascularization and a high short term risk of cardiovas-
cular events compared to less severe forms of chronic pe-
ripheral artery disease. Revascularization is indicated if it
will prevent limb loss and preserve ambulation and function,
while intensive medical therapy targets the risk factors for
atherosclerosis progression and cardiovascular events. En-
dovascular revascularization offers a lower initial risk than
open surgery, but recurrent disease from restenosis is com-
mon in patients with CLTI. New drug-eluting balloons and
stents offer better longer-term outcomes after some endo-
vascular revascularizations, but further long-term data on du-
rability is required in order to assess their overall benefit given
the increased costs of initial treatment. Close follow-up focu-
sing on wound care and prevention, risk factor management,
and surveillance for new and recurrent disease is required.
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Abstract. SARS CoV-2 proteins are molecules with a mass of several tens to several thousand amino acid residues.
There are structural and nonstructural proteins. The former include Spike glycoprotein (S), small membrane envelope
protein (E), membrane protein (M), and nucleoprotein or nucleocapsid (N). The second group consists of 16 nonstructural
proteins (Nsp1-16, including replicase polyproteins RPP 1a and 1ab) and 10 accessory factors or open reading frame
proteins (ORF3a, 3b, 6, 7a, 7b, 8, 9b, 9c, 10 and 14). Proteins S, E and M, located outside and in the membrane of
a virion, are involved in the contact of the virion with a cell and penetration into it. Other proteins are involved in the
hijacking of intracellular mechanisms and their use in the virus’s own interests. Most of these proteins contain numerous
motifs that are homologous to human proteins including such important ones as Interleukin-7. Perhaps this homology
is an important factor in deceiving the immune system at the initial stages of infection and provoking an autoimmune
response later. The homology of SARS CoV-2 proteins on the one hand and taste and olfactory receptor proteins on
the other hand may possibly explain the causes of the impaired perception of taste and olfactory stimuli characteristic
of COVID infection.

Keywords: COVID-19, SARS CoV-2, protein homology, receptor-binding domain, interleukin-7, ACE2 receptor, congenital
innunity, autoimmunity, sense of smell, sense of taste
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Pestome. benkn SARS CoV-2 npefctaBnsoT coboit MONEKyrbl ¢ Maccoi OT HECKOMbKMX ECATKOB 40 HECKOMbKNX
ThICAY @aMUHOKWUCIOTHBIX 0CTaTKOB. CyLLEeCTBYIOT CTPYKTYPHbIE U HECTPYKTYpHbIe 6efkn. K nepBbiM OTHOCATCS LUK-
MOBbIV FANKONPOTENH, Nn S-6enok (S), manbii MembpaHHbIn 0bonoyeyHbln 6enok (E), membpanHbin 6enok (M) u
HykneonpotenH unu Hykneokancug (N). Bropas rpynna coctout us 16 HectpykTypHbix 6enkos (Nsp1-16, Bkntoyas
nonunpoTeunHsl pennukassl RPP 1a u 1ab) u 10 BcnomoraTensHbIx (hakTopoB unu 6enkoB OTKPbITON pamMKn CUUTbI-
BaHust (ORF3a, 3b, 6, 7a, 7b, 8, 9b, 9c, 10 n 14). benkn S, E n M, pacnonoxeHHble CHapyxu n B MeMOpaHe BUPUOHa,
YYaCTBYIOT B KOHTAKTE BUPUOHA C KNETKOM W NPOHUKHOBEHWUM B Hee. [lpyrue 6enku y4yacTBYIOT B 3axBaTe BHYTpUKe-
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TOYHbIX MEXaHM3MOB U UX UCMONb30BaHUM B COBCTBEHHbLIX MHTEPECAX BUpYca. BONbLINHCTBO 3TUX GEnkoB cogepxar
MHOTOYMCIIEHHbIE MOTUBbI, FOMONIOTNYHbIE YEOBEYECKUM Berkam, B TOM YnNCNe TakuM BaXHbIM, KaK MHTEPRenkuH-7.
BoamoxHO, 9Ta roMonorusa SBASeTCH BaxHbIM (akToOpoM, NO3BONSIOWMM «0OMaHYTb» UMMYHHYI0 CUCTEMY Ha Ha-
YanbHbIX CTaguaX MHGEKLMM 1 CNPOBOLMPOBaTb ayTOMMMYHHbIA OTBET BnocneacTaun. fomonorus 6enkos SARS
CoV-2, ¢ ofHOI1 CTOPOHbI, M 6EeNKOB BKYCOBbIX M 0BOHATENbHBIX PELENTOPOB — C APYron, BO3MOXHO, 0O BSACHSAET
NPUYMHBI HAPYLLEHWS BOCMPUATUS BKYCOBbIX 1 060HATENbHbIX pasapaxutenen, xapaktepHoro ans COVID-uHgpekymm.

KnioueBble cnosa: COVID-19, SARS CoV-2, romonorus 6enka, peLentop-CBA3biBatLuii SOMEH, MHTEPNENKNH-7,
peuentop ACE2, BpOXAEHHbIN UMMYHUTET, ayTOUMMYHUTET, 0BOHSHME, BKYC

INTRODUCTION

Why is the new SARS CoV-2 coronavirus so infectious?
Why many cases of COVID-19 infection are so severe?
Why many patients are reported with complete loss of smell
and taste? Answers to these questions should be received
as soon as possible. The COVID-19 pandemic, which has
plagued humanity for almost two years now, does not allow
us to follow the usual course of encyclopedia authors: wait,
carefully sift through ideas and facts, and wait for new ones
to come. In this case (which should not become a prece-
dent), one has to pay attention not only to firmly established
experimental data, but also to some hypotheses.

The study of the proteome of the original (“canonical” or
Wuhan) variant of SARS CoV-2 proceeds in two directions.
Using 3D models, the researchers can determine how the
spike protein binds to the ACE2 receptor [1]. This know-
ledge will help in creating binding blockers.

The alignment method compares the primary structures of
millions of proteins [2]. The method allows you to detect the ho-
mology of SARS CoV-2 proteins with proteins of humans and
other organisms [3]. Probably, the information on homology
makes it possible to understand the mechanisms of the virus
bypassing the innate immunity system (evasion) at the early
stages of the development of the infectious process and the
process of provoking an autoimmune response at later stages.

The issue of mutations in SARS CoV-2, and especially
of its S protein, is becoming increasingly important. With
the help of mutations, the virus “learns” to avoid immune re-
sponses [4].

Table 1
SARS CoV-2 proteins: structural and nonstructural
Group Proteins

Structural Spike glycoprotein, S

Envelope small membrane protein, E
Membrane protein, M

Nucleoprotein, N
Nonstructural ORF3a, ORF6, ORF7a, ORF7b, ORF8, ORF9b,
ORF10, ORF14, RPP 1a, RPP 1ab

ORF, open reading frame. RPP, Replicase polyprotein.

SARS CoV-2 proteins vary significantly in length — from sev-
eral tens to several thousands amino acid residues. They are
traditionally divided into structural and nonstructural (Table 1).

STRUCTURAL PROTEINS

Spike glycoprotein
Spike (S) protein molecule consists of 1273 amino acid re-
sidues:

MFVFLVLLPLVSS

FTVEKGIYQTSNFRVQPTESI
VRFPNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSV
LYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVR
QIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGN
YNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCY
FPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKK
STNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDI
ADTTDAVRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAVL
YQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLI
GAEHVNNSYECDIPIGAGICASYQTQTNSPRRARSVASQSI
IAYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTS
VDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQD
KNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRS
FIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNG
LTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPF
AMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLS
STASALGKLQDVVNQNAQALNTLVKQLSSNFGAISSVLND
ILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRAS
ANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGV
VFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGT
HWFVTQRNFYEPQIITTDNTFVSGNCDVVIGIVNNTVYDPL
QPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKE
IDRLNEVAKNLNESLIDLQELGKYEQYIKWP

TSCCSCLKGCCSCGSCCKFDEDDSEP

VLKGVKLHYT
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Table 2
SARS CoV-2 S protein domains
Subunit Positions Domain
S1 1-13 Signal peptide (N-terminus)
14-305 N-terminus domain (NTD)
306-318 Uncharacterized fragment
319-541 Receptor-binding domain (RBD)
542-787 Uncharacterized fragment
S2 788-806 Fusion peptide (FP)
807-911 Uncharacterized fragment
912-984 Heptapeptide repeat sequence 1 (HR1)
985-1162 Uncharacterized fragment
1163-1213 | Heptapeptide repeat sequence 2 (HR2)
1238-1273 Cytoplasm tail (CT)

See Table 2 for color code. Receptor-binding motif (RBM)
S43s — Ysgs Underlined. Hereinafter, the primary structures of
SARS CoV-2 proteins are given according to Uniprot data-
base [5].

S protein molecule consists of subunits and domains
(Table 2).

The Receptor-binding domain (RBD) continues to be of
great interest to the researchers. RBD boundaries are esti-
mated differently by different authors, namely: Ryqg — Fsyq
(refs. see [3]) or Ty33 — Tsyps [1]. Within this region, the Re-
ceptor-binding motif (RBM,35.5,5) @nd amino acid residues
Nysor Laso, Tazks Eagar Quog, @nd Ny, a@re considered critical
for binding affinity [6]:

SNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGS
TPCNGVEGFNCYFPLQSYGFQPTNGVGYQPY.

At the border between subunits S1 and S2, the S pro-
tein molecule forms a loop. The authors believe that the
loop is a key component in determining virus stability and
transmission [7].

There are more than two dozen hepta- and octamers
homologous to human proteins in the S protein molecule.
Localization of these n-mers is shown in the Table 3.

Of all the regions listed in Table 3 that are homologous to
human proteins, only two, KLNDLCF 44 55, and DEVRQIA 5 441,
are located in RBD and none are located in RBM.

Table 3 shows that heptamer KLNDLCF 4 44, is homo-
logous to motif in the interleukin 7 (IL-7,,9.455) molecule. In
severe cases of COVID-19 patients have increased level of
IL-7 [8, 9], which is highly associated with disease severity

Table 3
Localization of homologous hepta- / octamers in the S protein and human proteins
Subunit SARS CoV-2 S protein domain In S protein In human proteins
S1 Signal peptide (N-terminus),_5 none -
N-terminus domain NTD 505 DKVFRSS .45 Zinc finger protein 528, ;
FLPFFSNg5 64 OTU domain-containing protein 6A g5 o
VSGTNGT4.76 Lysosome-associated membrane glycoprotein 1,177
SLLIVNN 46422 ATP-binding cassette sub-family A member 104, g5
FKNLREF 16.15 Isovaleryl-CoA dehydrogenase, mitochondrial;; g5
TRFQTLL 3.4, Disheveled-associated activator of morphogenesis 2,5,
KIYSKHT y5.908 Uncharacterized protein C10rf105;_5
SSSGWTA 54960 Uncharacterized protein KIAA1109 (Fragment)sso.616
Uncharacterized fragmentsys 315 none -
Receptor-binding domain RBD g 541 KLNDLCF 34 39 Interleukin-74q.155
DEVRQIA5.411 Histone-lysine N-methyltransferase 2C 5344536
Uncharacterized fragments, ;¢ VYSTGSNggs 641 Neural cell adhesion molecule L1-like proteing,; 4,
IGAGICAgg5.672 Hepatitis A virus cellular receptor 2,5 o
SPRRARS 5 646 Hermansky-Pudlak syndrome 1 protein,ss o6,
RRARSVAS 4, 59 Amiloride-sensitive sodium channel subunit alpha,g;_,s
S2 Fusion peptide FP;gg.406 none -
Uncharacterized fragmentgy; o4 VTLADAG 6,63 Non-receptor tyrosine-protein kinase TNK1,49.445
GLTVLPPgs; 63 FH1/FH2 domain-containing protein 3y7, 7
@ RUSSIAN BIOMEDICAL RESEARCH VOLY9 N1 2024 ISSN 2658-6584
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Subunit SARS CoV-2 S protein domain In S protein In human proteins
LPPLLTDggy.g67 Maestro heat-like repeat-containing protein family member 9,5, s
Heptapeptide repeat SSTASALgsq.045 40S ribosomal protein $13,,5.144
sequence 1 HR1g,54
LVKQLSSyg,.45 E3 SUMO-protein ligase PIAS1 55, 59
Uncharacterized fragmentygs_116, KVEAEVQgg6.474 Emilin-3g,5.651
TGRLQSLggg 1904 Neuron navigator 34451616
LIRAAEL, 151015 Unconventional myosin-XVIlla, 35,4354 SP-A receptor subunit
SP-R210 alphaSgg, g0
LDKYFKN455.1456 Follistatin-related protein 149455
Heptapeptide repeat NASVVNL75.417 Thyroid adenoma-associated protein,gys.100
sequence 2 HR24g3.4p13
EIDRLNE 1g;.11g5 Protein SETSIPg,;q; Protein SETs,4,
Transmembrane tail TM,14.1057 none -
Cytoplasm tail CT35.1073 DEDDSEPV,557.1264 Unconventional myosin-XVI, 404.1421

[3, adapted]. Hereinafter, the primary structures of human proteins are given according to Uniprot database — Homo sapiens [5].

Table 4

Localization of homologous hepta- /
octamers in the transmembrane domaing ;; E protein
and human proteins [3, adapted]

In E protein In human proteins
VNSVLLF, 4 Heterogeneous nuclear ribonucleoprotein Lyg1.497
VNSVLLFL,,,; Ran-binding protein 6,0 415
NSVLLFL 5., Lysosomal amino acid transporter 1
homologs; (s
SVLLFLA 5 Cytochrome P450 2B6,,_,,;

Cytochrome P450 2B7,, ,;
GPI ethanolamine phosphate transferase 3; 4,

LAFVVFL,,,;
VFLLVTL,
LAILTAL,, 5,

Solute carrier family 15 member 4,35 541

Alpha-(1,3)-fucosyltransferase 10, 54

Transient receptor potential cation channel
subfamily M member 64440 ;
Transient receptor potential cation channel
subfamily M member 345 474

TALRLCA5.,,° Protein disulfide-isomerase TMX3, ,,

Heptamer TALRLCA,; ,, is located at the junction of the transmembrane domaing 5,
and internal domain 39-75.

[10]. IL-7 administered to critically ill COVID-19 patients has
been associated with a return of lymphocytes to normal le-
vels [11]. As a vaccine adjuvant, IL-7 could enhance the im-
mune responses to vaccines against SARS CoV-2 [12]. IL-7
is beneficial cytokine to the pathophysiology of COVID-19
[13]. At the same time, IL-7 induces SARS CoV-2 receptor
ACE2 expression in human vascular endothelial cells [14].
In patients with COVID-19, respiratory failure is associated

with an increase in systemic blood pressure, probably due
to modulation of the renin-angiotensin-aldosterone system
by SARS-CoV-2 infection [15].

Heptamer DEVRQIA, 544, is homologous to motif in the
Histone-lysine N-methyltransferase 2C (HLNMT 2C 534 4536)-
Histone methylation plays an important role in such a critical
process as the epigenetic regulation of genes [16].

Presumably, IL-7 is an outpost defense trigger. When
cell destruction begins in COVID-19, IL-7 turns on the last
reserve of life, activating immunological memory cells.
SARS CoV-2 tricks the immune system into presenting a
motif homologous to IL-7.

S protein is involved in the organization of virion as-
sembly in the intermediate compartment ER-Golgi [17].The
C-terminal truncation of the protein S molecule results in a
variant that easily passes through the Golgi complex to the
plasma membrane in a pre-activated conformation, causing
increased syncytium formation [18].

Envelope small membrane protein
Envelope small membrane (E) protein is the shortest (75
amino acid residues) of all SARS CoV-2 structural proteins.

MYSFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTALRLCA
YCCNIVNVSLVKPSFYVYSRVKNLNSSRVPDLLV

Transmembrane domaing ;s is underlined. Hereinafter,
n-mers homologous to human proteins are highlighted in red.

Only a small part of it, namely heptamer M, - Y, pro-
trudes from the virion outwards.
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E protein contains eight hepta- / octamer homologous
to human proteins (Table 4).

Homologous n-mers merge into a single 2octamer, which is al-
most entirely located in the thickness of the envelope of the virion.
A random selection of 28 letters in a word would require an as-
tronomical number of iterations: 20% = 2.7 - 10%. (This number is
slightly less than the mass of the Earth, measured in nanograms.)

The degree of homology within this 28-measure can be
represented as follows:

VNSVLLFLAFVVFLLVTLAILTALRLCA,

where the size of the letters corresponds to the frequency of
the viral hepta- / octamers in the human proteome.
Besides, the protein E transmembrane domain contains
an octamer and a heptamer, homologous to the proteins of
some gut bacteria Lactobacillus sp. and even cereals, in-
cluding corn Zea mays, sorghum Sorghum bicolor, wheat
Triticum aestivum, and barley Hordeum vulgare (Table 5).
Table &

Localization of some of homologous n-mers
in the E protein and human gut proteome [3]

In E protein
AFVVFLLY,, 5

In bacterial and plant proteins

Lpp126 large-conductance mechanosensitive
channel: Lactobacillus caseigy.q;; L. paracaseig.g;;
L. florumgg.g;

TLAILTA;5 | Uncharacterized proteins: Zea maysgg_15,; Sorghum
bicolorg;._1,7; Triticum aestivum,q_14o; Hordeum

vulgareg 161

E protein is integrated into the human cell membrane; later it
is fransported closer to the endoplasmic reticulum and the Golgi
apparatus, where viral replication occurs [19]. E protein can affect
the properties of S proteins and contribute to the assembly of viral
particles [20].

Membrane protein

Membrane (M) protein consists of 222 amino acid resi-
dues, and its structure contains six heptamers homologous
to human proteins (Table 6).

MADSNGTITVEELKKLLEQWNLVIGFLFLTWICLLQFAYAN
RNRFLYIIKLIFLWLLWPVTLACFVLAAVYRINWITGGIAIAMACLY
GLMWLSYFIASFRLFARTRSMWSFNPETNILLNVPLHGTILTRP
LLESELVIGAVILRGHLRIAGHHLGRCDIKDLPKEITVATSRTLSY
YKLGASQRVAGDSGFAAYSRYRIGNYKLNTDHSSSSDNIALLVQ

Four heptamers are located close to the N-terminus of
the molecule, merging into a single decamer V,, — Q4. Ta-
king into account the number of homologous amino acid
residues, this decamer can be represented as follows:

VEELKKLLEQ.

Table 6

Localization of homologous heptamers
in the M protein and human proteins [3]

7bin M protein In human proteins

VEELKKL, g Glutaredoxin-related protein 5,
mitochondrialss.44¢

EELKKLL,q.; GDP-fucose protein O-fucosyltransferase 254 546

ELKKLLE,.1g Cullin-1455 341

LKKLLEQ/3.4 Filamin-A-interacting protein 1,5,

LLESELV 55 120
AGDSGFA g5 10,

Leucine-rich repeat-containing protein 71,59 445

Myosin-1455.365

Outside of the decamer, there are two homologous
heptamers. Protein M is a candidate for participation in mi-
micry processes.

Like E protein, M protein can affect the properties of S
proteins and contribute to the assembly of viral particles [20].

S, E, and M proteins cause Golgi fragmentation; disrup-
tion of the Golgi apparatus appears to be a critical compo-
nent of SARS CoV-2 replication [21].

Nucleoprotein

The nucleoprotein (N-protein) consists of 419 amino
acid residues and contains eleven heptamers homologous
to human proteins (Table 7).

MSDNGPQNQRNAPRITFGGPSDSTGSNQNGERSGARSKQR
RPQGLPNNTASWFTALTQHGKEDLKFPRGQGVPINTNSSPDDQ
IGYYRRATRRIRGGDGKMKDLSPRWYFYYLGTGPEAGLPYGA
NKDGIIWVATEGALNTPKDHIGTRNPANNAAIVLQLPQGTTLPK
GFYAEGSRGGSQASSRSSSRSRNSSRNSTPGSSRGTSPARM
AGNGGDAALALLLLDRLNQLESKMSGKGQQQQGQTVTKKSAA
EASKKPRQKRTATKAYNVTQAFGRRGPEQTQGNFGDQELIRQ
GTDYKHWPQIAQFAPSASAFFGMSRIGMEVTPSGTWLTYTGAI
KLDDKDPNFKDQVILLNKHIDAYKTFPPTEPKKDKKKKADETQA
LPQRQKKQQTVTLLPAADLDDFSKQLQQSMSSADSTQA

Some of the heptamers fuse into several rather long frag-
ments, including the decamer A3 —Ayg,, and 13-mer Sy, — Sy
It increases the likelihood of the protein involvement in provoking
an autoimmune response. Protein N is located completely inside
the SARS CoV-2 virion and cannot participate in mimicry, but can
be involved in provoking an autoimmune response.

In comparison with SARS-CoV, SARS-CoV-2 contains
six times more acetyl-lysine residues. This suggests that
acetylation of N proteins plays crucial roles in SARS-CoV-2
functions [22].

NONSTRUCTURAL PROTEINS

All nonstructural proteins of SARS CoV-2 (ORF3a,
ORF6, ORF7a, ORF7b, ORF8, ORF9b, ORF10, ORF14,
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Table 7
Localization of homologous heptamers in the N protein and human proteins [3]
In N protein In human proteins
RPQGLPN,;; GATOR complex protein WDR59,¢; 765
RGQGVPlgg 74 Putative uncharacterized protein encoded by LINC00346,, 4,
NSSPDDQ;7.g3 NEDD4-binding protein 2, 45

GKMKDLSg.105

Chromodomain-helicase-DNA-binding protein 1-like;74.776

VLQLPQG, 57 14

Presting, g

AEGSRGG, 74176

snRNA-activating protein complex subunit3, ¢

SRGGSQA 74 15,

Ras-associating and dilute domain-containing proteinggs.gq,

KADETQA/5.35¢ Myopallading, g5

LLPAADL .40 Probable E3 ubiquitin-protein ligase HERC1,464.1104
SKQLQQS404_41O COdanln-1 259-265

SMSSADS, 5416 Protein PRRC2B,.47,

RPP 1a, and RPP 1ab) are located completely inside the
SARS CoV-2 virion and, by definition, cannot be involved in
the process of mimicry. What remains to consider the possibi-
lity of their implication in provoking an autoimmune process [3].

ORF3a protein

ORF3a protein molecule consists of 275 amino acid res-
idues:

MDLFMRIFTIGTVTLKQGEIKDATPSDFVRATATIPIQASLPFG
WLIVGVALLAVFQSASKIITLKKRWQLALSKGVHFVCNLLLLF
VTVYSHLLLVAAGLEAPFLYLYALVYFLQSINFVRIIMRLWLCW
KCRSKNPLLYDANYFLCWHTNCYDYCIPYNSVTSSIVITSGDG
TTSPISEHDYQIGGYTEKWESGVKDCVVLHSYFTSDYYQLYS
TQLSTDTGVEHVTFFIYNKIVDEPEEHVQIHTIDGSSGVVNPVME
PIYDEPTTTTSVPL

In the ORF3a protein molecule, there are five hepta-
mers homologous to human proteins (Table 8).

Table 8

Localization of homologous heptamers
in the ORF3a protein and human proteins [3]

The heptamers scattered along the entire length of
its molecule do not form long n-mers anywhere else.
ORF3a does not appear to be involved in provoking an
autoimmune response.

ORF6 protein

ORF6 protein molecule consists of 61 amino acid resi-
dues:

MFHLVDFQVTIAEILLIMRTFKVSIWNLDYIINLIIKNLSKSLTENKY
SQLDEEQPMEID

In the molecule, there is no heptamers homologous to
human proteins.

ORF7a protein

ORF7a protein molecule consists of 121 amino acid re-
sidues:

MKIILFLALITLATCELYHYQECVRGTTVLLKEPCSSGTYEGNSPF
HPLADNKFALTCFSTQFAFACPDGVKHVYQLRARSVSPKLFIRQ
EEVQELYSPIFLIVAAIVFITLCFTLKRKTE

In ORF3a In human proteins In the ORF7a protein molecule, there are only two
protein heptamers homologous to human proteins located in close
VGVALLA 4, Manganese-transporting ATPase 13A1g7¢ ga0 proximity to each other (Table 9).
LLVAAGLgs 40, | Glycerophosphoinositol inositolphosphodiesterase Table 9
GDPD2,y9.135 Localization of homologous heptamers
KCRSKNP 5.3 Vacuolar protein sorting-associated protein in the ORF7a protein and human proteins [3]
13A066.2072 In ORF7a protein In human proteins

SVTSSIV,gy.465 Protein piccoloy;7g.575 VAAIVFL 44140 Transmembrane protein 255Bg; o,

TQLSTDTy7.555 Septin-14,1g.404

FTLKRKT 1144120 Cytosolic 5'-nucleotidase 3As; 4,
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It is possible that ORF7a is involved in provoking an au-
toimmune response.

ORF7b protein
ORF7b protein molecule consists of 43 amino acid residues:

MIELSLIDFYLCFLAFLLFLVLIMLIIFWFSLELQDHNETCHA

In this polypeptide, there are only one heptamer homo-
logous to the human protein (Table 10).

Table 10

Localization of the homologous heptamer
in ORF7b and a human protein [3]

In ORF7b protein
IFWFSL,g 5,

In human protein

Olfactory receptor 7D4,5,.15,

Table 12

Localization some of homologous hepta- / octamers
in ORF9b protein and human proteins [3]

In ORF9b In human proteins
protein
LVDPQIQL ., Valine-tRNA ligase, mitochondrialggs 140,
MENAVGR .5 Neprilysingg.4s
LGSPLSL,g5, | Stress-responsive DNAJB4-interacting membrane
protein 15743
GSPLSLNg.55 E3 ubiquitin-protein ligase HERC2,535 4539
TEELPDE,, 4, KH homology domain-containing protein 445474
ELPDEFVWWgs4; | Maestro heat-like repeat-containing protein family
member 2B,g5.41

The ORF7b protein may be involved in provoking an au-
toimmune response and, in particular, contribute to olfactory
dysfunction.

ORF8 protein
ORF8 protein molecule consists of 121 amino acid residues:

MKFLVFLGIITTVAAFHQECSLQSCTQHQPYVVDDPCPIHFYSK
WYIRVGARKSAPLIELCVDEAGSKSPIQYIDIGNYTVSCLPFTINC
QEPKLGSLVVRCSFYEDFLEYHDVRVVLDFI

Table 11

Localization of homologous heptamers
in the ORF8 protein and human proteins [3]

In ORF8 protein
LVFLGIl, 4,
LGITTV, 4,

In human proteins

Zinc finger protein 486, 55

D-2-hydroxyglutarate dehydrogenase,
mitochondrialg, o6

KLGSLWg,4, | Sodium leak channel non-selective proteinsgs.s

In this polypeptide, there are three heptamers homolo-
gous to human proteins (Table 11).

In this case, two heptamers merge into a decamer L,— V5.
Due to the fusion of two heptamers into a decamer L,- V,, the
ORF8 can be involved in provoking an autoimmune response.

ORF9b protein

ORF9b protein molecule consists of 97 amino acid
residues:

MDPKISEMHPALRLVDPQIQLAVTRMENAVGRDQNNVGP
KVYPIILRLGSPLSLNMARKTLNSLEDKAFQLTPIAVQMTKLAT
TEELPDEFVVVTVK

In the ORF9b protein molecule, there are six hepta- /
octamers, homologous to human proteins (Table 12).

Some of these hepta- / octamers merge into octamer
L4s— Ny5 and decamer Tg, — Vgs.

Octamer ELPDEFVVg, 45 is homologous to the Maes-
tro heat-like repeat-containing protein family member 2B,
which may play a role in the sperm capacitation [23]. Male
reproductive dysfunction has been proposed as a likely
consequence of COVID-19 [24].

After the destruction of the SARS CoV-2 virion, ORF9b
can take part in provoking an autoimmune response. This
protein plays a special role in hijacking mitochondrial meta-
bolic processes in COVID-19 infection [25].

ORF10 protein

ORF10 protein (traditional name, but more correctly:
polypeptide) molecule consists of 38 amino acid residues:

MGYINVFAIPFTIYSLLLCRMNSRSYTAQVGIVNFNLT
In the molecule, there is no heptamers homologous to
human proteins.

ORF14 protein

ORF14 protein (synonym: ORF9c¢) molecule consists of
73 amino acid residues:

MLQSCYNFLKEQHCQKASTQKGAEAAVKPLLVPHHVVATVQEI
QLQAAVGELLLLEWLAMAVMLLLLCCCLTD

In the molecule, there is no heptamers homologous to
human proteins.

Replicase polyprotein RPP 1a

Replicase polyprotein 1a (RPP 1a) consists of 4405 ami-
no acid residues.
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MESLVPGFNEKTHVQLSLPVLQVRDVLVRGFGDSVEEVLSEARQHLKDGTCGL
VEVEKGVLPQLEQPYVFIKRSDARTAPHGHVMVELVAELEGIQYGRSGETLGVL
VPHVGEIPVAYRKVLLRKNGNKGAGGHSYGADLKSFDLGDELGTDPYEDFQEN
WNTKHSSGVTRELMRELNGGAYTRYVDNNFCGPDGYPLECIKDLLARAGKASCT
LSEQLDFIDTKRGVYCCREHEHEIAWYTERSEKSYELQTPFEIKLAKKFDTFN
GECPNFVFPLNSIIKTIQPRVEKKKLDGFMGRIRSVYPVASPNECNQMCLSTLM
KCDHCGETSWQTGDFVKATCEFCGTENLTKEGATTCGYLPQNAVVKIYCPACH
NSEVGPEHSLAEYHNESGLKTILRKGGRTIAFGGCVFSYVGCHNKCAYWVPRA
SANIGCNHTGVVGEGSEGLNDNLLEILQKEKVNINIVGDFKLNEEIAIILASFSAS
TSAFVETVKGLDYKAFKQIVESCGNFKVTKGKAKKGAWNIGEQKSILSPLYAFA
SEAARVVRSIFSRTLETAQNSVRVLQKAAITILDGISQYSLRLIDAMMFTSDLATN
NLVVMAYITGGVVQLTSQWLTNIFGTVYEKLKPVLDWLEEKFKEGVEFLRDGW
EIVKFISTCACEIVGGQIVTCAKEIKESVQTFFKLVNKFLALCADSIIIGGAKLKAL
NLGETFVTHSKGLYRKCVKSREETGLLMPLKAPKEIIFLEGETLPTEVLTEEVVLKT
GDLQPLEQPTSEAVEAPLVGTPVCINGLMLLEIKDTEKYCALAPNMMVTNNTFT
LKGGAPTKVTFGDDTVIEVQGYKSVNITFELDERIDKVLNEKCSAYTVELGTEVN
EFACVVADAVIKTLQPVSELLTPLGIDLDEWSMATYYLFDESGEFKLASHMYCS
FYPPDEDEEEGDCEEEEFEPSTQYEYGTEDDYQGKPLEFGATSAALQPEEEQE
EDWLDDDSQQTVGQQDGSEDNQTTTIQTIVEVQPQLEMELTPVVQTIEVNSFSG
YLKLTDNVYIKNADIVEEAKKVKPTVVVNAANVYLKHGGGVAGALNKATNNAM
QVESDDYIATNGPLKVGGSCVLSGHNLAKHCLHVVGPNVNKGEDIQLLKSAYE
NFNQHEVLLAPLLSAGIFGADPIHSLRVCVDTVRTNVYLAVFDKNLYDKLVSSFL
EMKSEKQVEQKIAEIPKEEVKPFITESKPSVEQRKQDDKKIKACVEEVTTTLEE
TKFLTENLLLYIDINGNLHPDSATLVSDIDITFLKKDAPYIVGDVVQEGVLTAVVIP
TKKAGGTTEMLAKALRKVPTDNYITTYPGQGLNGYTVEEAKTVLKKCKSAFYI
LPSIISNEKQEILGTVSWNLREMLAHAEETRKLMPVCVETKAIVSTIQRKYKGIK
IQEGVVDYGARFYFYTSKTTVASLINTLNDLNETLVTMPLGYVTHGLNLEEAAR
YMRSLKVPATVSVSSPDAVTAYNGYLTSSSKTPEEHFIETISLAGSYKDWSYSG
QSTQLGIEFLKRGDKSVYYTSNPTTFHLDGEVITFDNLKTLLSLREVRTIKVFTT
VDNINLHTQVVDMSMTYGQQFGPTYLDGADVTKIKPHNSHEGKTFYVLPNDD
TLRVEAFEYYHTTDPSFLGRYMSALNHTKKWKYPQVNGLTSIKWADNNCYL
ATALLTLQQIELKFNPPALQDAYYRARAGEAANFCALILAYCNKTVGELGDVRE
TMSYLFQHANLDSCKRVLNVVCKTCGQQQTTLKGVEAVMYMGTLSYEQFKKG
VQIPCTCGKQATKYLVQQESPFVMMSAPPAQYELKHGTFTCASEYTGNYQCG
HYKHITSKETLYCIDGALLTKSSEYKGPITDVFYKENSYTTTIKPVTYKLDGVVCT
EIDPKLDNYYKKDNSYFTEQPIDLVPNQPYPNASFDNFKFVCDNIKFADDLNQL
TGYKKPASRELKVTFFPDLNGDVVAIDYKHYTPSFKKGAKLLHKPIVWHVNNAT
NKATYKPNTWCIRCLWSTKPVETSNSFDVLKSEDAQGMDNLACEDLKPVSEE
VVENPTIQKDVLECNVKTTEVVGDIILKPANNSLKITEEVGHTDLMAAYVDNSSLT
IKKPNELSRVLGLKTLATHGLAAVNSVPWDTIANYAKPFLNKVVSTTTNIVTRCL
NRVCTNYMPYFFTLLLQLCTFTRSTNSRIKASMPTTIAKNTVKSVGKFCLEASFN
YLKSPNFSKLININIWFLLLSVCLGSLIYSTAALGVLMSNLGMPSYCTGYREGYLN
STNVTIATYCTGSIPCSVCLSGLDSLDTYPSLETIQITISSFKWDLTAFGLVAEWFL
AYILFTRFFYVLGLAAIMQLFFSYFAVHFISNSWLMWLIINLVQMAPISAMVRMYIF
FASFYYVWKSYVHVVDGCNSSTCMMCYKRNRATRVECTTIVNGVRRSFYVYA
NGGKGFCKLHNWNCVNCDTFCAGSTFISDEVARDLSLQFKRPINPTDQSSYIV
DSVTVKNGSIHLYFDKAGQKTYERHSLSHFVNLDNLRANNTKGSLPINVIVFDG
KSKCEESSAKSASVYYSQLMCQPILLLDQALVSDVGDSAEVAVKMFDAYVNTF
SSTFNVPMEKLKTLVATAEAELAKNVSLDNVLSTFISAARQGFVDSDVETKDV
VECLKLSHQSDIEVTGDSCNNYMLTYNKVENMTPRDLGACIDCSARHINAQVA
KSHNIALIWNVKDFMSLSEQLRKQIRSAAKKNNLPFKLTCATTRQVVNVVTTK
IALKGGKIVNNWLKQLIKVTLVFLFVAAIFYLITPVHVMSKHTDFSSEIIGYKA
IDGGVTRDIASTDTCFANKHADFDTWFSQRGGSYTNDKACPLIAAVITREV
GFVVPGLPGTILRTTNGDFLHFLPRVFSAVGNICYTPSKLIEYTDFATSACVL

AAECTIFKDASGKPVPYCYDTNVLEGSVAYESLRPDTRYVLMDGSIIQFPNT
YLEGSVRVVTTFDSEYCRHGTCERSEAGVCVSTSGRWVLNNDYYRSLPGV
FCGVDAVNLLTNMFTPLIQPIGALDISASIVAGGIVAIVVTCLAYYFMRFRRAF
GEYSHVVAFNTLLFLMSFTVLCLTPVYSFLPGVYSVIYLYLTFYLTNDVSFLA
HIQWMVMFTPLVPFWITIAYIICISTKHFYWFFSNYLKRRVVFNGVSFSTF
EEAALCTFLLNKEMYLKLRSDVLLPLTQYNRYLALYNKYKYFSGAMDTT
SYREAACCHLAKALNDFSNSGSDVLYQPPQTSITSAVLQSGFRKMAFP
SGKVEGCMVQVTCGTTTLNGLWLDDVVYCPRHVICTSEDMLNPNYEDLLI
RKSNHNFLVQAGNVQLRVIGHSMQNCVLKLKVDTANPKTPKYKFVRIQPG
QTFSVLACYNGSPSGVYQCAMRPNFTIKGSFLNGSCGSVGFNIDYDCVSF
CYMHHMELPTGVHAGTDLEGNFYGPFVDRQTAQAAGTDTTITVNVLAWLYAA
VINGDRWFLNRFTTTLNDFNLVAMKYNYEPLTQDHVDILGPLSAQTGIAVLDM
CASLKELLQNGMNGRTILGSALLEDEFTPFDVVRQCSGVTFQSAVKRTIKGT
HHWLLLTILTSLLVLVQSTQWSLFFFLYENAFLPFAMGIIAMSAFAMMFVKHKH
AFLCLFLLPSLATVAYFNMVYMPASWVMRIMTWLDMVDTSLSGFKLKDCVMY
ASAVVLLILMTARTVYDDGARRVWTLMNVLTLVYKVYYGNALDQAISMWALIISV
TSNYSGVVTTVMFLARGIVFMCVEYCPIFFITGNTLQCIMLVYCFLGYFCTCYFGL
FCLLNRYFRLTLGVYDYLVSTQEFRYMNSQGLLPPKNSIDAFKLNIKLLGVGGK
PCIKVATVQSKMSDVKCTSVVLLSVLQQLRVESSSKLWAQCVQLHNDILLAKDT
TEAFEKMVSLLSVLLSMQGAVDINKLCEEMLDNRATLQAIASEFSSLPSYAAFAT
AQEAYEQAVANGDSEVVLKKLKKSLNVAKSEFDRDAAMQRKLEKMADQAMTQ
MYKQARSEDKRAKVTSAMQTMLFTMLRKLDNDALNNIINNARDGCVPLNIIPLT
TAAKLMVVIPDYNTYKNTCDGTTFTYASALWEIQQVVDADSKIVQLSEISMDNSP
NLAWPLIVTALRANSAVKLQNNELSPVALRQMSCAAGTTQTACTDDNALAYYN
TTKGGRFVLALLSDLQDLKWARFPKSDGTGTIYTELEPPCRFVTDTPKGPKVK
YLYFIKGLNNLNRGMVLGSLAATVRLQAGNATEVPANSTVLSFCAFAVDAAKAY
KDYLASGGQPITNCVKMLCTHTGTGQAITVTPEANMDQESFGGASCCLYCRCH
IDHPNPKGFCDLKGKYVQIPTTCANDPVGFTLKNTVCTVCGMWKGYGCSCDQL
REPMLQSADAQSFLNGFAV

In the RPP 1a molecule, there are eleven octamers
(Table 13) and more than a hundred heptamers homologous
to human proteins.

Some of the octamers are found in more than one human
protein, some fold into long n-mers, for example 16-mer
EDIQLLKSAYENFNQH 561141, 14-merEVEKGVLPQLEQPY 55
and 13-mer SVEEVLSEARQHL,,,. The question of the
participation of this large molecule in provoking an autoimmune
response requires further study.

Replicase polyprotein RPP 1ab

Replicase polyprotein 1ab (RPP 1ab) consists of 7096
amino acid residues. In the RPP 1ab molecule, there are
210 hepta- / octamer homologous to human proteins.
Some of them fold into long (more than 15 amino acid resi-
dues) n-mers. The role of this huge molecule in provoking
an autoimmune response also requires study.

EVASION AND PROVOCATION OF AUTOIMMUNE
RESPONSE

Based on the fact that the external SARS CoV-2 pro-
teins are the first to contact host’s immune system, while
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Table 13
Localization of homologous octamers
in RPP 1a and human proteins [3, adapted]
In Repllgase In human proteins
polyprotein 1a
SVEEVLS,, 4 FLJ00176 protein (Fragment)ygo.o66
SEARQHL 4 46 Cytokine-inducible inhibitor
of signaling type Vg0,
EVEKGVLPg.¢, Bifunctional heparan sulfate
N-deacetylase/N-sulfotransferase 1,141
ESGLKTIL ;44567 Annexin A7 04411
REETGLLM;,4.731 Estrogen-related receptor gammay, 4,

GGSCVLSGy4g.1107
DIQLLKSA 4574134

Sorting nexin-27 4511

Echinoderm microtubule-associated
protein-like 155 45

RRSFYVYA, 4312436 Transmembrane protein

adipocyte-associated 1,5 3,

AKKNNLPF 735 2740 Acyl-CoA:lysophosphatidylglycerol
acyltransferase 1,906
YNYEPLTQ;50.3507 DNA helicasegq 555
SLKELLQN 35543537 Centromere protein |,g5.505
DTSLSGFKy471367s Solute carrier family 12 member 7gg5 100,
PEANMDQE 4315431 Arachidonate 5-lipoxygenase-activating

proteins, g

the internal proteins are only the second, it would be
reasonable to divide the proteins of the virus into exter-
nal and internal proteins. The difference from the gene-
rally accepted classification (structural / nonstructural) is
minimal. The first group includes proteins S, E and M, the
second — all the others, including the N protein. We will con-
sider proteins of the first group as participants in the proces-
ses of mimicry and the second as provocateurs of an autoim-
mune response.

External proteins and mimicry

In the IT terminology, the word evasion means bypassing
an information security device to deliver malware without
being detected by the recipient. Virologists have long been
familiar with viral immune evasion, having a variety of expres-
sions to describe it, such as: to avoid the immune response,
to outwit the immune system, to outmaneuver your hosts, to
subvert the host cellular response, viral mimicry, camouflage,
subversion and piracy. The growing virulence of SARS CoV-2
indicates that the virus’s ability to deceive the innate immune
system improves with some new mutations.

To mislead the immune system, the virus could have
hijacked some regions of the genetic code from previous
hosts. That makes its proteins similar to human proteins.
Knowledge of the homology between the virus and human
proteins might help understand the mechanisms of mimicry

in the moment of infection and during the subsequent auto-
immune response.

For evasion to occur, the virus must appear in front of the
immune system and tell it: don’t shoot! | am one of you! The
traditional naming of a password is not suitable for such a mes-
sage, since a password, by definition, must be known by a very
limited number of people or devices. Virology needs a term for
a universal password, known to an unlimited number of parti-
cipants on both sides of the information exchange. There is a
suitable term in IT — shibboleth. Reported to a computer secu-
rity system without distortion, the shibboleth allows an intruder
(person or device) to gain access to the desired resources.

The word shibboleth, borrowed from the Bible (Jud-
ges 12: 5-6), is used by linguists and literary men (see Shit-
broleeth in episode 16 of Ulysses by James Joyce), from
whom psychologists and psychiatrists adopted it. Dr Dmitry
Kormilets in a private communication suggested using this
term in virology as well. In our interpretation, shibboleth is
an area of the surface of virion, according to which the im-
mune system must mistakenly recognize the virus as a part
of the host organism and turn off the mechanisms designed
to inactivate and / or destroy the intruder.

Some viral proteins are homologues of human proteins.
It appears they have been hijacked from the host and in-
cluded in their own genomes [26].

Tables 3-6 show a lot of motifs common to the external
SARS CoV-2 proteins and humans. Which of them are di-
rectly involved in mimicry, it is now impossible to say. One
can only point to the motifs in the most functionally important
regions of the external proteins of SARS CoV-2 and human
proteins. In addition, those regions of the external proteins
of SARS CoV-2, in which the frequency of occurrence of ho-
mologous regions is the highest, deserve special attention.

Perhaps this is how the SARS CoV-2 protects its most
important site (RBD) from the immune system.

The narrow region of the E protein transmembrane do-
main contains a variety of motifs homologous to proteins
from humans, food, and intestinal bacteria (Tables 4 and
5). In this regard, the participation of E protein in mimicry
seems to be the most probable.

In the structure of M protein, there is also a high “concen-
tration” of motifs homologous to human ones (Table 6). In the
protein M, four heptamers homologues of human proteins are
fused into a decamer V,;—Q,o. The hydrophilic composition
indicates a possible contact with the extracellular environ-
ment and the host's immune system. This outer protein is the
second most likely candidate for the role of mimicry organizer.

Provoking of Autoimmune Response

The most likely candidate is ORF9b protein. In its small
molecule, regions which are homologous to human proteins
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account for 34.0% (33 out of 97), the highest value of this
indicator among all internal proteins. The biggest structural
difference is found between SARS CoV-2 RF9b protein and
similar bat and pangolin proteins compared to other SARS
CoV-2 proteins, which indicates active mutagenesis [27].
The polyprotein molecules RPP 1a and RPP 1a b are
huge, as is the number of homologous motifs in them. The
possibility that the motifs take part in provoking an autoim-
mune response has not yet been proven. Enzymes and espe-
cially enzymes of the cell cycle are evolutionarily highly con-
served. In the process of disintegration of microorganisms,
permanent inhabitants of the human intestine, peptides ho-
mologous to human proteins must be released into the intes-
tinal lumen. Perhaps it is they who interact with the host’s im-
mune system and tune it to non-resistance to virion proteins.

Dysfunction of olfactory and taste receptors

ACE2 protein has been found at high levels in the hu-
man olfactory epithelium. May this explain COVID-19-asso-
ciated olfactory dysfunction [28]?

In the RPP 1a molecule, heptamers SCGNFKVys 54, and
AIFYLIT,7g5.97¢ @re homologous to human Olfactory recep-
tor proteins 52N2,q; 146 and 2W1,, 5, respectively. ORF7b
contains a heptamer homologous to the Olfactory receptor
protein 7D4 and may be involved in provoking an autoim-
mune response, contributing to olfactory dysfunction. In the
RPP 1a, a heptamer LKTLLSL 555 155, iS homologous to the
human Bitter taste receptor T2R55,g/_147-

In S protein, the octamer RRARSVASg, 459 is homo-
logous to the Amiloride-sensitive sodium channel subunit
alphay,,0e, Which is involved in salt taste perception [29].

If homologous motifs in the SARS CoV-2 molecule can
trigger an autoimmune response, then these facts may ex-
plain why COVID-19 disease so often affects the sense of
smell and taste.

Mutations

Mutations are a mechanism for escaping immune re-
sponses [4]. Among the SARS CoV-2 proteins, protein S
has been studied for mutations. Of the external proteins, it
is the most susceptible to mutation [27].

The differences of human S-proteins from Asia, Africa,
Europe, North America, South America and Oceania from
the reference sequence of the SARS CoV-2 Wuhan-Hu-1
protein, China, are described. There were found 9654 muta-
tions, which correspond to 400 different sites of mutations.
RBD alone contained 44 mutations [30]. Of course, far from
all of the effects of these mutations have now been studied.
Fortunately, not all of them matter. In theory, the mutation
can increase, decrease, or not affect the immune response
to the S-protein [4].

The Dg,G mutation changes the conformation of the S
protein [4]. SARS CoV and SARS CoV-2 recognize the ACE2
receptor through their S proteins. In the N-terminal domain,
the sequences MESEFR 5, 153 and SYLTPG,,; s, are speci-
fic for human SARS CoV-2. In RBD, the structural determi-
nants for recognizing human ACE2 are the VGGNY 445 449 and
EIYQAGSTPCNGV,;,.45; Sequences, as well as the disulfide
bridge connecting C,q, and C,gq [31]. Note that none of the
motives mentioned above coincide with regions homologous
to human proteins.

S protein of SARS-CoV-2 variant Delta contains eight
mutations, namely TR, G4,D, Aqss_157, Ri5sG, LagoR, TazgK,
PgsiR, and DgsoN [32]. S protein of variant Omicron, the most
aggressive, contains many mutations, namely VA, Tgl,
GioD, Vigahd, Y14, Yigsh, GizoD, Szl SyraPs Syzshy KyioN,
NasoK, GuseS, SymrN, TargK, EggiA, QuoaR, GigeS, QuogR
Nso1Y, YsosH, NgssY, NezoK, and Pgg,H, several of which over-
lap with those in the Alpha, Beta, Gamma, or Delta variants
[33,34]. Due to the huge and continuous stream of data,
the topic of mutations in SARS CoV-2 proteins can only be
considered in periodicals for now.

CONCLUSION

Judging by the degree of homology between SARS CoV-2
proteins and humans, the main means of bypassing innate
immunity (shibboleth) should be the E protein, while the main
provocateur of the autoimmune response is the ORF9b pro-
tein. Accordingly, the attention of researchers and especial-
ly — developers of vaccines against SARS CoV-2 should be
paid primarily to these two proteins. It also should be taken
into consideration that vaccines affecting such homologous
regions can damage proteins of the human body.
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Abstract. 5-hydroxytryptophan (5-HTP) has been used to treat neurologic and psychiatric diseases, including depression,
insomnia, sleep apnea, cerebellar ataxia, and chronic cepheadaches. On the other hand, it has been prescribed in
a few rheumatic disorders including fibromyalgia, ostheoarthritis, rheumatoid arthritis. Sleep disorders in syndromes
accompanied by chronic pain have a significant negative impact on social aspects, provoke an earlier development of
atherosclerotic lesions of the cardiovascular system, and can also lead to the development of depression and anxiety.
There are 6 articles in this field, including 346 patients. Age varied from 40 to 51.1 years old, and female gender ranged
from 22.2 to 84%. The 5-HTP dosage went from 60 mg to 4.000 mg a day. The study follow-up ranged from 4 weeks
to 12 months. All of these articles demonstrated improvements in diverse fibromyalgia (FM) symptoms, including
decreased pain intensity, improved sleep quality, improved mood and overall well-being, decreased anxiety, decreased
fatigue, and decreased number of tender points. Presumably, the effect is associated with the metabolism of 5-HTP
into serotonin, which is believed to decrease the sensitization of nerve endings associated with pain receptors. In
addition, serotonin is a precursor of melatonin. Side effects were mild and varied from 8% to 30%. This review shows
that 5-HTP is a promising and safe therapy for fibromyalgia. However, the data needs to be reproduced in future more
extensive studies, including other rheumatic conditions.

Keywords: 5-hydroxytriptophan, 5-HTP, triptophan, rheumatic diseases, fibromyalgia
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Pestome. 5-rugpokeutpuntodban (5-HTP) ncnonb3osancs ans neyeHus HepBHbIX U NCUXMATPUYECKNX 3aboneBaHuii,
BKtoYas fAenpeccuto, 6eCCoHHMLY, anHo3 CHa, XPOHWYECKYI0 Liedhanruio, MO3XEYKOBYI0 aTakcuto. B To xe Bpems bbina
Npou3BeAeHa OLEeHKa NnpumeHeHns 5-HTP gnsa neyeHns Takux peematonornyecknx 3abonesanuit, kak pubpomuanrus
(®M), peBMaTOUAHLIA apTPUT U OCTEOAPTPUT. HapyLleHus cHa Npy CUHAPOMAaX, CONPOBOXAAKLLMXCH XPOHUYECKOM
Bonblo, OKa3biBalOT CYLLIECTBEHHOE HErAaTUBHOE BANSIHWE HA COLManbHbIe acnekTbl, NPOBOLMPYIOT Gonee paHHee
pasBUTME aTePOCKIIEPOTUYECKUX NOPaXeHNA CepAEYHO-COCYANCTON CUCTEMBI, @ TAKXXE MOTYT NPUBOAMUTBL K PA3BUTMIO
Jenpeccuu u TpPeBOXHOCTU. 10 AaHHOI TemMaTuKe UMeeTcs 6 cTaTel, B KOTOPbIX ONUCaHbl pesynbTaThl neveHus 346
nauueHToB. Bospact Bapbuposan ot 40 fo 51,1 roga, fons xeHwuH coctasuna ot 22,2 no 84%. fJosuposka 5-HTP
cocTaensina ot 60 mr 4o 4000 mr/oeHb, ANMTENbHOCTL HAabnoaeHNst BapbupoBana oT 4 o 12 Heaenb. B ctaTbsix
OTPaXeHo yryyLleHre pasnuyHbIX CUMNTOMOB (hUBpoMUanTum, BKIoYas CHKEHWE MHTEHCUBHOCTM 60K, ynyJlleHne
KayeCTBa CHa, HaCTPOEHMS 1 06LLero CamoYyBCTBUS, CHUKEHUE TPEBOTU, YCTaNoCTH, yMeHbLLEHWe KONMYecTBa YyB-
CTBUTENbHbIX Touek. MpeanonoxnTensHo, ahdekT cBsazaH ¢ MeTabonnamom 5-HTP B CEpOTOHMH, KOTOPbIN CHUXaET
YyBCTBUTEMBHOCTb HEPBHbIX OKOHYaHMI K 60NEBLIM CTUMYNaM, U SBNSETCS NPeKypcopoM MenaToHuHa. MoboyHble
3 ekTbl BbInM Nnerkumm 1 Bapbuposanm ot 8 0o 30%. 3ot 0630p nokasbiBaer, Yto 5-HTP aBnsaeTcs MmHoroobe-
wawowmm n 6esonacHblM METOAOM NeveHus mbpommanrn. OgHako 3T AaHHble He0BX0AMMO BOCNPOM3BECTY B

6y,EI,yLLI|VIX bonee 06LIJl4prIX nccnenoBaHMsx, B KOTopble 6y,D,yT BKINMKOYEHbI ApYyrne pesMaTtu4eckne COCTOAHNA.

KnioueBble cnoBa: 5-rugpokcutpuntodan, 5-HTP, TpuntodhaH, peBmatnyeckne 3abonesanums, gubpommanrus

INTRODUCTION

Tryptophan is an essential amino acid and a precursor
of the neurotransmitter serotonin. Tryptophan metabolites,
such as serotonin and melatonin, are thought to participate
in regulating mood, sleep, pain sensituvity, and tryptophan
is used to treat insomnia, sleep apnea, and depression [8].
5-HTP is an aromatic aminoacid naturally synthesized from
the essential aminoacid L-tryptophan. In addition to depres-
sion, the therapeutic administration of 5-HTP is effective in
treating various medical disorders, including fibromyalgia,
ostheoarthritis, insomnia, cerebellar ataxia, and chronic
cepheadaches [3].

Treatment of sleep disorders is one of the key aspects of
therapy for rheumatic patients with chronic pain syndromes
such as fibromyalgia (including that syndrome as a variant
of long COVID and post-COVID health disorders), osteoar-
thritis, and rheumatoid arthritis. Insomnia has a significant
negative impact on social aspects, the development of athe-
rosclerotic cardiovascular diseases, and the onset of anxiety
and depression. Given an aging population, constant use of
electronic devices, and increased levels of stress, the prob-
lem of safe correction of sleep disorders becomes particularly
challenging and relevant, where 5-HTP may find its place [1].

Tryptophan serves as the sole substrate for the synthe-
sis of the biogenic amine serotonin, which is primarily pro-
duced in the distal parts of the gastrointestinal tract (90%)

and to a lesser extent in the central nervous system (10%)
[1]. Furthermore, tryptophan bioavailability could contribute to
the activity of inflammatory system [19], that is often deeply
disturbed in rheumatic patients. T-reg lymphocytes alter bio-
availability of tryptophan by their enzyme indoloxidase (IDO),
thus regulating T17/Treg balance and intensity of some au-
toimmune reactions as well [6, 7]. A significant portion of
tryptophan is obtained from protein-rich food and metabo-
lized in the gastrointestinal tract by gut microbiota, forming
a range of biologically active molecules, including ligands for
aryl hydrocarbon receptor. Tryptophan is also converted into
kynurenines by immune system cells and epithelial cells of
the intestine [1, 2]. 5-HTP may play a role in autoimmune di-
seases. In fact, in a mouse model for psoriasiform dermatitis,
Hu et al. showed that 5-HTP reduced the cumulative scores
and epidermal thickness and also reduced local and systemic
inflammation biomarkers, including interleukin-6, the differen-
tiation of IFN-y- and IL-17A-expressing and related cytokine
production (TNF-a, IL-6, IL-17A, and IFN-y) in splenocytes
[10]. Therefore, it is reasonable to speculate if 5-HTP may
play a role in rheumatic diseases, including fibromyalgia and
inflammatory conditions.

Theoretically, application of this amino acid and its de-
rivatives in autoimmune disorders may result in some une-
quivocal sequels, because of its different influences on
tryptophan bio-availability under various states of T-regs in
concrete patients [6, 7]. For example, there were series of
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studies documenting a connection between consuming of
tryptophan dimers and provocation of eosinophilia-myalgia
syndrome (EMS) in patients and experimental animals [4,
21]. Moreover, it was postulated that such dimers may in-
corporate into primary structure of proteins thus creating
neoantigens and promoting autoimmunity [4].

Therefore, there is a need to review existing data on
practical use of 5-HPT in rheumatology in order to evaluate
its perspective. This study aimed to systematically review
the articles that used 5-HTP to treat rheumatic diseases.

LITERATURE REVIEW

A systematic search of articles published in PubMed/
MEDLINE, EMBASE, elibrary.ru and Scielo from 1966 to Oc-
tober 2023 using the following MeSH entry terms: “5-HTP”
OR “5-hydroxytryptophan” OR “tryptophan” AND “rheuma-
tic” OR “rheumatologic” OR “systemic lupus erythematosus”
OR “lupus” OR “fibromyalgia” OR “rheumatoid arthritis” OR
“spondyloarthritis” OR “Sjogren’s syndrome” OR “ myosi-
tis” OR “ systemic sclerosis” OR *“vasculitis” OR “Takaya-
su disease” OR “Wegener’s disease” OR “granulomatosis
with polyangiitis” OR “Kawasaki’s disease” OR “polyarteritis
nodosa” OR “Livedoid vasculitis” OR Churg-Strauss” OR
“eosinophilic granulomatosis with polyangiitis” OR “osteo-
arthritis” OR “gout”. The Russian equivalents were used
for analysis of elibrary.ru database. The search had no lan-
guage restriction. The reference lists of the selected articles
were analyzed to identify other publications.

Two authors (JFC and AL) initially performed the literature
search and independently selected the study abstracts. In the
second stage, the same reviewers independently read the
full-text articles selected by abstracts. The authors followed
PRISMA guidelines [15]. Finally, a standardized form was de-
signed to extract the information from relevant articles, inclu-
ding authors, year of publication, number of patients studied,
demographic data, disease duration, study follow-up, 5-HTP
posology, outcomes, and side effects. The same work with
cyrillic sources was performed by Russian team members.

Table 1 summarizes the search results on 5-HTP treat-
ment in fiboromyalgia subjects [5, 9, 11, 14, 17, 18].

There are 6 articles in this field, including 346 patients.
The countries that produced these articles were Italy (n=3),
followed by Spain (n=2), Canada, and the United Kingdom
(n=1). To date, we did not meet any academic or scientific
publications in Russian, describing the studies related to the
use of 5-HTP in rheumatology.

Most studies had a randomized controlled design trial as
the study design (n=2), followed by double-blinded (n=1),
prospective (n=1), open trial (n=1), and case report (n=1).
Age varied from 40 to 51.1 years old, and female gender

ranged from 22.2 to 84%. The 5-HTP dosage went from
60mg to 4,000 mg/day. The study follow-up ranged from
4 weeks to 12 months.

All these articles demonstrated improvements in the di-
verse FM parameters, since pain intensity, sleep quality,
well-being, anxiety and mood symptoms, tender points count,
and fatigue. Side effects were mild and varied from 8 to 30%.

This is the first study to systematically review the thera-
peutic effects of 5-HTP in all rheumatic diseases. Serotonin
is the neurotransmitter that mediates slow-wave sleep and
plays an essential role in pain perception. Moldofsky and
Warsh have proposed that primary fibromyalgia syndrome
may result from an insufficient concentration of circulating
tryptophan, which then fails to provide adequate serotonin
for maintaining slow-wave sleep [12].

Serotonin (5-hydroxytryptamine), which was discovered
in the blood over 40 years ago [13], has subsequently been
located in many parts of the body and has been shown to
exert numerous effects on several body systems, including
the brain and the gastro-intestinal tract, Reports of reduced
blood serotonin concentrations in patients with FM and the
symptomatic relief of these patients using tricyclic antidepres-
sants, which probably act by blocking the reuptake of bioge-
nic amines at nerve terminals, have implied the potential va-
lue of serotonin in the treatment of patients with FM [16].

In the absence of supplementation with 5-HTP, the
amount of endogenous 5-HTP available for serotonin syn-
thesis depends on the availability of the amino acid tryp-
tophan and the activity of various enzymes, especially
tryptophan hydroxylase, indoleamine 2,3-dioxygenase,
and tryptophan 2,3-dioxygenase. In addition, the amount of
5-HTP reaching the central nervous system is affected by
the extent to which 5-HTP is transformed to serotonin in the
peripherical tissues [20].

Thus, in the context of treating rheumatological condi-
tions such as fibromyalgia and osteoarthritis, 5-HTP may
have several potential advantages.

1. Mood correction: rheumatological conditions can be
accompanied by depression or mood disturbances. 5-HTP,
a precursor to serotonin which plays a key role in mood
regulation, may help increase serotonin levels in the brain
and improve quality of life in patients with rheumatological
conditions.

2. Sleep improvement: Pain from rheumatological con-
ditions can significantly disrupt a patient’s sleep quality.
Serotonin is a precursor to the melatonin, one of the main
regulators of the sleep-wake cycle. 5-HTP may help in-
crease melatonin levels and improve sleep quality in pa-
tients with rheumatological conditions.

3. Reduction of pain sensitivity: Serotonin is involved in
the regulation of pain signals. It is believed that increasing
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Table 1
Studies of 5-HTP in fibromyalgia
Author, Stqdy Co- N Age (years Dlseqse 5-HTP dose Follow-up Outcome Side effects
reference | design untry old)/gender | duration (mg/day)
Goémez- Pilot Spain | 23 51.9+7.2 7.7£6.3 | NA plus magne- | 12 weeks 5-HTP improved: NA
Centeno pros- years sium + Sleep Quality
etal., pective 100% females and coenzyme * Functional capacity
2022 [9] Q10 * Global well-being
of patients.
Martiznez- | Rando- | Spain | 22 4915y, NA 60mg plus 16 weeks 5-HTP improved; NA
Rodriguez |  mized, 100% females magnesium + Trait anxiety (p=0.001),
etal., controlled 60 mg + Self-image perception
2020 [11] trial (p=0.029)
* Mood disturbance
(p=0.001)
Eating disorders
Sharma Case UK 1 40 NA Gradually 4 weeks She has FM and severe Well tolerated
& Barrett, report Ca- increased depression, and after tryp- until 2g/day.
2001 [18] nada Female to 4g/day tophan, she improved her When she
in 2 weeks symptoms. She has been used 4g, she
gainfully employed for more | felt irritability,
than 1 year and remains on agitation,
the drug regimen of tryptop- | racing thoughts,
han 2 g, lorazepam 1 mg, | preoccupation
and oxazepam 25 mg daily | with thoughts
of suicide,
and dysphoria
Sarzi- Open Italy | 50 | 46.6 (27-60) NA 100 mg TID 12 weeks 5-HTP improved: 30% has
Puttini study + Number of tender points a side effect
etal., 86% Females * Anxiety
1992 [17] + Pain intensity
+ Quality of sleep
* Fatigue
Caruso Double- | ltaly | 50 | 47.8(31-60) NA 100 mg TID 4 weeks * 90% of the physicians 6 5-HTP vs. 3
etal., blinded + and >85% of the patients placebo had
1990 [5] | placebo- 14% females assessed the mild side
controlled « efficacy of SAMe as being effects
trial “very good” or “good.”
* 18/97 became
asymptomatic.
* The complaint score
dropped
« from 20.3 to 4.5
+ The score of the mental
state rating (feelings)
dropped from
+31.7t0 16.1
Nicolodi Rando- Italy | 200 NA NA 400 mg. 12 months | The combination of MAQOIs | Stomachache
& Sicuteri, | mized, 4 group: with 5-HTP significantly (8%)
1996 [14] | controlled a) amitriptyline, improved fibromyalgia
trial b) pargyline or syndrome as determined
phenelzine, by Visual Analogic Scale,
¢) 5-HTP, whereas the other
d) association of treatments yielded
pargyline poorer benefits.
(or phenelzine)
and 5-HTP
200 mg
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serotonin levels may decrease the sensitization of nerve
endings associated with pain receptors. 5-HTP, as a precur-
sor to serotonin, may contribute to increasing its levels and
thus reducing pain sensitivity in patients with rheumatolo-
gical conditions.

This systematic review showed that all studies that
evaluated 5-HTP supplementation in fibromyalgia showed
at least one benefit, with mild or absent adverse effects.
This study’s strengths are (1) the inclusion of studies with
patients with international criteria for rheumatic disea-
ses; and (2) the inclusion of all kinds of study designs for
using 5-HTP in rheumatic diseases, except reviews, ani-
mal studies, and in vitro studies. In this way, the authors
believe all published cases of 5-HTP in rheumatic patients
were collected.

Some limitations were observed in this study. For in-
stance, no comparison between classical treatments used in
rheumatic diseases was available for the studied condition.
In addition, the number of participants was low, and the fol-
low-up was short for the diseases except for osteoarthritis.
More important, just one rheumatic disorder was studied —
fibromyalgia. It is reasonable to evaluate the effect of 5-HTP
in other painful conditions associated with anxiety or depres-
sion. Therefore, future studies should include larger patient
samples with more long-term observation, enabling a better
understanding of the course of SAMe in rheumatic conditions.

CONCLUSION

A few articles in the literature evaluate the effects of
5-HTP in rheumatological diseases, and only fibromyalgia
was assessed. In Russian scientific literature this item still
is out of scope. Nevertheless, almost all analyzed studies
demonstrated that 5-HTP use is efficacious in treating signs
and symptoms of this rheumatic disease (pain, FM scales,
functioning) and with rare and minor side effects. So, 5-HTP
emerges as an exciting option to be explored in the rheu-
matological field.
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Abstract. Malignant neoplasms are currently one of the main causes of death in most countries of the world, and
therefore the issue of developing new drugs for the treatment of cancer is extremely acute. Among the possible
promising ways to combat it, the use of drugs containing oncolytic viruses and drugs based on rapamycin attracts
attention. Oncolytic viruses (viruses that mainly affect cancer cells) have a direct cytolytic effect, destroying a
malignant tumor, and also stimulate the antitumor immunity of the body. Rapamycin is a potent inhibitor of the mTOR
-mechanical (formerly mammalian) target of rapamycin signaling pathway. It has been proven that rapamycin and its
analogues can be effectively used for the treatment and prevention of cancer, as well as affect the aging process.
While each group of drugs individually has certain disadvantages, there is a possibility of leveling them when used
together, which in a number of studies has shown a good therapeutic result. The synergistic effect of oncolytic viruses
and rapamycin is primarily due to the ability of the latter to stimulate the replication of the virus in the affected cells,
showing its own cytostatic effect in the unaffected ones. Replication stimulation can occur through Akt activation
or through suppression of mTORC1-dependent interferon type | production. Also, the catalytic inhibitors mTORCH1
and mTORC2 enhance the replication of the herpes simplex virus in cancer cells along the elF4E/4EBP axis. The
mechanisms of action of oncolytic viruses, rapamycin and their combinations on malignant cells are considered in
this literature review.

Keywords: mTOR, rapamycin, rapalogs, oncolytic viruses, carcinogenesis, cancer, aging, antitumor immunity, T-VEC,
myxoma virus
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Pe3tome. 3nokayecTBEHHbIE HOBOOOPA30BaHUS SBNAIOTCS B HACTOSILLEE BPEMS OHOIA U3 rMaBHbIX MPUYUH CMepT-
HOCTW B GOMbLUMHCTBE CTPaH MUPa, B CBSA3M C YeM KpaiHe 0CTPO CTOMT BOMPOC pa3paboTku HOBbIX NEeKAapCTBEHHbIX
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CPeAcCTB Ans nevyeHus paka. Cpean BO3MOXHbBIX NEPCNEKTUBHLIX HanpaBneHun 6opbbbl ¢ HUM 0bpalyaeT Ha cebs
BHUMaHWe UCMONb30BaHNe NpenapaTtos, COAEPXaLLMX OHKOMMUTUYECKIE BUPYChI, U MpenapaToB Ha OCHOBE panamMuLmHa.
OHKonMTMYEeCKIE BUPYChI, NPENMYLLECTBEHHO NOpaXartoLLne pakoBble KNeTKW, OKa3blBaKT NPAMON LIUTONUTUYECKUIA
aekT, paspyLuas 310Kka4eCTBEHHY ONYXOMb, a TaKxe CTUMYMMPYIOT NPOTUBOONYXONEBbI UMMYHUTET OpraHn3ma.
Panamuunx npeactasnset coboit MoLHbIN UHIMBUTOP curHansHoro nyTn mTOR — mechanistic (paHee mammalian)
target of rapamycin. [JokazaHo, 4To panamuLiH 1 ero aHanoru MoryT aheKkTUBHO NPUMEHATLCS NS NeYEHUs 1 Npo-
(hunakTUKK paka, a TakKe BNUATb Ha NpoLecchbl CTapeHus. B To Bpems kak kaxaas rpynna npenapaTos B OTAENbHOCTM
NMeeT onpeaenieHHble HeoCTaTKM, CyLeCTBYeT BO3MOXHOCTb UX HUBENIMPOBAHNS NMPU COBMECTHOM MPUMEHEHNH,
KOTOpOe B psifle UCCNeoBaHNiA NOKa3arno XopoLui TepaneBTuieckuin pesynerat. CUHepruaHoe OecTBue OHKONUTY-
YeCKMX BUPYCOB W panamuLHa CBS3aHO, Npexae BCEro, Co CnocoOHOCTLI0 NOCNEAHEr0 CTUMYNMPOBATh PENINKaLMio
BMpYCa B NOPAXKEHHBIX UM KIeTKax, MPOSABISS B HEMOPAKEHHbIX CBOW COOCTBEHHDIN LUTOCTaTUYECKMIA 3dhdhekT. CTu-
MYNUPOBaHMe pennmnkaLm MOXET MPOMCX0ANTb Yepes akTueaumto Akt unu yepes nogasneHme mrORC1-3aBucumon
npoaykumm uHTepdepoHa | Tuna. Takxe katanutudeckue MHrmbutopel mTORC1T n mTORC2 ycunusaloT pennukaLmio
BMpYCa NPOCTOro repneca B pakoBbIx knetkax no ocu elF4E/4EBP. MexaHn3mbl 4eCTBUS OHKONUTUYECKUX BUPYCOB,
panamuyyHa n ux kKoMGuHaLmm Ha 310Ka4eCTBEHHbIE KNETKM PaCCMOTPEHbBI B AaHHOM nuTepaTypHOM 0630pe.

KnioueBble cnoBa: mTOR, panamMuuuH, pananoru, OHKONUTUYECKUE BUPYChI, KaHLEPOreHes, pak, cTapeHue,
NPOTMBOOMYXONEBbIA UMMYyHUTET, T-VEC, BUpPYC MUKCOMBI

BACKGROUND

In recent years, scientific and technological progress,
including in the medical area, has gone a long way forward.
It has significantly improved the quality of life of people in
most countries, as well as life expectancy. However, these
achievements turned out to be dialectically connected with
new difficulties. In particular, humanity has faced the aging
of the population, and, accordingly, the so-called diseases
of civilization. The most formidable pathology among them
is undoubtedly malignant neoplasms, which are second
only to cardiovascular diseases in terms of mortality. Ac-
cording to academician of the USSR Academy of Medical
Sciences |.V. Davydovsky, “everyone will die of cancer,
but not everyone will live to see it”, which implies, in fact,
the inevitability of oncology development with a significant
increase in life expectancy in the absence of other diseas-
es. There is no doubt that the number of cancer patients
will steadily increase in the coming years, and, therefore,
the search for new ways of their treatment now is more
relevant than ever.

Surgery, radiation and chemotherapy have proven
themselves and have become the “gold standard” for the
treatment of cancerous neoplasms. At the same time, even
combined therapy is not always successful, especially in
the late stages of oncology. In addition, there are a number
of contraindications for it, often found in the elderly, and the
consequences of such treatment are very severe and can
lead to death. To the promising alternative directions of ther-
apy of malignant neoplasms at the present time can be at-
tributed virotherapy with the use of oncolytic viruses, as well

as therapy using rapamycin and its analogs. Mechanisms of
effect of oncolytic viruses, rapamycin and their combination
on malignant cells and analysis of the possibility of their use
both separately and in combination are analyzed in this lite-
rature review.

RAPAMYCIN

Rapamycin is a product of Streptomyces hygroscopi-
cus, which were discovered in 1964 on Easter Island
(Rapa Nui) by a Canadian expedition led by Suren Segal
[1, 37].

Another common name for rapamycin is Sirolimus. It is
a macrolipid in structure, which is currently produced using
biosynthesis technology. In the course of trials, it became
clear that rapamycin has unique immunosuppressive, an-
tifungal, and antitumor properties that quickly found wide
application in clinical practice, but further studies showed
that the cause of these effects is much more fundamental
than it seemed at the first glance [1, 37].

mTOR AND ITS FUNCTIONS

In 1994, a protein that is a direct target of rapamycin
action was discovered — Mechanistic (formerly mam-
malian) target of rapamycin (abbreviated as mTOR). The
mTOR protein is a serine/threonine protein kinase of the
PI3K-kinase family, which forms the catalytic subunit of two
different protein complexes: mTORC1 and mTORC2. These
enzymes phosphorylate other proteins, thus forming an in-
tracellular mTOR signaling network [1, 34].
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It has been established that mTORC1 has a central
role in controlling the balance between anabolism and ca-
tabolism in response to environmental conditions. Thus,
it is activated when the cell receives sufficient energy,
amino acids, oxygen, and growth factors (including steroid
hormones). In contrast, stress and DNA damage inhibit
mTORC1 activity [1, 37, 42]. In turn, mTORC1 itself sti-
mulates mRNA translation, promotes lipid and nucleotide
synthesis, shifts glucose metabolism from oxidative phos-
phorylation to glycolysis, and suppresses proteosome
assembly, lysosome biogenesis, and autophagy. Thus,
mTORC1 regulates the relationship between nutrition and
cell growth [1, 37, 42].

mTORC?2, in turn, is also activated by growth factors (in-
cluding insulin) and stimulates cytoskeleton reorganization,
cell migration, ion transport, regulates glucose metabolism
and suppresses apoptosis. Thus, it is responsible for cell
survival and tissue proliferation [1, 37, 42].

mTOR PATHWAY HYPERACTIVATION, AGING
AND CANCEROGENESIS

Thus, it is obvious that mTOR regulates the processes of
life activity of the cell and the whole organism at the deepest
level. It is noteworthy that this signaling pathway is pecu-
liar to almost all eukaryotes. In the course of experiments it
was found that inhibition of the mTOR pathway by rapamy-
cin leads to a marked increase in the life span of all model
organisms and human cell cultures. A similar effect is also
produced by limiting the amount of food without malnutrition,
which led researchers to the idea that these phenomena are
interrelated [4, 7, 37]. It is believed that in the wild, where
animals face the constant need to search for food and pe-
riods of starvation, mTOR activity has a wave-like charac-
ter. Modern humans and laboratory animals are deprived
of this stress, resulting in stable mTOR hyperactivation in
their organisms [6, 7, 42]. It was shown, for example, that
short-term hyperactivation of mTORC1 leads to muscle hy-
pertrophy due to cell growth, but further hyperfunction of this
metabolic regulator leads to muscle atrophy and rapid death,
presumably due to suppression of autophagy and, conse-
quently, disruption of muscle tissue remodeling processes.
This is one of the possible explanations for the influence of
mTOR hyperfunction on the aging process [7, 42)].

Another theory is “quasi-programmed aging’. It states that
aging is a growth program that has not been turned off in
time. Thus, mTOR, as it was said above, is responsible for
cell growth, but having completed its program, it continues
its action, which leads to the so-called cellular hyperfunction.
Such enhanced work, as a rule, is destructive for cells, and at
the organismal level it is manifested as aging [1, 11].

It has been shown that hyperactivated mTOR through
a number of intermediates leads to such phenomena as
excessive stimulation of protein biosynthesis in the cell,
suppression of autophagy and proteosome assembly, which
can lead to oxidative and proteotoxic stress, and, as a con-
sequence, to cellular aging. This in turn leads to Alzheimer’s
disease, muscle atrophy, ulcers and gastritis, anemia, joint
disease and hair loss, senile hyperpigmentation of the skin.
The role of mTOR hyperactivation in the pathogenesis of
type 2 diabetes mellitus, obesity, atherosclerosis, etc. is
great. [1, 3, 7, 38, 42].

It is obvious that if mTOR hyperfunction leads to such a
large number of diseases associated with aging, it leads to
aging itself. In addition, it has been found that mTOR acti-
vity in elderly people is indeed higher than in young people,
which confirms the hypothesis [1, 7].

Among other things, mTOR hyperactivation can stim-
ulate cancerogenesis, which should be discussed in more
detail.

It has been found that mTORC1 activates the enzyme
S6K (ribosomal protein kinase), which in turn phospho-
rylates and activates several substrates that promote
mRNA translation, including elF4B (a positive regula-
tor of 5'cap complex binding). Also, S6K enhances the
translation efficiency of spliced mRNA (EJK) through its
interaction with SKAR (a component of exon-junction
complexes) [27]. In addition, S6K suppresses the action
of programmed cell death protein (PDCD4 — elF4B in-
hibitor) [14]. On top of that, mTORC1 itself inhibits the
action of the 4EBP complex (eukaryotic translation initi-
ation factor elF4E binding protein) [19]. All of the above
induces protein synthesis in the cell. In addition, it was
found that besides increasing the overall level of trans-
lation, mTORC1 particularly stimulates the translation
of mRNAs rich in pyrimidine nitrogenous bases, which
encode translational and ribosomal proteins, as well as
metabolic genes [41].

Excessive accumulation of protein in the cell leads to
deterioration of its stacking and also increases the risk of
various pathological modifications (carbonylation, glyca-
tion and glycoxidation, cross-linking of proteins with fats,
with DNA and among themselves). All this leads to the
so-called proteotoxic stress and disruption of normal cell
function [1, 7].

In addition, enhanced translation requires additional en-
ergy expenditure. In an effort to compensate for its deficien-
cy, mitochondria quickly fail and release free radicals (reac-
tive oxygen and nitrogen species) into the cell cytoplasm.
Free radicals increase the toxicity of iron and copper ions,
and oxidative stress occurs, leading to damage to DNA,
proteins, and membranes [1, 7].
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Fig. 1.  The connection of the mTOR signaling pathway with the process of carcinogenesis (compiled by Baranov I.A.). IL-2 — interleukin-2;
IFNy — interferon gamma; APK — antigen-presenting cells; S6K — ribosomal S6 Kinase; 4EBP — eukaryotic Translation Initiation
Factor 4E Binding Protein; SKAR — a component of exon-junction complexes; PDCD4 — programmed cell death protein 4; elF4B —
eukaryotic translation initiation factor 4B; elF4E — eukaryotic translation initiation factor 4E; ATG14L — autophagy related 14;
ULK1 — unc-51 like autophagy activating kinase 1; TFEB — Transcription factor EB; ERK5 — extracellular signal-regulated kinase
5, MGMT — O6-alkylguanine DNA alkyltransferase; NDRG1 — N-myc downstream regulated 1; p53 — transformation-related
protein 53; TNFa — tumor necrosis factor alpha; TSC — tuberous sclerosis complex; Rheb — Ras homolog enriched in brain;
IL-1 — interleukin-1; SGK — serum/glucocorticoid regulated kinase; Akt — RAC-alpha serine/threonine-protein kinase; Fox01/3a —
forkhead box protein O1/3a
Puc.1. Cga3b curHanbHoro nytu mTOR ¢ npoueccom kaHueporeHesa (coctaBneHo bapaHoBbiM U.A.). IL-2 — uHTepnenkuH-2; IFNy — ux-

TepdepoH ramma; AMK — aHTurennpeacraBnstowme knetkn; S6K — pnbocomanbHas S6-kuHasa; 4EBP — Genok, cBA3bIBaKOWMIA
¢hakTop MHUUMaLMK TpaHcnsAumK sykapuoT 4E; SKAR — KOMNOHEHT 3K30H-NepexoAHbIX komnnekcoB; PDCD4 — Genok nporpam-
MupyeMmoii KneTouHou ruéenu 4; elF4B — cpaktop HMUMaLmm TpaHenauum aykapmot 4B; elF4E — chakTop MHULMaLMK TPaHCNALUM
aykapuot 4E; ATG14L — cBsizaHHbIN ¢ ayTodarmei komnnekc 14; ULK1 — unc-51-nogo6Has kuHasa, aktuBmpyowas aytodaruio 1;
TFEB — daktop TpaHckpunuum EB; ERK5 — kuHasa, perynupyemas BHeKNEeTOYHbIM curianom 5; MGMT — O6-ankunryaHuHoBas
DHK-ankunTtpaHcdepasa; NDRG1 — N-myc, perynupyemblii Huxe no TedeHuto 1; p53 — cBszaHHbIN ¢ TpaHcopMmauuen Genok
53; TNFa — ¢akTop Hekpo3a onyxonu anbcpa; TSC — komnnekc Ty6eposHoro ckneposa; Rheb — romonor Ras, ob6oraweHHbIn B
moare; IL-1 — untepnenkun-1; SGK — kuHasa, perynupyemas coiBopoTkou/rnokokoptukongamu; Akt — RAC-anbda cepuH/Tpeo-
HUH-NpoTenHknHa3a; Fox01/3a — pa3paBoeHHbIN 6nok 01/3a
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Normally, damaged molecules and organoids should
be destroyed by proteosomes and autophagy. However,
mTORC1 blocks these processes. It suppresses the ac-
tion of such important activators of autophagy as ULK1
(kinase) and ATG14L complex [24], inhibits the action of
the transcription factor of lysosomal hydrolases and mem-
brane proteins (TFEB) [29], and also reduces the activity
of Erk5 complex, which leads to a decrease in the number
of chaperone proteins providing protein folding and disrupts
proteosome assembly [35]. This only aggravates proteo-
toxic and oxidative stresses, which in turn lead to damage
of DNA molecules and, consequently, to malignant cell de-
generation. Suppression of MGMT methyltransferase and
NDRG1 regulatory protein also contributes to the accumula-
tion of genomic mistakes [13].

In addition, hyperactivated mTORC2 complex con-
tributes to carcinogenesis. It activates SGK (kinase),
an inhibitor of FoxO1/3a substrate, which prevents cell
apoptosis [16]. Along with this, mTORC2 activates Akt
(a key effector of insulin signaling), which further inhi-
bits FoxO1/3a substrate and also stimulates proliferation
[36]. In addition, mTORC2 promotes the secretion of in-
terleukin-1 (IL-1), which activates angiogenesis in gro-
wing tumor [25].

TNFa (tumor necrosis factor a) can cause rapid he-
morrhagic necrosis of a number of tumors. However, it can
also be released in large quantities by aging cells and acti-
vate mTORC1 through inhibition of TSC (tuberous sclerosis
complex — the main inhibitor of mTORC1), forming a vi-

cious circle. This leads to chronic inflammation in the elder-
ly, which itself can cause some diseases [1, 5, 37].

Interestingly, mutations associated with TSC deficiency
lead to the development of a polysystemic tumor disease,
tuberous sclerosis [2]. It is also necessary to mention the
role of the now widely known p53 protein, which activates
TSC and thereby suppresses tumor growth [21].

In addition, mTOR is now believed to be a central regu-
lator of immune responses. In particular, mTOR appears
to function as a central node in the signaling cascade that
directs the integration of various environmental factors into
the immune microenvironment [33, 37].

Thus, antigen recognition by T-cell receptor, cytokines,
growth factors, nutrients and costimulation lead to mTOR
activation in CD4+ T-cells via membrane receptors, which,
in turn, leads to their activation, differentiation, proliferation,
and acquisition of periferic tolerance. Similar processes in
CD8+ T cells also lead to their activation, differentiation, mi-
gration, and memory formation [33, 37].

Some other factors of extracellular signaling also medi-
ated by mTOR cause activation, maturation, proliferation of
antigen-presenting cells, their production of cytokines and
costimulatory molecules [33, 37].

In B-lymphocytes, it leads to their activation, maturation,
differentiation, antibody production and survival [33, 37].

In addition, mTORC1 stimulates T-cell synthesis of in-
terleukin-2 (IL-2) and tumor necrosis factor-y (TNFy), which
also plays an important role in the regulation of the immune
response [28].

Table 1

mTOR inhibitors approved by the Food and Drug Administration (FDA) for the treatment of human cancer (USA) [32]

Tabnuua 1

UHrnbutopsl mTOR, ogobpeHHbIe YnpaBneHuem no KOHTPONHO 3a NpoAyKTaMu nuTaHus u nekapcteamu (FDA)
Ana neyeHus paka yenoseka (CLLA) [32]

Mpenapar (ToproBoe Ha3BaHue) /
Drug (trade name)

MokasaHus / Indications

[ata ytBepxaerus /
Approval date

Cuponumyc (PanamyH) /
Sirolimus (Rapamune)

JumdaHruonerommnomatos / Lymphangioleiomyomatosis

Asryct 2000 ./
August 2000

Temcuponumyc (Topusen) /
Temsirolimus (Torisel)

lMoyeyHo-kneTouHbI pak / Renal cell carcinoma

Mait 2007 r. / May 2007

Oseponumyc (AduHutop)/ /
Everolimus (Afinitor)

+ MoyeyHo-kneTouHbI pak / Renal cell carcinoma. Mapt 2009 .,
+ MporpeccupytoLLmin pak MONoYHol xenesbl HR+ / asryct 2012r.,
Advanced HR+ breast cancer. tespanb 2016 1./
* [IporpeccupytoLne HepO3HAOKPUHHBIE OMYXONW NOMXKENYLA0YHON Xenesbl, March 2009
KENyAOYHO-KMLIEYHOTO TpaKTa unn nerkux / Progressive neuroendocrine August 2012,
tumors of pancreatic origin, of gastrointestinal or lung origin. February 2016

+ Anrvommnonunoma noykn / Angiomyolipoma of the kidney.
+ CybaneHanMarnbHas rmraHTokNeTouHas acTpoLMToMa, accoLummnpoBaHHas
¢ komnnekcom TybeposHoro ckneposa (TSC) / Subependymal giant cell
astrocytoma associated with tuberous sclerosis complex (TSC)
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Different effects of rapamycin, mTOR catalytic inhibitors and their combination with autophagy inhibitors on cancer cells. S6K —

Ribosomal S6 Kinase; 4EBP — Eukaryotic Translation Initiation Factor 4E Binding Protein; elF4B — eukaryotic translation initiation
factor 4B; elF4E — eukaryotic translation initiation factor 4E; Akt — RAC-alpha serine/threonine-protein kinase; SGK - serum/
glucocorticoid regulated kinase; Fox01/3a — forkhead box 01/3a

Puc. 2.

Pa3nnyHoe BnusHWE Ha paKoBble KNETKW panaMuLMHa, KaTanuTU4eCcKux MHFMGMTOPOB mTOR u ux coveTtanus ¢ MHFMﬁMTOpaMVI

aytodparun. S6K — pubocomanbHas S6-kuHasa; 4EBP — Genok, cBA3bIBalowWwmiA hakTop MHMLMALMM TpaHCnALuuKM 3ykapumoT 4E;
elF4B — cpakTop nHuLmaumm TpaHenauum aykapmot 4B; elF4E — chakTop mHUuMaumm TpaHenauum aykapuot 4E; Akt — RAC-anbdha
CepuH/TpeoHUH-NpoTenMHkMHasa; SGK — kuHasa, perynupyemas cbiBopoTkou/rntokokopTukouaamm; FoxO1/3a — pa3aBoeHHbIN

6nok 01/3a

This is what allowed rapamycin to be used as an immu-
nosuppressor. All the above-mentioned interrelationships
are clearly presented in the form of a summarizing scheme

(Fig. 1).

mTOR INHIBITORS IN ANTI-TUMOR THERAPY

Thus, it is obvious that mTOR has a dual effect on the
process of carcinogenesis, activating it on the one hand and
inhibiting it on the other hand. This is what caused difficul-
ties in the development of rapamycin-based antitumor the-
rapy. First of all, it concerns the selection of adequate doses
of the drug. As mentioned above, mTOR is one of the most
important regulators of the immune response. Rapamycin,
used as an immunosuppressant in organ transplantation,
also suppresses antitumor immunity and may stimulate car-

cinogenesis [31, 33]. Interestingly, an imbalance of the hu-
man microbiota can also suppress antitumor immunity [8].
However, this does not prevent the use of rapamycin
and its analogs in the therapy of malignant neoplasms due
to careful selection of effective doses based on the ratio of
harm to benefit for the patient in each specific case, which,
in turn, becomes possible due to the dose-dependent ef-
fect of rapamycin. First, different doses of rapamycin are
required to inhibit mTOR in different cell lines; second, di-
fferent doses of rapamycin inhibit phosphorylation of differ-
ent mTOR substrates; and third, there is different sensitivity
of two complexes (mMTORC1 and mTORC?2) to rapamycin
[31]. Interestingly, the enigmatic dosage properties of rapa-
mycin may be explained largely by the competition between
rapamycin and phosphatidic acid for mTOR. Rapamycin
and phosphatidic acid have opposite effects on mTOR, with
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rapamycin destabilizing and phosphatidic acid stabilizing
both mTOR complexes [31].

Rapamycin-based drugs have undergone a significant
evolution during the development of antitumor therapy
[32]. Rapamycin and its analogs (rapalogs) are first-gene-
ration mTOR inhibitors that selectively inhibit mTORCH1
activity by binding to FKBP-12 and forming a ternary
complex with mTOR. Rapamycin is an allosteric inhibitor
of mTOR, and it suppresses some functions of mTORC1,
such as phosphorylation of protein kinase S6K1. The
clinical use of rapamycin is limited due to its poor water
solubility and insufficient stability; to overcome this draw-
back, pharmaceutical companies have developed rapa-
mycin analogs with improved pharmacokinetic properties
[32, 37].

Rapalogs differ in their chemical properties in terms of
solubility and metabolism. For example, temsirolimus, a
prodrug of rapamycin, and ridaforolimus are water soluble
and can be administered intravenously, whereas rapamycin
and everolimus have low solubility and are therefore only
suitable for oral administration. Rapalogs have undergone
clinical trials in various malignancies and have already been
approved by the FDA for the treatment of certain types of
cancer [32, 37].

However, in a number of cases, first-generation mTOR
inhibitors showed insufficient efficacy and exhibited more
cytostatic than cytotoxic effects [32, 37]. There are a num-
ber of explanations for that fact. Firstly, rapalogs block
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Fig. 3.  Hypothetical scheme of preventive therapy with rapamycin.
CVD — cardiovascular diseases
Puc. 3. Tunotetuyeckas cxema npodunakTMyeckon Tepanuu pa-

namuuuHom. CC3 — ceppaeyHo-cocyancTble 3aboneBanus)

mTORC1 to a greater extent and hardly block mTORC2.
Secondly, although rapamycin inhibits S6K, it does not com-
pletely inhibit 4EBP phosphorylation, making it ineffective
in blocking cap-dependent translation in most cell types.
In addition, suppression of mTORC1 activates autophagy
but also activates both lysosome biogenesis and micropi-
nocytosis, which may promote cancer cell survival in poorly
vascularized, nutrient-poor tumor tissue (e.g., pancreatic
tumor), as depicted in Figure 2 (2) [32, 37].

The second generation of mTOR inhibitors is a se-
ries of ATP-competitive inhibitors (TORKIs), which are
low-molecular-weight ATP analogs that compete with ATP
to occupy the active site of mTOR kinase and block both
mTORC1 and mTORC2. They are also called catalytic in-
hibitors. They have not yet been tested on a large scale
and are not approved for cancer treatment. In addition,
the problem of excessive activation of autophagy and pi-
nocytosis (3) remains. In this situation, the combined use
of mTOR catalytic inhibitors and autophagy inhibitors (4)
seems promising (Fig. 2) [32, 37]. In addition, third-gene-
ration mTOR inhibitors, which are conjugated rapamycin
and mTOR catalytic inhibitors, have been developed. The
new compounds are called Rapalink. They exhibit greater
efficacy and stability due to two points of application and
are also under trial [32].

In addition, it should be noted that mTOR inhibitors are
particularly effective in tumors characterized by mutations
in the mTOR gene (OMIM 601231) accompanied by its in-
creased expression. Detection of these mutations requires
genetic research [17].

Another promising direction is cancer prevention
with the help of rapalogs. As mentioned above, cancer
is an age-related disease, and, figuratively speaking, by
slowing down aging, rapamycin can delay the develop-
ment of cancer as well. Thus, death may also occur from
other causes, such as cardiovascular disease (Fig. 3). It
is noted that in this case rapamycin is more effective at
early stages of the disease development (at the precan-
cer stage) [10]. Prophylactic treatment with rapamycin
has been proposed for ex-smokers [18]. Many patients
around the world are already taking off-label rapalogs, but
rapamycin will never become an “old age pill”, because it
is impossible to predict all the side effects of switching off
such an important link in the regulation of metabolism as
mTOR [1, 10, 11].

ONCOLYTIC VIRUSES

Another, no less promising area in the fight against can-
cer is oncolytic viruses, which predominantly affect malig-
nant tumor cells but relatively neglect normal cells [23].
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The idea of using viruses to fight cancer was first born at
the beginning of the last century, but active research began
only in the 1960s and continues to date [23].

The antitumor effect of viruses is believed to be realized
through two main mechanisms [30]:

1) direct cytotoxic action of the virus;

2) stimulation of antitumor immunity of the organism.

Currently, a large number of different viruses are pro-
posed and used as oncolytic [23], including:

+ DNA viruses: adenovirus, cowpox virus, herpes virus,
parvovirus H1;

* RNA viruses: reovirus, coxsackie virus, senecavirus
(Seneca Valley virus), poliovirus, measles virus, New-
castle disease virus, vesicular stomatitis virus, etc.
Some of them are more or less promising for clinical ap-

plication. In general, a number of requirements for oncolytic

viruses can be put forward [22, 30]:

1) pronounced oncotropism of viruses;

2) a wide spectrum of target cells;

) rapid spread of the virus in tumors;

) efficient reaching of metastatic foci by the virus;

) stability of the genome;

) sufficient genome volume for trans-gene insertion;

)

3
4
5
6
7) high immunogenicity;

8) availability of antiviral drugs in case of unfavorable

course, etc.

Why do a number of viruses exhibit increased tropism to
tumor cells? There are also a number of explanations for this.

1) The antiviral defense system may be disrupted in tu-
mor cells. For example, protein kinase R (PKR) is a critical
factor that helps in eliminating intracellular viral infections.
PKR may be absent in some cancer cells, which promotes
increased viral replication in them [40].

2) Viruses can exploit the immune evasion ability of can-
cer cells. For example, key signaling pathways can be sup-
pressed in cancer cells, which impairs recognition of viral par-
ticles by toll-like receptors (TLRs). Proapoptotic mechanisms
are also suppressed in tumor cells [23].

3) In addition, tumor cells may express an excessive number
of receptors on their surface through which viruses can enter. For
example, herpes simplex virus 1 (HPV-1) utilizes herpes virus
entry mediator (HVEM) and some nectins to enter cells. These
surface receptors are overexpressed on some cancer cells, in-
cluding melanoma cells [44].

Three generations of oncolytic viruses are distin-
guished [15]:

1) native (genetically unmodified) viruses;

2) modified viruses with increased “oncotropism”;

3a) MecTHbin acppekT: GM-CSF BbI3bIBaET anon-
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surrounding tumor cells
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Fig.4. Mechanism of action of T-VEC. HSV-1 — herpes simplex virus 1; T-VEC — talimogene laherparepvec; GM-CSF — granulocyte-

macrophage colony stimulating factor; DC — dendritic cells
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3) modified viruses which carry transgenes encoding cy-
tokines or enzymes (a transgene is a DNA fragment
transferred by genetic engineering manipulations into
the genome of an organism in order to modify it).

It should be noted, that representatives of the first
generation have not been practically used in clinical prac-
tice and are rather of research interest [15].

A representative of the third generation is, for example, a
modified Herpes Simplex Virus — with the GM-CSF gene in-
troduced into it, as well as reduced neurotoxicity (drug T-VEC)
[30]. The GM-CSF gene encodes a protein of the same
name — granulocyte-macrophage-colony stimulating factor.

That drug based on oncolytic viruses was first approved
for melanoma treatment in the European Union, the USA
and Australia. It is proposed to use it for other types of
tumors as well. Let us briefly consider its mechanism of
action (Fig. 4) [22].

The first step is the administration of the drug and se-
lective penetration of the virus into the tumor cell (1) [22].
Then the affected cell starts to synthesize GM-CSF and
release it during apoptosis (2) [22]. GM-CSF exhibits its
action at two levels. At the local level, it induces apoptosis
of surrounding tumor cells (3a) [22]. The systemic effect
is the activation of CD8+ T cells by stimulating dendritic
cells, which enhances antitumor immunity with long-term
immunological memory (3b) [22]. All this leads to apoptosis
and lysis of tumor cells and, ultimately, to regression of the
tumor itself (4) [22].

However, the development of drugs based on individual
oncolytic viruses has revealed a number of difficulties, in-

cluding the toxic effect of viruses on the macroorganism,
low bioavailability, difficulties in monitoring transgenes car-
ried, the need for a special design of clinical trials, biosafe-
ty problems associated with virus persistence, etc. This
explains the fact that over 60 years of research, only a few
drugs have been approved for clinical use [22, 23].

Thus, it becomes obvious that both oncolytic virus-based
and rapamycin-based drugs are extremely promising in the
treatment of malignant neoplasms, but both have a number
of drawbacks that limit their efficacy and clinical applica-
tion. In this regard, proposals are made for their combined
use, the rationality of which will be discussed further.

RATIONAL COMBINATION
OF ONCOLYTIC VIRUSES
AND RAPAMYCIN ANALOGS

In 2005, researchers found that everolimus increased
the efficacy of oncolytic viruses in colorectal cancer therapy,
but exactly how it increased treatment efficacy was not en-
tirely clear [20]. In 2007, rapamycin was found to increase
myxoma virus tropism to human cancer cells and thus en-
hance oncolytic virus therapy [26, 39].

The study showed that the wild strain of myxoma vi-
rus carries the M-T5 gene encoding a protein of the same
name that activates Akt (kinase), which in turn suppresses
apoptosis and stimulates cell proliferation, promoting vi-
rus replication. A close analog of M-T5, the PIKE-A pro-
tein, which also activates Akt, was found in humans [26,
39, 42]. PIKE-A, and consequently Akt, is known to have

Panamuuuh / Bupyc mukcomsl /
Rapamycin PI3K Myxoma virus 7
I 1 +
Yepe3 TSC n Rheb /
[FVia TSC and Rheb ™| < M-T5
mTORCA1 Akt
| Yepes S6K u mTORC2
Via S6K and mTORC?Z 1 PIKE-A
&L <L
PocT kneTok / Mponudepayys 2 anonTos ¢ Pennukauws Bupyca /||
Cell growth Proliferation apoptosis V' [ Virus replication
< <& +
KaHueporeHes / Carcinogenesis

Fig. 5.

Scheme of combined use of rapamycin and oncolytic myxoma virus (compiled by Baranov I.A.). TSC — tuberous sclerosis

complex; Rheb — Ras homolog enriched in brain; S6K — Ribosomal S6 kinase; Akt — RAC-alpha serine/threonine-protein kinase;
PI3K — phosphoinositide 3-kinases; M-T5 — ankyrin repeat M-T5; PIKE-A — PI3-kinase enhancer activating AKT
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nnekc Ty6eposHoro cknepo3a; Rheb — romonor Ras, o6oraweHHbIih B Mo3re; S6K — pubocomanbHas S6-kmHasa; Akt — RAC-
anbda cepuH/TPpeoHUH-NpoTenHknHasa; PI3K — docconHosntna-3-knnasbl; M-T5 — aHkupuHoBbin nosTop M-T5; PIKE-A — PI3-
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increased activity in a number of malignant tumors. Myxo-
ma virus strains devoid of the M-T5 gene have been artifi-
cially produced. Such strains have increased oncotropism
and practically do not affect healthy cells. At the same time,
there are tumors with low Akt activity, against which these
strains are ineffective [29, 39, 43].

It turned out that mTORC1 and Akt are in a complex
antagonistic relationship mediated through a number of
intermediates. Thus, rapamycin, inhibitihng mTORC1, sti-
mulates Akt activity according to the “principle of negative
feedback” [12]. This explains the fact of increased efficacy
of myxoma virus therapy in combination with rapamycin and
is also consistent with the above-mentioned fact that rapa-
mycin monotherapy has a cytostatic effect on tumors. Thus,
rapamycin and myxoma virus is a very promising synergistic
combination. Rapamycin stimulates replication of the virus
in cells affected by it, while in unaffected cells it shows its
usual effect by inhibiting cell growth [26, 39]. This relation-
ship is presented in the form of a scheme (Fig. 5).

Later, this combination was also applied to smallpox vi-
rus, HSV, vesicular stomatitis virus, and ad-enovirus [46].

In addition, rapamycin can stimulate the replication of
oncolytic viruses by disrupting mTORC1-dependent produc-
tion of type | interferon (IFN), which has antiviral properties
[9]. At the same time, we should not forget that type | IFN
also has antitumor effects, which makes the selection of ra-
tional doses of drugs extremely important. It has also been
shown that catalytic inhibitors of mMTORC1 and mTORC2
(but not the rapamycin) enhance HSV replication in cancer
cells along the elF4E/4EBP axis [45].

It should be noted that combinations of oncolytic viru-
ses with rapamycin have already been tested. It has proven
itself in @ number of studies both in vitro (on human tumor
cell cultures) [26, 28] and in vivo (on laboratory mice) [26].

However, it is necessary to keep in mind the immuno-
suppressive function of rapamycin. Inadequate doses of
rapamycin may not only level the antitumor immunity en-
hanced by oncolytic viruses, but also make the macroorga-
nism vulnerable to the viruses themselves [1]. In addition,
a number of pathways have been shown through which the
antiviral effect of rapamycin can be realized. Among them
are activation of natural killer cells, stimulation of interfe-
ron-a production, etc. [34]. This should be taken into ac-
count during the combination of rapamycin with oncolytic
viruses and prevent them from antagonizing each other.

CONCLUSION

Both oncolytic viruses and rapamycin were discovered
more than half a century ago, but their clinical use is current-
ly limited. This is due to a number of their side effects, the

difficulty of drug dosing, the need for special clinical trial de-
signs, etc. At the same time, the possibility of overcoming the
disadvantages and improving the effectiveness of treatment
may lie in the combined use of drugs from these two groups.
Such combined regimens have already been tested and have
proven themselves in a number of studies. The mechanism
of synergistic effect of combined therapy is primarily due to
the ability of rapamycin to increase the tropism of a number
of oncolytic viruses to tumor cells and stimulate their replica-
tion, disrupting mTORC1-dependent production of type I IFN.
In addition, catalytic inhibitors of mMTORC1 and mTORC2 en-
hance herpes simplex virus replication in cancer cells via the
elFAE/AEBP axis. Further research should be directed toward
the selection of specific combinations and effective dosages
of drugs based on rapamycin or other inhibitors of mTOR and
oncolytic viruses, which may help mankind to take another
step in the direction of the final victory over cancer.
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AOMNONIHUTENIbHAA UHOOPMALIUA

Bknag aBTOpOB. Bce aBTOPbI BHECIU CYLLECTBEHHDI
BKNag B pa3paboTKy KOHLENuuW, NpoBeAeHne uccneaosa-
HWS 1 MOAFOTOBKY CTaTbM, NP0 M 0f00pUNM hUHANBHYO
Bepcuio nepep nybnukayuen.

KoHnukT mHTepecoB. ABTOpPbI EKNapupytT OTCyT-
CTBME SBHbIX U MOTEHUManbHbIX KOH(IMKTOB UHTEPECOB,
CBSI3aHHbIX C NybnukaLyen HacTosLen cTaTby.

WUcTouHuk chmHaHcupoBaHmMA. ABTOpbI 3asBRstoT 06
OTCYTCTBUU BHELUHEro PUHAHCMPOBAHUSA NP NPOBELEHUM
“ccneaoBaHms.
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© Alena A. Basina', Assiya Akhmetova', Natalia Yu. Gavrilova®?, Lidia A. Soprun’ -2, Victoriia A. Volovnikova',
Vladimir I. Utekhin' 4, Leonid P. Churilov"3

' Saint Petersburg State University. Universitetskaya embankment, 7-9, Saint Petersburg, Russian Federation, 199034

2 Saint Petersburg University’s (SPU) N.I. Pirogov Clinic of High Medical Technologies. Embankment Fontanka River, 154, Saint Petersburg,
Russian Federation, 190020

3 Ministry of Health of Russian Federation, Federal State Budgetary Institution “St. Petersburg Research Institute of Phthisiopulmonology"”.
Ligovsky Ave., 2/4, Saint Petersburg, Russian Federation, 191036

4 Saint Petersburg State Pediatric Medical University. Lithuania 2, Saint Petersburg, Russian Federation, 194100

Contact information: Alena A. Basina— 6th year student of the Faculty of Medicine. E-mail: a.a.lamova@mail.ru ORCID: https://orcid.org/0009-0000-0087-8807

For citation: Basina AA, Akhmetova A, Gavrilova NYu, Soprun LA, Volovnikova VA, Utekhin VI, Churilov LP. Small fiber neuropathy in the pathogenesis
of post-covid syndrome. Russian Biomedical Research. 2024;9(1):78-87. DOI: https://doi.org/10.56871/RBR.2024.47.88.009

Received: 10.01.2024 Revised: 02.02.2024 Accepted: 04.02.2024

Abstract. Introduction. Small fiber neuropathy (SNF) is a condition that occurs due to hereditary, metabolic, autoimmune,
infectious and other diseases. Data on the possible role of SNF in the pathogenesis of post-Covid syndrome (PCS) are
rare. Aim: To review literature on small fiber neuropathy in the pathogenesis of post-Covid syndrome. Summarize the
authors’ many years of experience working with patients with post-viral immunological complications. Results. There
are several stages in PCS pathogenesis including antigenic mimicry of viral particles with human proteins, activation of
coagulation and neuroglia, and the long-term presence of residual viral particles in certain areas of the central nervous
system. Increased production of nonspecific antibodies allows us to consider PCD as an immunological process. The
lack of a gold standard for instrumental diagnostics, given the variety of clinical manifestations of PCS, makes diagnosis
difficult. Neuropathic pain and autonomic dysfunction in PCS patients combined with normal electroneuromyography
(ENMG) indicators can be explained by the presence of SNF in the structure of the pathogenesis of PCS. This hypothesis
is confirmed by data from confocal microscopy and skin biopsy with determination of the density of intradermal nerve
endings in patients suffering from PCS, as well as by the clinical observations of the authors of the article. Conclusion.
Consideration of small fiber neuropathy as an important stage in the pathogenesis of post-Covid syndrome opens new
horizons for the diagnosis of post-Covid syndrome.

Keywords: post-Covid syndrome, small fiber neuropathy, new coronavirus infection, COVID-19, SARS-CoV-2
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Pestome. BeedeHue. Heiponatus manbix BonokoH (HMB) — cocTosiHue, BO3HMKatoLLee npu HacneaCTBEHHbIX, MeTa-
Bonnyecknx, ayTOMMMYHHBIX, HGEKLMOHHBIX W Apyrux 3abonesanusx. [JaHHble 0 BO3MOXHoN ponn HMB B natoreHese
nocTkougHoro cuHapoma (MKC) egununyHel. Lesb — 0630p nutepatypbl 0 HeponaTum Manbix BOMOKOH B NaToreHese
NOCTKOBMAHOTO CUHAPOMA 1 0606LLeHNe MHOTONETHETO OnbiTa paboThl aBTOPOB C NaLUeHTamMu, UMEIOLMMIU NOCTBU-
PYCHbIE UMMYHOMOTMYECKINE OCNOXHEHUS. Pe3ynbmambl. Cpeam 3BeHbeB natoreHesa [KC BblgensoT aHTUreHHyo
MUMUKPUIO BUPYCHBIX YacTuy, ¢ Genkamn yenoBeka, akTyBaLyio Koarynsaumm u Hempornmm, ANUTenbHOe NpUCyTCTBME
peaunayanbHbIX BUPYCHbIX YacTUL, B OTAENbHbIX 06MacTsX LieHTpanbHON HepBHOW CUCTEMBI. 10BbILIEHIE BbIpaboTku
Hecneunduyecknx aHTUTeN nossonset paccmatpusathb [KC kak mmyHonornyeckunit npouecc. OTCyTCTBME «30M0-
TOr0 CTaHAapTa» UHCTPYMEHTANbHOW ANArHOCTMKM Npu pasHoobpasumn knnHudeckux nposienenun MNKC 3atpyaHset
NOCTaHOBKY AuarHo3a. Heitponatuyeckas 6onb 1 BeretatusHas gucdyHkums npu MNKC Ha oHe HopmarnbHbIX noka-
3atenen anektpoHenpomuorpacmm (SHMI) moryT GbiTb 06bsicHeHbI Hanuunem HMB B cTpykType natoreHesa MKC.
OTa runoTtesa NoATBEPXAAETCS AaHHbIMU KOH(OKANbHOM MAKPOCKOMWK 1 BUOMCUN KOXM C ONpeaesieHMeM noTHOCTM
WHTpaZepManbHbIX HEPBHbIX OKOHYaHUI Y nauueHToB, cTpagatowwmx MKC, a Takxke KIMHUYECKUMU HabloAeHUSIMM
aBTOPOB CTaTbu. 3akroYyeHue. PaccMOTpeHne HeilponaTui ManblX BOSIOKOH B Ka4eCTBe BaXXHOrO 3BeHa NaToreHesa
NOCTKOBMAHOMO CUHAPOMA OTKPbIBAET HOBbIE FOPU3OHTBI A5 AMArHOCTUKW NOCTKOBUAHOIO CUHAPOMA.

KntouyeBble crioBa: NOCTKOBUAHbIA CUHAPOM, HEMpONATUsS MarblX BOJIOKOH, HOBasi KOPOHABUPYCHAs UHDeKL NS,

COVID-19, SARS-CoV-2

INTRODUCTION

On the 30th of January 2020, the World Health Orga-
nization (WHO) declared the risk of a new coronavirus in-
fection (NCI), which subsequently killed at least 7 million
people, with a cumulative incidence of more than 771 mil-
lion [55]. On the 5th of May 2023, the official end of the pan-
demic was declared, but doctors are still struggling with the
consequences of the disease: immunological, neurological,
respiratory, cardiovascular and cognitive impairments that
can significantly affect the quality of life and daily activity of
patients [40].

According to WHO experts, 10-20% of NCI patients
may develop a condition called post-COVID-19 syndrome
(PCS, post-COVID-19 condition, post-COVID-19 syn-
drome, long-COVID) [56]. Practicing physicians experi-
ence considerable difficulties in the management of such
patients. Due to the peculiarities of the course of new
strains of NCI (asymptomatic course or course like acute
respiratory viral infections (ARVI) in a mild form, without
loss of sence of smell), it is difficult to establish the main
criterion of PCS, i.e. the connection with the disease.
Clinical manifestations of this syndrome are nonspecific
and include manifestations characteristic of psychiatric,
neurological, endocrine and some other diseases, so it
often becomes a diagnosis of exclusion. The search for
a “gold standard” of PCS diagnosis is still underway, as
the links in the pathogenesis of this condition are not fully
understood. One hypothesis that could explain the onset
of most symptoms is small fiber neuropathy (SFN). This
review summarizes our experience of many years of work

with patients with postviral, including postviral immunolo-
gic complications, who were first studied at the Laboratory
of Autoimmunity Mosaics of St. Petersburg State Univer-
sity and then at the Center of the Study of Autoimmune
Diseases and Consequences of New Coronavirus Infec-
tion of N.I. Pirogovs Clinic of High Medical Technologies
in St. Petersburg.

POSTOVOID SYNDROME: CLINICAL DESCRIPTION

According to the WHO Delphi Consensus, PCS de-
velops in patients with confirmed or suspected NCI, most
often within 3 months of the disease. The characteristic
symptoms presented in the Consensus must persist for at
least 2 months and cannot be explained by another diag-
nosis [16].

The prevalence of post-covid syndrome is independent
of the severity and duration of NCI and is found in asymp-
tomatic course, in young patients, and even in children.
The difficulty in diagnosing PCS is obvious in the case
of asymptomatic NCI — it is impossible to confirm the
fact of the disease after virus elimination from the body
and to associate with it the symptoms that appear within
2-3 months after the disease [54]. It is estimated that 10
to 60% of patients with mild to moderate NCI experience
PCS-like symptoms for 12 weeks or more [10]. According
to our experience, it is the asymptomatic or low-sympto-
matic course of NCI that leads to the development of PCS.
This can be explained by the fact that patients genetical-
ly prone to severe course of viral and bacterial infections
develop severe classical viral pneumonia in case of NCI.
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If the outcome of this process is favorable, PCS or other
immunological complications are not formed. There is an-
other group of patients, where there is an immunologic
predisposition to a pronounced immune response. Such
patients tolerate NCI easily, but may develop PCS, which
lasts for weeks, months and even years. Among the pa-
tients receiving immunological treatment for PCS at the
postcovid center of the N.I. Pirogovs Clinic of High Medi-
cal Technologies. For more than two years of work, no pa-
tient who was in intensive care or needed active respirato-
ry support in the acute period of NCI has been identified,
which can indirectly confirm this notion.

The pathogenesis of PCS still requires comprehensive
study. Let us briefly review those links of PCS pathogenesis
that seem to us the most significant.

Some experts attribute the progression of PCS to the
direct action of the virus, while others note the predominant
role of immunologic complications. The first hypothesis may
explain anosmia — the prolonged presence of residual viral
particles in the olfactory epithelium may cause inflammation
and loss of sense of smell, as in vivo experiments demon-
strated [15]. The development of meningitis or encephalitis
is also possible against the background of persistence of
viral infection [26]. The second point of view suggests acti-
vation of the immune response, most likely by the mecha-
nism of antigenic mimicry with human proteins [13], or di-
rect damage to the structures of the organism against the
background of long-term systemic action of inflammatory
mediators [11]. In this case, such complications as small
fiber neuropathy, acute and chronic demyelinating polyneu-
ropathies are formed [36, 48]. There is evidence of neu-
roglia activation, which provokes persistent inflammation in
nervous tissue even after virus elimination [49]. Coagulation

activation, microthrombosis and vasculitis [5, 37], which
may contribute to the development of cognitive and mental
disorders, are no less important aspects of NCI. Indirect-
ly, these processes are confirmed by a decrease in brain
metabolic activity and dysregulation of GABAergic chains
found in patients with complaints of anosmia, “brain fog”,
and chronic fatigue [51].

The WHO document presents a list of clinical manifes-
tations typical for PCS, but our experience allows us to dis-
tinguish three main groups of symptoms: flu-like symptoms,
small fiber neuropathy, and CNS symptoms (Fig. 1).

The first group of clinical observations includes such
immunologic manifestations as temperature fluctuations
ranging from 34.0 to 37.5 °C, constant or wave-like influ-
enza-like condition, arthralgias and myalgias, tendinitis,
chills, and weakness. The second group of clinical mani-
festations may be due to the lesion of small nerve fibers
developing against the background of systemic action of
inflammatory mediators and includes sensory (pain) and
vegetative manifestations. Patients may describe classic
complaints typical for polyneuropathy — burning or craw-
ling goosebumps in the hands and feet, mainly at night or
after exercise. Autonomic manifestations are diverse and
include orthostatic reactions, syncopal states, dyspnea,
gastrointestinal dysfunction, mycosal dryness, and hy-
perhidrosis [44]. It cannot be excluded that anosmia and
agenesis may also be a manifestation of neuropathy, but
this issue requires further research. Finally, the third group
consists of neuropsychiatric disorders — persistent fatigue,
depression, and anxiety. There is a special type of cog-
nitive dysfunction described as “brain fog” — decreased
attention, concentration, speed of information processing,
and impaired executive functions [1].

Ipunnonogo6Hble CUMATOMbI:
cybdebpunuter, mmanruu,
apTpanrum, TEHANHUTBI, 03HOG,

cnabocTb

Flu-like symptoms:
subfebrility, myalgia, arthralgia,
tendinitis, chills, weakness

CuMNTOMBI €O CTOPOHbI LIHC:
Tpesora, genpeccus, HapyLleHue
NamMATU M BHUMAHUSA, KTYMaH B
ronose»

Symptoms from the central
nervous system:

Anxiety, depression, impaired
memory and attention, «brain fog»

Fig. 1.
Puc. 1.

HeliponaTtia mMaibix BO/IOKOH:
Heiiponatuyeckas 6onb (IHMI otp.),
BereTaTueHas AucdyHKUMA (Taxukapams,
konebaHue Afl, HapylweHne dyHKLmK KT,
ofbilIKa, USMEHEHUE LIBETA KOMKM, CYXOCTb
C/IU3UCTBIX, Pa3MbITOCTb 3peHMs)
Small fiber neuropathy:
Neuropathic pain (ENMG neg.), autonomic
dysfunction (tachycardia, fluctuation in blood
pressure, impaired gastrointestinal function,
shortness of breath, skin discoloration, dry
mucous membranes, blurred vision)

Three main groups of clinical manifestations of post-Covid syndrome
Tpy OCHOBHbIE FPYNMbl KNTMHUYECKUX NPOABNEHNIA NOCTKOBUAHOTO CUHAPOMA
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WHO declared a pandemic of NCI on the 30th of Janu-
ary 2020, i.e. the duration of the study of postcovirus syn-
drome is less than 4 years at the time of writing, so there
is no reliable information on the duration of this condition.
PCS-like complications have also been observed in pa-
tients with MERS and SARS-CoV-1 infections, which are
also members of the highly pathogenic coronavirus family:
myalgia, fatigue, and neuropsychiatric abnormalities persist
in patients to date. The authors observed postherpetic pa-
tients with similar symptoms whose disease duration was
8 years or more. These observations suggest that PCS may
last from a few months to several years [54].

SMALL FIBER NEUROPATHY AS A MANIFESTATION
OF POSTCOVID SYNDROME

Small fiber neuropathy (SFN) is a selective lesion of
myelinated A-delta fibers and unmyelinated C-fibers, which
together account for up to 80-90% of all peripheral nerves
and are responsible for the transmission of pain, tempera-
ture stimuli, and autonomic nervous system function.

According to a 2013 study in the Netherlands, the inci-
dence of SFN is 52 per 100,000 and the incidence of new
cases is 12 per 100,000 per year [35]. The prevalence is
expected to increase with increasing awareness of this
condition. SFN is somewhat more common in women [34].
Single clinical observations of SFN in children have been
published [19, 29, 43]. The incidence of small fiber neuro-
pathy in PCS is unknown due to the poorly studied nature
of both conditions.

Metabolic disorders, especially diabetes mellitus [24],
but also vitamin B12 deficiency and iron deficiency [7, 14]
are frequent causes of SFN. Hereditary diseases can lead
to this condition: Fabry disease [14, 23], Wilson disease
[47], familial amyloidosis [3]. The relationship of SFN with
HIV infection [17], hepatitis C [31], systemic tick borrelio-
sis (Lyme disease) [32] has also been revealed. Toxic fac-
tors in the development of neuropathy include alcohol [25],
neurotoxic drugs, and chemotherapy [9, 50]. SFN is often
found in autoimmune diseases and immunologic conditions,
which include fibromyalgia, systemic lupus erythematosus,
sarcoidosis, and other systemic connective tissue diseases
[20, 39]. In about 50% of cases, the cause remains uniden-
tified, in which case idiopathic SFN is referred to [21].

With the growing interest in SFN, other causes for this
condition are being identified, and novel coronavirus infec-
tion is one of them. There are observations that severe or
moderate NCI can provoke neuropathy one month after the
onset of the disease [33]. Other researchers claim that it
may manifest during the course of the disease [2]. It cannot
be ruled out that NCI vaccination may provoke the deve-

lopment of short-term autoimmune complications as well as
SFN [22, 53].

The pathogenesis of SFN is still unclear, although some
of its links are known. For example, antisulfatide antibodies,
immunoglobulins M against trisulfated disaccharide heparan,
and immunoglobulins G against fibroblast growth factor are
found in patients [27]. A possible link between SFN and ion
channel damage has been traced [45]. Antibodies against in-
terferon-induced guanosine triphosphate (GTP)-binding pro-
tein MX1 may interact with a specific type of calcium chan-
nels that are found in the brain, astrocytes, pyramidal cells,
neurons, and cerebral arteries [12]. Patients with interver-
tebral disc degeneration and chronic back pain have been
found to have elevated levels of antibodies against inter-
feron-induced GTP-binding protein MX1, which may cause
pain through interaction with calcium channels, but this issue
requires further study [41]. Antibodies against cytokeratin 8,
a link in the pathogenesis of chronic demyelinating neuropa-
thy, and drebrin-like protein, which plays an important role in
synapse formation, endocytosis, and neuronal cytoskeleton
function, have also been found in SFN patients [12]. It has
been suggested that autoimmune damage may be media-
ted through tumor necrosis factor a (TNFa) and interleukins
(ILs) -2, -6, and -8 [6, 52]. It is known that different genetic
variants of peripheral potential-dependent ion channels play
a role in the formation of neuropathic pain, and the pecu-
liarities of their functioning may explain the occurrence of
SFN [45]. Autopsy of postcovicular patients revealed neuritis
with perivascular macrophage infiltrate, but there were no
viral particles in the tissues. Thus, an inflammatory immune
response persisted even after complete elimination of the
virus. There is also evidence that up to a quarter of dorsal
root neurons, which are the first neurons in the sensory path-
ways, express mRNA encoding receptors for SARS-CoV-2
and ACE2-protein. The development of a cross-reactive im-
mune response activates the production of antibodies that
can damage neural tissue [42]. In summary, it should be no-
ted that despite the probable immunologic pathogenesis of
SFN both in PCS and other nosologies, no unique and spe-
cific autoantibodies have been identified, which does not al-
low us to call SFN a classical autoimmune process. It would
be more correct to call it an immunologic manifestation, and
in the case of PCS — post-viral immunologic syndrome.

Within the clinical manifestations of PCS, clinical mani-
festations of SFN present as sensory disturbances and au-
tonomic dysfunction. Patients describe tingling, burning or
shooting pain, numbness, sensation of tactile stimuli as pain-
ful (allodynia), paresthesias, hyper- or hypoalgesia, tempe-
rature sensitivity disorder and other symptoms [38]. Lesions
of the distal parts of the extremities in the type of “socks” and
“gloves” are typical, but manifestations of gangliopathy in the
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form of localized unstretched sensory disturbances in various
parts of the body have also been described [6]. Autonomic
nervous system damage in SFN can cause orthostatic hypo-
tension, dry eyes and oral mucous membranes, disorders of
the urogenital system (impotence, vaginal dryness, dysuria,
incontinence), gastrointestinal tract (fecal incontinence, diar-
rhea or constipation, pseudoobstruction of the intestine),

‘hot flashes”, accommodation disorders, palpitations [34].

New studies have shown that neurogenic rosacea may be

one of the manifestations of SFN [28].

Diagnosis of SFN is difficult for several reasons. First-
ly, clinical manifestations vary widely, as neuropathy affects
both autonomic and sensitive fibers. Secondly, diagnostic
criteria have been developed only for “sock” and “glove” type
neuropathy of distal limbs, but not for localized lesions [46].
The third, reliable diagnosis is possible only with a combina-
tion of noninvasive methods and skin biopsy, which is a la-
bor-intensive invasive procedure but is considered the “gold
standard” [18].

Diagnostic measures possible in SFN [38, 46]:

1) quantification of small fibers:

+ skin biopsy;
+ confocal microscopy;
2) functional assessment of small fibers:
*+ quantitative sensory testing;
* microneurography;
+ evoked nociceptive potentials;
3) autonomic nervous system function testing:
+ thermoregulation study;
+ quantitative sensory testing;
+ quantitative study of axonal reflexes responsible
for sweating;
+ study of cutaneous sympathetic reactions;
+ study of electrochemical potentials of the skin;
* neuroindicator test (Neuropad®);
* heart rate variability.

There are the following diagnostic criteria:

* possible SFN — there are symptoms and clinical
manifestations of small fiber injury;

« suspected SFN — there is normal conduction of the
calf nerve in combination with symptoms and clinical
manifestations of small fiber damage;

+ confirmed SFN — there is normal conduction of the
calf nerve in combination with symptoms and clinical
manifestations of small fiber damage, as well as
decreased intraepithelial nerve fiber density and/or ab-
normal temperature thresholds on quantitative sensory
testing (QST) [38].

The use of several diagnostic tests at once signifi-
cantly increases the probability of a correct diagnosis. For
example, it has been proposed to use a combination of

4 methods: quantitative sensory testing, skin biopsy, ele-
ctrochemical skin potentials, and laser stimulation-induced
potentials for the most reliable diagnosis [18].

We would like to emphasize two methods of SFN diag-
nosis in PCS for which there is international standardi-
zation.

The first one is skin biopsy with intraepidermal nerve fi-
ber density examination, which is considered to be the “gold
standard” for SFN diagnosis. Its positive aspects include a
good level of evidence, the possibility of verifying the results
by several histologists, the simplicity of calculations. The
disadvantages include the need for an invasive procedure
and a specialized histology laboratory. Also, the patient may
not have nerve fiber lesions at the biopsy site, leading to
a false-negative result. According to unpublished data from
the authors, analysis of skin biopsies from patients with
PCS showed that more than 60% of patients had decreased
small nerve fiber density below age- and gender-specific
norms.

The second, corneal confocal microscopy (CCM), is
an opportunity for noninvasive assessment of SFN. It has
been shown that NCI shows a decrease in the number of
nerve fibers and an increase in the number of mature and
immature dendritic cells compared to controls. It cannot
be excluded that coronavirus has the ability to activate gli-
al cells, provoking an immune system attack on neuronal
tissues [8].

CCM data are consistent with individual clinical obser-
vations: autopsy of a patient who died of NCI revealed
hyperactivation of neuroglia and neurophagia in some brain
regions [4]. In a larger study of 184 patients, microglia ac-
tivation was observed in 42.9% of cases, with microglial
nodule formation in 33.3%, and astrogliosis was found in
27.7% of cases [30].

CONCLUSION

The relatively recent emergence of postcovid syndrome
leaves many things unclear: prevalence, influence of the
course of NCI on subsequent severity of symptoms, opti-
mal diagnostic methods... The pathogenesis of postcovid
syndrome also remains incompletely understood. Several
possible variants of SARS-CoV-2 virus impact on the hu-
man nervous system are considered, including autoimmune
damage, microglia activation, coagulation disorder, and pro-
longed presence of residual viral particles in certain regions
of the CNS. All of the mentioned variants of virus exposure
are capable of forming small fiber neuropathy, which, in
our opinion, underlies such symptoms of postcoccygeal
syndrome as dysautonomia and neuropathic pain. Under-
standing the pathogenesis of the pathological processes
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underlying postcovical syndrome opens up the possibility of
developing new methods of diagnosis and treatment that
improve the quality of life of patients.
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Abstract. Anthrax refers to particularly dangerous infections with high mortality, which, with untimely diagnosis and
the absence of etiotropic therapy, can reach 90%, and with the pulmonary form — 100%. According to WHO, from two
to twenty thousand cases of anthrax in humans are registered annually in the world, including fatal cases, more often
in developing countries. In August 2023, an anthrax outbreak was identified in Kazakhstan. In Russia, over the past
15 years, only about 10-30 cases of this disease in humans have been registered annually, while the last two ones
were recorded in March 2023 in Chuvashia. At the same time, the risk of anthrax outbreaks in the country exists due
to the large number of soil anthrax foci, both registered and not accounted for, spontaneous sanitation of which cannot
be expected. The exposure of such foci can be facilitated by the currently increased risks of man-made and natural
disasters, as well as stable trends in increasing the temperature regime. This is confirmed by the outbreak of anthrax
in the Yamalo-Nenets Autonomous Okrug in July 2016, the provoking factor of which is considered to be an abnormally
high temperature (more than 34 °C for several days). The increased relevance of this disease is also associated with
a sharp increase in the threat of bioterrorism in modern conditions, the potential agent of which is the causative agent
of anthrax. Due to the high resistance of the pathogen spores in the environment, the aerosol mechanism of disease
transmission, the possibility of obtaining antibiotic-resistant strains and strains that cause disease in the immune body,
the anthrax causative agent is one of the most likely infectious agents that can be used to create biological weapons.

Keywords: anthrax, epidemiology, pathogenesis, clinical manifestations, diagnosis, treatment, prevention, anthrax
vaccines, biological weapons
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Pestome. Cubupckas si3Ba (@HTpaKc) OTHOCKUTCS K 00060 ONacHbIM MHEKLMSM C BbICOKOW NTETANbHOCTbIO, 4OCTUraK-
LLel Npu HECBOEBPEMEHHOMN LMArHOCTUKE 1 OTCYTCTBUM aTMOTPONHON Tepanuu 90%, a npu neroyHon dpopme — 100%.
Mo paHHbIM BO3, exerogHo B MMpe pernctpupyeTtcs OT ABYX 4O ABaALaTh ThiCaY Cry4YaeB cMBUpCKO S3Bbl Y Ntoae,
B TOM YuCIIe C NeTanbHbIM UCXOAO0M, Yallle B pa3BuBatoLLmxca ctpaHax. B asrycte 2023 r. 6bina BbiSiBEHa BCMbILLKA
cnbumpckoit 5138l B KasaxctaHe. B Poccun 3a nocnegHue 15 net exerogHo peructpupytotes okono 10-30 cnyyaes aToro
3aboneBaHus y nogei, npu aToM nocnegHue aea obinn 3acukcupoBaHsl B MapTe 2023 r. B Yysalumn. HecmoTps Ha
HW3Ky'0 3a60NeBaeMOCTb B L|eSIOM, PUCK BO3HUKHOBEHWS BCMbILLIEK CUOMPCKON A3BbI B CTPAHE OCTAETCS BbICOKAM 13-3a
B0rbLLIOr0 YMCra NOYBEHHBIX CMOMPES3BEHHBIX 04aroB Kak 3aperncTpUPOBaHHbIX, TaK U HEYUYTEHHbIX, CAMOMNPOM3BOIbHOM
CaHaLuu KOTOPbIX OXuaaTh He NPUXoaUTCs. BCKPbITUIO Taknx 04aroB MoryT cnocobCcTBOBaThL BO3POCLUME B HACTOSLLEE
BPEMS PUCKM TEXHOTEHHbIX U NPUPOLHBIX KaTacTPod, a TakKe YCTONYMBbIE TEHAEHLM B OTHOLLEHWUN NOBLILLEHWS TEM-
nepaTypHOro pexuma. 3To NOATBEPXKAAET BCMbilka cMBUPCKOM 3Bkl B AMano-HeHeLKoM aBTOHOMHOM OKpyre B Uiofie
2016 r., npoBoLMpYIOLLMM haKTOPOM KOTOPOW CHUTAETCS aHOMasbHO BbicOkas Temnepatypa (bonee 34 °C B TeyeHue
HecKonbkux aHel). MoBbIeHne akTyanbHOCTU JaHHOrO 3aboneBaHns CBA3aHO TakKe C pe3kum BO3pacTaHneM B CO-
BPEMEHHbIX YCMOBUSIX Yrpo3bl B1OTEPPOPU3MA, NOTEHLMAMBHBIM areHTOM KOTOPOTo ABNSETCS BO30yAUTENb CMBUPCKO
5138bl. BcneacTue BLICOKOI YCTOMYMBOCTH CMOP BO30YANTENS BO BHELLHEN CPEAE, a3p030/IbHOT0 MexaHu3Ma nepegaym
3aboneBaHns, BO3MOXHOCTM MOMYYeHNUs aHTUOUOTUKOPE3UCTEHTHBIX LUITAMMOB U LUTAMMOB, BbI3bIBalOLMX 3ab0neBaHume
B MMMYHHOM OpraHu3mMe, Bo3byauTenb COMPCKOI A3Bbl ABNSETCH OAHUM U3 Hanbonee BEPOATHbIX MHDEKLMOHHbIX
areHToB, KOTOpbIe MOrYT ObITb MCMONb30BaHbI N5 CO3A4aHNS BUONOTMYECKOTO OPY XK.

KnioueBble cnoBa: CI/I6I/1pCKa$I f13Ba, AaNNAEMNONOrnd, naTtoreHes, KnmHnyeckmne nposaBneHnd, ouardHoCTnka, nevyeHme,

npodunakTika, BakLMHbI NPOTUB CUBMPCKOI 513Bbl, GUONOTMYECKoe Opyxue

ANTHRAX EPIDEMIOLOGY

Anthrax is ubiquitous almost all over the globe and
registered everywhere except Alaska, Greenland and
the Arctic Ocean islands. According to the World Health
Organization (WHO), the global human incidence is es-
timated at two to twenty thousand cases per year [7, 9].
In recent decades, anthrax remains relevant for deve-
loped countries, including the Russian Federation [13],
where it occurs in isolated cases [14], potentially possi-
ble within certain regions of the country. Thus, in Russia,
on average, about 10-30 anthrax cases in humans are
reported per year, with the last two recorded in March
2023 in Chuvashia. In 2023, animal anthrax cases were
registered in five regions of the Russian Federation: the
Chuvash Republic, Tambov, Ryazan, Voronezh oblasts
and the Republic of Tyva. According to WHO, there
are 250-300 outbreaks of anthrax among animals in
the world each year and about one million animals die.
Many animals, primarily herbivores — cattle, camels,
deers (especially reindeers), horses, donkeys, etc. — are
susceptible to anthrax. Animals are most often infected
orally by two routes: alimentary, by eating infected food,
including bone meal, grass or soil, or by water, by drin-
king water from water bodies contaminated with effluents
from enterprises processing raw materials of animal ori-
gin or groundwater communicating with soil anthrax foci.
A necessary condition for the oral mechanism is damage

of the gastrointestinal tract (GIT) mucosa, which is ob-
served when coarse food is consumed or in inflammatory
diseases. Less frequently, a vector-borne mechanism of
transmission is carried out. Carriers may be gadflies, fire
flies, in whose mouth apparatus the pathogen remains
viable for up to 5-7 days, mosquitoes, midges, as well as
various species of ticks. Anthrax is characterized by sea-
sonality, the greatest number of outbreaks is registered in
the warm season, from May to September, when animals
graze on pastures, but isolated outbreaks of anthrax are
possible in winter when using infected fodder. Sick an-
imals excrete the pathogen in saliva, urine, feces, and
all organs and tissues of an anthrax-dead animal contain
huge amounts of bacilli. Thus, 1 ml of blood of such ani-
mals contains 109 microbial cellsThe anthrax pathogen
enters the environment, primarily the soil, from sick ani-
mals and humans, or from the burial of dead animal car-
casses. There it forms spores and can persist for a very
long time, remaining highly virulent, which determines the
stationarity of anthrax. In the Russian Federation, prac-
tically every fifth settlement has a territorial connection
with anthrax-affected stationary points, where there are
burials of corpses of animals killed by anthrax [10].
According to the indicators of the anthrax epizoo-
tic process, the territory of Russia is divided into three
zones:
1) zone of sporadic occurrence — the territory north of
56° latitude (Murmansk, Leningrad, Pskov, Novgorod
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and other regions) and eastern regions of Trans-
baikal;

2) zone of periodic occurrence — territory between 56
and 52° latitude (Moscow, Smolensk, Nizhny Novgo-
rod, Irkutsk and Kemerovo oblasts, Tatarstan and oth-
ers);

3) zone of stable occurrence — from 53° latitude to
southern borders (Kursk, Voronezh, Rostov, Volgo-
grad and other regions).

In the general structure of anthrax morbidity, diseases
among humans account for 1-2%. The mechanisms of
human infection are diverse: contact, oral, aerogenic, and
vector-borne transmission mechanisms can occur, with
the contact mechanism being the main one, accounting for
90-99% of all cases of infection [4, 5]. As a rule, B. anthra-
cis gets on human skin by direct contact during the care of
sick animals, their slaughter, carcass cutting, as well as by
contact with soil, water, raw materials of animal origin and
finished products made of fur, leather, wool, bristles. Ca-
ses of infection have been described by walking barefoot on
contaminated soil, by striking with a pick contaminated with
infected soil, by using shaving brushes made of contamina-
ted bristles, by injecting therapeutic drugs with needles con-
taminated with spores of the pathogen, and by wearing fur,
leather and wool products infected with spores. Thus, du-
ring the Russo-Japanese War (1904-1905), an outbreak of
anthrax (about a thousand patients) was described among
the soldiers of the Russian army in the Far East, associated
with the supply of sheepskin coats infected with B. anthracis
spores. As already mentioned, a prerequisite for infection is
the violation of the integrity of the skin, the presence of mac-
ro- or micro-damage on the skin. Oral mechanism (alimen-
tary route) of transmission is possible through consumption
of infected meat and meat products, milk without sufficient
thermal treatment. Transmissible mechanism of transmis-
sion is realized by the bite of blood-sucking insects. The
aerogenic mechanism of transmission, which is realized by
air and dust, requires the presence of B. anthracis spores
aerosol in the air, which is created at enterprises proces-
sing raw materials of animal origin, use of organic fertilizers,
collection of waste materials, etc. The incidence of anthrax
among humans is sporadic with isolated group outbreaks,
with humans being an epidemiologic dead end. As a rule,
human-to-human infection is not observed, a person is not a
source of infection. This may be due to several reasons: the
short duration and low intensity of excretion of the pathogen
from the patient's body, changes in its properties, and the
absence of transmission mechanisms characteristic of the
disease between people. Three types of anthrax diseases
can be distinguished in humans due to the peculiarities of
their labor activity and everyday life: occupational-agricul-

tural, which account for more than 60%, occupational-in-
dustrial which account about 20%, and non-occupational
(casual) which account about 15% [6]. At the same time,
the occupational-agricultural and non-occupational types
of the disease are characterized by seasonality: they oc-
cur more often in the summer-autumn period and coincide
with the corresponding epizootics in domestic animals. The
occupational-industrial type does not depend on the time of
year. The occupational-agricultural type of anthrax is cha-
racteristic of people working in public livestock farming, of
the mechanisms of transmission is more often contact, oral
(alimentary) route is possible, rarely vector-borne route is
possible. Infection occurs, as a rule, by vegetative forms of
B. anthracis. The latest anthrax outbreak in Yamal in July
2016 [6, 15] belongs to the occupational-agricultural type,
as the source of infection was reindeer, and reindeer her-
ders and their family members became ill.

The occupational-industrial type is characteristic of peo-
ple working in industries that process raw materials of ani-
mal origin. This type of anthrax is characterized by contact
and aerogenic transmission mechanisms, and infection oc-
curs with spore forms of the pathogen. For the first time this
type of anthrax was described in the middle of the XIX cen-
tury in England at enterprises of the textile industry, it is
also known under the names “wool sorters’ disease”, “rag
makers’ disease”. The latter was common in Russia among
collectors of landfill rags contaminated with excreta and an-
imal dung. The unprofessional type is observed: in people
who have had contact with a sick animal in the private sec-
tor or accidentally; during consumption of infected meat or
products contaminated with soil containing spores; during
use of fur and other products.

Sanitary and Epidemiological Rules 3.1.7.2629-10 “An-
thrax Prevention” provide definitions of the following con-
cepts important for epidemiologic surveillance and antisybri-
asis measures: epizootic center, epidemic center, stationary
unfavorable point, soil hotspot and threatened area:

“Epizootic center is the location of the source or factors
of transmission of the infectious agent within the boundaries
in which the transmission of the agent to susceptible ani-
mals or humans is possible (pasture area, watering hole,
livestock house, livestock processing plant and others).

An epidemic center is an area where a case or cases
of human disease have been reported.

Stationary unfavorable point is a settlement, livestock
farm, pasture, tract, on the territory of which an epizootic
focus has been detected, regardless of the period of time
of its occurrence.

Soil hotspot is a cattle burial ground, biothermal pit and
other places where corpses of animals killed by anthrax are
buried.
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Threatened area is animal farms, populated areas, ad-
ministrative districts where is a threat of anthrax cases in
animals or people”.

Currently, 8 thousand anthrax-infected cattle burial
grounds are registered in Russia. In fact, the official statis-
tics figures are greatly underestimated, as there are a large
number of unrecorded cattle burial grounds in many areas.
In the Russian Federation, there are more than 35,000 sta-
tionary anthrax-unfavorable points [4, 8] with soil anthrax
foci, most of them located in Siberia and southern Russia.
A settlement in which human or animal disease has once
occurred is considered to be permanently anthrax-prone.
Thus, the main sources of infection for humans are the or-
ganism of a sick animal and soil anthrax foci. Mass vaccina-
tion of animals is currently underway, so the role of soil an-
thrax foci in maintaining B. anthracis as a species in nature
is crucial. In natural conditions they are sanitized extremely
slowly, the factors contributing to sanitation are insolation,
antagonism of microorganisms, bactericidal action of some
plants. In this connection, the study and analysis of sibiri-
azvirus soil foci depending on soil-bioclimatic and geogra-
phical factors and the problem of their decontamination are
very important.

Various chemical preparations are used for decontami-
nation of soil outbreaks, the most effective ones being dry
chlorine lime mixed with soil in the ratio of 1:10 and then
moistened with water, and 5% formaldehyde in double treat-
ment (Gruinard Island). There are prospects for application
of biological methods of soil disinfection. Anthrax antagonist
microbes can be used for this purpose. These include acti-
nomycetes, B. subtilis, B. mesentericus, B. mycoides. Spe-
cific anthrax bacteriophages can be used, but B. anthracis
strains resistant to them are found in nature. The All-Rus-
sian Research Institute of Veterinary Sanitation, Hygiene
and Ecology has developed a method of decontamination
of anthrax cattle burial grounds by burning, which is widely
used in Canada [6, 8].

ANTHRAX PATHOGENESIS

The entry gate for anthrax is most often microdamage to
the skin; less frequently, the pathogen can enter the body
through damaged Gl mucosa or through the epithelium of
the upper respiratory tract (Fig. 1). An important factor in
the development of infection is the form of the pathogen
that entered the organism (spore or vegetative). For some
time after penetration into the organism, spores behave as
inert bodies (in particular, they are not capable of adhesion),
at the same time they are taken up by macrophages and
delivered by them to regional lymph nodes, where spores
can be detected as early as 4-5 hours after infection. Then

the process of spore germination into vegetative cells be-
gins, which can occur both at the site of introduction and
in regional lymph nodes. In macrophages vegetative cells
divide, they form capsules, which promotes their rapid exit
from phagocytes with subsequent multiplication in the lym-
phatic system, while the capsule prevents phagocytosis
of vegetative forms. Multiplication of the pathogen in the
area of the entrance gate and regional lymph nodes and its
production of exotoxin are the cause of impaired vascular
permeability, impaired microcirculation, local serous-hemor-
rhagic edema, inflammation, necrosis and loss of sensitivity
in the gate of infection.

In the most common cutaneous form, a focus of he-
morrhagic-necrotic inflammation with brown pigment
(hemosiderin) is formed in the deep layers of the dermis
and regional lymphadenitis develops. In the alimentary
route of infection, the introduction of B. anthracis is pos-
sible throughout the Gl tract, more often it occurs in the
small intestine, and an important factor is the presence
of micro-damage to the intestinal epithelium as a result
of inflammatory diseases. In the aerogenic mechanism
of infection, spores are taken up by alveolar macropha-
ges, which carry them to tracheobronchial and mediasti-
nal lymph nodes, where they germinate within 1-3 days
(orpersist in alveoli or lymph nodes for up to 60 days),
break their barrier function and penetrate into the blood-
stream. As a result of exotoxin production, edema and
necrotic changes, hemorrhagic mediastinitis and pleuritis
develop, followed by generalization of the process and the
emergence of secondary hemorrhagic sybilliform pneu-
monia with further fatal outcome. In all forms of infection,
the generalization of the process may lead to the deve-
lopment of anthrax sepsis, which may be primary or sec-
ondary. The formation of septic foci in various organs and
tissues with acute serous-hemorrhagic, hemorrhagic, less
often fibrinous-hemorrhagic inflammation, replacement of
lymphoid tissue in the spleen and lymph nodes by mac-
rophages and incomplete phagocytosis of the pathogen is
characteristic. Increasing toxinemia leads to the synthesis
of a large number of proinflammatory cytokines, primarily
tumor necrosis factor (TNF), interleukin-1 (IL-1) and others,
and causes increased vascular permeability, the develop-
ment of hemorrhagic manifestations, edema and hemosta-
sis in organs and tissues. All this may eventually lead to
the development of infectious toxic shock, Disseminated
intravascular coagulation (DIC) and death of the patient.

Thus, the greatest role in the pathogenesis of anthrax
belongs to the action of the B. anthracis toxin, and the sep-
tic course may occur either as a result of primary generali-
zation or as a complication of the local form with the deve-
lopment of secondary generalization.

& POCCHIICKHE BHOMETIIMHCKIE HCCTEJIOBAHMAL  TOM 9 Nl 2024

¢ISSN 2658-6576




92

LECTURES

Kumegnuk

v ~ »
Banmmwra = T R S
BakrepuanpHEle (PaKTOpPH! BUPYIEHTHOCTH

v

Cwmepth

Kancyna/' O, +H, 06— TNF-o + IL-1B
DK30TOKCHHBI + Jp. LIMTOKMHEI
. Apyrue (barcl:'opm Ilox
PervonanbHEIH JIMpaTHIe KUl y3em v
CmepTh

PernoHanbsHeIH reMOpparn4eckuii 1uMpaaeHuT

4

< Cenrunemust, TOKCEMHs

Jlerkxue

MAPKK (? unu gp.
cANE(D P)

Toxcemus .
JleTanpHEBIN

& TOKCHH
e

OTegHbIi TOKCUH

Wy
S GATD
o~ ww -

\

Y

Jlerounas
muMdarrgeckas 61oxaga

\4

OTeK JISTKUX

§

CmepTh

Puc. 1.

MaToreHe3 cnbupessBeHHol MHdekunn y mnekonutarowmx (CynotHuukui, http://supotnitskiy.ru/book/book4-2-2.htm): 1 — Hus-

KOYPOBHEBOE NpopacTaH1e U PocT B yYacTke MH(MLMPOBAHNA BeAYT K NOKaNbHOMY OTEKY U HEKPOTMYECKOMY MOPAXKEHMIO KOXH;
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TUYECKOMY NOPAXKEHNIO KULIEYHUKA; 3 — nuMdoreHHoe U remaToreHHoe pacnpoctpaHenue B. anthracis. MAPKK (mitogen-activated
protein kinase kinase) — muToreH-akTMBMpoBaHHbII Genok kuHa3bl kuHasbl; TNF — dhaktop Hekposa onyxoneii; IL — nHTepnei-

kuH (Dixon T.D. et al., 1999)

CLINICAL MANIFESTATIONS OF ANTHRAX

The incubation period for anthrax can last from a few
hours to 14 days (more often 2-3 days). For vegetative
forms the incubation period is usually short; for spore
forms it is longer. In contact transmission and cutaneous
form of the disease, the incubation period is 2-14 days,
while in case of aerogenic and alimentary infection it
may be reduced to a few hours. Cutaneous, inhalational
(pulmonary), gastrointestinal and septic forms of anthrax
are distinguished. The Iseptic form may be primary or se-

condary (Fig. 2). The International Classification of Dis-
eases (ICD-10) includes cutaneous (A22.0), pulmonary
(A22.1), gastrointestinal (A22.2), anthrax sepsis (A22.7),
other forms of anthrax (A22.8), and anthrax unspecified
(A22.9).

Cutaneous anthrax is the most common form, accounting
for 95-99% of all anthrax cases. The skin of the upper limbs
(about 50% of all cases) and head (20-30% of all cases)
is mostly affected, while the trunk (3-6%) and legs (1-2%)
are less frequently affected, with the exposed skin most-
ly affected. The cutaneous form is usually subdivided into
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Fig.1. Pathogenesis of anthrax infection in mammals (Supotnitskiy, ht

tp://supotnitskiy.ru/lbook/book4-2-2.htm): 1 — low-level germina-

tion and growth at the site of infection lead to local swelling and necrotic skin lesions; 2 — low-level germination and growth in the

site of infection lead to massive effusion, swelling of the mucou

s membrane and necrotic lesions of the intestine; 3 — lymphog-

enous and hematogenous spread of B. anthracis. MAPKK — mitogen-activated protein kinase kinase; TNF — tumor necrosis factor;

IL — interleukin (Dixon T.D., et al., 1999)

carbunculous (accounting for 99.1% of cutaneous manifes-
tations), edematous (0.4%), bullous (0.4%), erysipeloid or
rust-like (0.1%). Already by the end of the first day develops
a pronounced intoxication syndrome that lasts 5-7 days:
fever with a rise in temperature to 38-40 °C, chills, hea-
dache, weakness, sleep disorders, decreased appetite. At
first, a reddish itchy spot similar to an insect bite is formed

JNlokanusosaHHas Local

dopmbl cMbUPCKOUN A3BbI
l Forms of anthrax l

MepBu4HoO-
cenTuyeckas
Primary septic

Hapy»xHasa naun

(KOXKM ¥ CAU3UCTBIX)
(skin and mucous)

at the site of introduction of the pathogen (Fig. 3). After a
few hours, the spot turns into a papule, then into a vesicle
2-3 mm in diameter, containing serous, then bloody fluid.
The vesicle either by scratching or spontaneously opens,
thus forming an ulcer with a dark brown or black bottom and
raised edges, surrounded by a corolla of secondary pus-
tules, due to which it increases. The skin around the ulcer is
edematous and hyperemic.

A day later, the ulcer reaches the size of 8-15 mm.
At the same time as the size of the ulcer increases,

Fig

Puc. 2.

e
Cerbunculous, edemstous, bullous,

BropuuHas MepeuyHas

ernyzipeloid

Secondary Primary

BucuepanbHas Visceral
JlerouHas, Kuwe4Has
Pulmonary intestinal

BropuyHo- /
cenTuyecKas
Secondary septic

.2.  Forms of the anthrax (compiled by the authors)

®opmbI cubupckon A3BbI (COCTaBNEHO aBTOpaMm)
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Fig. 3.  Anthrax carbuncle formation. (URL: redkie-bolezni.com)
Puc. 3. 0O6pa3zoBaHue cubupessseHHoro kapbyHkyna. (URL: redkie-bolezni.com)

CumnTombl (Mpn KoxHoM dopme, Hanbonee pacnpoctpaHeHHom) / Symptoms (for the cutaneous form, the most common)

WHKy6auyoHHbIit nepuog: 12-14 aHeit / Incubation period: 2-14 days

1. MosiBnsieTcs 3yasiiee
KpacHoBaToe MATHO,
noxoxee Ha yKyc
Hacekomoro / An itchy,
reddish, insect bite-like
macula appears

4. Tlpun pacyecbiBaHUn
ny3bIpek CpblBaeTcs,
obpasyeTcs s38a ¢
yepHbIM aHom / When
scratched, the vesicle
breaks off, forming an
ulcer with a black bottom

7. BO3HUKAET OTeK,
KOTOPbIif HAaYMHaET
ObICTPO pacnpocTpa-
HaTbes / An edema
begins to spread
quickly

® B

Teuenue / Course of the disease

PocT s138bI npopomkaetcs 5-6 aHei /
Ulcer growth continues for 5-6 days

Bonesoli cuHapom otcyTcTByeT /
There is no pain syndrome

Fig. 4.
Puc. 4.

Development of clinical manifestations in cutaneous anthrax
Pa3BuTME CHMNTOMOB NPy KOXHOM thopMe CUOMPCKON A3BbI

regional lymph nodes become enlarged and thickened,
but remain mobile and painless. After 2-3 weeks, due to
necrosis, the central part of the ulcer turns into a pain-
less dense scab, which quickly turns black and increases
in size (Fig. 4). The scab rises above the skin surface,
is surrounded by a pronounced zone of hyperemia and
looks like a black coal on a red background (“coal on
fire”), which is the basis for the name of the disease —
anthrax (coal). There is a yellowish border between the
black scab and the red area, making the ulcer tricolor
(Fig. 5). By the fourth week, the scab is detached and a
crater-shaped ulcer with a granulating floor and purulent

3. PasBuBaetcs Be3u-
Kyna — nysblpek, Ha-
MOSHEHHBIN CEpPO3HbIM
COAepKMMbIM, 3aTeM
kpoBbto / A vesicle
develops -— a bubble
with serous contents

2. Koxa Ha nopaxeHHOM
yyacTke ynnoTHseTcs,
3yn yeunueaetcs / The
skin on the affected area
thickens, the itching
intensifies

5. MoaHnMaeTcs Tem-
nepatypa, nosBAsTCS
ronoBHasi 6o1b, pac-
CTPOWCTBO annetuta /
Temperature rises, hea-
dache, loss of appetite

6. Kpas 513Bbl Ha-
YMHAIOT Npunyxarb,
0bpasys BocnanuTenb-
HbIit Banuk / The edges
of the ulcer begin

to swell, forming an
inflammatory edema

8. [1Ho 513BbI BCe Oonee
3anagaer, no kpasm
0bpa3yroTcs HoBble
Be3uKkynbl / The bottom
of the ulcer becomes
deeper, new vesicles
are formed

9. AAsBa gocTuraet
pasmepa 8-15 mm
(cnbnpesseHHbIN
kapbyHkyn) / The
ulcer reaches a size
of 8-15 mm (anthrax
carbuncle)

Mpw 6naronony4Hom TeyeHnn GonesHn cnycts 5-6 gHeir Temnepary-
pa CHUXaeTcsl, CaMOUyBCTBUE YNyYLIAeTCsl, yMeHbLIAETCS OTEK, paHa
3axmBaeT ¢ 0bpasosaHnem pybua / With a successful course of the
disease, after 5-6 days the temperature decreases, health improves,
swelling decreases, the wound heals with the formation of a scar

discharge is formed; it subsequently undergoes secon-
dary scarring.

Usually one carbuncle is formed, but there can be se-
veral, sometimes the number of them can reach 10-20 and
more, the size of carbuncles can vary from a few millime-
ters to ten centimeters in diameter. The main distinguishing
feature of the anthrax carbuncle is the absence of pain in
the area of necrosis, practically painless is also the area
of edema. The edematous form is characterized by the
development of extensive edema without visible carbuncle.
In the bullous form blisters with hemorrhagic content are
formed immediately. In the erysipeloid form erythema with
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Fig. 5.
Puc. 5.

Anthrax carbuncle. (URL: www.sibmedport.ru)
CunbupesaBeHHbIN kapoyHkyn. (URL: www.sibmedport.ru)

whitish blisters develops, after opening of which shallow
quickly drying ulcers are formed. Lethality in the cutane-
ous form, if untreated, may reach 20%, while treatment
reduces to 2-3%. Intestinal anthrax is characterized by
general intoxication, sharp cutting pain in the epigastric
region, vomiting and diarrhea with an admixture of blood.
The tongue is dry and covered with white plaque. Pulmo-
nary anthrax is very severe. Against a background of high
fever there is pain when breathing, cyanosis, dyspnea,
wheezing, cough with frothy bloody sputum. The increase
in peribronchial lymph nodes prevents the outflow of lymph
and provokes pulmonary edema. Characteristic is a very
rapid deterioration of the patient's condition and increa-
sing changes in the lungs. Mortality, even with treatment,
is up to 90% of cases. Septic or generalized form is rare.
It is characterized by a decrease in body temperature, the
development of infectious toxic shock, hypoxia, acidosis,
multiorgan failure and disseminated intravascular coagu-
lation. The death occurs on the 2-3rd day with the phe-
nomena of acute collapse.

ANTHRAX AS A BIOLOGICAL WEAPON

Terrorism is currently one of the most acute and urgent
problems, acquiring a global, international character in the
modern world [6, 17]. It is very tempting for numerous ter-
rorists to use biological weapons, which are no less dange-
rous than other types of weapons of mass destruction. The
concept of bioterrorism has emerged, i.e. the threat of using
means of mass destruction of biological (bacteriological)
nature for terrorist purposes. Currently, there are at least
40 infectious agents that can be used as biological wea-
pons. Among them, several pathogens, including anthrax,
pose the greatest threat.

The latter fulfills most of the requirements for a poten-
tial biological weapon agent: it affects humans and animals,

has a rapid effect, is highly virulent, extremely stable in the
external environment, penetrates the organism by various
routes, is easily cultivated in laboratories, and the selection
of antibiotic-resistant strains is possible. The most probable
way to use such a weapon is to atomize an aerosol contai-
ning spores, which would lead to a predominantly pulmo-
nary form of the disease with high lethality. According to
certain calculations, if an area of 20 km? is sprayed with
sybillivorous spores for 2 hours over a city with a population
of five million people, 500 thousand people will be exposed
to the risk of infection, and the predicted number of people
who fall ill may be 250 thousand, of whom 125 thousand
are fatal [6].

The first serious use of B. anthracis as a biological
weapon was carried out by nationalists against the aborigi-
nes of South Africa and Rhodesia (Zimbabwe) to suppress
the liberation movement in 1978-1980. The major outbreak
of anthrax in April 1979 in the Sverdlovsk region was con-
nected, according to the main version, with the accidental
release of pathogen spores from the laboratory of the mili-
tary camp (Sverdlovsk-19) through damaged filters. Accor-
ding to another version it was made with enemy sabotage.
In favor of the latter is the fact that foreign radio stations
reported an anthrax epidemic on the 5th of April, while the
first diagnosis was made on the 10th of April [16]. According
to official data, 64 people died during the entire epidemic,
while according to unofficial data there were more than a
thousand deaths.

In 1993, the Japanese sect Aum Shinrikyo attempted
bioterrorism by spreading B. anthracis in offices, which for-
tunately was unsuccessful. As of 2001, at least 17 countries
already had bacteriological weapons at their disposal. New
genetically modified strains of B. anthracis with increased
virulence, polyantibiotic resistance, and the ability to cause
disease in the immune system (such cultures are called
vaccine-resistant) are constantly being developed. Work is
under way to insert genes encoding the synthesis of an-
thrax toxin into the genome of other microorganisms, such
as B. cereus and B. thuringiensis, for which there are no
effective vaccines.

In Septeber 2001, an act of bio-terrorism was attemp-
ted in the USA by mailing mail containing anthrax spores,
resulting in 22 people falling ill (11 of them felt ill with cu-
taneous anthrax and 11 felt ill with inhalational anthrax)
and 5 deaths. This made obvious the potential danger of
B. anthracis as an agent of bioterrorism and drew increased
attention to the problem, resulting in the development of
effective methods of treatment, prophylaxis and rapid diag-
nosis of anthrax. In 2001, only for the study of the genome
of B. anthracis one of the scientific centers of the United
States was allocated 200 thousand dollars. However, not
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only acts of bioterrorism are dangerous, but also negli-
gence when working with especially dangerous pathogens
in specialized laboratories. After the events of 2001, under
the pretext of combating bioterrorism, numerous biological
research centers — laboratories for prevention of bioter-
rorism — were established in the USA and other coun-
tries. As of 2006, there were officially more than 400 such
institutions in the U.S. alone, carrying out secret Pentagon
programs. In June 2014, at the State Bioterrorism Pre-
vention Laboratory in Atlanta, USA, B. antrhacis was han-
dled in a routine laboratory not designed to handle highly
dangerous pathogens, and the samples tested were not
neutralized, exposing 75 people in the laboratory to the
threat of infection. In May 2015, as a result of criminal
negligence, live spores of B. antrhacis (68 parcels in total)
were sent by regular post from a military laboratory at the
Utah Proving Ground, USA, to 24 laboratories in 11 states
and 5 countries (South Korea, Australia, Canada, United
Kingdom, Japan).

Thus, such laboratories can become a source of new
threats for spreading the pathogen worldwide.

PRINCIPLES OF LABORATORY DIAGNOSTICS

Effective anthrax therapy requires a diagnosis as soon
as possible, but physicians rarely encounter this infection,
making them less alert to it. In 10-40% of cutaneous infec-
tions, patients are diagnosed as “carbuncle”, “furuncle”, “in-
sect bite” and other similar cases and sent for surgical treat-
ment. A significant difficulty is the recognition of generalized
anthrax. At the slightest suspicion of anthrax it is necessary
to conduct laboratory diagnostics [1, 3, 12], which is carried
out in strict accordance with the current instructions and
rules (guidelines 4.2.2413-08, 4.2.2941-11). Microscopic,
bacteriologic, biological methods, serodiagnosis, allergodia-
gnosis, and molecular biological methods [11], in particular
molecular typing methods [2, 5], are used. These microbio-
logical methods make it possible to confirm the etiology of
the disease, while biochemical methods make it possible to
assess its severity. For direct anthrax diagnostic methods
(microscopic, bacteriological, biological and rapid diagnos-
tic methods), the material to be examined is the content of
vesicles, carbuncles, scabs, sputum, feces, blood, cerebro-
spinal fluid and sectional material. Materials from cadavers
should be taken and examined as soon as possible after
death, as extraneous microflora develops rapidly, making
it difficult to isolate a pure culture. Clinical material is col-
lected in medical and preventive institutions in protective
clothing at the admission of the patient before the start of
antibiotic therapy according to guidliness 4.2.2941-11. For
this purpose a special kit is used — “universal stack for the

collection of material from people and from environmental
objects for the study of especially dangerous infectious
diseases”. Laboratory personnel shall be provided with pro-
tective clothing and personal protective equipment for work
with microorganisms of pathogenicity group 1.

ANTHRAX TREATMENT AND PREVENTION

Complex therapy of anthrax patients includes two
main directions: etiotropic antimicrobial and specific anti-
toxic therapy and nonspecific symptomatic and antishock
therapy. The following antibacterial drugs are used for the
treatment of anthrax in Russia: beta-lactams (benzylpe-
nicillin, ampicillin), tetracyclines (tetracycline, doxycycline),
fluoroquinolones (ciprofloxacin, pefloxacin, ofloxacin), and
rifampicin. Until recently, penicillin was the main drug for
the treatment of anthrax, but nowadays, due to the emer-
gence of strains producing beta-lactamases, it should be
used only if sensitivity to it has been confirmed. Reserve
drugs include aminoglycosides (gentamicin, amikacin, si-
zomycin), since resistance to antibiotics of this group de-
velops slowly. It is possible to use both individual drugs and
their combinations, such as penicillin and tetracycline, cip-
rofloxacin and rifampicin. Antibiotics are most effective in
cutaneous anthrax, while combinations are recommended
in septic anthrax. In all cases, treatment should be star-
ted as early as possible from the onset of the first clinical
symptoms. In the development of sepsis and toxinemia, the
use of antimicrobials may be ineffective and even worsen
the patient’s condition due to the death of microbes and
the release of a large amount of exotoxin that has not yet
had time to leave the cells. Neutralization of the toxin in
moderate and severe anthrax requires administration of
large doses of antisybriasis equine immunoglobulin, which
contains active gamma- and beta-globulin fractions iso-
lated from the blood serum of hyperimmunized horses. In
addition to neutralizing the toxin, the drug inhibits spore
germination and capsule formation (inhibition of glutamine
polypeptide synthesis). Recently, the use of sibiriazoon
immunoglobulin has been discontinued due to frequently
developing allergic reactions. Anti-sybriasis human im-
munoglobulin, immunoglobulin based on Fab-fragments,
preparations based on monoclonal antibodies to the pro-
tective antigen, lethal factor and polyglutamine capsule of
B. anthracis, inhibitors of cell receptors of the protective
antigen and others are being developed.

Nonspecific prophylaxis of anthrax in humans includes
a set of veterinary and medical-sanitary measures (Sanitary
and Epidemiologic Rules 3.1.7.2629-10). These include:

« vaccination of susceptible animals, which is effec-

tive, but does not ensure complete elimination of
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the pathogen due to its prolonged persistence in
the soil;

+ identification, accounting and elimination of sybirae-
mic foci;

* sanitary and epidemiological control in anthrax-
affected areas, as well as during the procurement,
processing, transportation and storage of raw mate-
rials of animal origin;

+  prophylactic, current and final disinfection, incinera-
tion rather than burial of corpses of infected animals
and raw materials,

+ sanitary and educational work with the population,
etc.

Emergency prophylaxis is carried out when anthrax
cases appear among animals or people, as well as when
there is a threat of aerosol contamination in case of bio-
terrorism. It is carried out in the area of an active an-
thrax focus using antibiotics of different groups no later
than five days after possible contamination — contact
with infected animals or livestock products. Rifampicin,
doxycycline, ampicillin, oxacillin, ciprofloxacin orally;
gentamicin intramuscularly in maximum doses for five
days are recommended for use. Equine anti-anthrax
immunoglobulin can also be used: adults in a dose of
20-25 ml, adolescents from 14 to 17 years can get 12 ml,
children can get 5 ml (methodological recommendations
0100/3556-04-34).

The optimal duration of emergency prophylaxis for
suspected aerogenic anthrax infection has not been pre-
cisely determined. In 2001 in the USA, people at risk of
such infection were given emergency prophylaxis with
a course of an antimicrobial therapy (ciprofloxacin, do-
xycycline or amoxicillin) for 60 days, using 3.75 million
tablets. The need for prolonged preventive antibiotic
therapy is due to the effect of delayed spore germina-
tion in the lungs. Spores can persist in the alveoli for
several weeks (up to 8 weeks or more), while antibiotics
are active only against vegetative cells and germinating
spores.

Vaccines are used for early anthrax prophylaxis (they
create immunity lasting up to one year). Two vaccines are
currently registered and used in Russia:

1) anthrax live dry vaccine for subcutaneous and scarifi-

cation, containing live spores of the vaccine strain STI
(after the name of the Sanitary and Technical Institute
where the vaccine was developed);

2) combined liquid anthrax vaccine for subcutaneous
administration, contains a mixture of live spores of
vaccine strain STI-1 and purified concentrated pro-
tective anthrax antigen adsorbed on aluminum hy-
droxide.

An aerosolized vaccine has also been developed.

Risk contingents subject to prophylactic vaccination in-
clude:

« animal handlers and other persons professionally
engaged in the pre-slaughter housing of livestock,
as well as slaughtering, skinning and cutting of car-
Ccasses;

+ persons engaged in the collection, storage, trans-
portation and primary processing of raw materials
of animal origin;

+ laboratory personnel working with material suspec-
ted of being infected with anthrax;

«  persons performing certain work in anthrax-enzootic
areas (agricultural, agro- and hydromeliorative, con-
struction and other work related to excavation and
movement of soil; procurement, field, geological,
survey, expeditionary);

« military personnel in the presence of epidemiologi-
cal indications.

Foreign countries use chemical vaccines based on a
protective antigen produced by a capsule-free nonproteo-
lytic avirulent strain of B. anthracis adsorbed on aluminum
hydroxide or alum. The best known vaccines from this group
are the American AVA — Anthrax Vaccine Adsorbed (cap-
sule-free strain V770-NP1-R) and the British AVP — An-
thrax Vaccine Precipitated (avirulent strain Sterne 34F2)
with a 30% increased amount of lethal factor.

Despite their efficacy, the existing vaccines have a num-
ber of drawbacks, which necessitates additional work on
their improvement aimed at increasing immunogenicity and
reducing reactogenicity. To increase the immunogenicity
of recombinant vaccines, it is proposed to use B. subtilis,
B. brevis and others synthesizing capsular polypeptides of
B. anthracis. Vaccines based on recombinant DNA, poly-
valent vaccines, including those against anthrax, etc., are
being developed. Most researchers agree that a full-fledged
chemical vaccine should contain antigens aimed at the pro-
duction of anti-spore, anti-capsule and anti-toxic immunity
in the body.

CONCLUSION

In modern conditions, anthrax maintains a global nosoare-
al and continues to be an urgent problem for many countries,
including the Russian Federation. Vaccination of susceptible
animals does not ensure elimination of the pathogen from en-
vironmental objects. The unpredictable long-term survival of
B. anthracis spores in soil allows the pathogen to retain not
only viability but also virulence. Hyperendemic foci remain on
the territory of the country, the activation of which can oc-
cur as a result of natural disasters and climatic changes, as
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well as anthropogenic impact and man-made disasters. We
should not forget about the threat of importation of infected
raw materials of animal origin into the territory of the country
from neighboring countries, as well as the increasing threat
of bioterrorism. The emergence of not only antibiotic-resistant
but also vaccine-resistant strains of B. anthracis in nature is
alarming. All this indicates the need to create a comprehen-
sive anthrax control program aimed at improving the methods
of its diagnosis, treatment and prevention, as well as the
identification and sanitation of soil anthrax foci.
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AONONMHUTENBHAA UHOOPMALINA

Bknap aBTOpOB. Bce aBTOPbI BHECIN CYLLECTBEHHbIN
BKNag B pa3paboTKy KOHLENnuuu, npoBeAeHne uccneaoa-
HWS 1 MOArOTOBKY CTaTbM, MPOYY M 0f06pUNN UHANBHYHO
Bepcuto nepep nybnukauuen.

KoHhnukT mHTepecoB. ABTOPbI AeKnapupytoT OTCyT-
CTBME SABHbIX U MOTEHUMarbHbIX KOH(IUKTOB UHTEPECOB,
CBA3aHHbIX C Nybrnukauueit HacTosLen CcTaTbMm.

UcTounuk ¢huHaHcupoBaHuA. ABTOpbI 3asBnAT 06
OTCYTCTBUW BHELIHEro (hMHAHCUMPOBAHWUS NpU NPOBEAEHUM
“ccnegoBaHus.
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NMPABUNA ONA ABTOPOB

Yme. npuka3zom u.o. pekmopa
®rBQY BO CrierfiMy Munadpasa Poccuu om 23.06.16

HACTOALLME NMPABUNA ANnA ABTOPOB
ABNAIOTCA U3OATENBCKUM OTOBOPOM

Ycnosusi Hactoswero floroBopa (nanee «[oroBop») sBnsoTCA
nybnuyHon odpepton B COOTBETCTBMM C M. 2 CT. 437 [paxpaHcko-
ro kogekca Poccuitckoin ®epepaummn. [anHbin [loroBop onpeae-
nseT B3aMMOOTHOLIEHWA Mexay pepakuuei xypHana «Russian
Biomedical Research» (ganee no Ttekcty «XypHany), 3aperu-
cTpupoBaHHoro ®epepansHon cryx0boit no Hagsopy B cdepe cBs-
31, WH(OPMALMOHHBIX TEXHOMOTUIA W MAacCOBbIX KOMMYHUKALWIA
(POCKOMHA[3OP), ceugetensctao: MM Ne ®C77-74228 ot 02 Hosl-
6ps 2018 . (paHee M Ne TY78-01869 ot 17 mas 2016 r.), uMeHyemol
B AanbHelwem «Pefakuns» 1 SBMSIOWENACS CTPYKTYPHBIM Nogpas-
aenenvem ®rbOY BO CM6IMIMY MuHsapasa Poccuu, u asTopom u/
UMW aBTOPCKMM KOMMEKTUBOM (UMW WHbIM NpaBoobnaaatenem), uMe-
HyeMbIM B AanbHeliLleM «ABTOP», MPUHABLLMM NyBnMyHOe Npeanoxe-
Hue (oepTy) 0 3akntoueHun Jorosopa.

ABTOp nepepaeT Pefakuun Ans n3gaHust aBTOPCKUIA OpUTMHan
WIN PYKONUCh. YkasaHHbIA aBTOPCKNA OpUrMHan AOIKEH COOTBET-
cTBoBaTb TpeboBaHUsAM, ykasaHHbIM B pasgenax «[peacrasnexue
pykonucy B xypHan», «Ocopmnenune pykonucuy. Mpu paccmoTpe-
HWAW MOMYyYeHHbIX aBTOPCKMUX MaTepuanoB XXypHanm pyKOBOACTBY-
eTcs «EguHbiMm TpeboBaHUAMM K pyKOnNMCAM, NpeLcTaBNsieMbIM B
6romeguumHckue xypHanbl» (Intern. committee of medical journal
editors. Uniform requirements for manuscripts submitted to biomedi-
cal journals. Ann Intern Med. 1997;126:36-47).

B XypHane neyatatoTcs paHee He onybnnkoBaHHble paboTbl No
npodunio XKypHana.

)KypHan He paccmaTpuBaeT paboTbl, pe3ynbTaThl KOTOPbIX MO
Gonblueit yactn yxe Bbinn onybnMKoBaHbl UM ONMCaHbl B CTa-
TbsIX, NPEACTaBMEHHbIX UK NPUHATLIX ANS ny6nukauum B gpyrue
neyaTHbIE UMM 3NEKTPOHHble CPeCcTBA MAcCoBOM MHOpMaLK.
MpencTaBnss cTaTblo, aBTOP BCErga AOMKeH CTaBUTh PefakLmio B
M3BECTHOCTL 000 BCEX HanpaBMeHWUsiX 3TOW CTaTbi B NeyaTb W O
npeabloyLLMX Ny6nukaLusx, KOTOPbIE MOryT paccMaTpuBaThbCs Kak
MHOXeCTBEHHble Uy Aybnupyowme nybnukauuu Ton xe camom
Unm oveHb 6nnakon paboTbl. ABTOP AOMKEH YBEAOMUTL pefakLmio
0 TOM, COZEPXNT NN CTaTbs yxe onyOrMKOBaHHbIE MaTepuansl, u
npefocTaBUTb CCbIMKW Ha NpeablayLlyt, 4Tobbl faTb peaakuuu
BO3MOXHOCTb MPUHSATb PELLeHIe, Kak MoCTYNUTb B JAHHOW CUTya-
uuu. He npuHUMaloTCs K nevatu ctatby, NpeacTasnsiowme cobomn
OTAenbHble 3Tanbl He3aBepLUEHHbIX UCCNeJoBaHNiA, a Takxe cTa-
TbY C HapyLleHnem «[paBun 1 HOpM rymaHHoro obpatlienns ¢ 6uo-
obbekTamu uccnefoBaHuMiy.

PasmeLleHne nybnnkaLmii BO3MOXHO TONbKO NOCE NOMyYeHNs
MONOXMTENbHON PELIeH3N.

Bce ctatbu, B TOM Yucne cTaTby aCNUPaHTOB U JOKTOPaH-
TOB, Ny6nukytoTca 6ecnnaTtHo.

Mogava cratem B xypHan «Russian Biomedical Researchy
OCyLLeCTBASAETCA MO agpecy dneKkTPOHHOM MmouThl avas/@mail.ru
c nomeTkon «ans Russian Biomedical Research» unu yepes cant
https://ojs3.gpmu.org/index.php/biomedical-research.

TpeboBaHus k oTNpaBKe cTaTei

lMepen 3anonHeHWEM aHKeTbl aBTopaM pekoMeHZyeTcs NOAro-
TOBWTb BCe HeobxoauMble Ans BBOAA [aHHblE, a Takxe BbiOpaTh
aBTopa (B cnyyae konnekTusa aBTopoB ctatbu), OTBETCTBEHHO-
IO 3A NEPEMWCKY. [ina ycnelwHoro 3anofHeHns aHkeTbl He06-
XOAMMO UMETb BCH YKasaHHYI0 MHGOPMALMIO U Ha PYCCKOM, W Ha
aHIMMNCKOM A3blKaXx.

Bce HasBaHWs Ha aHrMUICKOM A3blke, BKNOYas Ha3BaHWS
CTaTbW, Ha3BaHWUS YUYPEXAEHWA, NX NOoApa3AeneHnin QOSKHbI
npuBOAMTLCS C NponucHbix byks (Hanpumep: Sex Differences
In Aging, Life Span And Spontaneous Tumorigenesis; Bulletin
of Experimental Biology and Medicine; Saint Petersburg State
Pediatric Medical University) n HenpemMeHHO B COOTBETCTBUM C
ouumanbHbIMK HauMeHoBaHUAMN 6e3 caMoAesaTenbHOCTH.

AHKeTHble JaHHble Bcex aBTopoB — Vima OtyectBo Pamunus
(nonHoCTbI0), y4YeHas cTeneHb, 3BaHNe, JOMKHOCTb, MECTO paboThl
(kadbenpa, OTAENEHUE), HA3BaHWE YYpeXOEHWS, afpec yypexae-
Husi, e-mail, ORCID, SPIN-koa, TenedoH, ®MO aBTopa, oTBETCT-
BEHHOr0 3a Nepenucky, 1 T.4. — 3anoNHAKTCA B COOTBETCTBYOLLMX
nonsx opmbl 3asBku. Pe3tome, kno4eBble CNOBa 1 HasBaHWe cTa-
Tb¥ TaKXe 3anofHATCS OHNalH.

Cratbs fo/mkHa COOTBETCTBOBATL NpaBunam 0PopMneHuns cTa-
Tel K ny6nukaumm (CM. Huxe).

K kaxpgoi ctaTbe npunaraetcs gaitn SKCNEepTHOrO 3akye-
Hust (33). Ans astopos CI6IMTIMY 33 MoxeT TOnbKo NoanuchI-
BaTbCA aBTOpaMu CTaTby, NevaTb Heobs3aTenbHa. [ing aBTopos
apyrux yupexgeHun 33 odopmnsetca obg3aTenbHO MOMHO-
CTbio, C MeyaTaMu (Kpyrnas neyatb y4pexaeHns) U Nognucamm
PYKOBOAWTENEN M KOMUCCUIA JaHHOTO yypexaeHus. 3anonHeH-
Hblil, NOANMCAHHBLIA 1 «onevyaTaHHblily GnaHk 93 ANsg OTNpaBKu
OHMaWH NpefBapuTENbHO CKaHWpyeTCs unu doTorpadupyercs.
O6pasel 33 moxHo ckayath (https://gpmu.org/science/pediatrics-
magazine/Russian_Biomedical_Research, bnaHk akcnepTHoro
3aKtoYeHNns).

OTnpaBrexHble aHKeTHbIe AaHHbIe aBTOPOB, CTaTbs, 33 NOCTY-
nawT Ha E-mail aBTopy-0TnpaBuTento (4ns NoaTBEPXAEHNS W Npo-
Bepky 0TnpaBkm) 1 Ha E-mail pegakuum scrcenter@mail.ru TexHnyeckomy
penakTopy xypHana «Russian Biomedical Researchy, ¢ koTopbiM ocy-
LeCTBNSIETCS BCA AanbHelillas paboTa no NogroToBke CTaTbil B NeYatb.
Bce Bonpock! Mo oTnpaske CTaTeil MOXHO aApecoBaTh Ha SMEKTPOHHbIN
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agpec screcenter@mail.ru TexHUIeckoMy peaakTopy xypHana «Russian
Biomedical Research» Mapuu AnekcaHapoBHe MaxoMoBoA.

Pykonuch cuutaeTcss noctynulueir B Pepakuuio, ecnm oHa
npeAcTaBneHa KOMMEKTHO U 0hopMNIeHa B COOTBETCTBUM C OMU-
CaHHbIMKU TpeboBaHuamu. [peaBapnUTeNbHOE PacCMOTPEHNE PYKO-
nucu, He 3akasaHHon Pepakuunen, He sBnsieTcs akToM 3akrove-
HWUS MeXAY CTOpoHaMu u3aatensckoro lorosopa.

Mpu NpeacTaBneHun pykonuck B XKypHan ABTOpbI HECYT OTBETCT-
BEHHOCTb 3@ PackpbiTe CBOWX (PMHAHCOBBIX M APYrUX KOHIMKTHBIX
WHTEPECOB, CNOCOBHbIX OKas3aTb BRMsHWE Ha ux paboty. B pykonucy
LOMKHbI ObITb YNOMSIHYTHI BCE NULIA W OpraHu3aumy, okasasluve du-
HaHCOBYH MOALEPXKKY (B BUAE TPaHTOB, 0BOPYAOBaHNS, NEKAPCTB Ui
BCEro 3T0ro BMECTE), a Takke Apyroe PMHAHCOBOE M fIMYHOE yyacTue.

B KoHue kaxpgoi cTaTbi 06s3aTeNbHO YyKa3blBalTCS BKNafg
aBTOPOB B HanuUcaHue CTaTby, NCTOYHUKM (IMHAHCMPOBaHNS (€Cnn
WMeKTCsl), OTCYTCTBUE KOH(NUKTA MHTEPECOB, HanMyne cornacus
Ha nyBrnuKaLuio co CTOPOHbI NaLMEHTOB.

MpaBuna ocopmnenns craten kK ny6nmkauum

CrtaTtbA NpefocTaBnseTcs B ANEeKTPOHHOMN chopme (hann MS
Word Bepcuu He cTapue 2003, T.e. ¢ paclwmpernem doc), wpndt —
14, vHTEpBan — NONYTOPHbIN.

®ann cratbu HasbiBaeTca no Gamunuu NepsBoro aBTopa, Ha-
npumep, Mearos.doc unu Petrov.doc. Hukakux gpyrux cnoe B Ha-
3BaHWM He JOMKHO ObITh!

OpWeHTMPOBOYHbIE pa3Mepbl CTaTby, BKNOYAs ykasaTenb nu-
Tepatypbl, Tabnuubl u pestome, — 10-12 cTpaHuy TekcTa Yepes
nonTopa uHTEpBana unm 20-25 Teicsy 3HakoB ¢ npobenamu. Peko-
MeHayeMmblin pasmep 063opa — 18-20 cTpaHuML, «MaLLIMHOMUCHOTO»
TekcTa unm 35-40 Tbicay 3HakoB ¢ npobenamu. MpumepHoe Yncno
NnUTepaTypHbIX CCbINOK ANs aKCnepuMeHTanbHon cTaTtbit — 20, Ans
0630poB 1 npobnemHbIx ctatein — 50.

®dain ctaTby JOMKEH codepKaTb

HA PYCCKOM U AHITIMACKOM A3bIKAX:

+  3arnasve (Title) fomkHoO GbITh kpaTkum (He 6onee 120 3Hakos),
TOYHO OTpaXatLLMM CofepKaHne cTaTbu.

« Csegenns o6 asTopax (nybmukytotes). [Ansd Kaxgoro asTopa
YKa3blBAIOTCA: haMunus, UMs U OTYECTBO, MECTO PaboTbl, Mo-
4ToBbIN agpec mecta pabotbl, e-mail, ORCID, SPIN-koa. ®amu-
N aBTOPOB PEKOMEHAYETCS TPaHCMMTEPUPOBaTb Tak Xe, Kak
B npeablaywmx nybnukauusx, umm no cucteme BGN (Board of
Geographic Names), cm. cant http://www.translit.ru.

* Pesiome (Abstract) (1500-2000 3Hakos, unu 200-250 cnos)
noMmeLLaloT nepea TeKCTOM cTaTbk. Pestome He Tpebyetcs npw
nybnukaLmun peLeHanit, 0TYETOB O KOH(EPEHLMSX, MHGopMaLy-
OHHBIX MUCEM.

ABTOpCKOE pe3toMe K CTaTbe SIBMSIETCS OCHOBHBIM UCTOYHMKOM
WHOpMaLMN B OTEYECTBEHHBIX M 3apybexHbIX MH(opmaLm-
OHHbIX cucTeMax W 6as3ax AaHHbIX, UHOEKCUPYIOLLUX XypHan.
Pestome poctynHo Ha caite xypHana «Russian Biomedical
Research» u nHaeKCMpyeTcs CEeTEBLIMI NMOUCKOBLIMM CUCTEMA-
Mu. /3 aHHoTauuM AormkHa ObiTb NOHATHA CyTb UCCMEA0BAHMS,
HYXHO N 0BpaLLaThCs K NOHOMY TEKCTY CTaTby A4S NONyYeHNs

Oonee noppobHON, MHTEpPecyloWwen ero uHcdopmaummn. Pesiome
[OMKHO M3naraTb TONbKO CYLLECTBEHHbIE (aKTbl PaboThbI.
PekomeHgyemas CTpyKTypa kak aHHOTaLuW, Tak U CaMoii CTaTbm
IMRAD (£5151 opuriHanbHbIX UCCnefoBaHuii CTpykTypa obsisaTenb-
Ha): BeegeHue (Introduction), matepuansl u metogsl (Materials
and methods), pesynbtathl (Results), o6ecyxaenue (Discussion),
BbiBogb! (Conclusion). MpeameT, Temy, Lenb paboTbl HyXHO yka-
3blBaTh, CMN OHU HE ACHbI U3 3arnaBus CTaTbu; METOA UMK METO-
[0noruio NpoBeAeHUs paboTbl LienecoobpasHo onuckiBaTh, €CIN
OHW OTNMYAKTCA HOBW3HON UMW NPEACTABNAKT UHTEPEC C TOUKN
3peHns faHHoi pabotbl. O6beM TeKkcTa aBTOPCKOTO peskome
onpegensieTcs copepxaqnem nybnukauun (06bemoM CBeaeHuiA,
NX Hay4YHOM LIEHHOCTBI0 U/UMNK NPaKTUYECKUM 3Ha4eHneM) 1 aor-
XeH 6b1Tb B npegenax 200-250 cnos (1500-2000 3HakoB).

+  Kntouesble crioBa (Keywords) ot 3 go 10 knto4eBbIX CNoB Wim
CNOBOCOYETaHNI, koTopble ByayT cnoco6CTBOBaTL NPaBUIbHOMY
NepeKkpecTHOMY MHAEKCUPOBAHMIO CTaTbi, NOMELLAIOTCA Nog pe-
310Me € noAasaronoBkoM «Kntouyesble cnosay. Mcnonbayite Tep-
MWHbI 3 CINCKa MeSULMHCKIX NPEeAMETHbIX 3aronoskoB (Medical
Subject Headings), npuBeaeHHoro B Index Medicus (ecnu B 3ToM
CNuUCKe elle OTCYTCTBYIT nogaxofswue obosHayeHus Ans He-
[aBHO BBeJEHHbIX TepMuHOB, noabepute Hanbonee Bruskue 13
nmetoLmxcst). Kroyesble CnoBa pa3fensoTes 3ansTon.

+ TekcT cTaTb MOXeT ObiTb HanucaH nubo Ha pycckom, nubo
Ha aHIMMIACKOM fi3blke, Takke BO3MOXHA Mybnukauws cTatbi €
NoMHbIM NepeBogoM. Ha pycckoM M aHrMMNACKOM fi3blkax Heob-
XOAMMO NPEeAOoCTaBNUTb BCE PUCYHKM 1 Tabnuubl (3aronosky, Bce
HaanucK, a Takke TeKCT Tabnuy AOMKHLI UMETb NEPEBOS).

B pasgene «MeTtoaumka» 06s3aTenbHO yKa3blBaOTCA CBEAEHUS O
cTaTucTuyeckon obpaboTke aKCNEPUMEHTANbHOTO UMK KNUHUYe-
CKOro MaTepuana. EguHuLbl n3aMepeHns fakTcs B COOTBETCTBUM
¢ MexgyHapogHoit cuctemon egnHuy — CU. damunum uHo-
CTpaHHbIX aBTOPOB, LNUTUPYEMbIe B TEKCTE PYKOMUCH, NPUBOAAT-
Csl B OPUrMHANbHOM TPAHCKPUNLMK.

Tabnuubl M PUCYHKM NPUBOAATCS HEMOCPEACTBEHHO B Tene CTa-
TbW, KXAbIA U3 KOTOPbIX UIMEET HOMEP W Ha3BaHWe ¢ 0bs3aTenb-
HbIMW CCbINIKAMW Ha HUX B TEKCTe CTaTbM — B KOHTEKCTe nped-
NOXeHWs (HanpuMep: «...kak MokasaHo Ha pucyHke 1...») unu B
KOHLIE MPEeAnoXeHust B Kpyrmbix ckobkax (Hampumep: «...BblsiB-
fleHa nonoxXuTenbHas KOppensLMoHHas CBA3b YMEpPEeHHO! CTe-
nenm (r=0,41) mexay ypoBHem TTI maTepn 1 HOBOPOXAEHHOMO
(puc. 2)»; npocbba yunTbIBaTH, YTO B NEYATHOW BEPCUM XypHana
puCyHKW ByayT BOCNPOM3BOANTLCS B YepHO-6enom BapuaHTe.

«  Cnucok nuTtepatypbl 0653aTeNsLHO B andgaBuTHOM NOPsSiAKe: CHa-
yara BCe 0TeYeCTBEHHbIE, 3aTeM MHOCTPaHHbIE aBTOPbI C A0MOM-
HUTENbHbLIM TPAHCANTEPUPOBAHHBIM CMINCKOM (METOANKa TpaHCM-
TepaLuy onmcaHa noapobHo Hxke).

TekcT cTaTby JoMmKeH ObITb MOLTOTOBMEH B CTPOrOM COOTBETCTBIM
C HaCTOSALLMMM NPaBUNamMu W TLLATeNbLHO BbIBEPEH aBTOpoM. B criyyae
0BHapyXeHWs 3HaUNTENBbHOTO KONMYECTBa OrneyaTok, HebpexHocTex,
NYHKTYaLMOHHBIX 1 opdhorpadmyeckmx owmboK, HepaclngpoBaHHbIX
COKpaLLieHWit, OTCYTCTBUS OCHOBHbIX KOMMOHEHTOB, NEPEBOAOB 3aro-
NOBKOB TabnuLy, NOAPUCYHOYHbIX MOANUCEN, HAANUCE Ha PUCYHKaX,
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INFORMATION

TeKcTa Tabnuy, 1 Apyrux TEXHUYECKUX AetheKToB 0thopMIIeHIs cTaTen
pefakLys BO3BpaLLAeT cTaThio aBTopy Ans AopaboTkn. Hebonbluve
MorpeLLIHOCTY pefakLms MOXeT UCTpaBUTL cama Be3 cornacoBaHus ¢
aBTOPOM. Pefjakums ocTaBnsieT 3a cOboN NpaBo OCYLECTBREHNS N~
TEpaTypHOro 1 TEXHUYECKOrO PeaKTMPOBaHus CTaTel.

CokpatieHuin, kpome obuieynotpebutensHblx, cnegyet nsbe-
raTb. CokpaLLeHns B Ha3BaHWUN CTaTbi, Ha3BaHUSAX TabNUL, N pUCYH-
KoB, B BbIBOZAX HefonycTumbl. Ecnu ab6pesumatypbl UcnonbayoT-
CS1, TO BCE OHW JOITKHbI ObITh HEMPEMeHHO paclundpoBaHbl MOMHO-
CTbH NpM NEPBOM KX YNOMUHAHUM B TEKCTe (Hanpumep: «Hapsay ¢
AaHHbIMK 0 POH (pe3nayanbHo-0opraHnyeckon HefocTaTouHOCTH),
obycnosnusatoweit passutne KC (runepkMHETUYECKOro CUHAPO-
Ma), pacLUMpeH AuanasoH UCCneLoBaHNA N0 SHAOTEHHO Npupoae
[aHHOTO CUHAPOMaY.

Bce uuTupoBaHusa npoun3BoaATCS cregytolum obpasom:

®UNO aBTOpa, rog M3gaHus 1 npovas MHpopMauns He yno-
MUHAKTCH B TekcTe. BmecTo aToro ykasbiBaetcs ccbifika Ha
WCTOYHUK NIUTEPATYpbI B BUAE HOMepa B KBagpaTHbIX CkoOkax
(npumep: «Pspa nccnegoBaTenen 0TMEYaET pasfinyHble HapyLue-
HUS peyeBbIX PYHKLWA Npu anunencuu B JeTckom Bospacte [17,
21, 22].»), KOTOPbIN BKIIOYEH B pacCTaBMEHHbIN B andaBnTHOM
nopsiaKe CrMCOK UCTOYHMKOB B KOHLLE CTaTbM.

Bce ccbinku LOMKHBI MUMETb COOTBETCTBYIOLNA UCTOYHUK
B CMIMCKE, @ KaX bl MCTOYHWK B CMIMCKE — CChINIKY B TEKCTE.

B Buge ncknioyeHus B TekcTe MoryT npusogunTtbes PUO KoH-
KpeTHbIX aBTopoB B hopmarte W. O. damunus, rog v gaxe Hassa-
HWe MCTOYHWKA, HO MpW 3TOM BCe paBHO 0bsd3aTenbHa CCbinka
(B KBagpaTHbIX ckoOKax B KOHLE NPEANOXeHNs) Ha UCTOYHMK,
BKJTHOYEHHbI B CMIUCOK TUTEPATYPbI.

(Hanpumep: «B 1892 rogy Benukuit dpacT [amMunbTOHCKMIA
onucan B cBoeM BeccmepTHoM Tpyae «O6 OTKpbITUM TPETbEro
yXa y yenoBeka» TpeTbe (HenapHoe) yxo» [34].)

Nuteparypa (References)

YynTbiBas TpeboBaHNs MeXAYHapOAHbIX CUCTEM LMTMPO-
BaHUsi, CMIMCOK NNTepaTypbl NPUBOAMTCS HE TOMbKO B 0ObIYHOM
BMAE, HO TaKXe 1 JOMONTHUTENBHO B TPAHCUTEPUPOBAHHOM (CM.
TpaHcnuTepayus).

B cTaTbe NpUBOASATCS CCbINKM HA BCE YNOMUHAEMble B TEK-
CTe NCTOYHMKM.

damunum 1 WHULManbl aBTOPOB B MPUCTATENHOM CMMUCKE
npuBoasATCS B andaBUTHOM NOPSAKE, CHavana pycckoro, 3atem
naTUHCKOro andasunTa.

B onucaHum yka3blBaloTCs BCe aBTOpbI Nybnukavmm.

Bubnuorpacuyeckue ccbifikn B TekcTe cTaTbi JaloTcs B
KBagpaTHbIX ckobkax.

CcbInku Ha Heony6nmkoBaHHble paboTbl HE AOMyCKaTCA.

Cnucok nuTepaTypbl KOMNEKTYeTCA B Crneaytowwem no-
papke:

HopmamugHbie akmbi

Mpwkasbl, HOPMATUBHbIE aKTbl, METOANYECKIME MUCbMA W MPO-
e 3aKOHHbIE aKTbl, NaTEHTbI, NOME3HbIE MOAENN He BHOCATCS B
CAMCOK NuTepaTypbl, 0popMAsoTCS B BUAE CHOCOK. CHocka —

npuMeYaHue, NOMeLLaeMoe BHW3Yy CTpaHWUbl (MOCTpaHUYHas
CHOCKa). 3HaK CHOCKM CTaBAT Lpor nocne parmeHTa 0CHOB-
HOro TEKCTa, A€ eCTb YyNOMUHAHNE 00 3TUX UCTOYHMKaX. Peko-
MeHIYeTCS CKBO3HAs HyMepaLnsi CHOCOK MO TEKCTY.

WNHmepHem-pecypc

1. IHTepHeT-pecypc, rae ecTb HasBaHWe WCTOYHMKA, aB-
TOp — BHOCKTCS B CIMCOK NUTepatypbl (B nopsagke andasura) ¢
ykasaHueM Aatbl 06paLeHns (CM. HKEe NpuMep ohopMIIEHUS).

2. Ecnv eCTb TOMbKO CCblIfKa Ha CaT — BHOCUTCS B CMMCOK
nuTepaTypbl B KOHLe, C ykasaHneM aaTbl 0bpalleHus.

LLlernos M. Hackonbko Benuka ponb MUKpodnopbl B 6uono-
rMn Buaa-xo3suHa? Xueble CUCTEMbI: HayYHbI 3NEKTPOHHbIN
xXypHan. [JoctyneH no: http://www.biorf.ru/catalog.aspx?cat_
id=396&d_no=3576 (nata obpaienus 02.07.2012).

Kealy M. A, Small R. E., Liamputtong P. Recovery after caesar-
ean birth: a qualitative study of women’s accounts in Victoria, Austra-
lia. BMC Pregnancy and Childbirth. 2010. Available at; http:/www.
biomedcentral. com/1471-2393/10/47/ (Accessed 11.09.2013).

KHuea

ABTOp(bl) Ha3BaHWE KHWIM (3HAK TOYKA) MECTO M3LaHus
(nBOETOUNE) Ha3BaHMe W3gaTenbCTBa (3HAK TOYKa C 3ansTom)
rog naganus. Ecnm B kayecTBe aBTOpa KHUM BbICTyNaeT peaak-
TOp, TO Mocne dhamunuu cnegyet pea.

AinamassH 3.K., Hosukos B.H., 3aiHynuHa M.C., Manux-
ka ['K., Pabuesa W.T., TapacoBa M.A. AkyluepcTBO: y4eOHuk. 6-e
u3a. CMe.; 2007.

MpeobpaxeHckuin b.C., TemkuH A.C., luxaues A.l. bonesHu
yxa, ropna 1 Hoca. M.: MeguumHa; 1968.

PagauHcknit B.E., pep. MepuHeonorus: yyebHoe nocobue.
M.: PYIH; 2008.

Brandenburg J.H., Ponti G.S., Worring A.F. eds. Vocal cord
injection with autogenous fat. 3 rd ed. NY:Mosby; 1998.

Domeika M. Diagnosis of genital chlamydial infection in
humans as well as in cattle. Uppsala; 1994.

[nasa us kHu2u

ABTOp(bl) Ha3BaHwWe rna.bl (3HaK To4Ka) B kH.: unu In; ganee
onucanue kHur [ABTOp(bl) Ha3BaHWE KHUMM (3HaK TOYKa) MeCTO
n3gaHus (ABOETOYME) Ha3BaHMe n3gaTenbCTBa (3Hak Touka ¢ 3a-
nATOMN) rog u3ganus] (4BoeToune) CTp. OT U Ao.

Kopobkos A. Temn peun. B kH.: CoBpemeHHble Npobnembi
cmsnonoruu n natonorum peun: c6. Tp. T. 23. M.; 1989; 107-11.

Cmamb4 u3 XypHana:

ABTOp(bl) Ha3BaHME CTaTbM (3HAK TOUKA) Ha3BaHWe XypHana
(3HaK TOYKa) rog M3gaHus (3HaK ToUKa C 3anaToil) TOM (eCrnm ecTb
B KpYrmbiX ckobkax HOMep ypHana) 3aTeM 3HaK (BBOETOuYME)
CTpaHWLbl OT U J0.

Kuptowenrkos A.l., Coun M., MBaHoBa [1.C. MonukncTos-
Hble An4HKUKL. AKyLLepcTBO U ruHekonorus. 1994; N 1: 11-4.

Brandenburg J.H., Ponti G.S., Worring A.F. Vocal cord
injection with autogenous fat: a long-term magnetic resona.
Laryngoscope. 1996; 106(2,pt I): 174-80.

Simpson J. et al. Association between adverse perinatal
outcomes and serially obtained second and third trimester MS
AFP measurements. Am. J. Obstet. Gynecol. 1995; 173: 1742.
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Deb S., Campbell B.K., Pincott-Allen C. et al. Quantifying
effect of combined oral contraceptive pill on functional ova-
rian reserve as measured by serum anti-Millerian hormone
and small antral follicle count using three-dimensional ultra-
sound. Ultrasound. Obstet. Gynecol. 2012; 39 (5): 574-80.

Te3ucbl doknados, Mamepuarbi Hay4HbIX KOHGbepeHUUl

babun AW., Nesawos M.M. HoBblii anroputm HaxoxaeHus
KyNbMUHALMW SKCNEPUMEHTAMNBHOTO HUcTarmMa (MuHumeTpus). I
Cbesf oTopuHonapwHr. benapycu: Tes. gokn. MuHck; 1992: 68-70.

Canos W.A., MapunywkuH [1.H. Akywepckas TakTuka npw
BHYTpUyTpoOHOM rnbenu nnoga. B kH.: Matepuansi IV Poccuit-
ckoro chopyma «Matb u guta». M.; 2000; u. 1: 516-9.

Asmopecghepamsi

Metpoe C.M. Bpems peakuum u cnyxoasi agantauusi B
HOpME W Mpu nepudepuyecknx nopaxexusx cnyxa. Astoped.
JucC. ... kKaHa. mea. Hayk. CI16.; 1993.

[Mpouee

World Health Organization. Prevalence and incidence of
selected sexually transmitted infections, 2005 global estimates.
Geneva: World Health Organization; 2011.

TpaHcnumepayus

Cnncok nuTepatypbl NOAAETCS B ABYX BapyaHTax: NepBblil Ha
A3blke OpurMHana (Pycckos3blYHbIE MCTOYHUKA KUPWUNMMLEN, aH-
rnosi3blyHble NaTuHuLel), BTopot — (References) B pomaHckom
andaeute (ans Scopus 1 ApYrux MeXAyHapoaHbix 6a3 AaHHbIX,
MOBTOPSIS B HEM BCE UCTOMHUKM NUTEPATYPbI, HE3aBMCUMO OT TOrO,
VIMELOTCS NN CPEAM HUX MHOCTPaHHbIe). ECrin B cnincke eCTb CCbINKM
Ha MHOCTPaHHbIE NyBnvKaLyM, OHY MONHOCTBIO MOBTOPSKOTCS B CMK-
CKe, FOTOBSLLEMCS B POMAHCKOM andasuTe.

B pomaHckom andasuTe ANS pyCCKOSA3bIYHbIX UCTOYHMKOB
Tpebyetca cnegywwas cTpyktypa 6ubnuorpaguyeckon ccbin-
ku: aBTop(bl) (TpaHCnMTepayuus), [nepeBo Ha3BaHUsS KHUTK UK
CTaTbi Ha AHTTNIMNCKUIA A3bIK], HA3BaHWE UCTOYHWMKA (TPaHCINUTe-
pawys), BbIXOAHbIE AaHHblEe B LMPPOBOM hopmarte, ykasaHue Ha
A3bIK cTaTbk B ckobkax (in Russian).

MMpumep:

Preobrazhenskiy B. S., Temkin Ya. S., Likhachev A. G.
Bolezni ukha, gorla i nosa [Diseases of the ear, nose and throat].
M.: Meditsina; 1968. (in Russian).

TexHONOrusi NOAroTOBKU CCbINOK C UCNONb30BaHUEM CHU-
CTeMbl aBTOMaTUY€CKOIM TPAHCNIUTEPaALIUM U NEePEeBOAYMKa:

Ha carite http://www.translit.ru moxHo BecnnaTHo Bocnofb-
30BaTbCA NPOrPaMMOil TpaHCAMTEPaLMN PYCCKOTO TEKCTa B Na-
TuHULy. [porpamma o4eHb npocTas.

Bxoaum B nporpammy Translit.ru. B okollke «BapuaHTbl» Bbl-
Bupaem cuctemy TpaHcnutepauun BGN (Board of Geographic
Names). BcTaBnsiem B cneunanbHoe none Becb TekcT bubnmo-
rpacum Ha pycCKOM $i3bIKe U HaXXMMaeM KHOMKY «B TPaHCANTY.

Konupyem TpaHCAUTEPUPOBAHHDBIA TEKCT B FOTOBALMICS CRn-
cok References. [epeBogum Ha aHrMMNCKUI S13bIK HA3BaHWE KHU-
TW, CTaTby, NOCTAHOBMEHWUS U T.4., NEPEHOCUM €ro B rOTOBSLLWNA-
cs cnucok. BHumaHme! Heobxogum aBTOpCKMIA KOPPEKTHBIN Ne-
peBoj HasBaHus. ABTOMAaTUYECKUI NepeBoa, NpeanonararLLui
BO3MOXHOE NCKaXXEHWNE CYTW Ha3BaHUs CTaTby, HELOMYCTUM.

ObbeanHsiem onucaHns B COOTBETCTBUM C MPUHATLIMM Mpa-
BUNAMN U pefdakTMpyeM CruCcoK. B KOHLUEe CCbinku B Kpyribix
ckobkax ykasbiBaetcs (in Russian). Ccbinka roToBa.

Mpumepbl TpaHCANUTEPALMM PYCCKOSA3bIYHBIX WCTOYHWUKOB
nuTepaTypbl ANS aHrnos3bl4yHoro 6noka craTbm.

KHuea: Avtor (y) Nazvanie knigi (znak tochka) [The title of the
book in english]. mesto izdaniya (dvoetochie) nazvanie izdatel’st-
va (znak tochka s zapyatoy) god izdaniya.

Preobrazhenskiy B. S., Temkin Ya. S., Likhachev A. G.
Bolezni ukha, gorla i nosa [Diseases of the ear, nose and throat].
M.: Meditsina; 1968. (in Russian).

Radzinskiy V. E., ed. Perioneologiya: uchebnoe posobie [Peri-
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OTBETCTBEHHOCTb 3A MPABWUIbHOCTb BUBIUOIPA-
OUYECKUX OAHHBIX HECET ABTOP.

ABTOPCKOE MPABO
Penakuus otbupaer, roToBuT K nybnvkaLym v nybnukyet nepeaaH-

Hble ABTOpamu MaTepuanbl. ABTOPCKOE NPAaBO Ha KOHKPETHYHO CTaTbio

npuHagnexuT aBTopam CTaTbi. ABTOPCKMIA FroHOpap 3a mybrvkaLmum

ctatel B XXypHane He BbinnayuBaetcs. ABTOp nepeaaeT, a Pegakums

NPUHUMAET aBTOPCKWE MaTepmarsbl Ha CNEAYHOLMX YCIOBUSX:

1) Pepakuuu nepegaetcs npaBo Ha odopmieHne, U3gaHue, nepe-
pavy ypHana ¢ ony6nukoBaHHbIM MaTepuanom ABTopa Ans Le-
nei pedepupoBaHus cTatern u3 Hero B PechepaTMBHOM XypHane
BWHWTW, PHUL n 6a3ax aaHHbIX, pacnpocTpaHeHne XypHana/
aBTOPCKMX MaTepuaroB B MeYaTHbIX W MNEKTPOHHbIX U3AaHUsX,
BKIt0Yas pasmeLlleHne Ha BblBpaHHbIX 6o co3panHbix Pegak-
Lner caiTax B ceTW VIHTepHeT B Lensx foctyna k nybnukauum
B MHTEPAKTUBHOM pexume Miob0oro 3anuHTepecoBaHHOro nuua u3
noboro MecTa 1 B N0Boe Bpems, a Takxe Ha pacnpocTpaHeHne
KypHana ¢ ony6nukoBaHHbIM MaTepuanom ABTopa Mo NOANMCKE;

2) TeppuTOpWS, Ha KOTOPOI pa3peLlaeTcs UCNoNb30BaTb aBTOPCKMIA
matepuan, — Poccuiickas Oegepauns 1 ceTb MHTEPHET,;

3) cpok gevnctaus floroBopa — 5 net. 1o ncteveHnn ykazaHHoro
cpoka Pefakums octaBnsiet 3a coboi, a ABTOp nofATBEPKAAET
BeccpoyHoe npaBo Pepakunn Ha NpofoIKEHWE pasMeLleHns
aBTOPCKOroO MaTepuana B cetu VIHTepHeT;

4) Pepakuns BNpaBe no CBOEMY YCMOTPEHMIO Be3 kakux-nbo co-
rmacoBaHui ¢ ABTOPOM 3akrntoyaTh [AOroBOpbl U COrnalleHuns ¢
TPETbUMU NULAMMU, HAanNPaBMeHHbIE Ha AONOMNHUTENbHbIE MEPDI
no 3alluTe aBTOPCKUX 1 U3LAaTENbCKMX Npas;

5) ABTOp rapaHTMpyeT, YTo ucnonb3oBaHue Pepakuuen npego-
CTaBMEHHOro 1M Mo HacToswwemy [loroBopy aBTOpCKOro mare-
punana He HapyLwuT NpaB TPeTbuX nuL;

6) ABTOp ocTaBnsieT 3a co60I NpaBo MCMONb30BaTh NPEAOCTaBMEH-
HbIl MO HacTosiemMy [loroBopy aBTOPCKWA Martepuarn camocTos-
TenbHO, NepeAaBaTh Npasa Ha Hero no A0roBOPY TPETLUM NnLiaM,
€CNK 3TO He MPOTMBOPEYUT HacTosemy [loroopy;

7) Pepakums npegoctaBnsieT ABTOpY BO3MOXHOCTb 6e3Bo3me3s-
HOrO NOMyYeHUs CNPaBKM C ANEKTPOHHLIMU aapecamu ero ogu-
unanbHomn nybnukauum B cet MHTepHET;

8) npu nepeneyaTke cTaTbi UMK €€ YaCTM CCbIKa Ha NEPBYIO My-
Brnukauuio B XXypHane obs3aTenbHa.

NnoPAOOK 3AKIMKOYEHUA NOrOBOPA
3aknioveHvem [loroBopa c€o CTOpPOHbI Pepakuun sBnsieTcs

onybnukoBaHue pykonucu AaHHoro ABTopa B XypHane «Russian

Biomedical Research» n pasamelieHue ero Tekcta B cetn MHTepHeT.

3akmioueHrem [loroBopa co cTOPoHbI ABTOpA, T.€. NONHbIM 1 6e30ro-

BOPOYHbIM NPUHATUEM ABTOPOM ycnosuit loroBopa, SsBnseTcs nepe-

Aava ABTOpPOM PYKOMMUCK 1 SKCMIEPTHOTO 3aKMOYeHMS.

PELIEH3UPOBAHUE
Cratby, nocTynuelLME B pedakuuio, 0693aTenbHO peLeHaupy-

totcs. Ecnvy peLjeH3eHTa BO3HWKaKT BONPOCHI, TO CTaTbsl C KOMMEH-

TapusMuK pelieH3eHTa Bo3BpalaeTcs ABTopy. [latoi nocTynneHus

cTaTbi cyuTaeTcs garta nofyyeHns Pepakuuern OKOHYaTernbHOro

BapuaHTa cTaTbn. Pefakuyns octaBnsieT 3a coboit npaBo BHECEHNS

peLaKkTOPCKMX U3MEHEHWI B TEKCT, HE UCKaXatOLLMX CMbICNa cTaTbi

(nuTepaTypHas 1 TexHonornyeckas npaeka).

ABTOPCKUE 3K3EMMNAPLI XXYPHANA
Pepakuus o6s3yetca Bbigate AsTopy 1 3ksemnnsp XypHana Ha

Kaxayto onybr1koBaHHYIO CTaTbio BHE 3aBMCMMOCTM OT YKCMa aBTOPOB.

AgTopbl, npoxvBatowme B CaHkT-MNeTepbypre, nomydyatoT aBTOPCKWIA

ak3emnnap KypHana HenocpeactBeHHo B Pepakumu. VHoropogHum

AsTOpam aBTOpCKWIA aK3eMnnisp XKypHana BbICbINaeTcs Ha agpec aBTopa

Mo 3anpocy OT aBTopa. OK3EeMMNSpbl CreLBbIMyCKOB He OTMPaBMSoTCS

aBTopam.

A[LPEC PEOAKLIUK
194100, Cankt-Metepbypr, Jlutosckas yn., 2
e-mail: scrcenter@mail.ru
Cantbl xypHana: http://lwww.gpmu.org/science/pediatrics-

magazine/Russian_Biomedical_Research, https://ojs3.gpmu.org/

index.php/biomedical-research
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